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p60srC, the transforming protein of Rous sarcoma virus, was found to contain 0.5
to 0.9 mol of total phosphate per mol of polypeptide. The protein is known to be
phosphorylated at two sites, a serine in the amino-terminal domain and a tyrosine
in the carboxy-terminal domain. Because our indirect analysis suggests that the
serine is phosphorylated to approximately twice the extent of the tyrosine, we
estimate that p6Osrc contains approximately 0.3 to 0.6 mol of phosphoserine and
0.2 to 0.3 mol of phosphotyrosine per mol of polypeptide. p6O`rc was found to
represent approximately 0.02% of the total incorporated radioactivity in Rous
sarcoma virus-transformed chick cells labeled with [35S]methionine for 48 h. This
corresponds to approximately 500,000 molecules of p60rc per cell. Pulse-chase
experiments revealed that the half-life of p6Osrc ranged from 2 to 7 h, depending on
the strain of virus examined. The p6src of the Schmidt-Ruppin strain was
significantly more stable than that of the Prague strain.

The transforming gene of Rous sarcoma virus
(RSV), src, encodes a single polypeptide, p6Osrc
(1). This viral phosphoprotein has an associated
protein kinase activity (3) which phosphorylates
substrates on tyrosine (11). Because this activity
is retained through extensive purification (5, 15),
and because p64Yrc produced by in vitro transla-
tion has the same novel protein kinase activity
(11), it is very likely that this is an intrinsic
property of the viral protein. There is now
considerable evidence that p60s7c functions as a
protein kinase which phosphorylates tyrosine in
vivo and that this activity of the viral enzyme is
essential to cellular transformation (22).
As yet, our knowledge about the properties of

p6OsrC is incomplete. The protein appears to be
confined to the cytoplasm of the transformed
cell, where a significant fraction of it resides on
the cytoplasmic face of the plasma membrane (6,
14, 17, 25). It is phosphorylated at two sites, a
serine in the NH2-terminal domain of the poly-
peptide (4) and a tyrosine located in the COOH-
terminal half (4, 11) at position 419 of the se-
quence of p6jsrc of Schmidt-Ruppin RSV of
subgroup A (SR-RSV-A) (23; T. Patschinsky, T.
Hunter, F. S. Esch, J. A. Cooper, and B. S.
Sefton, Proc. Natl. Acad. Sci. U.S.A., in press)
as deduced by Czernilofsky et al. (7). It is quite
possible that the phosphorylation of either or
both of these amino acids modulates the enzy-
matic activity of p6Osrc. To evaluate this possi-
bility properly, one must know the extent to
which both of these sites are phosphorylated.

We have determined this in two ways: first by
calculation of the moles of phosphate present in
a measured amount of p6Osrc isolated from cells
labeled to steady state with 32Pi and second by
measurement of the ratio of [3H]isoleucine re-
covered in the phosphorylated and unphosphor-
ylated forms of the tryptic peptide containing the
single site of tyrosine phosphorylation in p6Osc.
To calculate the extent of phosphorylation of

p6srC, we had to have an accurate way to
measure the number of molecules present in a
given preparation of p6Osrc. This was done by
labeling cells to steady state with [35S]methio-
nine, determining the specific activity of the
cellular protein, and then quantitatively immu-
noprecipitating p6Jsrc with antibody in excess.
Since these samples contained a known amount
of p6Osrc and were obtained from a known
amount of cell lysate, they allowed us also to
determine the abundance at steady state of the
p60src polypeptide and to measure the turnover
number of the associated tyrosine protein kinase
activity when it is assayed in the immune com-
plex. Our estimates for the abundance of p6JSrc
were significantly lower than those reported by
others who used cells labeled for 2 h with
[35S]methionine. The discrepancy in these re-
sults could be attributed to the differences in
experimental design if the half-life of p6)Stc were
significantly less than that of bulk cellular pro-
tein. Others have reported that the half-life of
bulk cellular protein in chick cells is approxi-
mately 40 to 50 h. Although we knew that the
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p6Osrc of SR-RSV-D was metabolically stable
when followed for 2 h (19), the true half-life of
the polypeptide was uncertain. We therefore
repeated our pulse-chase experiments using
much more extended periods of chase.

