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The nucleotide sequence of the 3' two-thirds of a highly conserved, molecularly cloned human cellular src
gene (c-src) has been determined. This region of the c-src gene encodes the tyrosine kinase domain of the
cellular src protein (pp60csrc) and corresponds to exons 6 through 12 of the chicken c-src gene, as well as
nucleotides 545 to 1542 of the Rous sarcoma virus src gene (v-src). The human c-src sequence is very strongly
conserved with respect to both the chicken c-src and the Rous sarcoma virus v-src genes, with nearly 90%
nucleotide homology observed in this region. Amino acid sequence conservation in this region is even greater;
98% of the amino acids are conserved between human and chicken c-src. Furthermore, the exon sizes and the
locations of the exon-intron boundaries are identical in the human and chicken c-src genes. However, sequences
within the introns have not been conserved, and the introns within the human c-src gene are significantly larger
than the corresponding introns within the chicken c-src gene. The strong amino acid conservation between the
carboxy-terminal two-thirds of pp60`csrc of species as divergent as humans and chickens suggests that this
portion of the pp60`csrc protein specifies one or more functional domains that are of great importance to some
aspect of normal cellular growth or differentiation.

The retroviral oncogenes are derived from normal cellular
sequences (proto-oncogenes) which have been acquired from
host cells (5). Often these genes have undergone modifica-
tion during the process of viral transduction and virus
propagation, resulting in small changes in nucleotide se-
quence, insertions, or deletions, or more than one of the
above, within the coding or control sequences of the gene. It
is thought that some of these modifications might be in-
volved in imparting an acute transforming ability to the
retroviruses that carry these oncogenes (reviewed in refer-
ence 4). The Rous sarcoma virus (RSV) src gene (v-src) is
one of the most extensively studied retroviral oncogenes.
Nucleic acid hybridization studies have shown that a cellular
counterpart of v-src is present in the normal cells of all
vertebrate species examined (50, 51) as well as in Drosophila
melanogaster (46). The chicken c-src gene is expressed at
relatively low levels in most cell and tissue types, but mRNA
levels have been found to be elevated in macrophages (16),
and levels of pp6Oc-src were found to be elevated in neural
tissue during development (8, 49). pp6Oc-src possesses a
tyrosine kinase activity analogous to that of the v-src protein
pp6vsrc (7, 33), and recently pp60v-sr' has been shown to
possess an inositol phosphorylating activity (53), which may
be related to the tyrosine kinase activity.
The chicken c-src gene has recently been characterized by

molecular cloning and DNA sequencing (35, 43, 55, 56).
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These studies have shown that most of the chicken c-src
coding sequences are very homologous to those of v-src and
are contained within 11 exons (numbered 2 through 12) that
span approximately 6 kilobases (kb) of cellular DNA; in
addition another exon (exon 1) codes for a 5' untranslated
region of mRNA (55). At this time, relatively little is known
about the properties of human c-src loci and human pp60C
src.Our laboratory has recently characterized, by restriction
enzyme mapping, molecular clones of a highly conserved
human c-src gene isolated from a lambda phage genomic
library (14). This c-src locus spans 20 kb of cellular DNA and
contains at least 11 exons homologous to v-src (14). This
gene has been called human c-src locus 1 (c-src-l), because
another somewhat less homologous c-src-related gene (locus
2) has been detected by others (14, 34). c-src-1 is transcrip-
tionally active and codes for a polyadenylated mRNA spe-
cies of ca. 5 kb (34; J. Radul and D. J. Fujita, unpublished
results).

