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The monoclonal antibody 2B12 is directed toward p120, a 120-kDa cellular protein originaUly identified as a
protein tyrosine kinase substrate in cells expressing membrane-associated oncogenic variants of pp6(Yrc. In this
report, we show that p120 was tyrosine phosphorylated in avian cells expressing membrane-associated,
enzymatically activated variants of c-src, including variants having structural alterations in the src homology
regions 2 and 3. In contrast, p120 was not tyrosine phosphorylated in cells expressing enzymatically activated,
nonmyristylated pp60'. Furthermore, p120 was tyrosine phosphorylated in avian ceUls expressing middle T
antigen, the transforming protein of polyomavirus, as weUl as in rodent cells stimulated with either epidermal
growth factor (EGF) or platelet-derived growth factor. Analysis of the time course of p120 tyrosine
phosphorylation in EGF-stimulated cells revealed a rapid onset of tyrosine phosphorylation. In addition, both
the extent and duration of p120 phosphorylation increased when cells overexpressing the EGF receptor were
stimulated with EGF. Biochemical analysis showed that p120 (in both normal and src-transformed cells) was
membrane associated, was myristylated, and was phosphorylated on serine and threonine residues. Hence, p120
appears to be a substrate of both nonreceptor- and ligand-activated transmembrane receptor tyrosine kinases
and of serine/threonine kinases and is perhaps a component of both mitogen-stimulated and tyrosine kinase
oncogene-induced signaling pathways.

Tyrosine phosphorylation of cellular proteins occurs in
response to ligand stimulation of receptor tyrosine kinases
(26, 28, 32, 36, 40, 47, 59, 62), upon the expression of
activated oncogene-encoded protein tyrosine kinases
(PTKs) (15, 16, 19, 21-23, 34, 43, 56), during agonist-
stimulated secretion (12), upon platelet activation (13, 14,
18), and during cell cycle changes (10, 42). Recently, several
tyrosine phosphoprotein substrates of both receptor and
nonreceptor PTKs have been identified, including the ras
GTPase-activating protein (GAP) (11, 26, 29, 41), phospho-
lipase C-148 (PLC--y) (32, 36, 37, 40, 46, 47, 61, 62), and
Raf-1, a serine/threonine kinase (44, 45). Although the ma-
jority of cellular tyrosine phosphoprotein substrates ofPTKs
have not been identified to date, they have been detected and
partially characterized with antibodies to phosphotyrosine
(anti-pTyr) (17, 24).
Among the best-characterized nonreceptor PTKs is the

product of the Rous sarcoma virus (RSV) src gene (reviewed
in references 6 and 50). The src gene encodes a 60-kDa
membrane-associated phosphoprotein, pp6AYrc, with an as-
sociated PTK activity that is required for the initiation and
maintenance of cellular transformation (6, 50). Expression of
viral src (v-src), or activated forms of cellular src (c-src), in
chicken embryo (CE) cells induces the tyrosine phosphory-
lation of 15 to 20 phosphoproteins which can be detected by
immunoblotting with anti-pTyr (19, 21, 25, 34, 53, 56). We
previously have used anti-pTyr to purify tyrosine-phosphor-
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ylated proteins from CE cells expressing activated variants
of src (24). Following immunization of mice with immunoaf-
finity-purified pTyr-protein mixtures, monoclonal antibodies
(MAbs) to eight individual tyrosine-phosphorylated proteins
were generated (25). One of these MAbs was directed to a
protein of 120 kDa (p120) that was detected previously in
whole-cell lysates on one-dimensional anti-pTyr immuno-
blots and defined by its tyrosine phosphorylation in CE cells
expressing v-src or transforming, activated variants of c-src
(34, 56). Here we report that p120, a myristylated, mem-
brane-associated phosphoprotein, was tyrosine phosphory-
lated in cells expressing membrane-associated, enzymati-
cally activated variants of c-src as well as in cells expressing
the polyomavirus middle T antigen (mT). Furthermore, we
show that p120 was tyrosine phosphorylated in response to
stimulation of cells with two different mitogenic growth
factors, epidermal growth factor (EGF) and platelet-derived
growth factor (PDGF). These results indicate that tyrosine-
phosphorylated p120 may be a component of cellular signal-
ing pathways altered during oncogenic transformation as
well as pathways stimulated during normal signal transduc-
tion.