MATERIALS AND METHODS
Cells and viruses. Cultures of chicken embryo cells

were prepared from eggs obtained from SPAFAS,
Roanoke, Ill. Prague RSV of subgroup B (PR-RSV-B)
and Schmidt-Ruppin RSV of subgroup D (SR-RSV-D)
originated in the laboratory of P. K. Vogt, University
of Southern California. SR-RSV-A originated in the
laboratory of H. Hanafusa, The Rockefeller University.

Preparation of infected cultures. For infection, pri-
mary cultures were seeded at a density of 107 cells per
100-mm dish and secondary cultures were seeded at a
density of 2 x 106 cells per 100-mm dish in Dulbecco
modified Eagle medium (DMEM) supplemented with
2% tryptose phosphate broth, 1% calf serum, and 1%
heat-inactivated chick serum. If the cells were to be
infected with PR-RSV-B or SR-RSV-D, Polybrene (2
,ug/ml) was included in the medium both before and
after infection. As soon as a majority of the cells had
attached, the medium was removed and the cells were
infected at as high a multiplicity as possible. Adsorp-
tion was for 30 min in 1 ml of medium. DMEM (10 ml)
supplemented with 2% tryptose phosphate broth, 1%
calf serum, 1% heat-inactivated chick serum, and in
some cases Polybrene was then added to each dish,
and the cells were incubated for 3 to 4 days at 41°C. In
most cases, the cells were transferred prior to use. The
cells were reseeded at 7 x 10' (uninfected cells) or 1.5
x 106 (RSV-infected cells) cells per 35-mm dish in
DMEM supplemented with 2% tryptose phosphate
broth and 4% calf serum. The medium was changed
once or twice a day, and the cells were used no sooner
than 18 h and no later than 72 h after transfer.

Immunoprecipitation and SDS-polyacrylamide gel
electrophoresis. The rabbit anti-RSV tumor serum and
the procedures for immunoprecipitation and sodium
dodecyl sulfate (SDS)-polyacrylamide gel electropho-
resis have been described in detail previously (11, 19).

Determination of the abundance and the extent of
phosphorylation of p60. Chick cells transformed by
SR-RSV-D were labeled to steady state with
[35S]methionine (50 ICi/ml, >500 Ci/mmol; Amer-
sham/Searle) or 32P, (750 ,uCi/ml, carrier-free; ICN) for
48 h at 38°C. In both cases, labeling was in DMEM
containing 20%o of the normal concentration of methio-
nine and supplemented with 4% complete calf serum.
At 24 h, the medium was changed to fresh radioactive
medium. The specific activity of the phosphate in the
labeling medium was calculated from the measured
concentration of 32P in the medium at the end of the
experiment (determined by scintillation counting per-
formed with Budget-Solv [Research Products Interna-
tional Corp.] as scintillation fluid) and the known
concentration of phosphate in DMEM (0.9 mM) and in
calf serum (1.5 mM). The specific activity of the
cellular protein was determined by dissolving a sister
culture, labeled in parallel with [35S]methionine, in
Lowry C solution and measuring the protein by the
method of Lowry et al. (16) and the incorporated
[35S]methionine by precipitation with trichloroacetic
acid. Immunoprecipitation of p6Osrc was with antibody

in excess, and each sample was subjected to SDS-
polyacrylamide gel electrophoresis. The [35S]methio-
nine-labeled p6Osrc bands were excised, dissolved in
0.4 ml of 60% perchloric acid and 0.8 ml of 30% H202
by incubation at 60°C for 5 h, and then counted by
scintillation counting performed with Aquasol (New
England Nuclear) as scintillation fluid. The [35S]methi-
onine-labeled trichloroacetic acid precipitates were
counted by the same procedure so as to minimize
errors due to differences in counting efficiencies. The
32P-labeled p60src bands were excised and counted
directly by scintillation counting with 2,5-diphenyloxa-
zole (PPO) dissolved in toluene as scintillation fluid.

