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An antiserum specific for the carboxy terminus of p6sfc, the transforming
protein of Rous sarcoma virus, was produced by immunization of rabbits with a
conjugate of bovine serum albumin and the synthetic peptide NH2-Tyr-Val-Leu-
Glu-Val-Ala-Glu-COOH. The carboxy-terminal six amino acids of this peptide
correspond in sequence to that deduced for the carboxy terminus of the p6fYrc of
the Schmidt-Ruppin strain of Rous sarcoma virus of subgroup A. The p6(sc
proteins of the several strains of Rous sarcoma virus and the cellular homolog of
the viral transforming protein, p60)-`'C, comprise a polymorphic family of poly-
peptides. The anticarboxy-terminal serum reacted readily with the p60Yrc proteins
of three different strains of Rous sarcoma virus. In contrast, no precipitation of
cellular p6o-s'c could be detected with this serum. This suggests that the viral
p60`rc proteins have identical carboxy termini and that the carboxy terminus of
cellular p6O-csc may be different from that of viral p6(Yrc. The anticarboxy-
terminal serum reacted poorly with the subpopulation of viral p6(sYC which is
present in a complex with two cellular phosphoproteins. Apparently, the presence
of the two cellular proteins interferes with the recognition of p6(Yrc by the
anticarboxy-terminal serum. It seems likely, therefore, that these two cellular
proteins bind to the carboxy-terminal domain of p6&src.

Cellular transformation by Rous sarcoma vi-
rus (RSV) results from the activity of a single
viral protein, p60(Yc (21). It is now clear that this
phosphoprotein is a protein kinase which phos-
phorylates its protein substrates at tyrosine resi-
dues (10, 11, 15-17). The modification of cellular
proteins by p60Y'c almost certainly plays a funda-
mental role in the malignant transformation of
cells infected by this virus (26).
The study of p6&frc in vivo was impossible

until the discovery by Brugge and Erikson (5) of
a protocol for the production of anti-RSV tumor
sera in newborn rabbits. Such sera have proved
to be powerful and invaluable reagents. In sever-
al respects, however, these antitumor sera are
not ideal. First, they are in no sense monospeci-
fic, containing in almost all cases antibodies
directed against structural proteins of RSV (5).
Furthermore, evaluation of whether irrelevant
reactivities are present in the sera is made
difficult by the absence of preimmune sera.

In many cases, antisera produced by using as
an immunogen a peptide which corresponds in
sequence to a defined portion of a polypeptide
have been shown to be reactive with the native
protein (13, 18, 28, 30). Sera produced in this
manner are particularly useful in that they are
potentially monospecific and recognize a prede-

termined portion of the protein of interest. Also,
they can be purified by affinity chromatography,
using an adsorbent to which the peptide used for
immunization has been bound. Finally, since
they are produced in adult rabbits, preimmune
sera can be obtained readily.
We describe here results obtained with sera

produced by immunization of rabbits with a
synthetic heptapeptide which includes the se-
quence of six amino acids at the carboxy termi-
nus of p6Osrc, which has been deduced from the
nucleotide sequence of the src gene of the
Schmidt-Ruppin strain ofRSV, subgroup A (SR-
RSV-A) (12).

