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The half-life of metabolically labeled pp6(Yrc of the Prague A strain of Rous
sarcoma virus and of several transformation-defective, temperature-sensitive
mutants was investigated by pulse-labeling infected cells with [35S]methionine,
chasing for different times, and immunoprecipitating pp6(Yrc with tumor-bearing
rabbit serum. These experiments showed that pp6(Yrc has a short half-life of
approximately 60 min under normal physiological conditions and that the mutant
pp6(Src proteins have similar half-lives to the wild type, irrespective of whether
the cells are kept at the nonpermissive (42°C) or permissive (35°C) temperature.
The half-life of the ppWsr-associated kinase activity was determined by monitor-
ing its decay by the immunoglobulin G heavy chain assay after the cells had been
treated with several inhibitors of protein synthesis. In these experiments the
kinase half-life was much longer than expected from the half-life of pp6O!rc. The
apparent contradiction between the half-lives of the kinase activity and the
135S]methionine-labeled pp6fysc protein could be resolved by the observation that
treatment of cells with inhibitors of protein synthesis stabilized pp6(Yrc, resulting
in a greatly extended half-life. Inhibitors of protein synthesis also extended the
half-life of the gag precursor polypeptide, Pr76, suggesting that a host factor(s)
may be required for the efficient intracellular processing of this polypeptide to the
gag proteins.

The continual expression of the src gene of
Rous sarcoma virus (RSV) is required for main-
tenance of the transformed phenotype in infect-
ed cells (19). A 60,000-dalton phosphoprotein,
pp61)Src, has been shown to be a product of the
src gene (4, 5, 18), and a protein kinase activity
capable of phosphorylating in vitro several sub-
strates at tyrosine has been demonstrated to be
intimately associated with pp6&Wrc (6, 7, 10, 13).
Despite extensive biochemical investigation of
pp60srC, little is known about the in vivo h'alf-life
of the molecule itself and its associated kinase
activity (25). In this paper we describe experi-
ments aimed at determining the half-lives of
metabolically labeled pp6(sYc and the associated
protein kinase activity. We show that pp60Yrc
metabolically labeled with [35S]methionine has a
short half-life of approximately 60 min. In ex-
periments in which the decay of the pp6&frc-
associated kinase activity was followed in cells
treated with cycloheximide and other inhibitors
of protein synthesis, a long half-life of many
hours was observed. These results could be
reconciled by our observation that the protein
synthesis inhibitors used to demonstrate the
decay of pp64src-associated kinase activity
greatly prolonged the half-life of metabolically
labeled pp60sc.

MATERIAIS AND METHODS

Cells and viruses. Chicken embryo cell cultures were
prepared with 10-day-incubated specific-pathogen-free
White Leghorn eggs, the generous gift of E. Vielitz
(Lohmann-Tierzucht, Cuxhaven, West Germany).
Cultures were maintained in Dulbecco modified Eagle
minimal essential medium supplemented with 5% new-
born calf serum and 10%o tryptose phosphate broth.
For radioactive labeling, [35S]methionine (670 Ci/
mmol; Amersham Buchler, Braunschweig, West Ger-
many) was used at 100 ~iCi/ml in medium completely
lacking methionine. The following inhibitors of protein
synthesis were used: cycloheximide at 10 jig/ml, eme-
tine at 25 pg/ml, puromycin at 20 .g/ml, and cordyce-
pin at 25 p.g/ml. Tunicamycin, an inhibitor of glycosy-
lation, was used at 1 pg/ml. Excepting tunicamycin,
which was the generous gift of Ralph Schwarz, Gies-
sen, all drugs were obtained from Sigma Chemical Co.
(Taufkirchen, West Germany).
The Prague strain of RSV, subgroup A, was the

parent of the transformation-defective, temperature-
sensitive mutants G1203, GI2S1, and GI253 (2). The
Schmidt-Ruppin strain of RSV, subgroup A, was the
parent of the transformation-defective, temperature-
sensitive mutant NY68 (14). Rous-associated virus
type 1, an avian leukosis virus, was used as a control
in these experiments for a virus lacking the src gene.