MATERUILS AND METHODS
Cells, viruses, and plasmids. Primary CE cells were pre-

pared from 10-day chicken embryos (SPAFAS, Norwich,
Conn.) (56, 57). Plasmids bearing the chicken c-src gene or
mutated forms of c-src in a nonpermuted RSV vector (pRL)
were transfected into cells as described previously (56, 57).
Amphotropic Moloney murine leukemia virus (Mo-MLV)
bearing the polyomavirus mT gene (designated mT/Mo-
MLV) was used to infect CE cells. Rat-1 (rat fibroblast cell
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line), rat-HER (Rat-1/human EGF receptor [EGFR] overex-
pressor cell line), HIRc-B (Rat-1/human insulin receptor
[INSR] overexpressor cell line), Rat-lIv-src (v-src-trans-
formed Rat-1 line), and BALB/3T3 (mouse fibroblast cell
line) were maintained in Dulbecco modified Eagle medium
with 10% fetal bovine serum.

Immunoprecipitation and Western immunoblotting. Immu-
noprecipitates of p120 were prepared by lysis of cells in
modified RIPA buffer containing proteinase and phosphatase
inhibitors as previously described (21, 24, 56), followed by
incubation of 500 pug of cellular protein with 5 ,ug of protein
A-purified MAb 2B12 (25) at 0°C for 1 h. Immunocomplexes
were recovered by the addition of 50 ,ul of protein A-Seph-
arose beads (Pharmacia, Piscataway, N.J.) that had been
preincubated with S ,ug of affinity-purified rabbit anti-mouse
immunoglobulin G (Jackson ImmunoResearch, Bar Harbor,
Maine), followed by gentle agitation for 1 h. The beads were
washed in modified RIPA buffer three times, followed by one
wash in TN buffer (50 mM Tris hydrochloride [pH 7.5], 150
mM NaCI). The proteins were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
transferred to nitrocellulose filters, and incubated with S ,ug
of MAb 2B12 or 2 jig of affinity-purified rabbit anti-pTyr per
ml as described previously (24, 25).

Metabolic labeling, subceliular fractionation, and phos-
phoamino acid analysis. CE cells were labeled with 32Pi, ["S]
methionine, [3H]myristic acid, or [3H]palmitic acid (all from
Dupont, NEN Research Products, Boston, Mass.) as previ-
ously described (2, 24, 55). Subcellular fractionation of CE
cells was carried out by differential centrifugation of cell
lysates prepared by hypotonic lysis as previously described
(56). Two-dimensional phosphoamino acid analysis of p120
was performed as previously described (24).
Growth factor stimulation of cell lines. Cells were serum

starved for 24 h as described previously (35) and then
stimulated with Dulbecco modified Eagle medium containing
EGF, PDGF, or insulin (Collaborative Research, Bedford,
Mass.) for the time periods and concentrations indicated in
the legends to Fig. 4 and 5. Cells were immediately lysed in
modified RIPA buffer containing 1 mM EDTA and processed
for immunoprecipitation and immunoblotting as described
above.