In the present communication we present our results of
the nucleotide sequencing of the 3' two-thirds of the human
c-src-1 coding region, which is found to be highly conserved
relative to the corresponding regions of chicken c-src and
RSV v-src (14, 54, 55). This region is of considerable interest
because it contains the coding sequences for the tyrosine
kinase domain of pp6Osr. Similar, closely related domains
have been shown to be present in the products of several
other retroviral oncogenes, including yes, fes, fps, abl, fos
andfgr, which also possess tyrosine kinase activity (15, 17),
and somewhat more distantly related domains have been
identified in the products of other oncogenes (mos, raf, mil,
fms, erbB) (reviewed in reference 22). The corresponding
region of a D. melanogaster c-src (Dsrc) gene product has
also been deduced by nucleotide sequencing and exhibits
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FIG. 1. Sequencing strategy for human c-src. The filled boxes depict exon regions, and the arrows depict the location and 5' to 3' polarity
of fragments sequenced by the M13-dideoxy chain termination method. The DNA sequence of both strands was determined to resolve any
ambiguities observed in exon sequences. Pv, PvuII; S, Sacl; B, BamHI; Ps, PstI; Mbo, MboI. -4 X- indicates not drawn to scale.

54% amino acid homology to pp6fv-src in this region (21). The
nucleotide sequence of the 5' one-third of the human c-src
coding region will be presented in a subsequent report;
because of technical reasons resulting from a lower level of
nucleotide sequence homology, exon 3 has not yet been
definitively identified (14).

Several cellular oncogenes have recently been implicated
in a variety of cancers and leukemias (see, for example,
references 4, 11, and 20). Although the human c-src gene has
not yet been implicated in the causation or maintenance of
human neoplasms, increased levels of c-src transcripts have
been observed in certain human hematological disorders (38,
47). A precise characterization of the structure and nucleo-
tide sequence of this gene will be of the utmost importance
for further studies aimed at detecting possible c-src gene
alterations associated with neoplastic disorders, as well as
for resolving questions concerning the number and nature of
pp6Osrc proteins in human cells (45), the possible occurrence
of alternative RNA splicing events, and the functional roles
of c-src in normal cell growth or development. It is also of
great interest to observe how the nucleotide and amino acid
sequence of c-src and related genes have been modified
through evolution.

MATERIALS AND METHODS

Subcloning and DNA sequencing of c-src exons. The tech-
niques used in the restriction enzyme cleavage and molecular
cloning of the human c-src gene have been described else-
where (14). The region ofDNA sequenced here is contained
entirely within the lambda-S3H cloned insert, which spans 16
kb and encompasses. exons 4 through 12 of human c-src (14).
A 0.6-kb BamHI fragment subcloned in pBR322 was cloned
directly into the BamHI site of M13mp8 (29). This fragment
was shown to contain the 3' end of exon 11 and all of exon
12. A 2.8-kb BamHI pAT153 subclone contained exons 8
through 10 and the 5' end of exon 11. These BamHI frag-
ments were subjected to a limited digestion with HaeIII plus
AluI and cloned directly into the SmaI site of M13 mp8. PstI
and PstI-PvuII digestions were also performed on the BamHI
fragments, and the resulting DNA fragments were cloned
into appropriate sites in M13mp8. M13 clones containing
exons 6 and 7 were obtained by limited digestion of a 1.9-kb
HindIll pAT153 subclone with HaeIII or MboI and cloning
into the appropriate site of M13mp8. Clones harboring c-src
sequences were selected by hybridization to v-src probes, as
described below.

DNA sequencing was performed by using the dideoxy
method and the conditions described by Sanger et al. (39)
when [a-32P]dATP (New England Nuclear Corp., Boston,
Mass.) was used for labeling. The protocol of Biggin et al. (3)
was used when [a-35S]dATP (New England Nuclear) was
used. Sequencing gels (40 cm long by 0.3 mm thick) of 8%
acrylamide-7.7 M urea were used to determine sequences up
to 200 nucleotides from a 17-nucleotide M13 prinmer (New
England Biolabs, Beverly, Mass.). Eighty-centimeter gels
were used to determine sequences up to 450 nucleotides
from the priming site. A long-run buffer (1) was used for all
sequencing gels. In many instances, human c-src coding
sequences that were homologous to v-src sequences were
detected by using a computer-assisted matching program
(26).

