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We investigated the location of binding sites of pp6Osrc-specific monoclonal antibodies by immunoprecipitat-
ing a panel of structurally altered src proteins. Two families of antibodies which recognized epitopes mapping
to either amino acid residues 28 to 38 or 92 to 128 were identified. The highly conserved nature of the epitope
defined by residues 92 to 128 suggests that it may represent an important functional region of the cellular src
protein.

The oncogene of Rous sarcoma virus (RSV), the src gene,
encodes a 60-kilodalton tyrosine protein kinase, pp60src, the
expression of which is required for the establishment and
maintenance of transformation (2, 5, 7, 12, 14, 16). Biochem-
ical analysis of the src protein and of cells transformed by
mutant and wild-type RSV has clearly shown that the
expression of pp6Osrc and the concomitant appearance of
phosphotyrosine-modified proteins are prerequisite steps in
transformation (2, 8, 9, 10, 13). Such experiments have also
served as models for the analysis of other tyrosine protein
kinases whether of cellular or viral origin (1, 13). Analysis of
the structure and function of the src protein has been
facilitated by the derivation of monoclonal antibodies
(MAbs) directed against the src protein (17, 20, 21, 26). We
have previously described the properties of 23 MAbs, all of
which recognize conserved and nonconserved epitopes
within the amino-terminal 204 amino acid residues of the
virally encoded src protein (20, 21). The location of the
binding sites was determined by testing the capability of the
MAbs to immunoprecipitate a bacterial fusion protein con-
taining the amino-terminal 204 amino acids of pp60v-src fused
to 3-galactosidase. Among these antibodies, 10 react with
the avian cellular homolog of src, pp6ocsrc, and 2 react with
the cellular homolog of src encoded by rodent, primate,
bovine, and human cells (19, 21). To map more precisely the
epitopes recognized by this panel of src-specific MAbs and
to define the location of the highly conserved cross-species
epitope, we have examined by immunoprecipitation, poly-
acrylamide gel electrophoresis, and autoradiography (15, 21)
the binding of individual MAbs to structurally altered src
proteins encoded by deletion mutants of RSV. These mu-
tants have been generated by site-directed deletion of nucle-
otide sequences within the src gene of RSV by conventional
techniques (6, 11, 18; J. T. Parsons, V. Wilkerson, and S. J.
Parsons, in T. S. Papas and G. F. Vande Woude, ed., Gene
Amplification and Analysis, vol. 4, in press).
The structure and biological properties of the RSV mu-

tants used in these experiments are summarized in Fig. 1.
Ten representative MAbs were chosen for the mapping
studies. EB7, GF3, HC5, and R2D2 had been shown to react
only with pp60vsr , whereas EC10, FG1, FC6, and GB6
recognize both pp6Ov-src and pp60c-src of avian origin (21).
GD11 and EB8 exhibit a broad reactivity with pp60v-src and
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pp60C-sr from avian, rodent, bovine, primate, and human
origins (19, 21).

Initial mapping of the binding sites recognized by the
individual antibodies was carried out with a series of mutants
bearing large deletions within the amino-terminal 225 resi-
dues of pp6Osrc. All of the antibodies immunoprecipitated the
pp54src encoded by CHdl120, a mutant of the Prague A strain
of RSV (Pr-A-RSV) containing a deletion of residues 169 to
225 (Fig. 2A, lanes 3, 4, and 6 to 13). In contrast, the
antibodies GD11 and EB8 failed to efficiently immunopre-
cipitate either the pp52src encoded by CHd1121, a mutant
containing a deletion of residues 82 to 169 (Fig. 2B, lanes 3
and 4), or the pp45src encoded by CHdl129, a mutant
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FIG. 1. Reactivity profile of MAbs with src proteins encoded by
mutants of RSV. The boundaries of the deleted amino acid residues
in the src protein specified by each of the RSV mutants are indicated
by open, horizontal bars. The ability of the MAb families to
immunoprecipitate each of the altered src proteins is listed in the
right-hand column, whereas the putative binding domains of the two
families are indicated by stippled, vertical bars. The EB7 family
mapped to a region bounded by amino acid residues 28 to 38, and the
GD11 family mapped to residues 92 to 128. The closed, vertical bar
represents an insertion of four amino acids at position 110.
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FIG. 2. Immunoprecipitation of structurally altered src proteins encoded by Pr-A-RSV mutants CHd1120, CHdl121, and CHd1l29.
Infected cells were labeled with 32p, for 3 h, and extracts were immunoprecipitated with MAbs or rabbit antibody to bacterial src (anti-bp605rc)
as described previously (21). Lanes: 1, anti-bp60src; 2, normal rabbit serum; 3, GD11; 4, EB8; 5, SP2/0 ascites fluid (control MAb); 6, EC10;
7, EB7; 8, R2D2; 9, FG1; 10, FC6; 11, GB6; 12, GF3; and 13, HC5. The various degrees of efficiency with which the MAbs
immunoprecipitated the structurally altered src proteins resulted from experimental variability and imply nothing about the nature of the
epitopes. The molecular weight of the mutant src proteins in this figure and in ensuing figures was determined relative to that of a mixture
of known proteins: phosphorylase a, 97,000; bovine serum albumin, 66,000; human gamma globulin heavy chain, 55,000; ovalbumin, 45,000;
and cytochrome c, 12,500. The autoradiograph was exposed for 12 h.