RESULTS

Expression and tyrosine phosphorylation of p120. We have
previously described the derivation of a monoclonal anti-
body (MAb 2B12) directed to a 120-kDa protein that is
tyrosine phosphorylated in RSV-transformed avian and ro-
dent cells (25). Using MAb 2B12, we analyzed the levels and
tyrosine phosphorylation of p120 in uninfected CE cells and
cells expressing several oncogenic and nononcogenic src
variants. The properties of these variants are summarized as
follows: (i) c-src 527F contains an alteration of the C-termi-
nal tyrosine residue (527Y) to phenylalanine (527F). This
variant elicits transformation of avian and rodent cells and
encodes a pp6Ocsrc with an activated PTK (3, 27, 30, 34, 39,
52, 57); (ii) c-src 2A/527F contains an alteration of the
N-terminal glycine residue (2G, the site of myristylation) to
alanine and was expressed either as a double mutant with
527F or c-src, c-src 2A. The former variant encodes a
nontransforming, enzymatically activated pp60src, and the
latter encodes a nontransforming, enzymatically down-reg-
ulated pp60src (56); (iii) c-src d192 and c-src d192/527F have a
deletion of residues 92 to 95 (within the A box [SH3 domain])
in either normal c-src or c-src 527F (50, 51) and encode src
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FIG. 1. Expression and tyrosine phosphorylation of pl20 in CE
cells infected with transforming and nontransforming src variants.
(A) Level of pl20 in infected CE cells. Extracts from CE cells (lane
1) or CE cells infected with RSV variants expressing c-src (lane 2),
c-src 2A/C (lane 3), c-src 527F (lane 4), c-src 2A/527F (lane 5), c-src
d192 (lane 6), c-src d192/527F (lane 7), and c-src d1155/527F (lane 8)
were immunoprecipitated with MAb 2B12, and the resulting immune
complexes were subjected to SDS-PAGE and immunoblotting with
MAb 2B12. The bands at 50 and 25 kDa are the immunoglobulin G
heavy and light chains, respectively. (B) Tyrosine phosphorylation
of p120. An immunoblot identical to that shown in panel A was
probed with anti-pTyr.

proteins that induce a partially transformed (fusiform) phe-
notype (53); and (iv) c-src dI1S5/527F has a deletion of
residues 155 to 157 within the B box (SH2 domain) (50, 51) of
c-src 527F and does not transform CE cells (55).
A single polypeptide of 120 kDa was detected when CE

cell extracts were immunoprecipitated with MAb 2B12 and
the subsequent immunoblots were probed with MAb 2B12
(Fig. 1A, lane 1). Overexpression of the c-src gene or several
transforming or nontransforming src variants did not alter
the steady-state level of p120 in these cells (lanes 2 to 8). The
relative amount of p120 in these cells was unchanged when
measured by immunoprecipitation of cells that had been
metabolically labeled for 6 or 24 h with [35S]methionine (data
not shown). In addition, tyrosine-phosphorylated proteins of
120 kDa were selectively depleted from cell extracts by
immunoprecipitation with MAb 2B12 (data not shown),
showing that p120 was a major tyrosine-phosphorylated
species in the 120-kDa region of the gel.
To investigate how alteration of putative functional do-

mains of pp6Wsrc influenced the tyrosine phosphorylation of
p120, extracts were prepared from CE cells infected with src
variants that confer different phenotypic properties to the
infected cells (see above). p120 was immunoprecipitated
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p120 TYROSINE PHOSPHORYLATION 715

with MAb 2B12, and the immune complexes were analyzed
by immunoblotting with anti-pTyr. Tyrosine phosphoryla-
tion of p120 was readily detected in CE cells expressing the
oncogenic variant, c-src 527F, but not in cells expressing the
activated, nontransforming, myristylation-deficient form of
src encoded by c-src 2A/527F (Fig. 1B, lanes 4 and 5).
Tyrosine phosphorylation of p120 was also observed in cells
expressing the partially transforming, membrane-associated
variants, c-src dl92 and c-src d192/527F, as well as the
nontransforming variant c-src d1155/527F (lanes 6 to 8).
Tyrosine-phosphorylated p120 was not observed in unin-
fected CE cells or in cells expressing normal c-src or the
nonmyristylated, nonactivated c-src variant 2A/C (lanes 1 to
3). These data indicated that tyrosine phosphorylation of
p120 required both enzymatic activation and membrane
association of pp60src. However, p120 tyrosine phosphory-
lation was unaltered by mutations in the A (SH3) or B/C
(SH2) regions of pp6 src.