MATERIALS AND METHODS
Preparation of anticarboxy-terminal sera. The hepta-

peptide NH2-Tyr-Val-Leu-Glu-Val-Ala-Glu-COOH
was purchased from Bachem (Bubendorf, Switzer-
land). It was at least 95% pure as determined by high-
performance liquid chromatography analysis. Only the
six carboxy-terminal amino acids of this peptide corre-
spond in sequence to the deduced carboxy terminus of
p6s(rc. The amino-terminal tyrosine was added to
facilitate coupling of the peptide via its amino termi-
nus, using the procedure of Bassiri et al. (1). To
prepare the peptide-bovine serum albumin (BSA) con-
jugate, 50 mg of BSA was dissolved in 10 ml of 0.16 M
borate-0.13 M NaCl, pH 9, at 0°C; 20 mg of peptide
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was then added. The molar ratio of peptide to BSA
was 32. To this solution was then added, dropwise, 2
ml of bis-diazotized benzidine in 0.2 M HCI with
stirring at 0°C. The pH was adjusted by the addition of
0.5 M NaOH, and stirring was continued in the cold
for 2 h. The conjugate was dialyzed against water for 1
day and against 0.15 M NaCl for 1 day. To measure the
efficiency of coupling, a small amount of 125I-labeled
peptide was included in the coupling reaction. The
extent of coupling was approximately 43%. This corre-
sponds to 14 molecules of peptide per molecule of
BSA. Antisera were obtained by immunizing rabbits
with the peptide-BSA conjugate as described previ-
ously (30).

Rabbit anti-RSV tumor sera. Rabbit anti-RSV tumor
sera were produced in newborn rabbits by the protocol
of Brugge and Erikson as described before (23, 25).

Cells and viruses. The preparation and growth of
cultures of chick cells transformed by RSV have been
described previously (23). The Schmidt-Ruppin strain
of RSV of subgroup D (SR-RSV-D), the Prague strain
of RSV of subgroup B (PR-RSV-B), and the NB77 line
of normal rat kidney (NRK) cells (7) all originated in
the laboratory of P. K. Vogt, The University of
Southern California. The NB77 cells were grown in
Dulbecco-Vogt modified Eagle medium (DMEM) sup-
plemented with 10%o fetal calf serum at 37°C.

Radioactive labeling and immunoprecipitation. RSV-
transformed chick cells were labeled with 32P; by
incubation in phosphate-free DMEM containing 4%
calf serum, dialyzed against phosphate-free saline, and
32P, (1 mCi/ml, carrier-free; ICN, Irvine, Calif.) or
with [35S]methionine in DMEM containing 5% the
normal concentration of methionine, [35S]methionine
(>500 Ci/mmol; Amersham Corp., Arlington Heights,
Ill.) at a concentration of 100 ,uCi/ml, and 4% complete
calf serum. In both cases, labeling was for 16 h at 41°C.
Uninfected chick cells were labeled with 32p, in phos-
phate-free DMEM containing 4% calf serum, dialyzed
against phosphate-free saline, and 32p,, at a concentra-
tion of t mCi/ml, for 2 h at 41°C. The NB77 cells were
labeled with [35S]methionine by incubation in methio-
nine-free DMEM containing 10% complete fetal calf
serum and [35S]methionine at a concentration of 100
,uCi/ml for 16 h at 37°C. All of the 32P-labeled cells and
the NB77 cells labeled with [35S]methionine were
prepared for immunoprecipitation by lysis in phos-
phate-buffered RIPA buffer (23) containing 2 mM
EDTA. Chick cells labeled with [35S]methionine were
dissolved in the same buffer lacking EDTA. All other
details of the immunoprecipitation procedures have
been described previously (23).

Protein kinase assay. To test for protein kinase
activity in immune complexes, immunoprecipitates
were prepared from unlabeled cells in phosphate-
buffered RIPA buffer containing 2 mM EDTA essen-
tially as described before (24). The resulting immune
complexes were incubated with 2 ,uCi of [_y-32P]ATP
(3,000 Ci/mmol; Amersham) in 20 pLI of 0.01 M sodium
phosphate (pH 6.8)-0.005 M MgCl2 for 10 min at 30°C.
Sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis. All immunoprecipitates were dissolved by
boiling in 2% sodium dodecyl sulfate-0.1 M dithioth-
reitol-10%o 2-mercaptoethanol-5 mM sodium phos-
phate (pH 7.0)-10o glycerol. Analysis was by electro-
phoresis in gels containing 15% acrylamide and 0.09%o
bisacrylamide. Detection of the [35S]methionine-la-

beled samples was accelerated by impregnating the
gels with diphenyloxazole. The 32P-labeled proteins
were detected with the aid of an intensifying screen.

