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Neuronal cells are known to express at least two different forms of the C-SRC proto-oncogene as a
consequence of alternative splicing events which add an 18-nucleotide exon (the NI exon) between C-SRC exons
3 and 4. Here we report that a second neuronal exon of C-SRC is also present between C-SRC exons 3 and 4.
This neuronal exon (the NIU exon) of C-SRC was isolated from human adult and fetal brain-derived cDNAs and
contains 33 nucleotides capable of encoding 11 amino acids (Gln-Thr-Trp-Phe-Thr-Phe-Arg-Trp-Leu-Gln-
Arg). The human NI exon was located approximately 390 nucleotides from the end of C-SRC exon 3, whereas
the NII exon was approximately 1,000 nucleotides from the beginning of C-SRC exon 4. Analysis of human
brain RNA revealed that the NII exon is utilized primarily in conjunction with the NI exon to yield transcripts
capable of encoding C-SRC products possessing 17 additional amino acids. These splicing events, which occur
between the NI and NII exons, are predicted to alter the sixth amino acid encoded by the NI exon from an
arginine to a serine residue, producing a potentially novel phosphorylation site. Analysis of the different C-SRC
RNA transcripts revealed that the level of C-SRC RNA containing both NI and NIU exons is similar in adult and
fetal brain tissue, whereas the level of C-SRC RNA containing only the NI exon or the nonneuronal form of
C-SRC RNAs is significantly higher in fetal brain tissues. These results indicate that the expression and splicing
pattern of the C-SRC gene are developmentally regulated in the human brain.

The membrane-associated tyrosine protein kinase,
pp60c-src, is encoded by the C-SRC gene. This gene is
classified as a proto-oncogene based upon the evidence that
mutations can generate c-src proteins competent for onco-
genic cellular transformation (34; J. A. Cooper, in B. Kemp
and P. F. Alewood ed., Protein and Peptide Phosphoryla-
tion, in press). Although the normal function of pp60-src is
not yet known, an increasing number of observations sug-
gest that this enzyme may play a role in events associated
with neuronal differentiation and maintenance of mature
neuronal cell functions (5-7, 11, 15, 19, 26, 28-30). In
addition to high levels of pp60csrc expression in neuronal
tissues, it has been found that the majority of the src protein
in neuronal tissues is a neuron-specific isoform. This isoform
has been identified in normal avian and rodent neurons (5-7,
38) and in some human neuronal tumors (3, 22, 23, 36, 39).
c-src cDNA clones isolated from mouse and chicken brains
contain an 18-nucleotide exon inserted at the splice junction
of exons 3 and 4 (17, 21). These neuron-specific exons
encode the same amino acid sequence for both species.

c-src exons 3 and 4 encode part of the domain believed to
be potentially involved in substrate interactions and regula-
tion of the activity of the c-src gene product. Mutations
within exon 3 have been identified which activate the trans-
forming potential and the kinase activity of the c-src gene
product (13, 24). Additionally, Levy and Brugge (16) have
shown that the chicken neuronal pp6Oc-src has both elevated
tyrosine kinase activity and altered transforming activity
relative to the nonneuronal pp6-src. These observations
indicate that modifications within the exon 3/4 region may
profoundly affect pp60-csrc functions.
Here we describe the identification of a second C-SRC

neuron-specific exon (NII) which appears to be utilized
mainly in conjunction with the previously described neuron-
specific exon (NI) (25). The splice between exons NI and NII
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is predicted to alter the coding for the sixth amino acid of NI
from an arginine residue to a serine residue, thus creating a
potentially novel phosphorylation site within the putative
regulatory domain. Analyses of RNA from human fetal and
adult brain tissue indicate that the expression and splicing of
the C-SRC gene are developmentally regulated in the human
brain.

MATERIALS AND METHODS
RNA and DNA samples. Poly(A)+ RNA was selected by

oligo(dT)-cellulose chromatography from RNA purified by
the guanidine isothiocyanate method (8). Human adult brain
tissue was obtained at autopsy and frozen prior to RNA
isolation. Human fetal brain tissue was obtained from a
spontaneous abortion and frozen prior to RNA extraction.
Human genomic placental DNA was isolated from fresh
tissue by the method of Blin and Stafford (2).
cDNA synthesis and PCR. The oligonucleotide primers