Determination of the half-life of the p6O' polypep-
tide. Chick cells transformed by either SR-RSV-D or
PR-RSV-B were incubated in methionine-free DMEM
supplemented with 4% dialyzed calf serum for 20 to 25
min prior to labeling. This medium was then replaced
with 0.75 ml of the same medium (per 35-mm dish)
containing [lS]methionine (400 ,uCi/ml). Labeling was
for 60 min at 41°C. The labeled cells were then either
lysed immediately or washed twice with at least 2 ml of
DMEM supplemented with 2% tryptose phosphate
broth and 4% calf serum and then incubated further in
2 ml of this medium. Cell lysis and immunoprecipita-
tion were exactly as described before. The same
fraction of each culture was used for immunoprecipita-
tion at each time point. Because the density of the
cultures doubled during the 24-h chase period, the
amount of p6Osrc in any given fraction of the culture
presumably also doubled. The quantity of anti-RSV
tumor serum used was such that it was in excess
throughout the chase period. Equal fractions of each
sample were analyzed by SDS-polyacrylamide gel
electrophoresis. Detection of p605rc was enhanced by
fluorography, and the radioactivity in p60src was quan-
tified by scanning the fluorograms with a homemade
gel scanner. Half-lives were calculated from the areas
of the peaks which were measured with a Hewlett-
Packard digitizer.
Measurement of protein kinase activity. The mea-

surement of p6Osc.-associated protein kinase activity
by immunoprecipitation with antibody in excess and
the assay in the immune complex were as described
(20, 21). The concentration of sodium phosphate, pH
7.0, in the kinase buffer was 0.01 M. (The value of 0.1
M in reference 20 is a printing error.) To minimize
inactivation of p6OSrc, we performed cell lysis and
washing of the precipitates with phosphate-buffered
RIPA buffer, which lacked both sodium deoxycholate
and SDS (21). All procedures were performed at 4°C,
and the cell lysates were never frozen. The incorpo-
ration of radioactivity into the gel-purified heavy chain
was determined by scintillation counting with PPO
dissolved in toluene as scintillation fluid.

Determination of the half-life of enzymatically active
p60"¢. To measure the turnover of the p60src-associat-
ed protein kinase activity, we lysed cells pretreated
with emetine (5 to 10 ,ug/ml) for various periods at 5 x
106 or 107 cells per ml of lysis buffer and measured the
protein kinase activity remaining by immunoprecipita-
tion and assaying in the immune complex as described
before (21). The zero-time value in each experiment
was derived from sister cultures to which no emetine
was added rather than from cells harvested at the time
of addition of emetine to the experimental cultures.
This procedure was adopted because it minimized
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variations in the reproducibility of the kinase measure-
mnents. The cells treated with emetine did not multiply.
Correction for this was made by counting the number
of cells in each culture, lysing all cultures at the same
concentration of cells per milliliter of lysis buffer, and
using equal volumes of cell lysate in the assay.

Peptide mapping. Chick cells transformed by SR-
RSV-A, growing on 100-mm dishes, were labeled
overnight at 41°C with [3H]tyrosine (1 mCi/ml, 53 Ci/
mmol; Amersham/Searle) or [3H]isoleucine (2 mCi/ml,
84 Ci/mmol; Amersham/Searle) in 5 ml of DMEM
containing 5% of the normal concentration of tyrosine
or isoleucine and supplemented with 4% complete calf
serum. The procedures for the isolation of p60src and
digestion of the protein with trypsin have been de-
scribed (11; Patschinsky et al., in press). Peptide
mapping on cellulose thin-layer plates involved elec-
trophoresis at pH 8.9 in the first dimension and
ascending chromatography in modified buffer as de-
scribed (11). The plates were dipped in molten 2-
methylnaphthalene containing 0.4% diphenyloxazole
prior to exposure to prefogged Kodak XAR-5 film.
After sufficient exposure to allow detection of peptide
1, the 2-methylnaphthalene was allowed to sublime
completely, and the peptide was recovered by aspira-
tion of the cellulose and elution of the peptide in water.
Dephosphorylation of the peptide D labeled with
[3H]tyrosine was accomplished by incubation of the
peptide in 3 ,ul of 20 mM Tris-hydrochloride, pH 7.4,
and 1 mM EDTA containing 2 U of bacterial alkaline
phosphatase (Bethesda Research Laboratories) for 60
min at 45°C. This dephosphorylated peptide [,B(-P)]
was shown to comigrate in two dimensions with a
tyrosine-containing tryptic peptide from p6((rc synthe-
sized in vitro. To obtain a reasonably dark fluoro-
graphic image for the experiment shown in Fig. 1B, we
included in the sample not only 100 cpm of the
[3H]tyrosine-labeled dephosphorylated peptide P but
also 300 cpm of the [3H]tyrosine-labeled peptide iden-
tified above, isolated from a tryptic digest of p6&rc
synthesized in vitro. All the radioactivity comigrated
with the admixed synthetic peptide (src IV) (5 ±Lg)
Leu-Ile-Glu-AspAsnGluTyrThr-Ala-Arg (corre-
sponding to the tryptic peptide containing the tyrosine
phosphorylation site of p60Yrc of SR-RSV-A), which
was detected by ninhydrin staining. For the experi-
ment in Fig. 1C, 48,000 cpm of a tryptic digest of SR-
RSV-A p6&rc labeled with [3H]isoleucine were re-
solved in two dimensions in the presence of 5 ,ug of src
IV. After ninhydrin staining and fluorography, the 2-
methylnaphthalene was allowed to sublime complete-
ly. Areas corresponding to peptides 1 and P(-P) were
aspirated and eluted with pH 1.9 buffer into scintilla-
tion vials. After incubation for 30 min at room tem-
perature, the samples were counted in 10 ml of Aqua-
sol.

