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Work involving the transforming protein, p60v-src, of Rous sarcoma virus has
resulted in the extensive characterization of its protein structure and associated
phosphotransferase activity. However, in many investigations proteolytic frag-
ments (principally p52v-sc) of the src protein are actually studied. Here, we

emphasize potential problems in the interpretation of experimental results in
which the proteolytic fragmentation of p60vsrc may be involved and offer several
means for the complete prevention of this p60v-src degradation.

The protein product of the Rous sarcoma
virus (RSV) transforming gene (src) is a 60,000-
dalton protein called p60vsrc. This single viral
gene product appears to be directly responsible
for transformation of cells in culture and sarco-
magenesis in infected animals (13, 26). Since
p60v-src is a protein kinase specific for tyrosine
residues (6, 7, 14, 21), it seems likely that
phosphorylation of tyrosine sites on cellular
proteins plays a crucial role in cellular oncogen-
esis by RSV (5, 11, 24).
During the past several years since its identifi-

cation (2, 23), p60v-src has been the subject of a
myriad of studies, all with the ultimate goal of
understanding the detailed molecular mecha-
nism of its action in causing malignant transfor-
mation. However, workers have often observed
the appearance of polypeptides specifically im-
munoprecipitated by anti-p60vsrc antibodies that
have molecular weights less than the p60v-src
protein. The appearance of these polypeptides,
the major species usually being 52,000 in molec-
ular weight, seems to be the result of a proteolyt-
ic removal of the amino-terminal portion of
p6fiv-src, as demonstrated by various peptide
mapping results (10, 17, 18, 20). This proteolytic
breakdown of p60v-src, which occurs during vari-
ous experimental manipulations, has been gen-
erally regarded as artifactual and merely a nui-
sance. No serious attempts have been made to
assess the possible consequences of this limited,
often variable, but very specific breakdown of
the p60vsrc polypeptide with respect to the inter-
pretation of experimental results. Indeed, many
studies have failed to report the integrity of the
RSV transforming protein under study.

This report is meant to emphasize potential
problems in the interpretation of experimental
results in which the proteolytic fragmentation of
p60 v-src may be involved and to offer several

means for the prevention of this p60v-src degra-
dation. ,

Studies addressing the subcellular localization
of the src protein may have been affected by the
proteolysis of p60V-src. Many experimental ap-
proaches, including a variety of methods such as
cell fractionation, immunoelectron microscopy,
and immunofluorescence, have been employed
to locate the src protein in a variety of nonnucle-
ar areas within cells (reviewed in reference 15).
The variability of the results may be a reflection
of the different techniques used or in fact may
indicate that the src protein resides in several
locations within the transformed cells studied.
However, in many cases the location of p60v-src
was claimed to be studied with no regard for the
possible involvement of p52v-src. In fact, certain
cell fractionation studies have indicated that
p52v-src appears to be a soluble polypeptide under
conditions in which p60v"src is largely plasma
membrane bound (17, 18). However, in other
subcellular fractionation work, the recoveries of
p60v-src and p52v-src from various fractions were
congruent (8).
The presence and amount of src-specific phos-