used for the first-strand cDNA synthesis and for the poly-
merase chain reactions (PCR) contained 20 bases comple-
mentary (for cDNA synthesis) or homologous to the pre-
dicted c-src RNA and a 6-base restriction site (either Hindlll
or BamHI) flanked by 3 bases to facilitate restriction diges-
tion. The sequences of the primers were 5'-ATTAAAGCTT
TAGGACGGAGACAGACCTGT-3' (5' primer) and 5'-AT
AGGATCCGGAGTCGGAGGGCGCCACGT-3' (3' primer).
For synthesis of the first strand ofcDNA, 0.5 ,ug of poly(A)+
RNA was annealed to 0.1 jxg of the 3' oligonucleotide in 100
mM NaCl-20 mM Tris hydrochloride (pH 8.3)-0.1 mM
EDTA in a volume of 10 ,ul. The mixture was heated to 90°C
for 3 min, incubated at 55°C for 10 min, and then allowed to
cool slowly to room temperature. The annealed RNA tem-
plate was then reverse transcribed at 37°C for 1 h in a
reaction containing 50 mM Tris hydrochloride (pH 8.3), 75
mM KCI, 3 mM MgCl2, 10 mM dithiothreitol, 1 mM dATP,
1 mM dCTP, 1 mM dGTP, 1 mM dTTP, 200 U of cloned
Moloney murine leukemia virus reverse transcriptase (Be-
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thesda Research Laboratories, Inc.), and 40 U of RNasin
(Promega Biotec) in a final volume of 20 ,ll. Following heat
inactivation at 95°C for 5 min, the reaction mixtures were
prepared for PCR by following the guidelines included with
the kit (Perkin Elmer Cetus Gene Amp DNA Amplification
Kit) and contained 0.5 jig each of the appropriate 5' and 3'
oligonucleotide primers. A Perkin Elmer DNA Thermal
Cycler was used for 30 DNA amplification cycles, with a
denaturation step at 94°C for 1 min, an annealing step at 55°C
for 2 min, and an extension step at 70°C for 2 min. Five
percent of the amplified DNA was analyzed by electropho-
resis in a 4% Nusieve (FMC Corp.) gel. Under these
conditions, fragments could be distinguished that differed by
less than 20 base pairs.
PCR ampiffication of genomic DNA. The PCR amplifica-

tions of 1 ,ug of human placental DNA used conditions
recommended by the manufacturer (Cetus), except that
annealing was carried out at 65°C and the extension step at
72°C was performed for 1 min. Pairs of oligonucleotide
primers were used to amplify different portions of the exon
3/4 region of the C-SRC gene. These primers contained
sequences from C-SRC exons 3, NI, NII, or 4 in the
appropriate orientations. At the end of each primer a BamHI
or HindlIl site was added plus three additional nucleotides
to facilitate cleavage by the restriction enzymes. Three
oligonucleotides were used for priming from 5' ends: oligo-
nucleotide 28 (from exon 3), 5'-ATAAAGCTTTAGGACG-
GAGACAGACCTGT-3'; oligonucleotide 39 (from exon NI),
5'-ATAAAGCTTGAGGAAGGTGGATGTCAG-3'; and oli-
gonucleotide 44 (from exon NII), 5'-ATAAAGCTTCCAGA
CCTGGTTCACATTCA-3'. Three oligonucleotides were
used for priming from 3' ends: oligonucleotide 27 (from exon
4), 5'-ATAGGATCCGGAGTCGGAGGGCGCCACGT-3';
oligonucleotide 38 (from exon NI), 5'-ATAGGATCCCTGA
CATCCACCTTCCTC-3'; and oligonucleotide 40 (from exon
NII), 5'-ATAGGATCCTGAATGTGAACCAGGTCTG-3'.
The following combinations of primers were used in ampli-
fying sequences between the indicated exons: oligonucleo-
tides 28 and 38 (exons 3 and NI), oligonucleotides 39 and 40
(exons NI and NII), oligonucleotides 27 and 44 (exons NII
and 4), oligonucleotides 28 and 40 (exons 3 and NII),
oligonucleotides 27 and 39 (exons NI and 4), and oligonucle-
otides 27 and 28 (exons 3 and 4). Five percent of each
reaction was analyzed on a 1.5% agarose gel.