Ced lysis, unoprecipitation, kinase assay, and
elctropboresis. [35S]methionine-labeled cells used for
the pulse-chase experiments were lysed in RIPA buffer
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(10 mM P04 [pH 7.21, 10 mM EDTA, 40 mM NaF, 1%
Triton X-100, 1% sodium deoxycholate, 0.1% sodium
dodecyl sulfate, and 5% Trasylol) and clarified by
centrifugation in an Eppendorf centrifuge. The super-
natant was incubated for 60 min on ice with rabbit
antiserum raised against the viral structural proteins
which had been adsorbed onto protein A-bearing
Staphylococcus aureus bacteria (Cowan I strain).
(This preincubation step was used only in the experi-
ments shown in Fig. 1 and 2 and served to reduce the
background in the immunoprecipitation patterns.) Af-
ter preincubation, the bacteria were pelleted, and the
supernatant was incubated for 60 min on ice with an
excess of tumor-bearing rabbit (TBR) serum. Details
of TBR serum preparation have been published else-
where (30). Immune complexes were isolated by ad-
sorption onto protein A-bearing S. aureus bacteria in
RIPA buffer (16). Bacteria-bound immune complexes
were washed three times with wash buffer (10 mM P04
[pH 7.2], 10 mM EDTA, 40 mM NaF, 1 M NaCl, 1%
Triton X-100, and 5% Trasylol) and finally once with
water. Radiolabeled proteins were eluted from the
bacteria by suspending the bacterial pellets in electro-
phoresis sample buffer (80 mM Tris [pH 6.8], 10%o
glycerol, 2% sodium dodecyl sulfate, and 2% mercap-

toethanol) and boiling for 2 min. Polypeptides were

resolved on 6 to 18% acrylamide gradient gels (17).
The pp60Src_associated kinase activity was assayed

essentially as previously reported (21). Cells were

lysed in Triton buffer (10 mM P04 [pH 7.2], 10 mM
EDTA, 40 mM NaF, 1% Triton X-100, and 5% Trasy-
lol) and clarified, and the supernatant was incubated
on ice with TBR serum for 60 min. Immune complexes
were isolated by adsorption onto protein A-bearing S.
aureus bacteria in Triton buffer and washed as de-
scribed above. Bacteria loaded with antigen-antibody
complexes were resuspended in a small volume of
kinase buffer (20 mM bis-Tris-propane [pH 6.0] and 50
mM MgCI2), thoroughly mixed with [y-32P]ATP (0.5 to
1 ,uM, 3,000 Ci/mmol; Amersham Buchler), and incu-
bated for 5 min on ice. The reaction was terminated by
the addition of quench buffer (100 mM P04 [pH 7.0],
10 mM EDTA, 40 mM NaF, and 1 mM ATP). Bacte-
rium-antigen-antibody complexes were pelleted and
resuspended in electrophoresis sample buffer. The
phosphorylated heavy chain of immunoglobulin G was
resolved on 11% acrylamide gels (17).

Radioactively labeled bands were detected by fluo-
rography (3). [15S]methionine-labeled bands were ad-
ditionally quantitated by cutting the desired bands out,
reswelling in Lumasolve (J. T. Baker Chemical Co.,
Gross Gerau, West Germany), and after the addition
of scintillation fluid, counting in a scintillation counter.
32P-labeled heavy chains were cut out after Coomassie
brilliant blue staining, and the Cerenkov radiation was
determined.