photransferase activity, as measured by the orig-
inal immune complex protein kinase assay (6,
21), have often been taken as a quantitative
estimate of the amount of src polypeptide pres-
ent in the preparation or cellular fraction. How-
ever, it appears that preparations containing
p52v-src exhibit a higher phosphotransferase ac-
tivity in this assay than preparations containing
intact p60vsrc (18). We have further investigated
this observation by comparing the protein kinase
activities of partially purified preparations con-
taining either p52vsrc or intact p60vsrc. Our
procedures for the purification of the src protein
by immunoaffinity chromatography have been
previously described (9, 10). ['5S]methionine-
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FIG. 1. Phosphorylation by partially purified prep-
arations of either intact p60v-rc or p52v-sr. RSV-
transformed vole cells (Microtus agrestis) were radio-
labeled with [35S]methionine for 2 h as previously
described (2, 4). Cells were harvested, divided into
two equal portions, and pelleted. One cell pellet was
suspended in RIPA buffer (12), and the other was
suspended in hypotonic buffer (20 mM Tris-hydrochlo-
ride [pH 7.2], 1 mM EDTA, 1 mM 2-mercaptoethanol,
0.05% Triton X-100). After 5 min at 4°C, the samples
were Dounce homogenized and centrifuged at 3,000 x
g for 10 min. The cleared lysates were incubated at 4°C
for 14 h before application to a column containing
immobilized anti-src IgG. Immunoaffinity chromatog-
raphy was performed exactly as previously described
(9, 10). Aliquots of the resultant enzyme preparations
were subjected to SDS-polyacrylamide gel electropho-
resis (19), and the [35S]methionine-labeled src protein
bands were localized by fluorography (3). The enzyme
preparation derived from the RIPA lysate contained
only intact p60v-sr, whereas the hypotonic buffer
lysate contained principally p52vsr, with only a minor
amount (about 10o) of a further proteolytic fragment,
p49 (10). No intact p60v-src was detectable in this latter
preparation. The radioactivity present in the respec-
tive src protein bands was quantitated by liquid scintil-
lation counting. Equivalent amounts of src polypep-
tide from each of the two enzyme preparations were
then assayed in several protein kinase reactions as
previously described (7). IgG derived from tumor-
bearing rabbit serum (2) was present at 1 mg/ml (tracks
1 and 4), and tubulin and casein (7) were present at 700
,ug/ml and 1 mg/ml, respectively (tracks 3 and 6).
Tracks 2 and 5 contained no exogenously added pro-
tein. After 10 min at 22°C, reactions were terminated
by the addition of SDS sample buffer. The phosphory-
lated proteins were resolved by electrophoresis on an
SDS-10% polyacrylamide gel and detected by autora-
diography. The [35S]methionine radioactivity present
in the enzyme preparations was sufficiently low so as
not to be detectable in the autoradiograms of the
phosphorylated proteins. No protein kinase activity
was detected in reactions performed with either IgG,

labeled transformed cells were processed as
described in the legend to Fig. 1 to obtain
cellular lysates containing only intact p6v-src or
only p52v-src. These extracts were then subject-
ed to parallel immunoaffinity chromatography.
The kinase activities of the two resultant en-
zyme preparations were then evaluated by incu-
bating equal quantities of the respective src
polypeptides in our standard analytic protein
kinase reactions, alone or in the presence of
several phosphate acceptor protein substrates.
Figure 1 shows an autoradiogram of the phos-
phorylated proteins resolved by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophore-
sis. When the p6Ovsrc preparation was incubat-
ed without exogenously added protein sub-
strates, p60v-src itself became phosphorylated
(Fig. 1, track 2), as previously described (7, 9,
10, 22). No polypeptides appeared to be phos-
phorylated in a similar reaction with the p52v-src
enzyme preparation (Fig. 1, track 5). However,
there was a considerable amount of src-specific
protein kinase activity in these preparations
since anti-src immunoglobulin G (IgG), but not
preimmune IgG (not shown), was extensively
phosphorylated (Fig. 1, track 4). Also, two pro-
teins previously shown to be substrates for the
src-specific protein kinase activity, tubulin and
casein (7), were phosphorylated by the p52v-src
enzyme preparations (Fig. 1, track 6), but the
extent of phosphorylation of the various protein
substrates by the two enzyme preparations ap-
peared to differ. The enzyme preparation con-
taining the proteolytic breakdown product of
p60v-src more vigorously phosphorylated the anti-
src IgG, whereas both casein and tubulin ap-
peared to be phosphorylated to a lesser degree
by p52v-src compared with their phosphorylation
by intact p60v-src (Table 1). We are currently
pursuing these initial observations by investigat-
ing, in detail, enzymatic differences between
these two preparations of the src protein kinase.
The above studies corroborate earlier obser-

vations of src kinase activity differences in cell
lysates (18) and further illustrate the potential
for misinterpretation of certain experimental
data. For example, depending on the physical
state of the src polypeptide, studies involving
the quantitation of src protein or protein kinase
activity by the immune complex assay may be
misleading.