Analysis of partial proteolysis. Gel slices containing
p6&'" were isolated from a preparative gel which had
not been prepared for fluorography and placed in the
wells of a 15% polyacrylamide gel. Digestion was with
25 ng of Staphylococcus aureus V8 protease as de-
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FIG. 1. Characterization of anti-src-c sera by im-
munoprecipitation from a lysate of SR-RSV-D-trans-
formed celis. Chick cells transformed by SR-RSV-D
were labeled with 32Pi for 16 h at 41°C and dissolved in
RIPA buffer containing 2 mM EDTA. Immunoprecipi-
tates were then prepared with preimmune serum,
rabbit anti-RSV tumor serum, and four anti-src-c sera.
The immunoprecipitates were analyzed by electropho-
resis on a 15% polyacrylamide gel. All other experi-
mental details are presented in the text. Pr76 indicates
the position of the precursor to the internal structural
proteins of RSV. 50K denotes the position of the
50,000-dalton cellular protein bound to p60Orc. N,
Preimmune serum; T, antitumor serum; 1, anti-src-c
serum 1; 2, anti-src-c serum 2; 3, anti-src-c serum 3; 4,
anti-src-c serum 4.
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scribed elsewhere (8; B. M. Sefton, J. A. Cooper, I. S.
Trowbridge, and E. M. Scolnick, Cell, in press).

Affinity purification. Antibodies specific for the car-
boxy terminus of p60Y'$ were isolated by binding
immunoglobulin G from the anticarboxy-terminal sera
to a column to which the synthetic peptide had been
linked covalently. The specific antibodies were then
eluted with glycine buffer, pH 2.5. The details of this
preparation are described elsewhere (18a).

RESULTS
The nucleotide sequence of the src gene of

SR-RSV-A (12) predicts that the carboxy termi-
nus of the p6ffrc of this isolate of RSV has the
sequence -Val-Leu-Glu-Val-Ala-Glu-COOH. To
prepare an anti-p6Osrc serum, a synthetic peptide
with the sequence NH2-Tyr-Val-Leu-Glu-Val-
Ala-Glu-COOH was coupled to BSA via its
amino-terminal tyrosine, using bis-diazotized
benzidine as described by Bassiri et al. (1). This
synthetic peptide will be referred to hereafter as
src-c. Four rabbits were injected with the src-c-
BSA conjugate, and the resulting sera were
tested for reactivity with p6src by immunopreci-
pitation. A lysate of chick cells transformed by
SR-RSV-D and labeled biosynthetically with
32p, was used as a source of p60(f. Precipitation
of a 60,000-dalton phosphoprotein which comi-
grated precisely with bona fide p6,rc was appar-
ent in each case (Fig. 1). Comparison of the
protein precipitated by the anti-src-c sera with
p60Y' by partial proteolytic mapping revealed
that it was indeed p60" (Fig. 2).
Whereas all four rabbits produced antibodies

reactive with p6(Y7C, three other phosphopro-
teins, designated A, B, and C, were also precip-
itated by some of these sera (Fig. 1). Like the
precipitation of p6AYrc (Fig. 3), the precipitation
of phosphoproteins B and C was prevented by
preincubation of the serum with the src-c pep-
tide (data not shown). These phosphoproteins

FIG. 2. Partial proteolytic mapping of the 60,000-
dalton polypeptide precipitated with anti-src-c sera.
Immunoprecipitates were prepared with either antitu-
mor serum or anti-src-c sera from 32P-labeled chick
cells transformed with SR-RSV-D and analyzed by
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis. Gel slices containing the precipitated 60,000-
dalton polypeptides or p6Y'r were isolated from the
preparative gel, placed in the wells ofa second gel, and
subjected to digestion with 25 ng of S. aureus V8
protease. 60 indicates the position of undigested
p60Y'$. 36, 24, 20, and 18 indicate the positions of the
principal products of digestion of p6(Y' with S. aureus
protease. T, p60Y' precipitated with antitumor serum;
1, 60,000-dalton polypeptide precipitated by anti-src-c
serum 1; 3, 60,000-dalton polypeptide precipitated by
anti-src-c serum 3.