Hybridization of M13 clones. Individual, colorless M13
plaques formed on X-Gal indicator plates (29) were picked
and used to inoculate 2 ml of exponentially growing Esch-
erichia coli JM103. After 6 h of growth, the bacteria were
pelleted and 2 ,ul of supernatant was spotted onto nitrocel-
lulose filters (Schleicher & Schuell, Inc., Keene, N.H.). The
filters were treated with 0.5 M NaOH-1.5 M NaCl for 1 min
to expose the viral DNA and then treated with 0.5 M
Tris-hydrochloride (pH 8)-3 M NaCl for 5 min. The filters
were baked and then prehybridized and hybridized at 42°C
by using the conditions described by Wahl et al. (57). In
some cases, v-src subgenomic fragments specific for certain
exons were used as probes (14). Methods used for the
preparation of labeled nick-translated v-src fragments have
been described previously (14). Most of the hybridizing
clones could be detected by exposure of filters to Kodak
XAR 5 film for 6 h with a Dupont Cronex intensifying
screen.

RESULTS

Strategy for sequencing human c-src. A human c-src gene
containing coding sequences that are closely related to the
chicken c-src gene and the v-src gene of RSV has recently
been isolated in our laboratory. Sequences homologous to
v-src were present within a region spanning approximately
20 kb, anld at least nine exon regions were defined by
combining fine-structure restriction enzyme mapping with
hybridization to a series of sub-genomic v-src probes (14).
Through these studies, we were able to identify discrete
DNA fragments, generated by restriction enzyme cleavage,
that contained sequences homologous to v-src. Putative
exon-containing fragments were purified after being
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subcloned into plasmid vectors and subjected to a limited
digestion with the restriction enzymes AluI, HaeIII, MboI,
and RsaI, either singly or in combination, and the resulting
DNA fragments were subcloned into M13mp8 (29). Phage
with inserts containing exon sequences were identified by
hybridization to 32P-labeled v-src probes, and nucleotide
sequences were determined by the dideoxy sequencing
method (39). In certain cases, small restriction fragments
(<700 base pairs) known to contain exon sequences were
cloned directly into the appropriate cloning sites in M13mp8.
The relevant restriction enzyme sites used and the regions
that were sequenced are illustrated in Fig. 1.

Nucleotide sequence of the 3' two-thirds of human c-src and
deduced amino acid sequence. In the present study, the seven
human c-src exons that contain nucleotides corresponding to
nucleotides 545 through 1542 of v-src (10, 14, 51, 54) and are
assumed to code for the carboxy-terminal two-thirds of
human pp6Oc-s'c were sequenced. The resulting nucleotide
sequence and deduced amino acid sequence are presented in
Fig. 2. Nucleotides and amino acids that differ between the
human and chicken c-src genes are indicated beneath the
human c-src sequence, and the numbering system adopted
for chicken c-src is used here (55). There is considerable
c-src nucleotide homology between the two species, with
89% (935 out of 1,055 residues) of the nucleotides conserved.
The majority of these nucleotide changes are silent, third-
position codon changes resulting in no amino acid substitu-
tions; therefore, a divergence of only 2% is seen at the amino
acid level. Furthermore, all six of the amino acid changes
that were observed within the region analyzed are conserv-
ative substitutions as defined by the criteria of French and
Robson (12). Interestingly, both the molecular size and the
relative hydrophobicity of the amino acid residues are con-
served in five of the six changes. The tyrosine residue 416
which is phosphorylated in pp6Ov-sr, in vivo and in the
chicken pp6Oc-sr( in vitro (33, 48) has also been conserved in
this human c-src locus, as has lysine 295, which has been
implicated as an ATP-binding site in pp60v-src (24).
Of particular interest is the sequence homology at the 3'