Early work on the purification of p60v-src (9,
10) revealed the problem of proteolytic fragmen-
tation of the src protein upon prolonged manipu-
lation. Enriched protein preparations contained
various ratios of p6&v-src and p52v-src and, often,
additional lower-molecular-weight species of the

tubulin, or casein incubated in the absence of the src
enzyme preparations.
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src protein. Purification of src proteins from
tumor tissues (as opposed to src proteins from
cultured cells) also appears to result in a prepa-
ration containing only p52v-src (1), completely
devoid of intact p6fv-src. Thus, in examining the
various functional capabilities of the-purified src
protein, one must be clearly aware of the physi-
cal state of the src polypeptide under study. This
is of particular significance in many of our
studies, since (i) as described above, we have
found that enzyme preparations containing only
intact p6&J-src and preparations containing only
p52v-src exhibit different degrees ofphosphotrans-
ferase activities under certain assay conditions
(Fig. 1 and Table 1), and (ii) we are interested in
correlating various structural features of the src
polypeptide with its functional capabilities.
The proteolytic breakdown of p60v-src appears

to be dependent, at least in part, on the exact
conditions of cellular disruption. Much of the
work involving the immunoprecipitation of
p6v-src from radiolabeled cells in culture has
employed the detergent-containing RIPA buffer
(2, 12) for cell disruption. An example of such an
immunoprecipitation of a [35S]methionine-la-
beled RIPA cell lysate is shown in Fig. 2, tracks
1 and 2. Intact p60"vsrc can clearly be seen, along
with Pr76, the precursor polypeptide to the viral
structural proteins. However, in many studies
the presence of detergents is not desirable. In
such cases cellular disruption may be accom-
plished by some mechanical means (e.g.,
Dounce homogenization), often in a hypotonic
buffer solution. An immunoprecipitation of
[35S]methionine-labeled cells disrupted in this
manner is shown in Fig. 2, tracks 3 and 4. The
amount of p60v-src was reduced, and a new
polypeptide, p52v-src, appeared. Furthermore,
Pr76 was no longer apparent in the immunopre-
cipitate. When this same cellular lysate was
allowed to stand at 4°C for 3 h before immuno-
precipitation, the yield of p60vsrc was much
reduced, whereas the amount of p52v-src in-
creased (Fig. 2, tracks 7 and 8).

Thus, the conditions of cell lysis and the time
of manipulation before analysis (immunoprecipi-

TABLE 1. Relative protein kinase activity of
p52v-src and p60v-src a

Protein substrate Relative activity

Anti-src IgG 5.8
Casein 0.3
Tubulin 0.6

a The phosphorylated protein bands shown in Fig. 1
were excised and quantitated by liquid scintillation
spectrometry. The ratio of the corresponding values
from the two enzyme phosphorylation reactions is
presented.
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FIG. 2. Proteolytic breakdown of p6fi-src under
various conditions of cellular disruption. RSV-trans-
formed vole cells, radiolabeled with [35S]methionine,
were divided into equal portions and pelleted. The
cells were suspended in either RIPA buffer (150 mM
NaCl, 20 mM Tris-hydrochloride [pH 7.2], 1% Triton
X-100, 1% deoxycholate, 0.1% SDS), tracks 1 and 2;
hypotonic buffer, pH 7.2 (20 mM Tris-hydrochloride
[pH 7.2], 1 mM EDTA, 1 mM 2-mercaptoethanol,
0.05% Triton X-100), tracks 3, 4, 7, and 8; or hypoton-
ic buffer, pH 10.0 (20 mM CAPS [pH 10.0], 1 mM
EDTA, 1 mM 2-mercaptoethanol, 0.05% Triton
X-100), tracks 5, 6, 9 and 10. Cells suspended in
hypotonic buffers were allowed to swell at 4°C for 5
min before disruption by Dounce homogenization. All
samples were cleared at 3,000 x g for 10 min. The
cleared lysates were either immediately immunopreci-
pitated with normal rabbit serum (N) or tumor-bearing
rabbit serum (Im) (2) or incubated at 4°C for 3 h before
immunoprecipitation. All samples were adjusted to
RIPA buffer before the addition of serum. Immunopre-
cipitation was carried out as previously described (2),
and samples of the precipitated materials were subject-
ed to electrophoresis on an SDS-109o polyacrylamide
gel (19). The gel was stained with Coomassie brilliant
blue, destained, prepared for fluorography (3), and
exposed to Cronex 4 X-ray film at -70°C.

