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We have purified p60src from bacterial recombinants which direct the synthesis
of the Rous sarcoma virus transforming gene (src) product. This protein was
injected into rabbits, and they produced a highly cross-reactive serum which can
recognize the src protein from many different strains of Rous sarcoma virus.

Rous sarcoma virus (RSV) is responsible for
cellular transformation as well as tumor forma-
tion in a variety of animals (11, 13). The product
of the RSV transforming gene, src, was first
identified by the use of antisera from rabbits that
had developed tumors after being injected with
RSV as newborns (2). Tumor-bearing rabbit
(TBR) sera recognize a phosphoprotein of mo-
lecular weight (Mr) 60,000 (pp6Osrc) from ex-
tracts of RSV-infected avian or mammalian cells
(2). Most antisera obtained from tumor-bearing
rabbits are reactive only with the pp60src en-
coded by the Schmidt-Ruppin strain of RSV, the
strain used to produce the tumors. A few TBR
sera also precipitate the pp60src encoded by
other strains of RSV, and a small number also
immunoprecipitate a Mr = 60,000 phosphopro-
tein from uninfected cells, designated pp6Ocsrc
(6). Antiserum prepared in this manner requires
the purification of large amounts of virus which
must be injected into newborn rabbits. The time
during which high-titer antibody to pp6Osr is
expressed is relatively short, and the amount of
antiserum obtained is small because the rabbits
are only several weeks old. Recombinant DNA
techniques have made possible the production of
large amounts of p6Osrc (9, 10), and in this paper
we describe the use of p60src expressed in Esch-
erichia coli as an antigen to circumvent some of
these problems.

Bacteria containing a lac-src plasmid were
grown in M9 medium (1) plus 1 mM isopropyl-p-
D-thiogalactopyranoside to an absorbance at 550
nm of 1.2, and lysates were prepared as de-
scribed previously (10). After clarification of the
lysates at 16,000 x g for 30 min, 90% of the
p60src was in the pellet. The pellet was washed
once with 1% Nonidet P-40 (NP-40)-0.5% sodi-
um deoxycholate-100 mM NaCI-10 mM Tris
(pH 7.2)-l mM EDTA, once with 1 M NaCl-
0.1% NP-40-10 mM Tris (pH 7.2), and three

times with 1% Triton X-100-1% sodium deoxy-
cholate-150 mM NaCI-10 mM Tris (pH 7.2)-
0.1% sodium dodecyl sulfate (SDS)-1 M urea.
The pellet was suspended in sample buffer (70
mM Tris [pH 6.8]-11.2% glycerol-3% SDS-
0.002% bromophenol blue-5% P-mercaptoeth-
anol), incubated at room temperature for 15 min,
and subjected to polyacrylamide gel electropho-
resis. Proteins were visualized by staining with
0.2% Coomassie blue-50% methanol-12% gla-
cial acetic acid. After extensive washing with
water, the band containing p60src, approximate-
ly 40 ,ug of protein, was excised from the gel.
The protein was eluted in phosphate-buffered
saline overnight, complete Freund adjuvant was
added, and the emulsion was injected into the
popliteal lymph nodes of two rabbits. The re-
maining gel piece was homogenized, complete
Freund adjuvant was added, and the suspension
was injected subcutaneously and intramuscular-
ly into the two rabbits. For the first boost,
approximately 200 ,ug of p6Osrc was prepared in
the same way, except that the pellet was heated
to 95°C for 1 min in sample buffer before electro-
phoresis. The entire gel piece containing p6fYrc
was homogenized in incomplete Freund adju-
vant and injected intramuscularly, 16 days after
the initial injection.

Protein for subsequent boosts, which were
administered 1 and 2 months after the initial
injection, was prepared as described above
through the washes of the 16,000 x g pellet. At
that point, the pellet was solubilized in 9.5 M
urea-5% P-mercaptoethanol and incubated at
37°C for 15 min. The urea was diluted to 6 M,
and potassium phosphate (pH 7.2) was added to
a final concentration of 20 mM. This sample was
mixed with an identical preparation from bacte-
ria which had been labeled with 35s042- (9) and
was applied to a hydroxyapatite column equili-
brated in the same buffer. The column was
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FIG. 1. (A) Immunoprecipitation of pp60Sr from RSV-transformed cells. Cells were labeled with [35S]me-