Biochemical characterization of p120. Our earlier cell frac-
tionation studies (56), coupled with the observation that
tyrosine phosphorylation of p120 required the membrane
association of pp6osrc, suggested that p120 might be associ-
ated with cellular membranes. To confirm the localization of
p120, uninfected CE cells or CE cells infected with c-src
527F were lysed in hypotonic buffer and subjected to cell
fractionation (56), and MAb 2B12 was used to immunopre-
cipitate p120 from the individual subcellular fractions. Im-
munoblot analysis of p120 immune complexes with anti-pTyr
(Fig. 2A) or MAb 2B12 (data not shown) demonstrated that
the major portion of cellular p120 was associated with
cellular membranes. A small amount of p120 was observed
in the low-speed fraction, which was enriched for nuclear
membranes and unbroken cells (Fig. 2A, lanes 1 and 2),
while less than 10% was observed in the cytosol (lane 3). An
identical pattern of p120 distribution was observed when
MAb 2B12 was used to probe a Western blot of subcellular
fractions from c-src or normal CE cells (data not shown).
Using the conditions for subcellular fractionation reported
here, we have found that other tyrosine-phosphorylated
proteins in c-src 527F-transformed cells (e.g., p125 and p85)
(25) were predominantly (>95%) cytosolic, whereas pp605rc
was predominantly (>90%) membrane-associated (21a, 56).

In light of the apparent membrane localization of p120, we
attempted to determine whether p120 was glycosylated.
Both normal and c-src 527F-infected cells were labeled with
[35S]methionine in the presence of tunicamycin. Under these
conditions, the electrophoretic mobility of metabolically
labeled p120 was not altered by treatment with tunicamycin,
whereas immunoprecipitated gp85efv exhibited an altered
mobility (data not shown). These data indicated that p120
was not substantially glycosylated. However, consistent
with its membrane localization, we found that p120 was
labeled following incubation of CE or c-src 527F-infected
cells with [3H]myristic acid (Fig. 2B, lane 4) but not with
[3H]palmitic acid (data not shown). The amount of 3H-
labeled p120 observed in cells labeled with [3H]myristic acid
was lower than the amount of 3H-labeled pp6Osrc immuno-
precipitated with MAb EC10 (49) (Fig. 2B, lane 5). Quanti-
tation of the relative levels of p120 and pp605rc in [35S]
methionine-labeled cell extracts, using MAb 2B12 (p120) or
MAb EC10 (pp6Osrc), indicated an approximately 10-fold
higher level of pp6Osrc than of p120. Thus, the amount of
3H-labeled p120 observed in Fig. 2B was consistent with the
overall lower level of p120 present in these cells, although
we cannot rule out the possibility that only a portion of p120
was myristylated.
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FIG. 2. Biochemical characterization of p120. (A) pTyr immuno-
blot. Subcellular fractions were prepared from CE cells infected
with c-src 527F by hypotonic lysis and differential centrifugation
(56). p120 was immunoprecipitated with MAb 2B12 from the nuclear
(N), membrane (M), and cytoplasmic (C) fractions, and tyrosine-
phosphorylated p120 was detected by probing immunoblots with
anti-pTyr as described in Materials and Methods. (B) Myristylation
of p120. c-src 527F-transformed CE cells were labeled with [3H]
myristic acid (3H-MY), and p120 and pp6OSrc were immunoprecipi-
tated with MAbs 2B12 (a-p120) and EC10 (a-src), respectively. The
immunoprecipitates were analyzed by SDS-PAGE and fluorog-
raphy. The gel was exposed for 28 days. (C) Phosphoamino acid
analysis of p120. CE cells (top) and c-src 527F-transformed CE cells
(bottom) were labeled with 32Pi; immunoprecipitates of p120 were
prepared with MAb 2B12, subjected to SDS-PAGE, extracted, acid
hydrolyzed, and analyzed by two-dimensional thin-layer electropho-
resis as described previously (24). Authentic phosphoamino acids
were coelectrophoresed and identified by ninhydrin staining. S,
Phosphoserine; T, phosphothreonine; Y, phosphotyrosine.