Molecular cloning and sequence analysis of the PCR prod-
ucts. The PCR products were cloned into the BamHI-
HindIII sites of pT7T3 18U (Pharmacia, Inc.) or pGEM4Z
(Promega Biotec) by standard methods (20). Purified plasmid
DNAs were sequenced by using Sequenase (U.S. Biochem-
ical Corp.) and the conditions recommended for sequencing
double-stranded DNA.
RNase protection assay. RNase protection assays used

conditions described by Veillette et al. (35). For each assay,
0.5 jig of poly(A)+ RNA was used. C-SRC [a-32P]UTP (Du
Pont, NEN Research Products)-labeled antisense transcripts
were generated from the PCR products cloned into pGEM4Z
(Promega Biotec). Plasmid DNA was linearized with
HindIII, and the antisense RNA was transcribed with SP6
polymerase. Each transcript contained 60 nucleotides from
the 3' end of exon 3 and 85 nucleotides from the 5' end of
exon 4; exons NI-NII (transcript 1) or exon NI (transcript 2)
was inserted at the junction between exons 3 and 4. Tran-
script 3 contained sequences only from exons 3 and 4. Each
antisense transcript contained 28 nucleotides derived from
the vector sequence in addition to the indicated C-SRC
sequences; the vector sequences are not protected from
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FIG. 1. PCR amplifications of adult and fetal human C-SRC
cDNAs generated from RNA isolated from various human tissues.
The arrows marked a, b, and c mark the positions of the three major
PCR products. Lanes contain 5% of the amplification reaction with
RNA extracted from the following sources: lane 1, adult brain; 2,
fetal brain; 3, adult lung; 4, fetal lung; 5, adult liver; 6, fetal liver; 7,
placenta. Locations of markers are indicated on the right.

RNase A digestion in the RNase protection assay. Labeled
size markers were generated by filling in the recessed ends of
HpaII-digested pUC19 DNA with the Klenow fragment of
DNA polymerase I in the presence of [a-32P]dCTP.

RESULTS

Identification of human neuron-specific C-SRC exons. Dur-
ing the course of experiments which confirmed the presence
of a neuron-specific alternatively spliced human C-SRC
mRNA in human brain (25), analogous to the avian and
murine neuronal c-src cDNAs previously described (17, 21),
we observed species of C-SRC-related PCR products in
human brain-derived cDNAs which were not present in
cDNAs derived from human lung, liver, or placental tissues
(Fig. 1, bands a and b). Analysis of the PCR products from
adult brain tissue (Fig. 1, lane 1) revealed the presence of
other faint bands in addition to the major products repre-
sented by bands a, b, and c; it is not clear whether these
represent additional rare transcripts. However, similar anal-
yses of PCR products derived from human fetal brain tissue
(lane 2) and from murine adult brain tissue (data not shown)
failed to reveal similar higher-molecular-weight bands.
For these experiments C-SRC cDNAs were PCR amplified

in the region spanning exons 3 and 4 from human brain, liver,
lung, and placenta RNA and the cDNAs were molecularly
cloned. Initial screening of cDNA clones from adult brain
tissue showed that 14 contained a ca. 200-nucleotide (nt)
insert, 11 contained a ca. 170-nt insert, and 13 contained a

ca. 150-nt insert. Molecular clones have not been isolated
from products represented by the fainter bands seen in Fig.
1, lane 1. Nucleotide sequences were determined for three
clones from each size class. Screening of insert-containing
cDNA clones from fetal brain revealed 6 containing a ca.

200-nt insert, 34 containing a ca. 170-nt insert, and 13
containing a ca. 150-nt insert. Nucleotide sequences were

determined for two clones containing the ca. 200-nt insert
and for one clone from each of the other two size classes.
Clones containing the ca. 150-nt insert contained sequences
identical to the previously reported human nonneuronal or

fibroblast C-SRC sequences (33), a second species was

found to harbor an 18-nt insertion (the NI exon) with the
capacity to encode the same six amino acids as the avian and
murine neuronal c-src cDNAs previously characterized (17,
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FIG. 2. Sequences of the human neuronal C-SRC exons. The DNA sequence and predicted amino acid sequence are presented for the two
types of neuron-specific cDNA clones isolated in these experiments. The top line shows the neuron-specific sequence of molecular clones
containing the NI and NII exons; the NII exon is shaded. The corresponding amino acids are indicated below the nucleotide sequence. The
middle line shows the neuron-specific nucleotide sequence present in molecular clones containing the NI exon (shaded), and above it is shown
the corresponding amino acid sequence. The shaded amino acids (Arg and Ser) indicate the alternative codons created by the presence or
absence of the splice junction between exons NI and NII. The bottom line shows part of the nucleotide sequence from exons 3 and 4 and also
indicates the site of insertion of the neuron-specific exons at the exon 3/4 junction. Within exon 4 are two sites showing nucleotide
polymorphism among individuals; the amino acid sequence is unaffected by these differences.