RESULTS
Haf-life of metabolically labeled pp6Oulc. In-

fected, transformed sister cultures of chicken
fibroblasts were pulse-labeled for 15 min with
[35S]methionine, chased for different times, and
lysed with RIPA buffer. Clarified lysates were

preabsorbed with rabbit antiserum raised against
viral structural proteins, and then pp6&5rc was

immunoprecipitated with TBR serum. The pre-

cipitated [35S]methionine-labeled proteins were
resolved on polyacrylamide gels, and the pp6Osrc
band was located, cut out, and quantitated by
scintillation counting. Results of such an experi-
ment are shown in Fig. 1 and 2. The Prague A
strain pp6Osrc has a relatively short half-life of
approximately 60 min irrespective of the tem-
perature at which the cells were grown. Essen-
tially the same results were obtained if the cells
were labeled overnight (20 h) and then chased.
We also investigated the half-lives of the

pp605TC proteins of several transformation-defec-
tive, temperature-sensitive mutants grown at
either the permissive (35°C) or the nonpermis-
sive (42°C) temperature. Figure 3 shows a com-
posite of the relevant sections of two gels con-
taining the mutant pp6(Yrc bands. Wild-type
Prague A- and Rous-associated virus type 1-
infected cells acted as controls. From the figure
it can be concluded that the half-life of the
mutant pp6Osrc proteins is similar to that of the
wild type, and there is little difference in the
mutant pp6(Ylc half-lives at 42 and 35°C. These
conclusions are supported by the quantitative
data shown in Fig. 2 for one of the mutants,
G1251.

Half-life of the pp60Y-associated kinase activi-
ty. A convenient way to determine the half-life
of the pp6Y's'-associated kinase activity is to
monitor its decay in cells treated with inhibitors
of protein synthesis. Accordingly, infected,
transformed sister cultures were treated with
cycloheximide, emetine, cordycepin, or puro-
mycin, and the decay with time of the pp60Yfc-
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FIG. 1. The half-life of [35S]methionine-labeled
pp6(Wc of the Prague A strain of RSV. Sister cultures
were pulse-labeled for 15 min at 42°C and chased for
the times indicated (in hours) at the top of the figure.
Cells were lysed in RIPA buffer, clarified, and preab-
sorbed with antiserum against viral structural proteins,
and pp6(Wc was precipitated with TBR serum. The
labeled proteins were resolved on 6 to 18% acrylamide
gradient gels and detected by fluorography. Semliki
Forest virus structural proteins pE2 (68,000), El
(50,000), and C (30,000) acted as molecular weight
standards.
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FIG. 2. The half-life of [355]methionine-labeled

pp64Y" of the Prague A strain of RSV and of the
transformation-defective, temperature-sensitive mu-
tant GI251 at the nonpermissive temperature (42°C)
and the permissive temperature (35°C). Infected sister
cultures kept at either 42 or 35°C were pulse-labeled
for 15 min, chased for the times indicated, and pro-
cessed as in Fig. 1. The pp6(W' was quantitated by
scintillation counting of excised bands.

associated kinase activity was measured by the
immunoglobulin G heavy chain kinase assay (6).
The concentrations of the inhibitors used gave
better than 98% inhibition of host cell protein
synthesis as judged by incorporation of
[(S5methionine into polypeptides (data not
shown). Cell lysates were assayed either undi-
luted (as in Fig. 4) or diluted 1:10 with Triton
buffer to ensure antibody excess. As can be seen
in Fig. 4, under a regime of protein synthesis
inhibition, the half-life of the pp60&sr-associated
protein kinase activity was very much longer
than we had expected from the half-life of meta-
bolically labeled pp6(Yrc (cf. Fig. 4 with Fig. 1
and 2). Similar results were obtained with the
diluted extracts. The decay in kinase activity in

cells treated with puromycin was consistently
more extensive than that seen with other inhibi-
tors.