20
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FIG. 3. Characterization of the anti-src

immunoprecipitation from a lysate of
formed chick cells labeled with [ 5S]methio
cells transformed by SR-RSV-D were la
[35S]methionine for 16 h at 41°C and then
RIPA buffer. Immunoprecipitates were tht
with either anti-src-c serum 1 or rabbil
serum. In addition, precipitates were pre
these sera (2 ,ul) which had been preabsorl
,ug (1 ,u) of the src-c peptide, dissolve(
NH4HCO3, pH 8.3. The resulting precip
then analyzed by electrophoresis on a 15%
amide gel. The figure is a composite of sam
single gel. Tracks A, B, C, and D were
prefogged film for 7 days. Tracks E and
samples from a separate experiment. The
posed to film which had not been prefol

are not unique to RSV-transformed cells. All
were precipitated from lysates of 32P-labeled
uninfected chick cells (Fig. 4; our unpublished
data). Phosphoproteins B and C appear, there-
fore, to be cellular proteins which contain an
antigenic determinant related to src-c. The pre-
cipitation of enormous amounts of phosphopro-
tein A (see Fig. 1) was unusual. This protein is
probably myosin, and it appeared erratically in
precipitates prepared with any serum.

-90K The precipitate prepared with rabbit anti-RSVtumor serum (Fig. 1) contained, in addition to
p6()src, two prominant phosphoproteins: Pr76rar
and a 50,000-dalton cellular protein, the 50K
protein. Pr76gag was precipitated because the
antitumor serum also contained antibodies reac-
tive with viral structural proteins. The 50K
protein was precipitated because it is bound to a
subpopulation of p60rc (4). The 90K cellular
phosphoprotein which is also bound to p6fYrc (4)

50OK was obscured by Pr76rar in this experiment.
Neither Pr76rar nor the 50K protein was precip-
itated by the anti-src-c sera. The apparent ab-
sence of the 50K and 90K proteins in these
precipitates was unanticipated. It raised the pos-
sibility that the anti-src-c sera did not recognize
those molecules of p60src which are present in
the high-molecular-weight complex with the 50K
and 90K cellular proteins.
The specificity of anti-src-c serum 1 was also

tested by immunoprecipitation of p6Osrc from a
lysate of SR-RSV-D-transformed chick cells la-
beled biosynthetically with [35S]methionine.
Precipitation of p6OsrC was again obvious (Fig. 3,

-p27 lane A). Preincubation of the anti-src-c serum
with the src-c peptide abolished the precipitation
of p6osrc but had no effect on the precipitation of
any of the other polypeptides present in the
immunoprecipitates (Fig. 3, lane B). Phospho-
protein C (Fig. 1) was not detectable as a
(35S]methionine-labeled species (Fig. 3). At this
level of sensitivity, anti-src-c serum 1 was essen-
tially a monospecific anti-p60src serum. The 50K
and 90K cellular phoshoproteins which bind to
p6&Jsrc were obvious in the precipitates prepared

-c serum by with anti-RSV tumor serum (Fig. 3, lanes C, D,
,nine. Chick and F). They were not detectable in immunopre-
ibeled with cipitates prepared with anti-src-c serum 1 (Fig.
dissolved in 3, lane A). To examine whether the failure to
en prepared detect the 50K and 90K proteins in the precipi-
t antitumor
-pared with
bed with 10
d in 0.1 M
'itates were
o polyacryl-
iples from a
exposed to
I F contain
iy were ex-
gged for 30