thionine as described previously (2). After immunoprecipitation of extracts with either preimmune serum (lanes
1, 3, 5, 7, 9) or anti-p60 serum (lanes 2, 4, 6, 8, 10), the samples were electrophoresed in SDS-polyacrylamide gels
(12) and autoradiographed. Lanes 1 and 2, CEF infected with Prague strain of RSV, subgroup A (PrA-RSV);
lanes 3 and 4, CEFs infected with Prague strain of RSV, subgroup C; lanes 5 and 6, CEFs infected with Schmidt-
Ruppin RSV, subgroup A; lanes 7 and 8, vole cells transformed by Schmidt-Ruppin RSV, subgroup D; lanes 9
and 10, rat kidney cells transformed by Bratislava 77 strain of RSV. (B) Partial proteolytic cleavage of the Mr =
60,000 protein. The Mr = 60,000 protein was immunoprecipitated from an extract of [35S]methionine-labeled
PrA-RSV-transformed CEFs as shown in Fig. 1A, lane 2. In addition, pp6O"r was immunoprecipitated from the
same cells by TBR serum. The two Mr = 60,000 proteins were excised from preparative polyacrylamide gels and
subjected to partial proteolysis during re-electrophoresis as described by Cleveland et al. (4). Lanes 1 and 3,
pp6OSrc; lanes 2 and 4, Mr = 60,000 protein; lanes 1 and 2, digestion with 5 ng of Staphylococcus aureus V8
protease; lanes 3 and 4, 50 ng of S. aureus V8 protease. The two large fragments of pp6O3rc, which are the amino
and carboxy termini, are designated NH2 and COOH, respectively (7).

washed with 3 volumes of the loading buffer
followed by 3 volumes of 6 M urea-100 mM
potassium phosphate (pH 7.2)-S50 mM ,-mer-
captoethanol and then was eluted with 6 M urea-
400 mM potassium phosphate (pH 7.2)-50 mM
P-mercaptoethanol. Fractions containing the
peak of 35S counts were pooled and dialyzed
against 50% glycerol containing 1 mM EDTA-20
mM potassium phosphate (pH 7.2)-S5 mM P-
mercaptoethanol followed by dialysis against
10% glycerol in the same buffer. A sample of this
preparation was analyzed by SDS-polyacryl-
amide gel electrophoresis and was shown to
consist mostly of p6Osrc by Coomassie blue
staining (data not shown). The protein concen-
tration of the final purified product was about
250 ,ug/ml. The suspension was diluted to 5%
glycerol with phosphate-buffered saline, incom-
plete Freund adjuvant was added, and 100 ,ug of
protein was injected intramuscularly into each of
the two rabbits.

Sera obtained from the rabbits were assayed
by immunoprecipitation of extracts of [35S]me-
thionine-labeled RSV-infected cells (2). Both
antisera immunoprecipitated a protein (Mr =

60,000) from various cells transformed by any of
several strains of RSV (Fig. 1A). Preimmune
sera did not immunoprecipitate such a protein.
To confirm that the Mr = 60,000 protein precip-
itated by these antisera was indeed pp6osrc, we

compared the partial proteolytic cleavage map
of this protein with that of pp6Osrc immunopreci-
pitated with TBR serum. The two maps were
identical (Fig. 1B), and so these sera will be
referred to as anti-p60 serum. A low titer of anti-
pp60frc activity was detectable in the serum from
one rabbit on day 16. One month after the initial
injection, sera from both rabbits were weakly
positive. The titers of both sera increased until
10 weeks after the initial injection and remained
high for approximately 4 more weeks. The titers
then decreased considerably, and additional
boosts failed to elicit an increased response. The
serum used for the analyses presented in this
communication was obtained at 10 to 12 weeks.
Since the titers ofTBR sera are quite variable, it
is difficult to compare the activity of anti-p60
serum with that of TBR serum. However, when
assayed in antigen excess, these sera immuno-
precipitated approximately 30 to 40% more
Prague strain subgroup A (PrA) pp6Osc than did
a high-titer TBR serum available in this labora-
tory at the present time.