21), and the third species harbored a 51-nt insertion between
the nucleotides corresponding to C-SRC exons 3 and 4. This
51-nt sequence was determined to contain the 18-nt NI exon
coupled to an additional 33-nt sequence which represents a
previously unknown C-SRC exon (the NII exon) (Fig. 2).
Interestingly, the splicing event which joins the NI and NII
exons produces a change in codon 6 of the NI exon from
AGA (arginine) to AGC (serine), thereby creating a poten-
tially unique serine phosphorylation site (Fig. 2). Analysis of
the PCR products from fetal brain tissue revealed that cDNA
clones possessing the NI exon were most abundant, fol-
lowed by clones representing the nonneuronal splice and less
frequently clones containing the NI-plus-NII 51-nt insertion.
Clones isolated from PCR-amplified cDNAs derived from
fetal or adult lung, liver, and placenta tissue were all found to
represent exclusively the nonneuronal species of C-SRC
transcripts.

Expression of C-SRC RNA in adult and fetal human brain
tissue. To compare relative levels of expression of the
various C-SRC transcripts, we performed RNase protection
assays (Fig. 3). [a-32P]UTP was incorporated into in vitro-
transcribed antisense RNAs generated from the three major
cloned cDNAs, the NI-plus-NII clone, the NI clone, and the
C-SRC clone (Fig. 3). These antisense transcripts were
hybridized to fetal and adult liver and brain poly(A)+ RNAs,
the hybrid molecules were digested with RNase A, and the
RNase A-resistant fragments were resolved on a denaturing
gel. Resistant fragments were detected for all three antisense
transcripts in poly(A)+ RNA from both adult and fetal brain
tissue, whereas protected fragments were detected only for
the C-SRC antisense transcript in the liver poly(A)+ RNAs.
Analysis of the relative intensities shows that transcripts
containing the NI-plus-NII exons are expressed at similar
levels in adult and fetal brain tissue, whereas the C-SRC
transcripts and transcripts containing the NI exon are ex-
pressed at significantly higher levels in fetal brain. In addi-
tion to the elevated levels of C-SRC transcripts in fetal brain
tissue, expression of the nonneuronal form of C-SRC RNA
was also higher in fetal liver than in adult liver tissue. These
analyses of RNA expression indicate that there is develop-

mental regulation of both neuronal and nonneuronal forms of
C-SRC RNA.
Extended exposure of the autoradiogram from the RNase

protection experiment (data not shown) revealed the pres-
ence of an additional RNase-resistant fragment resulting
from digestion of hybrid molecules formed between fetal
brain RNA (but not adult brain RNA) and the antisense
transcript containing both the NI and NII exons. This 118-nt
protected RNA species may represent a transcript contain-
ing the NII but not the NI exon, which would be expected if
exon NII (33 nt) and exon 4 (85 nt) were protected as a single
fragment while exon 3 was not. However, analysis of 30
NII-containing molecular clones from fetal brain tissue failed
to identify any which contained the NII exon exclusively.
This result suggests that the exon 3-exon NII splicing event
is rare and that the 118-nt protected fragment may represent
RNA which utilizes a splice donor other than that in exon 3.
Such a splice is predicted to generate defective C-SRC
RNAs, since an exon 2-exon NII splice would result in
frameshifting and exon 1 represents a noncoding exon (32,
37). However, it is possible that exons upstream of exon 1
are spliced to the NII exon to generate a functional transcript
(37).

Localization of the NI and NIH exons between C-SRC exons
3 and 4. Within human genomic DNA, the intron between
exons 3 and 4 is approximately 8,000 nt (33). The relative
locations of the NI and NII exons within this region were
determined by using PCR amplification of genomic DNA
isolated from placenta. Oligonucleotide primers representing
sequences from exons 3, 4, NI, and NII were synthesized
and used in the following pairs for PCR amplification of
genomic DNA: exons 3 and 4, exons 3 and NI, exons NI and
NII, exons NII and 4, exons 3 and NII, and exons NI and 4.
Products were detected and cloned only from the reactions
with oligonucleotide primers from exons 3 and NI (a ca.
390-nt fragment) and from exons NII and 4 (a ca. 1,000-nt
fragment) (Fig. 4). Other combinations of primers yielded no
specific PCR products. Sequence analysis of these cloned
fragments confirmed the presence of exon sequences and
consensus boundary sequences. The splice junctions are as
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FIG. 3. Analysis of C-SRC RNA expression by RNase protec-