RESULTS
Abundance of p601. So as to be able to

calculate the amount of p60src in a given prepara-
tion, we isolated the polypeptide by immunopre-
cipitation from cells which had been labeled for
48 h with [35S]methionine. Because these precip-
itates were prepared in antibody excess, we
could also determine the abundance of the poly-
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peptide. p60rc constituted 0.01 to 0.08% of total
cellular protein in chick cells transformed by
SR-RSV-D (105 to 8 x 105 molecules per cell).
The variation in this value from experiment to
experiment probably reflects real variability in
the metabolic stability of p6&)rc since quadrupli-
cate determinations in any given experiment
gave essentially identical results. This abun-
dance is significantly less than that reported by
Collett et al. (2) and by Karess et al. (13). This
discrepancy may result in part from the fact that
we used cells labeled for 48 h with [35S]methion-
ine as the source of p6OSrc, rather than cells
which had been labeled for 2 h, and the fact that
the half-life of p6Osrc is noticeably less (see
below) than that of total cellular protein in chick
cells (9, 24). Alternatively, this discrepancy
could be due to differences in the efficiencies of
precipitation with different sera. Although such
a factor will affect the computation of the abso-
lute abundance of p6Osrc in a transformed cell, it
does not affect the calculation of either the
turnover number of the kinase activity in the
immune complex (see below) or the extent of the
phosphorylation of the polypeptide (see below).
Finally, because all the estimates of abundance
have been made with transformed cultures of
primary chick cells rather than cloned cell lines,
the possibility exists that the discrepancy can be
accounted for by cell variability.

Extent of phosphorylation of p64'W. To deter-
mine the extent to which p6Osrc is phosphorylat-
ed in vivo, we labeled cultures for 48 h with
either [35S]methionine or 32Pi and isolated p6Osrc
by immunoprecipitation. The number of moles
of phosphate per mole of p6QSrC was calculated
with the assumption that after 48 h the specific
activity of the phosphoamino acids in p60Src was
the same as that of the phosphate in the labeling
medium and that the specific activity of the
methionine in p60src was the same as that in bulk
cellular protein. p6Osrc was found to contain 0.5
to 0.9 mol of phosphate per mol of polypeptide.

p6Osrc is phosphorylated at two sites. The
approach used here, however, reveals only the
total moles of phosphate at both sites in the
polypeptide. We therefore examined the extent
of phosphorylation of the single phosphorylated
tyrosine residue employing another method that
has been used to determine the degree of phos-
phorylation of a threonine residue in the large T
antigen of simian virus 40 (18). This involved
estimation of the relative amount of radioactiv-
ity in the phosphorylated and unphosphorylated
forms of the tryptic peptide corresponding to the
tyrosine phosphorylation site in p6Osrc in sam-
ples of p6Osrc labeled with 3H-amino acids. We
(Patschinsky et al., in press) and Smart and
colleagues (23) have deduced that the phospho-
tyrosine-containing tryptic peptide of p6Osrc of