Inhibitors of protein synthesis prolong the half-
life of metabolically labeled pp60. The results
documented above presented us with a dilemma.
On the one hand, the metabolically labeled
pp6&(c' clearly had a short half-life, and on the
other hand, the associated kinase activity had a
much longer half-life. We suspected that our
experimental procedure for determining the ki-
nase half-life was giving artifactual results. We
therefore decided to see if treatment of cells with
inhibitors of protein synthesis had any effect on
the half-life of metabolically labeled pp6(Yrc.
Infected, transformed sister cultures were pulse-
labeled and chased for different times either in
the absence of (control) or in the presence of
cycloheximide, and the half-life of metabolically
labeled pp60SrC was determined. The results of
such an experiment are shown in Fig. 5. Drug
treatment greatly prolonged the half-life of
pp6(rcO. Other inhibitors of protein synthesis
(emetine, cordycepin, puromycin) had a very
similar effect on the pp60&'C half-life. That the
band in question is pp6&Y' was confirmed in a
parallel experiment by either preabsorbing the
cell extracts with antiserum raised against the
viral structural proteins or preabsorbing the
TBR serum with solubilized purified virus. In-
terestingly, the half-life of the viral gag gene
product Pr76 was also prolonged in a parallel
manner (Fig. 5). In untreated cells this precursor
molecule is rapidly processed to the gag pro-
teins. Another uncharacterized protein of high
molecular weight which coprecipitated with
pp60{rc and Pr76 (Prl80?) also showed a similar
prolongation of its half-life (asterisk on Fig. 5). If
after a 3-h chase in the presence of cyclohexi-
mide the drug was removed and the chase was
continued for 2 h (Fig. 5, lane 3-5) or 6 h (Fig. 5,
lane 3-9) in the absence of the drug, processing
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FIG. 3. The half-life of [35SJmethionine-labeled pp60'c of several transformation-defective, temperature-
sensitive mutants ofRSV at the nonpermissive temperature (42°C) and the permissive temperature (35°C). Sister
cultures infected with the various mutants and kept at either 42 or 35°C were pulse-labeled for 15 min, chased for
the times indicated (hours), and processed as in Fig. 1 except that the preabsorption with antiserum against virus
structural proteins was omitted. The pp6Y'~of the Schmidt-Ruppin mutant strain NY68 is slightly smaller than
that of the Prague A strain (PrA) mutants G1203, G1251, and GI253. RAV-1, Rous-associated virus type 1.
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FIG. 4. The half-life of the pp6(Yrc-associated ki-

nase activity. Sister cultures of cells infected and
transformed with the Schmidt-Ruppin A strain ofRSV
were treated with various inhibitors of protein synthe-
sis (cy, cycloheximide; em, emetine; cor, cordycepin;
pur, puromycin), and the decay in kinase activity was
monitored by the immunoglobulin G heavy chain
assay (6). After electrophoresis, the heavy chains were
visualized by Coomassie brilliant blue staining, ex-
cised, and counted in a scintillation counter.

of pp60src, Pr76, and the uncharacterized high-
molecular-weight protein was restored.

DISCUSSION
The RSV transforming protein, the pp6WYrC,

has been widely supposed to be relatively stable,
with a half-life of many hours in the cell. This
conclusion is implicit in the work ofAsh et al. (1)
where the gradual loss of the transformed phe-
notype from RSV-infected cells over a period of
12 to 16 h under the influence of cycloheximide
was reported. Our results indicate that the
Prague strain pp6Wrc has a short half-life of
approximately 60 min under physiological condi-
tions (Fig. 1 and 2). Comparable results have
been obtained with the RSV Schmidt-Ruppin A
strain pp6&src (unpublished observations). These
results were obtained with the RIPA buffer
which should efficiently extract the pp6&frc from
all cytoplasmic compartments. Therefore, there
is no reason to believe that the half-life of the
molecule differs with different cytoplasmic loca-
tions. A comparison of the half-lives of pp6(Yrc
proteins labeled for short (15 min) and long (20
h) times with [35S]methionine has also been
performed, and no differences were observed.
Hence, it seems unlikely that pp60s7c exists as
two different populations, one long-lived. Final-
ly, several well-characterized, temperature-sen-