tion assays. For each assay, 0.5 p.g of adult or fetal poly(A)' RNA
from brain or liver tissue was hybridized to C-SRC [at-3P]UTP-

labeled antisense transcripts. The hybrid molecules were subjected

to RNase A digestion, and the protected fragments were resolved on

a denaturing gel. Antisense transcript 1 contains exons NI and NII
and portions of exons 3 and 4; antisense transcript 2 contains exon

NI and portions of exons 3 and 4; antisense transcript 3 contains

portions of exons 3 and 4 (see panel B). (A) RNase protection assay.

Lanes: 1, antisense transcript 1; 2, antisense transcript 2; 3, an-

tisense transcript 3. The sources of the RNA used for each hybrid-

ization are indicated above each panel. The panel labeled Probes

contains intact antisense transcripts and RNase A-digested an-

tisense transcripts. M, Marker lanes containing pUC19 DNA di-

gested with Hpall and the ends filled in with [(z_32P]dCTP by using

the Klenow fragment of DNA polymerase (B) Schematic diagram

of the antisense transcripts 1, 2, and 3 used for the RNase protection

assays. Each antisense transcript contains the indicated exon se-

quences in addition to 28 nt of vector sequence; the vector se-

quences are not protected from RNase A digestion in the RNase
protection assay.

follows: exon 3-intron 3, ..CAACAACAC/GTGAGT... ; in-

tron 3-exon NI, .CCTTAGiGAGGAAd...; exon NII-intron
NI, .CTGCAAAG/GTAC...; intron NII-exon 4, ..s.TGCT
CAG/AGAGGG.... On the basis of these results, a model

can be derived for the genetic organization of the C-SRC

gene in the region between exons 3 and 4: the NI exon lies

approximately 390 nt downstream from exon 3, whereas the

NITI exon is located approximately 1,000 nucleotides up-

stream from exon 4, with about 6,500 nucleotides between

the NI and NIT exons (Fig. 4).

DISCUSSION

The results presented in this paper demonstrate the pres-

ence of a second neuron-specific C-SRC exon (NII) in RNA

from adult and fetal human brain tissue. Splicing of this NII
exon to the previously described NI exon leads to alteration
in the codon for the sixth amino acid in exon NI from one
coding for arginine to one coding for serine. Analyses of the
C-SRC transcripts showed that RNA species containing both
NI and NII exons are expressed at similar levels in adult and
fetal brain tissue, whereas the nonneuronal form of C-SRC
RNA and the neuronal form containing only the NI exon are
expressed at significantly higher levels in fetal brain tissue.
To extend these observations to other species, we have

recently analyzed both mouse and chicken c-src exon 3/4
regions by using both brain-derived poly(A)+ RNA and
genomic DNA. From mouse brain tissue, three types of
cDNA clones have been isolated: a nonneuronal type, one
containing the NI exon, and one containing the NI and NII
exons (data not shown). These murine neuron-specific exons
are identical in nucleotide sequence to the human exons.
Hence, the splicing event joining exons NI and NII again
creates a codon for a novel serine residue from one encoding
arginine. The conservation of this splicing pattern between
two species suggests that this alternatively spliced RNA is
functionally important in neuronal physiology. Additionally,
preliminary results from PCR mapping experiments of the
genomic DNA indicate that the relative locations of the NI
and NII exons within the exon 3/4 region are similar to those
determined for the human gene. The NI exon is ca. 300 nt
downstream from exon 3, and the NII exon is ca. 900 nt
upstream from exon 4.

In contrast, only two types of avian cDNA clones have
been isolated from 86 clones which have been analyzed;
these correspond to the nonneuronal form and to one con-
taining the NI exon. The entire exon 3/4 region has been
amplified by PCR from genomic chicken DNA, but the
product has not yet been analyzed. Sequence analysis is
needed to determine whether NII sequences are present in
chicken DNA or whether the NII exon is present only in
mammalian species. Comparison of the intron sequences
among all three species may reveal conserved regions im-
portant in neuronal alternative splicing of c-src transcripts.
Two human retinoblastoma lines, Y79 and WERI, also

produce only the nonneuronal and the exon NI-containing
forms of C-SRC RNA (data not shown). Thus, it is possible
that expression of the NII exon is confined to cells with a
more neuronally differentiated phenotype. The murine em-
bryonal carcinoma cell line p19S1801A1 can be induced by
retinoic acid to undergo neuronal differentiation (10, 18) and
is presently being analyzed to determine whether the state of
differentiation affects the types of c-src expressed.