days. 90K and 50K indicate the two cellular phospho-
proteins which bind to p60rc. Pr76 indicates the pre-
cursor to the internal structural proteins of the virus.
p27 indicates the major internal structural protein of
RSV. A, Anti-src-c serum; B, anti-src-c serum preab-
sorbed with the src-c peptide; C, antitumor serum; D,
antitumor serum preabsorbed with the src-c peptide;
E, anti-src-c serum; F, antitumor serum.
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FIG. 4. Anti-src-c sera do not precipitate detect-
able amounts of p60c-sc. Uninfected chick cells were
labeled with 32Pi for 2 h, and then immunoprecipitates
were prepared with preimmune serum, two anti-src-c
sera, and an antitumor serum which reacts with
p60". The precipitates were analyzed by electro-
phoresis on a 15% polyacrylamide gel. C indicates
cellular phosphoprotein C which is recognized by
some of the anti-src-c sera. N, Uninfected cells,
preimmune serum; 1, uninfected cells, anti-src-c se-
rum 1; 3, uninfected cells, anti-src-c serum 3; T,
uninfected cells, antitumor serum; R, 32P-labeled
RSV-transformed cells, antitumor serum.

tate prepared with the anti-src-c serum was due
simply to the fact that the antitumor serum
precipitated p6O` more efficiently, precipitates
prepared with the two sera, in a separate experi-
ment, were compared under conditions in which
more p60sc was present in the anti-src-c precipi-
tate. Here, too, neither the 50K nor the 90K
protein was detectable in the anti-src-c precipi-
tate (Fig. 3, lane E).
The apparent inability of the anticarboxy-

terminal serum to precipitate p6O`c which is in a
complex with the 50K and 90K cellular proteins
was not absolute. The p60osc protein of
SR-RSV-A forms a complex with these two
cellular proteins somewhat more efficiently than

does that of SR-RSV-D (4). We have, on occa-
sion, observed both the 50K and 90K cellular
proteins in immunoprecipitates containing p6&'t'
of SR-RSV-A prepared with anti-src-c serum
(data not shown). When measurable, the precipi-
tation of the population of p60' which is pres-
ent in the high-molecular-weight complex with
the anticarboxy-terminal serum was found to be,
at most, one-third as efficient as with antitumor
serum.
The src-c peptide corresponds in sequence to

that predicted for the carboxy terminus of the
p60)' of SR-RSV-A. p6(Y" is, however, a poly-
morphic protein (2, 6). The p6(Y'c proteins of
different strains ofRSV and the cellular homolog
of viral p6(Yc', p6()CSTc, are readily distinguish-
able both immunologically and biochemically (2,
6, 9, 20). It was of interest, therefore, to deter-
mine whether the anti-src-c sera would react
with the p6Orc proteins of other strains of RSV
and with its cellular homolog p60csrc. Anti-src-c
serum was able to precipitate the p6(WY' of PR-
RSV-B from a lysate of transformed chick cells
(Fig. 5, lane B). Also, anti-src-c antibody, pun-
fied by adsorption and elution from a column
containing the src-c peptide, precipitated the
p6(YFc of B77 virus from a lysate ofthe NB77 line
of normal rat kidney cells transformed by B77
virus (Fig. 5, lane G).
To examine whether the anti-src-c sera would

recognize cellular p6O'-$" uninfected chick cells
were labeled with 2p, for 2 h, and then immuno-
precipitates were prepared with two anti-src-c
sera and a rabbit antitumor serum which recog-
nizes p6jC.src efficiently (Fig. 4). Even after
deliberate overexposure of the fluorogram, no
precipitation of p6-Src was detectable with ei-
ther of the anti-src-c sera. The inability of the
anti-src-c sera to precipitate p60p" is also ap-
parent in Fig. 5. The p6(rc of PR-RSV-B is
sufficiently different in size from p60-"c (25)
that the two proteins can be resolved by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis. The band just below viral p6(W" in lane C
of Fig. 5 is p60c.src. It was not detectable in the
sample prepared with the anti-src-c serum (Fig.
5, lane B).