The presence of phosphotyrosine on p120 in src-trans-
formed cells was confirmed by labeling cells in vivo with 32p;
and subjecting immunoprecipitated p120 to phosphoamino
acid analysis (Fig. 2C). Both phosphoserine and phospho-
threonine residues were detected in p120 immunoprecipi-
tated from both CE and c-src 527F-infected cells. Phospho-
tyrosine was evident only in CE cells expressing pp60527F
(Fig. 2C). Thus, p120 is a membrane-associated phosphopro-
tein substrate of both serine/threonine and tyrosine kinases.

Tyrosine phosphorylation of p120 in polyomavirus mT-
transformed cells. Since the expression of activated variants
of pp60-src resulted in tyrosine phosphorylation of p120, we
determined whether p120 was tyrosine phosphorylated in
CE cells expressing polyomavirus mT. Previous studies
have shown that mT is complexed with S to 10% of endog-
enous pp60-src molecules, as well as with c-yes and c-fyn
proteins, in mT-transformed cells (1, 5, 7, 31, 33). In
addition, pp6fj-src in mT complexes is phosphorylated on
Tyr-416, the site of autophosphorylation, suggesting that
these mT-complexed pp60C-src molecules have elevated ki-
nase activity (4). CE cells were infected with mT/Mo-MLV
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FIG. 3. Tyrosine phosphorylation of p120 in polyomavirus mT-transformed cells. CE cells were infected with mT/Mo-MLV (3), and the
infected cells were cultured for 16 days. Lysates and immunoprecipitates were prepared from uninfected (lanes 1), mT/Mo-MLV-infected
(lanes 2), and c-src 527F-infected (lanes 3) CE cells, analyzed by SDS-PAGE, and subjected to anti-pTyr immunoblotting. (A) p120
immunoprecipitated with MAb 2B12; (B) pp6AYrc immunoprecipitated with MAb EC10; (C) mT immunoprecipitated with polyclonal anti-mT
rabbit sera (a-mTag); (D) total cell lysates. Note that the higher-molecular-weight proteins present in panel B, lane 3, are the
pp60Src-associated proteins, p130 and pllO (55). Positions of molecular size markers are indicated in kilodaltons on the right.

(3). Transformation was evident in the infected cultures at
day 14, and p120 tyrosine phosphorylation was measured on
day 16. Expression of mT in CE cells resulted in low but
detectable tyrosine phosphorylation of p120 (Fig. 3A). The
low level of tyrosine phosphorylation of p120 was consistent
with the relatively small amount of activated, endogenous
tyrosine kinase in complex with mT (5 to 10%) (1, 7) and was
approximately 2 to 5% the level of tyrosine phosphorylation
of p120 observed in cells expressing pp60527F (Fig. 3A, lane
3). Immunoprecipitation of pp6<Orc from mT-infected cells
revealed little detectable tyrosine-phosphorylated cellular
src protein (Fig. 3B); however, this finding likely reflects the
insensitivity of the anti-pTyr immunoblotting technique used
in this experiment. Immunoprecipitation of mT from mT-
transformed cells revealed readily detectable mT protein
(Fig. 3B). Anti-pTyr immunoblot analysis of extracts from
mT- and c-src 527F-infected cells readily demonstrated the
difference in the levels of overall tyrosine-phosphorylated
proteins in these cells (Fig. 3D). We conclude from these
data that expression of mT results in the increased tyrosine
phosphorylation of p120, presumably by activation of endog-
enous tyrosine kinases.