end of the human and chicken c-src genes. The deduced
amino acid sequence of the human c-src carboxy terminus
is identical to that of the chicken pp60csr" but different
from that of RSV pp60v-sr'. Takeya and Hanafusa (55) have
shown that the predicted carboxy-terminal region of chicken
pp6Oc-src differs from that of pp6ov-sr,; specifically, the last 19
amino acids of pp60c-src have been substituted by 12 unre-
lated amino acids in the v-src protein. Nucleotide sequences
homologous to the v-src-specific 3' terminus were found
approximately 1 kb downstream from the c-src termination
codon in chicken cellular DNA (55). The v-src-specific 3'
terminus is thought to have been captured by RSV through a
recombinational event involving the region downstream from
the normal termination codon of the chicken c-src gene. Our
nucleotide sequencing results predicting the identical amino
acid sequence at the carboxy termini of the human and
chicken pp60c-src proteins support this model. However, at
this time, we have no evidence suggesting the existence of
an analogous "v-src-like" sequence downstream from the
carboxy-terminal coding region of human c-src; preliminary
hybridization analyses with a total v-src probe have failed to
detect such a sequence within a region extending 2 kb
downstream from exon 12.
Human c-src exons. The sequence data also indicate that

the human c-src exon sizes and intron-exon junctions of
exons 6 through 12 are identical to those of the chicken c-src
gene (55) (Fig. 2; Table 1). Sequences of the predicted

human c-src splice sites bordering each exon are listed in
Table 1. All of the putative splice acceptor signals are similar
to the consensus sequence YNYYYNCAG/, and the pre-
sumed splice donor signals conform to the /GTNAG consen-
sus sequence (44), strongly suggesting that these regions are
indeed splice junctions.

In contrast to the extensive nucleotide homology found
within human and chicken c-src exons, sequences within the
introns have not been conserved. This finding is supported
by several lines of evidence: (i) the proposed intron regions
do not form heteroduplexes that are visible by electron
microscopy, even under low-stringency spreading condi-
tions, in contrast to the exon regions (data not shown); (ii)
the introns within the human c-src gene are all significantly
larger than the equivalent chicken c-src introns (Table 2);
(iii) the nucleotide sequence of chicken c-src intron 11 and
the corresponding human c-src intron were compared, and
no regions of homology were present (T. Takeya and H.
Hanafusa, personal communication; S. Anderson, unpub-
lished results).

DISCUSSION
It has been suggested that the pp60V-sr( protein contains at

least two functional domains: a domain in the carboxy-ter-
minal half, which contains tyrosine kinase activity, and one
or more domains in the amino-terminal half which may affect
membrane binding, cell morphology, and tumorigenicity (9,
13, 27, 37, 52). The region of the human c-src locus 1
described in this report encompasses the tyrosine kinase
coding domain which is highly homologous to corresponding
regions of chicken c-src and RSV v-src. The region of
pp6Oc-src that is specified by these nucleotides also exhibits
considerable homology to regions within several oncogene
products, including those of the abl, fes, fps, and yes genes.
These are apparently members of a gene family coding for
proteins that possess a tyrosine kinase activity (15, 17, 22).
In contrast, our preliminary results suggest that the region of
human c-src coding for the amino-terminal one-third of
pp6Oc-sr' exhibits considerably less homology to chicken
c-src and RSV v-src (A. Tanaka, C. P. Gibbs, and S.
Anderson, unpublished observations).
The human c-src gene displays the typical intron-exon

structure characteristic of eucaryotic cellular genes. We
have assigned intron-exon boundaries by comparison with
the v-src gene and by observing splice donor or acceptor
consensus sequences at the proposed splice junctions. Exons
have been numbered by analogy to the corresponding exons
of the chicken c-src gene, which exhibits the same general
structural organization as human c-src. Human c-src exons 6
through 12 have been found to correspond precisely to the
homologous chicken c-src exons with respect to size and
location of intron-exon boundaries (Fig. 2). However, pre-
liminary evidence indicates that the human c-src exon 2
contains some structural alterations relative to chicken c-src
and RSV v-src (Tanaka et al., unpublished observations).
Introns within the human c-src gene are all significantly
larger than the corresponding introns within the chicken
c-src gene (Table 2). The increased intron size in the human
c-src gene accounts for its much larger size (20 kb) relative
to that of the chicken c-src gene (6 kb) (14).
The coding region of the c-src gene presented here is very