816 SEFTON ET AL.

SR-RSV-A, which we have termed ,B, has the
sequence NH2-Leu Ile Glu Asp Asn Glu Tyr
Thr*Ala-Arg-COOH. The validity of this conclu-
sion was demonstrated by the fact that a syn-
thetic peptide with this sequence (T. Hunter, J.
Biol. Chem., in press) comigrated with [3H]tyro-
sine-labeled peptide P which had been dephos-
phorylated in vitro with bacterial alkaline phos-
phatase (Fig. 1B). This synthetic peptide could
therefore be used to identify the unphosphory-
lated form of peptide P. For this experiment we
analyzed a mixture of a tryptic digest of p6Osrc
labeled with [3H]isoleucine and the synthetic
peptide. This was done because labeling of
p605src with [3H]isoleucine was more efficient
than labeling with [3H]tyrosine and because the
resulting peptide map was simpler and thus the
chance of contamination of peptides was re-
duced. Peptide P(-P) contained approximately
nine times as much [3H]isoleucine (1,060 cpm)
as did its phosphorylated form, peptide P (120
cpm). This suggested that this site was phos-
phorylated in vivo to an extent of at least 0.1 mol
of phosphate per mol of polypeptide.

Efficiency of the kinase assay in the immune
complex. Knowledge of how many moles of
p60src were present in a given immunoprecipi-
tate allowed us to measure the efficiency of the

A a

protein kinase assay in the immune complex.
Because p6Osrc is immobilized when assayed in
this manner, it seemed unlikely that any given
molecule could phosphorylate many heavy
chains. The efficiency of the assay in the im-
mune complex was even lower than anticipated;
0.008 to 0.09 mol of phosphate was incorporated
per mol of p60src. This value is similar to that
which we estimated previously (12) for the effi-
ciency of the phosphorylation of the heavy chain
by p60src produced by in vitro translation.

Half-life of the p6Oslr polypeptide. The appar-
ent abundance of the p60src polypeptide which
we determined here by isolation of the protein
from cells labeled for 48 h is significantly less
than that reported by others who determined the
intracellular concentration of p60src with cells
labeled for 2 h. The difference in the labeling
interval could be the basis of this discrepancy if
the half-life of p6Osrc is less than that of bulk
cellular protein. We have previously shown that
p6osrc is metabolically quite stable when studied
over a period of 2 h (19). To determine more
precisely the half-life of this protein, we per-
formed pulse-chase experiments using signifi-
cantly longer chase periods. The half-life of
p6(Yrc varied somewhat from experiment to ex-
periment. We consider the variability to be real

C
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FIG. 1. Identification of the unphosphorylated form of peptide 1 of p60src. (A) Phosphorylated tryptic
peptides of p60src of SR-RSV-A. A tryptic digest of p60Src labeled biosynthetically with 32p; was prepared as
described in Materials and Methods, and 740 cpm of the digest was spotted on a cellulose thin-layer plate.
Separation of the peptides was by electrophoresis at pH 8.9 with the anode at the left and ascending
chromatography as described (11). The exposure time was 18 h. (B) Comigration of dephosphorylated peptide P
with a synthetic peptide. [3H]tyrosine-labeled peptide P was dephosphorylated in vitro, as described in Materials
and Methods, and was mixed with a comigrating peptide from [3H]tyrosine-labeled p60src synthesized in vitro;
400 cpm of this mixture was analyzed as above in the presence of 5 ,ug of a synthetic peptide, src IV, which has
an amino acid sequence corresponding to that deduced for peptide 13 (Patschinsky et al., in press). The position of
src IV was identified by staining with ninhydrin. The fluorographic image of the dephosphorylated peptide, P(-P),
is shown here. The exposure time was 28 days. The two peptides comigrated. (C) Identification of unphosphory-
lated peptide P. A tryptic digest of p60frc of SR-RSV-A labeled biosynthetically with [3H]isoleucine was prepared
as described in Materials and Methods; 48,160 cpm of this digest was analyzed as described above in the
presence of 5 ,ug of the src IV peptide. The unphosphorylated peptide was located by staining the synthetic peptide
with ninhydrin. The exposure time was 27 days. The difference in the chromatographic mobility of P(-P) in panels
B and C is most probably due to differences in the thickness of the thin-layer plates. In all panels the origin is
indicated (o).
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and to reflect perhaps the health of the trans-
formed cells. Additionally, p6osrc of SR-RSV-D
was noticeably more stable than p64YrC of PR-
RSV-B. p6Osrc of SR-RSV-D had a half-life
which ranged from 7 to 11 h at 41°C, 7 h being a
typical value (Fig. 2). The half-life of p6Osrc of
PR-RSV-B was somewhat more variable and
ranged from 1.8 to 3 h at 41°C (Fig. 3), 2 h being
a typical value.