tation) are important factors concerning the in-
tegrity of the src polypeptide. Tables 2 and 3
expand on these two factors. Table 2 shows the
effect of different concentrations of nonionic
detergent (Triton X-100) present in the cellular
disruption buffer on the ratio of p60V-src and
p52v-src after a prolonged incubation period (14 h)
before immunoprecipitation. Table 3 shows the
effect of time of incubation on the breakdown of
p6V-src to p52v-src in a hypotonic buffer contain-
ing 0.05% Triton X-100. It can clearly be seen
that under certain conditions of cell lysis, frag-
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TABLE 2. Cell disruption buffer and proteolytic
breakdown of p60v-src

Fraction of immLlno-
Buffer precipitable si-cBuffer pH protein

p6Htv-sr,7p22.v-sr0

Hypotonic, o0 7.2 0.39 0.61
Hypotonic, 0.05 7.2 0.09 0.91
Hypotonic, 0.2 7.2 0.18 0.82
Hypotonic, 1.0 7.2 0.26 0.74
RIPA 7.2 0.99 0.01
Hypotonic, 0 10.0 0.98 0.02

a [35S]methionine-labeled RSV-transformed vole
cells were aliquoted and pelleted. The cells were
suspended in hypotonic buffer, pH 7.2 (20 mM Tris-
hydrochloride [pH 7.2], 1 mM EDTA, 1 mM 2-mercap-
toethanol), containing various amounts of Triton X-
100, in RIPA buffer, or in hypotonic buffer, pH 10.0
(20 mM cyclohexylaminopropane sulfonic acid [pH
10.01, 1 mM EDTA, 1 mM 2-mercaptoethanol). After 5
min at 4°C, all samples were Dounce homogenized and
centrifuged at 3,000 x g for 10 min. The cleared
lysates were then incubated at 4°C for 14 h before
immunoprecipitation as outlined in the legend to Fig.
2. After polyacrylamide gel electrophoresis and fluoro-
graphic localization, the src protein bands were ex-
cised, and the amount of radioactivity in each band
was determined by scintillation spectrometry.

b Percentage of Triton X-100.

mentation of p60vsrc is very rapid and extensive
and progresses with time.
Under certain other conditions of cell disrup-

tion, the conversion of p60v-src to p52v-src did not
occur. As discussed above, cell lysis in RIPA
buffer resulted in the appearance of intact p60v-src
(Fig. 2), even after prolonged periods of lysate
incubation before immunoprecipitation (Table
2). Another cell lysis condition we have found
useful in preventing the proteolytic conversion
of p60Vsrc to p52v-src is shown in Fig. 2, tracks 5
and 6. Cellular lysis at a high pH, with or
without detergents present, resulted in the main-
tenance of the integrity of p60vsrc (as well as
Pr76), even after long incubation times before
analysis (Fig. 2, tracks 9 and 10; Table 2).
The proteolytic breakdown of p60v Src appears