highly conserved in chickens and humans, exhibiting 89%
nucleotide homology, which probably reflects strong func-
tional constraints on pp60csr" evolution, as well as a similar
pattern of codon usage in vertebrates (19). On the amino acid
level, 98% homology exists between their products in the
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6
I AlaTyrCysLeuSerValSerAspPheAspAsnAlaLysGlyLeuAsnvalLysHisTyrLysIleArgLysLeu (207)

Hu c-src GTlCCTACTGCCTCTCAGTGTCTGACTTCGACAACGCCAAGGGCCTCAACGTGAAGCACTACAAGATCCGCMGCTG 621
Ck c-src T C T T G T

7
AspSerGlyGlyPheTyrIleThrSerArgThrGlnPheAsnSerLeuGlnGlnLeuValAlaTyrTyrSerLJsHis (233)

Hu c-src CACACC.CGCGCTTCTACATCACCTCC'CCACCCAGTTCAACACCCTGCAGCAGCTGCTGGCCTACTACTCCAAACAC 699
Ser

Ck c-src A A 0 T

AlaAspGlvLeuCvsHisArgLeuThrThr\'alCvsProThrSerLvsProG lnThrGlnGlyLeuAlaLysAspAla (259)
Hu c-src GCCGATGGCCTGTGCCACCGCCTCACCACCGTGTGCCCCACGTCCAAGCCGCAGACTCAGGGCCTGGCCAAGGATGCC 777

Asn
Ck c-src T T G A C C C A C C G

TrpGluIleProArgGluSerLeuArgLeuGluValLysLeuGlyGlnGlyCysPheGlyGluValTrpMetG yThr (285)
Hu c-src TGCGAGATCCCTCGGGAGTCGCTGCGGCTGGAGGTCAAGCTGGGCCAGGGCTGCTTTGGCGAGGTGTGGATCGGGACC 855

Ck c-src A C G G A C

TrpAsnGlvThrThrArgValAlaIleLysThrLeuLysProGlyThrMetSerProGluAlaPheLeuGlnGluAla (311)
Hu c-src TGGAACGGTACCACCAGGGTGGCCATCAAAACCCTGAAGCCTGGCACGATGTCTCCAGAGGCCTTCCTGCAGGAGGCC 933

Ck c-src C A A G T C A C CG A

GlnValMetLysLysLeuArgHisGluLysLeuValGlnLeuTyrAlaValValSerGluGluProIleTyrIleVal (337)
Hu c-src CAGGTCATGAAGAAGCTGAGGCATGAGAAGCTGGTGCAGTTGTATGCTGTGGTTTCAGAGGAGCCCATTTACATCGTC 1011

Ck c-src A G CC T C C A G G A C
9

ThrGluTyrMetSerLysdlySerLeuLeuAspPheLeuLysGlyGluThrGlyLysTyrLeuArgLeuProGlnLeu (363)
Hu c-src ACGGAGTACATGAGCAAGGGGAGTTTGCTGGACTTTCTCMGGGGGAGACAGGCMGTACCTGCGGCTGCCTCAGCTG 1089

Ck c-src T CC C T C G A 48 A C
10

ValAspMetAlaAlaGlrJIleAlaSerGlyMetAlaTyrValGluArgMetAsnTyrValHisArgAspLeuArgAla (389)
Hu c-src GTGGACATGGCTGCTCAGATCGCCTCAGGCATGGCGTACGTGGAGCGGATGAACTACGTCCACCGGACCTTCGTGCA 1167