Metabolic stability of enzymaticatly active
p604Y'. The fact that only a very small fraction of
the p6dsYc molecules which are present in an
immunoprecipitate phosphorylate the immuno-
globulin when incubated with ATP suggested the
possibility that only a subpopulation of p6(Yrc
had protein kinase activity. If so, the half-life of
2 to 7 h which we determined for the whole
population of p6Osrc by labeling with [35S]methi-
onine may not reflect that of those molecules
which are enzymatically active.
To determine the half-life of those molecules

of p6Osrc which have protein kinase activity, we
treated cells with emetine and measured the
amount of p6Osrc which was active as a protein
kinase in the immune complex as a function of
time after the inhibition of protein synthesis. For
reasons of convenience this experiment was
done by preincubating cells with emetine for
various times and preparing the cell extracts
from the treated and the control cultures at the
same time. Like the half-life of [35S]methionine-
labeled p6(src, the half-life of the protein kinase
activity of p6Osrc was variable. This variation
was more pronounced than that observed with
biosynthetically labeled p6(yrc. This may well be
a result of toxicity of the emetine. Strikingly,
however, the half-life of the protein kinase activ-
ity of p6&src was very much greater than that
which we had determined for the whole popula-
tion of the polypeptide (Fig. 4). The half-life of
the kinase activity of p6Osrc of SR-RSV-D ranged
from 16 to 30 h. A typical value was 19 h. The
half-life of the protein kinase activity of p6Osrc of
PR-RSV-B ranged from 12 to 50 h. This was
very much greater than the 2-h half-life of the
p6Osrc polypeptide of PR-RSV-B. The protein
kinase activity of the cellular homolog of viral
p6 src, p60"csrc had a half-life of approximately
22 h in uninfected chick cells. Similar results
were obtained with cycloheximide (data not
shown).
Why are these half-life values so much greater

than those determined by analysis of [35S]methi-
onine-labeled p60src? Apparently, the inhibition
of cellular protein synthesis with emetine inhib-
its the turnover of p6(src. When cells pulse-
labeled with [35S]methionine were subjected to a
chase in the presence of emetine, the apparent
half-life of the [35S]methionine-labeled p6(src
was increased two- to fivefold (Fig. 2). Stabiliza-
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FIG. 2. Half-life of p6Osrc of SR-RSV-D. SR-RSV-

D-transformed chick cells were labeled with [35S]me-
thionine for 60 min at 41°C and then were incubated for
5 h or 23 h in unlabeled medium. Immunoprecipitation
was with rabbit anti-RSV tumor serum and anti-tumor
serum preabsorbed with disrupted SR-RSV-D virions.
Some of the cultures were chased in the presence of
emetine (12.5 ,ug/ml). Presented here is a fluorogram of
analysis of the immunoprecipitates by SDS-polyacry-
lamide gel electrophoresis. Other experimental details
are described in Materials and Methods. The number
180 indicates the gag-pol read-through product. A: 60-
min label, no chase. B: 60-min label, no chase, ab-
sorbed serum. C: 5-h chase. D: 5-h chase, absorbed
serum. E: 5-h chase, emetine present. F: 5-h chase,
emetine present, absorbed serum. G: 23-h chase. H:
23-h chase, absorbed serum. I: 23-h chase, emetine
present. J: 23-h chase, emetine present, absorbed
serum.

tion in the presence of emetine is not unique to
p6Osrc. Pr76'ag is also rendered more stable by
the inhibition of protein synthesis with emetine.
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P)e r The long half-life of the protein kinase activity of2 I1 p60,yc in the presence of emetine is therefore
m_ probably not due to a relatively greater stability

of an enzymatically active subpopulation but to
the greater stability of all molecules. The half-

|_ĵ*Xlives of the protein kinase activities reported
I3 here must therefore be regarded as overesti-

mates. The extent of overestimation is approxi-
mately threefold.