to be highly specific, suggesting the involvement
of a specific protease activity. We have found
that this protease activity is present in normal
cells and is able to act on the normal cell
homolog to the RSV src protein, p60C-src (data
not shown). Furthermore, this protease does not
require monovalent or divalent cations and is
independent of ATP. We have observed the
proteolytic activity over a wide range of pH
values (pH 5 to 8); however, above pH 8.5, it
appears to be largely inactive.
We have screened a variety of agents that

might act as inhibitors of the proteolysis of p60v-src
(Fig. 3). Under lysis conditions in which ex-

tensive breakdown of p60-src was observed
(Fig. 3, track 2), a variety of potential inhibitors
was added to the hypotonic lysis buffer before
cell disruption. Several commonly used protease
inhibitors failed to prevent the breakdown of
p60v-src (e.g., L-1-tosylamide-2-phenylethyl
chloromethyl ketone, phenylmethylsulfonyl flu-
oride, and aprotinin), whereas others were very
effective (e.g., Ncu-p-tosyl-L-lysine chloromethyl
ketone, antipain, leupeptin, and soybean trypsin
inhibitor). Interestingly, NaPP, appeared to
prevent proteolysis of p60v src (Fig. 3, track
14). HgCl2 (and other mercurials) also inhibited
p60v-src breakdown, suggesting that a critical sulf-
hydryl group was required for this proteolytic
activity. The inhibition of p60v.src proteolysis by
HgCl2 was reversible. Incubation of cell lysates
in hypotonic buffer in the absence of HgCl2
resulted in the extensive breakdown of p60v-src
to p52v-src (Fig. 4, tracks 1 to 4). This breakdown
was completely inhibited by the addition of 1
mM HgCl2 to the lysis buffer (Fig. 4, track 6).
However, if, after 2 h of incubation of the lysate
in the presence of HgCl2, 2-mercaptoethanol
was added and incubation continued for an
additional 2 h, extensive proteolysis of p60v-src
resulted (Fig. 4, track 8).
We have attempted in this report to summa-

rize certain of our observations of the specific
proteolytic breakdown of p60v-src upon cellular
disruption. Although this proteolysis appears to
be very specific, it is also highly variable. Our
observations over the last several years suggest
that some RSV-transformed cells exhibit higher
levels of proteolytic activity than others. Fur-
thermore, the same cell line at different times
may vary in the extent to which p6Ov-src is
fragmented. The reasons for this variability are
unknown.

TABLE 3. Time course of p60v-sr proteolytic
breakdowna

Fraction of immunoprecipitable
Time (h) at 4°C src protein

p6Ov-sr p52v-sr('

0 0.66 0.34
2 0.58 0.42
5 0.36 0.64
14 0.09 0.91

a Pelleted [35S]methionine-labeled RSV-trans-
formed vole cells were suspended in a hypotonic
buffer (20 mM Tris-hydrochloride [pH 7.2], 1 mM
EDTA, 1 mM 2-mercaptoethanol, 0.05% Triton X-
100), homogenized, and centrifuged as described in
the legend to Fig. 2. The cleared lysate was incubated
at 4°C for various periods of time, after which equal
portions were removed, adjusted to RIPA buffer, and
immunoprecipitated. The fraction of immunoprecipita-
ble src proteins was determined as described in Table
2, footnote a.
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FIG. 3. Inhibition of p60O'sr degradation. [35S]methionine-labeled RSV-transformed vole cells were aliquoted
into tubes and pelleted. The cells were then suspended in hypotonic buffer, pH 7.2, containing various agents.
The cells were allowed to swell for 5 min before Dounce homogenization and centrifugation at 3,000 x g for 10
min. The cleared lysates were incubated at 40C for 5 h before the solutions were adjusted to RIPA buffer and
immunoprecipitated with either normal rabbit serum (track 1) or tumor-bearing rabbit serum (tracks 2 to 14).
Subsequent electrophoresis on' a polyacrylamide gel and fluorographic processing were as described in the
legend to Fig. 2. The various agents added to the hypotonic lysis buffer were as follows: tracks 1 and 2, no
additions; track 3, 10 MM L-1-tosylamide-2-phenylethyl chloromethyl ketone (TPCK); track 4, 10 mM Na-p-
tosyl-L-lysine chloromethyl ketone (TLCK); track 5, 10 MM p-tosyl-L-arginine methyl ester (TAME); track 6, 2
mM phenylmethylsulfonyl fluoride (PMSF); track 7, 10 mM sodium bisulfite (NaHS03); track 8, 100 p.g of
antipain per ml; track 9, 100 ~±g of leupeptin per ml; track 10, 100 ±g of soybean trypsin inhibitor per ml; track 11,
100 p.g of ovoinhibitor per ml; track 12, 100 kallikrein inactivator units of aprotinin per ml; track 13, 1 mM
mercuric chloride; track 14, 20 mM NaPPi. All peptide (analog) inhibitors were obtained from Sigma Chemical
Co. The numbers at the left represent the positions of molecular weight standards in thousands.