p6(frC is a protein kinase and is able to phos-
phorylate some precipitating antibodies when
immune complexes are incubated with [y-
32P]ATP (10). The anti-src-c serum also served
as a substrate for p6sr (Fig. 6). The extent of
phosphorylation of the anti-src-c serum was,
however, extremely variable and never as pro-
nounced as that obtained with rabbit anti-RSV
tumor serum. The protein kinase assay in the
immune complex is a very sensitive means by
which to detect p6CCsrc. No precipitation of a
protein kinase capable of phosphorylating the
heavy chain of the anti-src-c antibodies was
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proteins of PR-RSV-B and B77 vir
tates were prepared from lysates
formed chick cells labeled with 3
and rat NB77 cells labeled with [35
h at 37°C. The immunoprecipitate
separate 15% polyacrylamide gels
low p60src in track C is p60"csrcA
formed cells, preimmune serum; I

formed cells, anti-src-c serum
transformed cells, antitumor seru

preimmune serum; E, NB77 cell
serum; F, NB77 cells, antitumoi
cells, affinity-purified anti-src-c an

observed with uninfected chici
further credence to the idea t
not recognize p60csrc.

DISCUSSION
We have shown here that

rabbits with a conjugate of BS
peptide corresponding in seqi
duced for the carboxy terminu
RSV-A produces antibodies re

p60src. This provides, therefor
mation of the deduced amino
this polypeptide and demonsti
boxy terminus of native p6osr'
The p6Osrc proteins of the

RSV and the cellular homolog of the viral trans-
forming protein, p60C , comprise a polymor-

*t phic family of polypeptides which can be distin-
guished by both immunological and biochemical
criteria (2, 6, 9, 20). The anti-src-c sera de-
scribed here were found to react with the p60`rc
proteins of SR-RSV-A, SR-RSV-D, PR-RSV-B,
and the closely related avian sarcoma virus B77
virus. This cross-reactivity suggests strongly
that the p6O`rC proteins of these strains of avian
sarcoma virus possess identical carboxy termini.

_-,605c No precipitation of cellular p60c-src could be
detected with these sera. Although this is nega-
tive evidence, it suggests that the carboxy termi-
nus of p60c-src may be different from that of viral
p60src.

Five to 10% of the p60jrc in RSV-transformed
chick cells exists in a complex with two cellular
phosphoproteins (4). The largest of these, which
is referred to here as the 90K protein, is also one
of the cellular proteins whose synthesis is stimu-
lated by mild stress (19). The smaller protein,
the 50K protein, is a probable substrate of p60Src
since it contains phosphotyrosine in RSV-trans-
formed cells (3, 14, 15). The role that these two
cellular proteins play in transformation is un-
known. The existence of this complex was first
recognized because these two phosphoproteins
coprecipitate with p6O`rc when the transforming
protein is isolated by immunoprecipitation with

F G antitumor serum (4, 23). Both proteins were
i itat th 605rC found to be noticeably less abuindant in precipi-

cptts.Immunoprept i tates prepared with the anticarboxy-terminal se-us. Immunoprecipi-..
Of PR-RSV-B-trans- rum than in precipitates prepared with antitumor
'Pi for 16 h at 410C serum. This suggests that the anti-src-c sera
S]methionine for 16 react inefficiently with those molecules of p605src
s were analyzed on to which the 90K and 50K proteins are bound.
The band just be- These two cellular phosphoproteins appear to

k, PR-RSV-B-trans- either block anti-src-c binding directly or alter
B, PR-RSV-B-trans- the conformation of p6Osrc such that the carboxy
3; C, PR-RSV-B- terminus of the polypeptide is less exposed than
is, antiBRSV virion it is in monomeric p6Osrc. It seems likely, there-
r serum- G, NB77 fore, that the 90K and 50K proteins interact with
tibodies. the carboxy-terminal domain of p60Orc.