Different alternative splicing patterns have been described
for a variety of genes, including those which are neuron
specific (1, 4, 14, 31). Alternative splicing is a method of
generating protein isoform diversity at the posttranscrip-
tional level. Although examples of alternative splicing are
present in many cell types, it appears to be particularly
advantageous as a method of isoform switching in terminally
differentiated cells, such as neurons, which no longer repli-
cate their DNA. Such cells may be constrained in promoter
usage because of DNA methylation and chromatin confor-
mation.

Within the SRC family, examples of alternative splicing
have been documented within the region encoding the cata-
lytic domain (9) and within the region believed to be involved
in substrate interactions (17, 21, 25). FYN, which is closely
related to SRC, displays tissue-specific mutually exclusive
splicing of alternative seventh exons. Thymocytes, spleno-
cytes, and some hematolymphoid cell lines use a different
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FIG. 4. C-SRC neuronal exons in human genomic DNA. At the top is a model of the exon 3-exon 4 region of the C-SRC gene in genomic
human DNA. The model is based on the sizes of the fragments generated in PCR amplification of human placental DNA. The NI exon is ca.
390 nt from the end of exon 3, and the NII exon is ca. 1,000 nt from exon 4, with ca. 6,500 nt between exons NI and NII. Below the diagram
is the PCR amplification of genomic DNA, using pairs of oligonucleotide primers representative of C-SRC exons 3, NI, NII, and 4. Lanes 1
to 6 contain amplification reaction products resulting from priming the reactions with pairs of oligonucleotides representing sequences from
the following exons: lane 1, exons 3 and NI; lane 2, exons NI and NII; lane 3, exons NII and 4; lane 4, exons 3 and NII; lane 5, exons NI
and 4; lane 6, exons 3 and 4. M, Marker lanes containing the 1-kb ladder (Bethesda Research Laboratories, Inc.). Reaction products from
lanes 1 and 3 were molecularly cloned for nucleotide sequence analysis (data not shown).

exon 7 than do other tested cell types (9). Exon 7 of p6f'5
encodes the ATP-binding site. The hematopoietic form of
p6(Y"n contains an ATP-binding site which differs from the
consensus sequence present in the tyrosine protein kinases;
however, this alternative sequence is present in another
protein kinase, the yeast protein serine kinase Kin 28 (12).
This suggests that the hematopoietic isoform has kinase
activity but that its activity may be significantly altered.
Other members of the SRC family have not yet been
examined for similar alternative isoforms affecting the cata-
lytic domain.
The regulatory domain of members of the src family

includes regions encoded by exons 3 and 4. Previous exam-
ination of this region of C-SRC, FYN, and C-YES revealed
that only C-SRC transcripts contained neuron-specific alter-
native exons, although the three genes are highly homolo-
gous within the exon 3/4 region and all three are expressed at
significant levels in neural tissues (25). That changes within
this region modulate the regulation of src activity has been
shown by the effects of insertion of the NI exon into avian
c-src (16) and by the effects of mutations within exon 3 (13,
24).

In contrast to the mutually exclusive splicing pattern
observed for exon 7 of p60fY', the src splicing pattern can be
described as incremental combinatorial splicing. In neural
tissues, neuron-specific src transcripts contain the NI exon,
which may or may not be spliced to the NII exon. From our
data it appears that NII is rarely if ever used in the absence
of NI. The reason for this is not clear, since an exon 3-exon
NII splice would not alter the reading frame for C-SRC,
although it would result in insertion of an 11-amino-acid
peptide which would be preceded by threonine 117 (encoded
by exon 3) instead of a serine residue (encoded by the codon
created by the NI-NII splice). No detectable phosphorylated

threonine 117 residues have been observed in either resting
or mitotic fibroblasts (27). Further investigations are neces-
sary to evaluate the sequence requirements of this preferen-
tial splicing pattern observed in neuronal C-SRC RNA.
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ADDENDUM IN PROOF

The nucleotide sequence of exons NI and NII has been
submitted to GenBank.
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