containing a deletion of residues 38 to 169 (Fig. 2C, lanes 3
and 4). Antibodies EB7, EC10, R2D2, FG1, FC6, GB6, GF3,
and HC5, on the other hand, readily immunoprecipitated the
altered forms of src protein from cells infected with CHdl121
(Fig. 2B, lanes 6 to 13) or CHdl129 (Fig. 2C, lanes 6 to 13).
This experiment indicated that the antibodies EB7, EC10,
R2D2, FG1, FC6, GB6, GF3, and HC5 (the EB7 family)
recognized an "epitope(s)" within the first 38 amino acids of
pp6Osrc, whereas GD11 and EB8, (the GD11 family) recog-
nized an "epitope(s)" residing within amino acid residues 82
to 169 (Fig. 1).
To map more specifically the "epitopes" recognized by

the EB7 family of antibodies, each of the antibodies was
used to immunoprecipitate extracts prepared from cells
infected with RSV mutants containing deletions within the
distal amino-terminal portion of the src gene. All of the
members of the EB7 family of MAbs failed to immunopre-
cipitate the src proteins from cells infected with either
NYdl309 (deletion of residues 15 to 81) (Fig. 3C, lanes 6 to
13) or NYdI3O8 (deletion of residues 15 to 49) (Fig. 3B, lanes
6 to 13). In contrast, immunoprecipitation of extracts from
cells infected with NYdI307 (deletion of residues 15 to 27)
revealed that each of the antibodies of the EB7 family (with
the exception of R2D2) reacted strongly with this form of the
src protein (Fig. 3A, lanes 6 to 13), as well as with pp6Osrc
from the wild-type Schmidt-Ruppin strain of RSV (SR-
RSV)-infected cells (data not shown). Figure 3 also shows
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that the antibodies GD11 and EB8 immunoprecipitated the
structurally altered forms of src protein from cells infected
with each of the NY-RSV mutants, thus confirming that the
GD1l and EB8 epitope(s) resides carboxyterminal to amino
acid residue 81. From the data illustrated in Fig. 1, 2, and 3,
we conclude that the antibodies belonging to the EB7 family
recognize "epitopes" residing within amino acid residues 28
to 38. Previous experiments (21) have demonstrated that
MAbs of the EB7 family bind pp6Ov-,r, in a Western im-
munoblot with various degrees of efficiency. These data are
consistent with the interpretation that the epitope(s) recog-
nized by this family may be sequential in nature. Localiza-
tion of the amino-terminal epitope recognized by R2D2,
however, remains somewhat ambiguous, since this antibody
did not efficiently immunoprecipitate pp6Ov-src encoded by
SR-RSV (Fig. 3 and unpublished data) and appears to bind
weakly a region in the carboxy half of pp60v-sr'' encoded by
Pr-A-RSV (D. J. McCarley, J. T. Parsons, D. C. Benjamin,
and S. J. Parsons, submitted for publication).

In an attempt to more clearly map the epitopes recognized
by the GD11 and EB8 antibodies, extracts from cells in-
fected with RSV mutants encoding src proteins containing
small deletions within the region 54 to 143 were im-
munoprecipitated and analyzed by polyacrylamide gel elec-
trophoresis. Neither of the antibodies recognized the src
proteins specified by two contiguous deletion mutants,
CHdl128, containing a deletion of residues 54 to 111 (Fig.
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FIG. 3. Immunoprecipitation of structurally altered src proteins encoded by the SR-RSV mutants NYdl307, NYdl308, and NYdI309. CE
cells infected with each of the SR-RSV deletion mutants were labeled for 6 h with [35S]methionine, and extracts were immunoprecipitated as
described in the legend to Fig. 2. Lanes: 1, anti-bp60r's; 2, normal rabbit serum; 3, GD11; 4, EB8; 5, SP2/0 ascites fluid; 6, EC10; 7, EB7;
8, R2D2; 9, FG1; 10, FC6; 11, GB6; 12, GF3; and 13, HC5. The autoradiograph was exposed for 18 h.
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FIG. 4. Immunoprecipitation of src proteins encoded by the Pr-A-RSV deletion mutants CHdI128, CHdl13O, and CHdI127. CE cells
infected with each of the respective deletion mutants were labeled for 2 h with 32Pi and immunoprecipitated as described in the legend to Fig.
2. Lanes: 1, anti-bp60Wrc; 2, normal rabbit serum; 3, OD11; 4, EB8; 5, SP2/0 ascites fluid; 6, EC10; 7, EB7; and 8, R2D2. The autoradiograph
was exposed for 18 h.