It is apparent in Fig. 1, 3, and 5 that the
amount of p6Jsrc precipitated by the anti-src-c

k cells. This lends serum was less than that precipitated by antitu-
'hat these sera do mor serum. This is due in part to the fact that the

anti-src-c serum poorly precipitates those mole-
cules of p60Jrc (5 to 10% of the total population
of p65src [4]) to which the 50K and 90K cellular

immunization of phosphoproteins are bound. Even under condi-
'A and a synthetic tions of marked antibody excess, however, the
uence to that de- difference in the efficiency of immunoprecipita-
is of p60src of SR- tion of p6Osrc with these two sera was much
active with native greater than 10%. Perhaps the affinity of the
re, indirect confir- anti-src-c serum for p60rc is too low to allow
acid sequence of quantitative immunoprecipitation of the poly-
rates that the car- peptide. Alternatively, another subclass of
c is exposed. p605rc molecules may exist in which the carboxy
several strains of terminus, although not complexed with the 50K

J. VIROL.
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FIG. 6. p60yc phosphorylation of anti-src-c serum

in the immune complex. Immunoprecipitates were
prepared from unlabeled uninfected chick cells and
chick cells transformed by SR-RSV-D. The precipi-
tates were assayed for protein kinase activity by
incubation with [y-32P]ATP as described in the text.
HC indicates the position of the heavy chain of
immunoglobulin. A, RSV-transformed cells, preim-
mune serum; B, uninfected cells, anti-src-c serum 1;
C, RSV-transformed cells, anti-src-c serum 1.

and 90K proteins, is inaccessible to the anti-src-
c serum.
The anti-src-c serum offers unique advantages

in two lines of experimentation. First, it has
already proved very useful in the localization of
p60src within RSV-transformed cells. Previous
efforts to localize p60rc by immunofluorescence
with antitumor serum were open to the criticism
that the specificity of the sera was somewhat
uncertain. We therefore reexamined the ques-
tion of the intracellular location of p6,src by
using the anti-src-c serum for immunofluores-
cent localization of the protein. Our results have
corroborated fully earlier work with antitumor
serum (6, 22, 27). We found p60rc to be located
only in the cytoplasm of transformed cells,
where some of it is concentrated in adhesion
plaques, in rosette-like structures, and at cell-
cell junctions in close association with the cyto-
skeletal proteins vinculin and a-actinin (18a).
The anti-src-c serum should also allow the

rapid purification of p6sorc in native form. In
another study, we have shown that the medium
T antigen of polyoma virus can be isolated with
an antiserum against a synthetic peptide identi-
cal to the carboxy terminus of the protein and
then eluted, in apparently native form, by com-
petition with a great excess of the peptide (29a).
This procedure allows a rapid and gentle 2,500-
fold purification of the protein. A similar ap-
proach should be equally successful with p6.src.

In preparing these anti-p60src sera, we chose a
peptide identical to one of the termini of the
protein because it increased the chance that the
conformation of the peptide in the conjugate
would resemble the conformation of the corre-
sponding region of the native protein. Wong and
Goldberg have shown recently (31) that it is
possible to make an antiserum which recognizes
p6Osrc by using a synthetic peptide correspond-
ing to the internal region of p6&src which sur-
rounds the single phosphorylated tyrosine in the
polypeptide.
One of the attractions of antisera produced by

immunization with a synthetic peptide is that
they are potentially monospecific. The anti-src-c
sera described here are preferable to antitumor
sera in the sense that they clearly do not react
with the polypeptide products of any other viral
gene. To our surprise, however, three of the four
sera reacted to various extents with two cellular
phosphoproteins. As this interaction was inhibit-
ed by preabsorption of the antisera with the src-
c peptide, the precipitation of these proteins
must result from a genuine cross-reaction be-
tween a determinant on the cellular proteins and
the carboxy terminus of p6fsrc. This cross-reac-
tivity becomes much more apparent when affini-
ty-purified antibodies are used; this is discussed
in detail elsewhere (E. A. Nigg, G. Walter, and
S. J. Singer, Proc. Natl. Acad. Sci. U.S.A., in
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press). Similar unanticipated cross-reactivity
has also been observed with sera designed to
react specifically with the carboxy terminus of
the middle T antigen of polyoma virus (29). The
need for some caution in the use of sera such as
these must therefore be kept in mind.
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