Ck c-src C T T A C C T A G A G G G

AlaAsnIleLeuValGlyGluAsnLeuValCysLysValAlaAspPheGlyLeuAlaArgLeuIleGluAspAsnGlu (415)
Hu c-src GCCAACATCCTGGTGGGAGAGAACCTGGTGTGCAAAGTGGCCGACTTTGGGCTGGCTCGGCTCATTGAAGACMTGAG 1245

Ck c-src G G T A C C G C
11

TyrThrAlaArgGlndlyAlaLysPheProIleLysTrpThrAlaProGluAlaAlaLeuTyrGlyArgPheThrIle (441)
Hu c-src TACACGGCGCGGCAAGGTGCCAAATTCCCCATCAAGTGGACGGCTCCAGAAGCTGCCCTCTATGGCCGCTTCACCATC 1323

Ck c-src A A G A C C G A G
12

LysSerAspValTrpSerPheGlyIleLeuLeuThrGluLeuThrThrLysGlyArgValProTyrPrOdlyMetVal (467)
Hu c-src AAGTCGGACGTGTGGTCCTTCGGGATCCTGCTGACTGAGCTCACCACAAAGGGACCGGGTGCCCTACCCTGGGATGGTG 1401

Ck c-src T C C G C C A A C

AsnArgGluValLeuAspGlnValGluArgGlyTyrArg!ietProCysProProGluCysProGluSerLeuHisAsp (493)
Hu c-src AACCGCGAGGTGCTGGACCAGGTGGAGCGGGGCTACCGGATGCCCTGCCCGCCGGAGTGTCCCGAGTCCCTGCACGAC 1479

Ck c-src A G A C C C G T

LeuMetCysGlnCysTrpArgLysGluProGluGluArgProThrPheGluTyrLeuGlnAlPheLuGluApTyr (519)
Hu c-src CTCATGTGCCAGTGCTGGCGGAAGGAGCCTGAGGACGCGCCCACCTTCGAGTACCTCAGGCCTCTGAGGACTAC 1557

ArgAsp
Ck c-src CgC T T

PheThrSerThrGluProGlnTyrGlnProGlyGlusnLeu (533)
Hu c-src TTCACGTCCACCGAGCCCCAGTACCAGCCCGGGGAAMCCTCTAGGCACAGGCGGGCCCAGACCGGCTTCTCGG
Ck c-src C G A T A A CTGGAGCTCCTCCTGGACCAGGAGGCCTCGG

FIG. 2. Nucleotide sequence of the 3' two-thirds of human c-src and the deduced amino acid sequence. The region comprising exons 6
through 12 of human c-src is compared with the homologous chicken exons, using the numbering system of chicken c-src (55). Only
nucleotides or amino acids that differ from those of human c-src are shown for chicken c-src.

corresponding region encompassing amino acids 183 to 533, nature of the c-src gene, the human c-mvc gene shares
and the six amino acid changes observed in this region (Fig. somewhat less amino acid homology (72%) with the chicken
2) can be interpreted as conservative substitutions (12). As a c-myc gene and contains several large deletions and inser-
point of comparison, in contrast to the highly conserved tions relative to chicken c-myc (6, 58).
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TABLE 1. Splice donor and splice acceptor sequences of human c-src"

Exon no. Intron (SA) base pairs)b Intron (SD)

6H GCCCCGCAG GTGCCTACTG ... 150... TACTACTCCA GTGAG
C TA T GGGGGT GTT

7H CCTCCTCAG AACACGCCGA ... 156... GTGTGGATGG GTAAG
C TGTGCT GGGGT T C

8H CCTCAACAG GGACCTGGAA ... 180... ATGAGCAAGG GTGAG
C T CTC

9H TCTGCCCAG GGAGTTTGCT ... 77... GGCTGCTCAG GTGAG
C CT A GGGGCC C G

10H CTGCAG ATCGCCTCAG ... 154... GCGCGGCAAG GTGGG
C CA GGT A C A T

11H TTCCTGCAG GTGCCAAATT ... 132... CCCTACCCTGGTAAG
C CC GCC GGGGGTTG A A G

12H CTGCCACAG GGATGGTGAA ... (209... TAG)
C T T GGGGGTTC

"The nucleotide sequences of human (H) splice acceptors (SA) and splice donors (SD) are compared with the chicken (C) splice junctions. Only nucleotide
differences are shown for chicken c-sr(.

b Exon sequences at the splice junctions are shown. The size in base pairs of each exon is shown.