We have demonstrated several means for the
control of the breakdown of p60"sr Various
detergent combinations, pH, and specific inhibi-
tors, when present in cell disruption buffers, can
completely prevent p60vsrc breakdown. These
should be useful to many workers observing
p60v-src proteolysis in various studies.
The biological significance of the proteolysis

--~~~~~~~~of p60vr if any, is totally unclear. p52vr

FIG. 4. Reversible inhibition of p60v-rc proteolytic
breakdown by HgCI2. [355]methionine-labeled RSV-
transformed vole cells were aliquoted into tubes and
pelleted. Cells were suspended in either hypotonic
buffer containing Triton X-100 (20 mM Tris-hydrochlo-

ride [pH 7.2], 1 mM EDTA, 0.2% Triton X-100) (tracks
1 to 4) or hypotonic buffer containing Triton X-100
plus 1 mM HgCl2 (tracks 5 to 8). After Dounce
homogenization and clearing, the lysates were incu-
bated at 4°C for 2 h (primary [10] incubation). One set
of tubes was then immunoprecipitated with normal
rabbit serum (N, track 1) or tumor-bearing rabbit
serum (Im, track 2). The other tubes were further
incubated at 4°C for 2 h (secondary [20] incubation)
after the addition of 2-mercaptoethanol to a final
concentration of 60 mM (tracks 3, 4, 7, and 8) or after
no additions (tracks 5 and 6). After this second incuba-
tion period, the samples were immunoprecipitated and
analyzed as described in the legend to Fig. 2. To
samples not receiving 2-mercaptoethanol, an equiva-
lent amount of 2-mercaptoethanol was added before
immunoprecipitation.
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lacks the amino-terminal portion of the p6Ov-src
polypeptide (8, 10, 17, 20), yet still appears to be
an active protein kinase, which has allowed for
the definition of an enzymatically active domain
on the p60vsrc protein (17, 20). However, certain
features of the kinase activity of p52v-src suggest
that this activity may be altered in some way
(Fig. 1 and Table 1). The amino-terminal 8,000
daltons of the p60vsrc polypeptide has been
implicated as being involved in hydrophobic
interactions with cellular membranes (17, 20)
and, in fact, may contain tightly bound lipid (25).
Moreover, we have found that there are previ-
ously unidentified sites of tyrosine phosphoryla-
tion in the amino-terminal region of p6v-src
(M. S. Collett et al., Virology, in press). Wheth-
er these observations have functional conse-
quences remains to be conclusively determined.
However, we have been able to correlate the
appearance of amino-terminal tyrosine phos-
phorylation of p6Ov-src with increased protein
kinase activity (A. F. Purchio et al., submitted
for publication). Furthermore, Krueger et al.
(16) have recently shown that certain recovered
avian sarcoma viruses, whose src gene products
exhibit an altered amino-terminal region, have
reduced pathogenic capabilities in vivo. There-
fore, the potential importance of the amino-
terminal portion of p60-vsrc is clearly suggested,
and any modification of this region of the poly-
peptide should be seriously considered.
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preparation.
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