Tyrosine phosphorylation of p120 upon growth factor re-
ceptor stimulation. Several recent reports have demonstrated
the interaction of growth factor receptors, including the
EGFR and PDGF receptor (PDGFR), with the tyrosine
phosphoproteins GAP, PLC--y, and Raf-1 (reviewed in ref-
erence 59). These receptor-substrate interactions have in-
cluded both physical association and tyrosine phosphoryla-
tion of substrates upon ligand stimulation of receptors (59).
To investigate whether p120 was tyrosine phosphorylated
upon stimulation of cells with EGF, we used Rat-1 cells and
Rat-i cells that overexpress either the human EGFR (rat-

HER) (63a) or v-src (la). Each of the cell lines was treated
with EGF for 5 min and p120 was immunoprecipitated with
MAb 2B12. Induction of p120 tyrosine phosphorylation was
observed in rat-HER cells upon EGF stimulation (Fig. 4A,
lanes 3 and 4); however, tyrosine phosphorylation of p120
was not detected in normal Rat-1 cells after EGF stimulation
for 5 min (lanes 1 and 2). EGF did not affect the already high
levels of tyrosine phosphorylation of p120 in Rat-1 cells
expressing v-src (lanes 5 and 6). In addition, each of the
Rat-1 cell lines exhibited the same relative level of p120,
which was unaltered by EGF stimulation (Fig. 4B). Because
tyrosine phosphorylation of p120 was virtually undetectable
in Rat-1 cells following 5 min of EGF stimulation, the time
course of p120 tyrosine phosphorylation was investigated in
greater detail. Both Rat-i and rat-HER cells were stimulated
with EGF for various times up to 10 min (Fig. 4C and D),
p120 was immunoprecipitated, and the tyrosine phosphory-
lation of p120 was assessed by using anti-pTyr immunoblot-
ting. Densitometric analysis of the anti-pTyr immunoblots
(Fig. 4C and D) revealed a rapid, albeit lower stimulation of
p120 tyrosine phosphorylation in normal Rat-1 cells within 1
min (Fig. 4C), followed by a reduction of p120 phosphoty-
rosine signal, returning to basal levels by 5 min. In contrast,
a parallel analysis of rat-HER cells showed a rapid induction
of tyrosine phosphorylation of p120, with maximal phos-
phorylation by 1 to 2 min (Fig. 4D). No decrease in the
steady-state level of p120 phosphorylation in rat-HER cells
was detected within 10 min or after 1 h of EGF stimulation
(data not shown). The maximum level of p120 tyrosine
phosphorylation in rat-HER cells was approximately 30-fold
greater than that observed in normal Rat-1 cells. This
difference in tyrosine phosphorylation of p120 was compa-
rable to the difference in the level of EGFR in the respective
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FIG. 4. EGF stimulation of p120 tyrosine phosphorylation. (A) Anti-pTyr immunoblot analysis of p120 immunoprecipitated from extracts
of Rat-1 cells treated with EGF. Rat-1 (lanes 1 and 2), rat-HER (lanes 3 and 4), and Rat-1/v-src (lanes 5 and 6) cells were serum starved for
24 h and stimulated (+) or not stimulated (-) for 5 min with 200 ng of EGF per ml in Dulbecco modified Eagle medium supplemented with
0.1% bovine serum albumin as described in Materials and Methods. Immunoprecipitates of p120 were prepared as described for Fig. 1 and
immunoblotted with anti-pTyr. (B) Levels of p120 in Rat-1, rat-HER, and Rat-1/v-src cells. An immunoblot identical to that shown in panel
A was probed with MAb 2B12. (C) Time course of p120 tyrosine phosphorylation in Rat-1 cells. Cells were stimulated with EGF as described
above for the indicated time points, and p120 immunoprecipitates were prepared and immunoblotted with anti-pTyr. The autoradiographs
(multiple exposures) were analyzed by densitometry (Bio-Rad 620 video analyzer), the peaks were integrated, and the levels of p120
phosphorylation were expressed in arbitrary units. (D) Time course of p120 tyrosine phosphorylation in rat-HER cells, performed as
described for panel C (note difference in scale).

cell lines. Rat-1 cells contain approximately 40,000 rat
EGFR molecules, and rat-HER cells express greater than
500,000 human EGFR molecules (63a). The activation of
these receptors by the addition of EGF to growth media
was readily demonstrated by autophosphorylation of the
receptors, detected by anti-pTyr immunoblotting (data not
shown).