Pr76 =aI' --

.~~~~Im

P6 X.:. :.: *"*as.:

DISCUSSION
We have found p6jsrc to contain between 0.5

and 0.9 mol of phosphate per mol of polypeptide
after extraction from chick cells transformed by
SR-RSV-D and grown at 41°C. p6Xfc has two
major sites of phosphorylation, a serine located
somewhere near the NH2 terminus of the protein
(4) and a tyrosine located in the COOH-terminal
domain of the protein (4, 11) at position 419 (23;
Patschinsky et al., in press) in the numbering
system of Czemilofsky et al. (7). The phosphate
we have measured here represents the sum of
that present at these two sites. We have found,
both by peptide mapping and by partial acid
hydrolysis (11), that the serine is phosphorylated
to approximately twice the extent of the tyro-
sine. A similar ratio is also obtained when the
amounts of radioactivity in the NH2- and
COOH-terminal fragments of 32P-labeled p60src
generated by partial proteolysis with Staphylo-
coccus aureus V8 protease are measured (data
not shown). Although all these methods for
determining the ratio of phosphoserine to phos-
photyrosine in p6OsrC are subject to some draw-
backs, we estimate that p64Yrc contains, on aver-
age, 0.3 to 0.6 mol of phosphoserine and 0.2 to
0.3 mol of phosphotyrosine per mol of polypep-
tide. Because these are aggregate values, we
cannot estimate what fraction of the population
of p60src molecules is unphosphorylated, what
fraction is phosphorylated at only a single site,
and what fraction is phosphorylated at both
sites.
There is necessarily some uncertainty in these

values. They may be an underestimate if the
specific activity of the phosphoamino acids in
p6o5rc had not come to equilibrium with that of
the phosphate in the labeling medium or if

p27

A B C D E F
FIG. 3. Half-life of p60rc of PR-RSV-B. Chick

cells transformed with PR-RSV-B were labeled with

1"S]methionine for 60 min and were then incubated
for 5 or 21 h in unlabeled medium at 41°C. At each time
point immunoprecipitation was done with both neat
rabbit anti-RSV tumor serum and with this serum
preabsorbed with disrupted SR-RSV-D virions. All
other experimental details are presented in Materials
and Methods. Presented here is a fluorogram of analy-
sis of the immunoprecipitates by SDS-polyacrylamide
gel electrophoresis. A: 60-min label, no chase. B: 60-
min label, no chase, absorbed serum. C: 5-h chase. D:
5-h chase, absorbed serum. E: 21-h chase. F: 21-h
chase, absorbed serum.
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A B C

*S6-HC

0 14 22
FIG. 4. Stability of the protein kinase activity of

p60"" of PR-RSV-B. Chick cells transformed by PR-
RSV-B were incubated for 0, 14, or 22 h at 41°C in the
presence of emetine (5 Lg/ml). The amount of p60src_
associated protein kinase activity remaining was mea-
sured by immunoprecipitation of p6&src with rabbit
anti-RSV tumor serum in excess and assaying the
kinase activity in the immune complex. All other
experimental details are described in Materials and
Methods. Presented here is an autoradiogram of an
analysis of the phosphorylated products of the protein
kinase reaction by SDS-polyacrylamide gel electro-
phoresis. HC indicates the position of the heavy chain
of the immunoglobulin. A: No emetine. B: 14-h pre-
treatment with emetine. C: 22-h pretreatment with
emetine.

cellular phosphatases were active during cell
lysis. We attempted to minimize these factors by
labeling the cells for 48 h and by using a phos-
phate-buffered RIPA buffer for cell lysis. The
fact that inclusion of NaF in the extraction
buffer had no effect on the recovery of 32p_
labeled p60frc (data not shown) suggests that
marked enzymatic dephosphorylation was not
occurring. These values will tend to be overesti-
mates if phosphorylation occurred after cell ly-
sis. We consider this unlikely because 2 mM
EDTA was present in the lysis buffer.