Anti-p60 sera were also tested for their capaci-
ty to immunoprecipitate denatured pp6fsrc.
Anti-p60src serum immunoprecipitated SDS-de-
natured p60Src from either p6E,4y-producing E.
coli or from Schmidt-Ruppin RSV (subgroup D)-
infected vole cells (Fig. 2). In contrast, TBR
serum did not immunoprecipitate denatured pro-
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FIG. 2. Immunoprecipitation of denatured pp6Os'.
A preparation of pp60src from eucaryotic cells was

phosphorylated by incubation with 5 mM Mg2' and 1
,uM [y-32P]ATP (8), and a preparation of p6o`rc from E.
coli containing lac-src plasmids was phosphorylated
by incubation with 5 mM Mg2+, 1 ,uM 32P]ATP, and
the catalytic subunit of cyclic AMP-dependent protein
kinase (9). The products of the reaction were resolved
by SDS-polyacrylamide electrophoresis, and the p60
bands were visualized by autoradiography and eluted
from the gel slices by incubation at 37°C overnight
with 0.05 M NH4HCO3 (pH 8.5)-0.1% SDS. The
eluates were adjusted to 1% NP-40-0.5% sodium
deoxycholate-100 mM NaCl-10 mM Tris (pH 7.2)-i
mM EDTA and then were immunoprecipitated and
analyzed by SDS-polyacrylamide gel electrophoresis
as indicated.

tein (Fig. 2). This property indicated that the
anti-p60 sera would be useful in the "Western"
(protein) blotting technique (3), and the results
of those analyses are shown in Fig. 3.
When pp60src was immunoprecipitated with

anti-p60 serum from PrA-RSV-infected chicken
embryo fibroblasts (CEFs) and [-y-32P]ATP was
added to the immune complex (7), we failed to
detect any transfer of Pi to the heavy chain of
immunoglobulin G (IgG). In this respect, the
antiserum is similar to sera from RSV tumor-
bearing mice, sera which also cannot be recog-
nized as substrates in the immune complex
kinase assay (6). It has been previously shown
that in soluble phosphotransferase reactions,
TBR IgG inhibits the phosphorylation by pp6Osrc
of exogenous substrates such as casein (8, 9).
Anti-p60 IgG also inhibits the phosphorylation
by pp6Osrc of exogenous substrates (Y. Graziani,
unpublished data).
The availability of large amounts of src pro-

tein has made possible the production of high-
titer antisera that are cross-reactive with pp6Osrc
from a wide variety of strains of RSV. Because
these antisera do not immunoprecipitate viral
structural proteins, they will be particularly use-
ful in determining the relatedness of other sarco-
ma virus transforming gene products.

FIG. 3. Autoradiograph of pp6AYrc detected by
"Western" blotting. Schmidt-Ruppin RSV (subgroup
D)-transformed vole cells were lysed in 1% NP-40-
0.05% sodium deoxycholate-100 mM NaCI-10 mM
Tris-hydrochloride (pH 7.2)-i mM EDTA and clarified
by centrifugation at 100,000 x g for 30 min at 4°C.
Samples of the supernatant fraction containing 100 ,ug
of protein were adjusted to 1x sample buffer and
electrophoresed on a 10% SDS-polyacrylamide gel.
Proteins were electrophoretically transferred (3) from
the gel to a sheet of nitrocellulose (BA 85; Schleicher
& Schuell Co.). After transfer, the nitrocellulose was
incubated at 4°C overnight and then at 40°C for 1 h in
10 ml of 10 mM Tris-hydrochloride (pH 7.4)-150 mM
NaCl-0.02% sodium azide-3% bovine serum albumin
(BSA fraction V; Miles Laboratories, Inc.) to block
the unreacted protein binding sites. The sheet was
rinsed in water and divided into two parts. The sheets
were then incubated at room temperature for 2 h with
either preimmune serum or anti-p60 serum in the
saturation buffer described above with 1% fetal calf
serum. The sheets were rinsed in water and incubated
at room temperature for 2 h with 125I-labeled protein A
(106 cpm/ml) in 3 ml of 10 mM Tris-hydrochloride (pH
7.4)-150 mM NaCI-0.05% Triton X-100 (saline buffer).
The sheets were washed once with 1 M NaCI-0.1%
NP-40-10 mM Tris-hydrochloride (pH 7.2), twice with
1% Triton X-10041% sodium deoxycholate-150 mM
NaCI-10 mM Tris-hydrochloride (pH 7.2)-0.1% SDS-
1 M urea, once with saline buffer, and once with
water. After drying, the sheets were autoradio-
graphed. Lane 1, preimmune serum; lane 2, anti-p60
serum.
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