sitive mutants of RSV were examined for the
half-life of pp6Osrc at permissive (35°C) and non-
permissive (42°C) temperatures (Fig. 3). The
half-lives of the mutant proteins differed little
from the wild type and differed little at 35 and
42°C. These results are consistent with our pre-
vious observations on the amounts of pp605rc
present at 35 and 42°C in cells infected with
these temperature-sensitive mutants (22). Sefton
et al. (25), using metabolic labeling methods,
have documented that the pp6Osrc of the
Schmidt-Ruppin D strain is metabolically stable,
with a half-life in excess of 2 h. The discrepancy
between our results, primarily with the Prague A
strain, and those of Sefton et al. (25) may reflect
either differences in the stability of the pp6"rc of
different strains or the state of health of the cell
or a combination of both.
Measurement of the half-life of the pp6wrc

associated protein kinase activity can be per-
formed conveniently only by following its decay
in cells treated with inhibitors of protein synthe-
sis. With several inhibitors of protein synthesis,
the half-life of the pp60src-associated kinase ac-
tivity was found to be much longer than the half-
life of metabolically labeled pp6(YrC (cf. Fig. 2
and 4). A likely resolution to this contradiction is
offered by the observation that metabolically
labeled pp6Osrc is stabilized in cells which have
been treated with cycloheximide, this stabiliza-
tion resulting in a greatly extended half-life (Fig.
5). That the inhibitor has this effect is substanti-
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FIG. 5. The effect of cycloheximide on the half-life
of pp6Y'C. Infected, transformed cells were pulse-
labeled with [355]methionine for 15 min and chased for
the times indicated (hours) at the top of the figure in
the absence of(control) or in the presence ofcyclohex-
imide (CH). The cells were processed as for Fig. 3.
The last two lanes represent cells which were pulse-
labeled and chased for 3 h in the presence of cyclohex-
imide and then for a further 2 h (3-5) or 6 h (3-9) in the
absence of cycloheximide. *, An uncharacterized
high-molecular-weight protein, possibly Prl8O.
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ated by the observation that when cyclohexi-
mide is removed 3 h after beginning the chase
and the cultures are chased further in medium
lacking cycloheximide, the rapid turnover of
pp6(Src can be reestablished (Fig. 5, lanes 3-5
and 3-9). Similar results were obtained with
emetine, puromycin, and cordycepin. Tunica-
mycin, an inhibitor of glycosylation, had no
effect on the pp6(WS' half-life (unpublished obser-
vations).
Thus, it seems that pp6&src is in all probability

a protein with a short half-life in the chicken cell,
a conclusion consistent with a regulatory func-
tion. For comparison, the total cellular protein
in chicken embryo fibroblasts is reported to
have a half-life of 40 to 50 h (12, 29). The rather
slow reestablishment of normal cell phenotype
observed by Ash et al. (1) after cycloheximide
treatment was a consequence of the extended
half-life conferred upon pp6(Yrc by the cyclohex-
imide. Also, our observation that mutant-infect-
ed cells underwent morphological transforma-
tion over a period of up to 6 h after a shift to the
permissive temperature in the presence of cyclo-
heximide (11) must be attributed to the stabiliz-
ing influence of the drug.
The observation that the half-life of Pr76 is

also prolonged after cycloheximide treatment
(Fig. 5) raises the possibility that a host factor(s)
may be involved in its processing to the viral gag
proteins. In vitro experiments with purified Pr76
and p15 have shown that p15 alone is capable of
proteolytically processing Pr76 (8, 28); however,
the in vivo processing, taking place at much
lower p15 concentrations, may involve a cooper-
ation between p15 and an as yet uncharacterized
host factor(s).

In comparison with the information available
on the synthesis of proteins, very little is known
about how proteins are degraded in the cell (24).
The observed stabilization of pp6(Yrc and Pr76
by cycloheximide may reflect a part of the cell's
protein-degrading system, conceivably, contin-
ually synthesized short-lived proteases. Several
examples of the stabilizing effect of inhibitors of
protein synthesis on enzyme activities have
been reported (9, 12, 15, 26, 27). However, such
postulated short-lived proteases are only a part
of the cell's degrading system since there are
other examples where inhibitors of protein syn-
thesis have no stabilizing effect on enzyme activ-
ities (20, 23).
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