The apparent extent of the phosphorylation of
the tyrosine residue in p603rc revealed by this
approach is somewhat greater than that obtained
from tryptic peptide mapping. We found that
10% of the [ H]isoleucine-labeled tryptic pep-
tide which contains the site of tyrosine phos-
phorylation was phosphorylated. Although this
approach does not involve assumptions as to the
specific activity of the cellular ATP pool, it too
is somewhat uncertain. The apparent extent of
phosphorylation measured this way, 0.1 mol of
phosphotyrosine per mol of p6frc, is probably a
minimum estimate. Both chemical dephosphory-
lation of the tyrosine and simple losses of the
phosphorylated peptide may have occurred dur-
ing oxidation and digestion of the protein.
To estimate the extent of phosphorylation of

p6srC, we had to label transformed cells to
steady state with [35S]methionine. This allowed
us to calculate the abundance of the p6fYrc
polypeptide in these cells. Typically, p6Ysrc of
SR-RSV-D constituted approximately 0.02% of
total cellular protein in cultures maintained at
41°C. Using the value of 1 mg of cellular pro-
tein per 4 x 106 RSV-transformed chick cells,
we were able to calculate that this abundance
corresponds to approximately 500,000 mole-
cules of p6Osrc per cell. The cellular homolog of
viral p6fsrc, p60C"SC, is thought to be approxi-
mately 50- to 100-fold less abundant than the
viral protein (2). This would correspond, there-
fore, to approximately 5,000 to 10,000 molecules
of p60C-srC per uninfected cell.
Our value for the abundance of p6Osrc is

somewhat lower than that reported by others (2,
13) who used cells labeled for 2 h. We suspect
that this disagreement results in part from differ-
ences in the length of labeling of the transformed
cells with [35S]methionine. Total cellular protein
in chick cells is reported to have an average half-
life of 40 to 50 h (9, 24). In contrast, p60src of SR-
RSV-D has a half-life of only 7 h at 41°C. p6Osrc
ofPR-RSV-B is even less stable. In some experi-
ments it had a half-life of 2 h. p6(Yrc is therefore
noticeably less stable than the average cellular
protein in chick cells and may, as a result,
appear more abundant in cells labeled for a short
time than in cells labeled to steady state.

Because we knew how many molecules of
p60srC we had immunoprecipitated, we were able
to calculate the turnover number of the associat-
ed tyrosine protein kinase activity when assayed
in the immune complex. The turnover number
was very low; 0.008 to 0.09 mol of phosphate per
mol of p60src. This inefficiency probably derives
in part from the immobilization of the enzyme. It
is also possible, however, that only a small
minority of the immunoglobulin heavy chains in
the immunoprecipitate are suitable substrates
for p60src.
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We measured the half-life of the protein ki-
nase activity of p60Src by incubating transformed
celis in the presence of inhibitors of protein
synthesis and observing the decay of the activi-
ty. The half-life of the protein kinase activity in
such an experiment was three-to fourfold greater
than that determined for the polypeptide by
pulse-chase analysis. Although this could sug-
gest, in theory, that a stable subpopulation is
responsible for the protein kinase activity, it
does not. The inhibition of protein synthesis by
emetine causes a stabilization of p6Osrc. The
half-life of the p6&rc polypeptide is increased
approximately threefold in the presence of eme-
tine. This is not, however, unique to p64Yrc.
Pr76gar is also stabilized. Additionally, a less
pronounced but similar effect of inhibitors of
protein synthesis on the turnover of bulk cellular
protein has been observed (8-10).
The stability of the protein kinase activity

under these conditions is notable. We measured
half-lives of approximately 24 h when protein
synthesis was inhibited. This suggests that the
protein kinase activity is quite resistant to sim-
ple thermal inactivation in whole cells and that
the much more rapid rate of turnover normally is
due to the activity of some cellular enzyme
rather than to spontaneous denaturation of the
protein. The stability of the protein kinase activ-
ity of endogenous p60Jcsrc in uninfected chick
cells is comparable to that of viral p60Orc when
measured in the presence of emetine. Although
the half-life measured this way, approximately
20 h, is almost certainly artifactually large, it
does suggest that the protein kinase activities of
the viral and the cellular enzymes have similar
half-lives.
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