4A, lanes 3 and 4), CHdl13O, containing a deletion of
residues 11 to 143 (Fig. 4B, lanes 3 and 4), or by the deletion
mutant CHdll27, containing a deletion of residues 92 to 128
(Fig. 4C, lanes 3 and 4). These results appear to indicate that
the "epitope(s)" recognized by the GD11 and EB8 antibod-
ies resides either wholly or in part within residues 92 to 128
(Fig. 1). This latter conclusion is further supported by the
observation that the src protein encoded by CHis332, a
linker insertion mutant containing a four-amino-acid inser-
tion between residues 110 and 111 (nucleotide 332 of the src
gene squence [23]), was not immunoprecipitated by GD11
(Fig. 5, lanes 1, 2, and 3) or EB8 antibodies (data not shown).
Assignment of "epitopes" to defined regions of the src
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FIG. 5. Immunoprecipitation of src proteins encoded by the
Pr-A-RSV insertion mutant CHis332. CE cells infected with
CHis332 were labeled for 3 h with 32Pi and aliquots of the radiola-
beled extract were immunoprecipitated with GD11 (lane 1), EB7
(lane 4), or SP2/0 ascites fluid (lane 5). The supernatant fluid
remaining after the removal of the GD11 immune complexes (lane 1)
was subjected to second (lane 2) and third (lane 3) immunoprecipita-
tions with GD11 antibody and was finally immunoprecipitated with
EB7 antibody (lane 6). The autoradiograph represents an 18-h
exposure.

protein was predicated on at least two assumptions. First,
we assumed that each of the antibodies had a single, high-
avidity binding site within pp6Osrc. Second, we assumed that
the lack of reactivity of a given antibody with a structurally
altered form of the src protein reflected either complete or
partial removal of its epitope or perturbation of the frame-
work required for the proper structural presentation of the
contact residues. We cannot determine in our analysis
whether the actual binding site of the antibody resides within
or adjacent (perhaps even distal) to the deleted sequence.
The conserved nature of the "epitope" recognized by the

GD11 family of antibodies poses the interesting question of
whether this region of the src protein bears a functional
domain. In the case of pp6ov-src, results of deletion mutagen-
esis (Parsons et al., in press) (Fig. 1) clearly have indicated
that the region of GD11-EB8 binding is not required to
mediate efficient cellular transformation (V. W. Raymond
and J. T. Parsons, manuscript in preparation). Furthermore,
in support of this view we have found that microinjection of
GD11 into RSV-transformed rat cells does not significantly
alter the morphological properties of these cells (D. Stacey
and S. Parsons, unpublished observations). However, the
role of this region in maintaining the structural or functional
integrity or both of cellular pp6Osrc remains unclear. A
comparison of the deduced amino acid sequence of the
second coding exon (amino acids 81 to 114) of chicken and
human c-src has revealed extensive sequence homology (25;
A. Tanaka, C. P. Gibbs, H.-J. Kung, and D. Fujita, personal
communication). Similarly, a comparison of the deduced
amino acid sequence of chicken c-src with that of the
distantly related Drosophila c-src protein reveals a rather
striking homology throughout this region (24, 25); 14 of 19
residues are conserved between positions 89 and 107 (74%
homology), and 23 of 40 residues are conserved between
positions 89 and 128 (57% homology) as compared with 95 of
the first 250 residues (38% homology). Therefore, it remains
possible that the highly conserved "epitope" recognized by
the GD11-EB8 antibodies may reflect the preservation of a
necessary functional domain of the cellular src protein.

Recently, several investigators have suggested that phos-
phorylation of amino-terminal tyrosine residues may serve
to activate cellular pp60src in a variety of cell types (3, 4, 22,
27). Potential sites of tyrosine modification in chicken
pp60src reside at positions 90 and 92, sites at or near the
"epitope" recognized by the GD11 and EB8 MAbs. We
speculate that the conserved nature of this portion of pp6OSrc
may represent a common site of modification and regulation
of the src protein. In addition, since the GD11-EB8
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"epitope" appears to be denaturation sensitive (21), third-
dimensional structure of this region may be critical for both
function of the protein and antibody binding.
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