Although we have not performed an exhaustive analysis of
the structural features of human pp6Osrc as predicted by our
sequencing results, we have noticed that several regions
thought to be of functional importance in RSV pp60v.-r' or
chicken pp60src, or both, have been conserved in human
pp6Osrc. For example, the tyrosine 416 residue and adjacent
amino acids are totally conserved in human pp6Osr(; this
region is known to be phosphorylated in vivo in pp60vsrc and
in vitro in chicken pp60sr', although it apparently is not
phosphorylated in vivo in chicken pp6Osrc (33, 48). It is not
known at this time whether this site is phosphorylated in
human pp6Osr, species. Similarly, lysine 295, a residue
involved in ATP binding of pp60-src (24), and neighboring
amino acids have been conserved in both the human and the
chicken pp6Osrc.

Interestingly, a visual search of the amino acid sequence
has shown that human pp6Osrc possesses a region that shares
strong homology to regions that are highly conserved in a
number of regulatory proteins that have DNA binding activ-
ity, including the repressor and cro proteins of bacterio-
phage lambda and 434, and the Mu phage B transposition
protein (30, 32, 40). This region is centered around glycine
288 in human pp6Osrc and includes the consensus sequence
residues Gly(284)-X-X-X-Gly(288)-X-X-X-X-X-Ile(294); for
the purposes of this report, we have called this region
"region I." A characteristic structural motif shared by
several known procaryotic DNA binding proteins consists of
a DNA binding domain containing two alpha-helical regions
separated by a reverse turn occurring at the central glycine
residue of the consensus sequence (32, 40); a computerized
secondary structure prediction indicates that the sequence
of amino acids in region I is consistent with these features.
For illustrative purposes, Fig. 3 provides a comparison
between region I and DNA binding domains of several
known DNA binding proteins. Region I is also conserved in
chicken pp6Osr' and RSV pp6O-srs, according to published
sequence information (10, 41, 55). We also have detected
similar consensus sequences in several other oncogene prod-
ucts, and computer-assisted structural and statistical analy-
ses are in progress. We do not know the significance of these

results, nor do we know whether region I can indeed
function as a DNA binding region. Such an activity is highly
speculative at this time, especially since it is known that the
majority (ca. 70 to 90%) of pp60v-sr' molecules are localized
at the inner surface of the cellular plasma membrane (5, 59),
except in rat cells for which both a nuclear membrane and
cytoplasmic membrane localization have been reported for
pp60V-sr (25). In addition, a DNA binding activity has not
been directly demonstrated for pp6Osrc species. A putative
DNA binding consensus sequence has also been reported in
the avian myeloblastosis virus oncogene product p48amv
(myb), which is known to be localized predominately in cell
nuclei (28). It is also possible that the presence of a DNA
binding consensus sequence in this region of pp6Osrc is
merely a reflection of an ATP-binding domain which has
been shown to overlap with region I in RSV pp6Ovsrc (24).
However, it should be noted that the related bovine cAMP
dependent protein kinase does not possess the DNA binding
consensus sequence, although it possesses conserved resi-
dues thought to be important for ATP binding (2, 24).
The last 19 amino acids of the predicted human pp60c.src

protein are identical to those of the chicken pp60C"src carboxy
terminus. In contrast, these 19 amino acids are replaced by
12 unrelated amino acids in the RSV pp60v"src protein. This

TABLE 2. Size comparison of homologous human and chicken
introns

Intron size (base pairs)"
Intron no.