Stimulation of EGFR, PDGFR, and INSR with their
respective ligands results in receptor autophosphorylation
(28, 39, 59) and the tyrosine phosphorylation of cellular
protein substrates (59). Stimulation of rodent cells overex-
pressing EGFR, PDGFR, or INSR with the respective
growth factor for 5 min demonstrated that both EGF and
PDGF, but not insulin, induced the tyrosine phosphorylation
of p120 (Fig. 5). For cells stimulated with EGF and PDGF,
analysis of p120 tyrosine phosphorylation at early and late
time points revealed kinetics of stimulation similar to those
in Fig. 4D. The significance of the difference in the level of
p120 tyrosine phosphorylation between EGF and PDGF
stimulation is unclear. Singh et al. (58) have reported that
BALB/3T3 cells have 100,000 to 200,000 PDGFR molecules
per cell. Hence, the differences in p120 tyrosine phosphor-
ylation observed in response to EGF and PDGF may reflect
differences in receptor number or intrinsic receptor kinase
activity with respect to p120. The inability to detect tyrosine
phosphorylation of p120 in response to insulin stimulation
suggests that p120, like PLC--y (47), may not be an efficient
substrate of the INSR.

DISCUSSION

The experiments described in this report show that a

myristylated 120-kDa membrane-associated tyrosine-phos-
phorylated protein, p120, is a substrate of pp60Sr, mT-

activated tyrosine kinases and is a tyrosine-phosphorylated
component of at least two receptor-activated signaling path-
ways. Although tyrosine phosphorylation of p120 was medi-
ated by both transforming and nontransforming variants of
pp6fsrc which were membrane associated, p120 tyrosine
phosphorylation was not observed in cells expressing non-
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FIG. 5. Tyrosine phosphorylation of p120 by ligand activation of
receptor PTKs. Rat-HER cells overexpressing the human EGFR
(lanes 1 and 2) were serum starved for 4 h and either untreated (-)
or treated (+) with 200 ng of EGF per ml for 5 min. Rat-1 cells
overexpressing the human INSR, HIRc-B (lanes 3 and 4), were
untreated (-) or treated (+) with 100 ng of insulin (INS) per ml for
5 min. BALB/3T3 cells (lanes 5 and 6) were untreated (-) or treated
(+) with 40 ng of PDGF per ml for 5 min. Immunoprecipitates of
p120 were prepared, subjected to SDS-PAGE, and immunoblotted
with anti-pTyr as described in Materials and Methods.
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transforming myristylation-defective src variants. Thus, ty-
rosine phosphorylation of p120, while requiring membrane
association of pp6Osrc, did not appear to be substantially
influenced by structural alterations in the SH2 and SH3
domains of src. Sequence motifs within these two domains
of src have been identified in a number of other cellular
proteins, including other tyrosine protein kinases (51), and
proteins implicated in cellular signaling pathways (38, 51,
58a). In addition, structural alterations of these regions of
pp60src lead to alterations in the phenotype of variant
infected cells (8, 20, 53, 63) and an altered phosphorylation
of at least two cellular proteins, p130 and pllO (55). These
data, taken together, suggest that the SH2 and SH3 regions
of pp60jrc (and perhaps comparable regions of other pro-
teins) may mediate the interaction of src with other cellular
proteins, some of which may be substrates for pp6Osrc, and
that these interactions (in the case of pp6src) are necessary
for cellular transformation (51). On the other hand, efficient
tyrosine phosphorylation of p120 may not require the inter-
action of p120 and pp6OSrc through the SH2 and SH3
domains of src, but instead may require colocalization of
p120 and pp60src via an alternative pathway. For example,
orientation of the myristylated forms of p120 and pp6Osc
may require their association with a common membrane-
bound myristylation receptor protein(s) similar to that de-
scribed recently by Resh and Ling (54) for pp60src. Transport
to the membrane and stable association with membrane
structures, including the myristyl receptor proteins, may
represent an important aspect of the orientation of the src
kinase and the p120 substrate. In this regard, substrates of
pp60src that appear to interact with src via the SH2 and SH3
domains (p110, p130 [55], GAP, and the GAP-associated p64
[la, 11, 41, 48]) are cytosolic proteins. Thus, we would
suggest that the association of pp6Osrc with membrane-
associated and cytosolic substrates may be mediated by
different mechanisms.

Several observations argue that tyrosine phosphorylation
of p120 may be one of several events needed to initiate and
maintain the transformed phenotype in src-expressing cells.
As shown here, the enzymatic activation and membrane
association of pp6Osrc are necessary for p120 tyrosine phos-
phorylation as well as transformation. In addition, p120 is
tyrosine phosphorylated in a variety of avian, rodent, and
human cells transformed with pp60 src (la, 25). Finally,
activation of endogenous cellular PTKs in response to mT
transformation leads to p120 tyrosine phosphorylation. The
low but clearly detectable level of p120 tyrosine phosphor-
ylation in response to mT transformation is consistent with
p120 being a substrate for activated, mT-complexed pp6Oc-src
and possibly p62c-Yes. It is interesting that the level of p120
phosphorylation observed in mT-transformed cells was sim-
ilar to that observed in normal Rat-1 cells stimulated with
EGF or mouse cells stimulated with PDGF (see below). This
finding might suggest that a constitutive albeit low level of
p120 tyrosine phosphorylation is one of the factors contrib-
uting to mT transformation.
Although p120 is detected in a variety of avian, rodent,

and human fibroblasts (la, 25), recently we have observed
that p120 is also present in several hematopoietic cell lines of
B-cell and erythroid cell lineage (21a) as well as in develop-
ing neural tissue (14a). The steady-state level of p120 in CE
cells was estimated from metabolic labeling experiments to
be approximately 0.02 to 0.05% of total cellular protein, or
about 300,000 to 700,000 molecules per cell. The abundance
of p120 relative to the number of endogenous receptor and
src-like tyrosine kinases is consistent with the possibility

that p120 functions in several tyrosine kinase pathways,
including those reported here. The fact that p120 is also
phosphorylated on serine and threonine residues indicates
that it is a substrate of serine/threonine kinases and that its
activity may be regulated by these phosphorylation events.
The rapid tyrosine phosphorylation of p120 in response to

EGFR activation suggests a close association between these
two components in the EGF-induced mitogenic pathway.
Furthermore, the correlation between the stoichiometry of
p120 tyrosine phosphorylation and receptor expression lev-
els argues for an interaction of p120 and receptor, although
this interaction appears to be less stable than that observed
for other receptor substrates, including GAP, PLC--y, and
Raf-1. The dephosphorylation of p120 observed in normal
Rat-1 cells after EGF stimulation may coincide with receptor
oligomerization and perhaps receptor internalization (64,
65). In addition, the transient nature of p120 tyrosine phos-
phorylation suggests that dephosphorylation of p120 by an
activated tyrosine phosphatase may play a role in the regu-
lation of p120 activity. We speculate that the apparent
absence of p120 dephosphorylation in EGFR overexpressor
cells may reflect reduced receptor internalization due to
increased receptor load (64, 65) and consequent failure to
activate the prerequisite tyrosine phosphatases. Alterna-
tively, the steady-state tyrosine phosphorylation of p120
may relate to the capacity of EGFR overexpressor cells to
constitutively phosphorylate p120 in response to the contin-
uous presence of ligand. Interestingly, such EGFR overex-
pressor cells are capable of undergoing mitogen-induced
transformation (9, 60). The ultimate identity of p120 will
undoubtedly lead to a better understanding of the relation-
ship between its tyrosine phosphorylation and its role in
signaling and transformation pathways.
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