Human Chicken

6b 1,200 350
7 2,300 85
8 1,600 78
9 780 61
10 160 118
11 280 79

"Human intron sizes are estimates from restriction enzyme mapping and
DNA sequencing information. Chicken intron sizes are from reference 55.

b Introns are numbered here with the same number as the exon located
immediately 5' of the intron.

MOL. CELL. BIOL.
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p60s-human

X Cro

P22 repressor

434 repressor

CAP

X cII

434 Cro

Phe-Gl-Gl-a-rpMt y-Thr-Trp-Asn-Gy-ArTrgt-Val-Ala-Ile-Lys-Thr-Leu7Lys-Pro

Phe-Gly-Gln-Thr-Lys-Thr-Ala-Lys-Asp-Leu-Gly-Val-Tyr-Gln-Ser-Ala-Ile-Asn-Lys-Ala-Ile-His
Ile-Arg-Gln-Ala-Ala-Leu Gl Lys-Met-Val- Val-Ser-Asn-Val-Ala-Ie- Ser-Gln-Trp-Glu-Arg

Leu-Asn-Gln-Ala-Glu-Leu-Ala-Gln-Lys-Val-Gly-Thr-Thr-Gln-Gln-Ser-Ile-Glu-Gln-Leu-Glu-Asn
Ile-Thr-Arg-Gln-Glu-Ile-Gly-Gln-Ile-Val-Gly-Cys-er-Arg-Glu-Thr-Val-Gly-Arg-Ile-Leu-Lys
Leu-Gly-Thr-Glu-Lys-Thr-Ala-Glu-Ala-Val-Gly-Val-Asp-Lys-Ser-Gln-Ile-Ser-Arg-Trp-Lys-Arg
Met-Thr-Gln-Thr-Glu-Leu-Ala-Thr-Lys-Ala-Gly-Val-Lys-Gln-Gln-Ser-Ile-Gln-Leu-Ile-Glu-Ala

FIG. 3. Comparison of human c-src region I with DNA binding regions of procaryotic regulatory proteins (32, 40). Residues marked by
a heavy bar are consensus residues found in a large number of DNA binding regions examined (32. 40). Human c-src sequences or residues
that match those in corresponding regions of certain procaryotic DNA binding domains are underlined, as are the matching residues.

finding lends further support to the hypothesis that the 3'
terminus of v-src was acquired by a recombinational event
involving the capture of a region downstream from the
normal chicken c-src terminus (55). It is perhaps also possi-
ble that the pp60v-'rc carboxy-terminal region was derived
through an alternative splicing mechanism. However, this
possibility seems less likely, since a consensus splice donor
sequence is not present in this region and the nucleotide
homology between the human and chicken c-src genes
extends up to, but not beyond, the proposed termination
codon for each gene, suggesting that this region signals an
authentic pp60'crc carboxy terminus (55) (Fig. 2).

Experiments designed to test the transforming ability of
chicken c-src indicate that c-src is not capable of cell
transformation (18, 23, 36, 42). However, chimeric forms of
chicken c-src and RSV v-src that contain the v-src carboxy-
terminal coding region are capable of causing efficient cell
transformation (18, 23, 42). In addition, recent evidence
suggests that alterations in other chicken c-src regions may
result in transforming activity (23). These results suggest, by
analogy, that certain alterations of the human c-src gene
might affect its functional activity or its ability to transform
appropriate cells, or both. At this time, the involvement of
c-src in the development or progression of specific human
neoplastic disorders has not been clearly documented. How-
ever, expression of human c-src mRNA has been found to be
elevated in some human leukemias (38, 47).

In conclusion, we have demonstrated that the nucleotide
sequence and exon structure of the 3' two-thirds of the
human c-src gene are highly conserved relative to that of
chicken c-src. This finding is consistent with the suggestion
that pp60csrc has an important cellular function and possibly
plays a tissue-specific role in development or differentiation
(8, 16, 31, 49).
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