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ABSTRACT
The structure and genetic organization of the transcription unit of the

c-sis proto-oncogene was determined. Comparative nucleotide sequence
analysis of the exon sequences of feline and human c-sis revealed a very
high degree of homology. The cap site as well as the poly(A)-addition site
of the sis transcript of each species was identified and found in similar
positions. An insert of 4 amino acids was found in the deduced translational
product of feline c-sis and it was located at the amino-terminus of the re-
gion that constituted the platelet-derived growth factor domain. An insert
of 149 bp present at the 5' end of exon 7 of human c-sis but absent in the
simian sarcoma virus v-sis oncogene was also present in the feline c-sis
proto-oncogene.

INTRODUCTION

Upon the demonstration that the function and the amino acid sequence of

one chain of the human platelet-derived growth factor (PDGF) was nearly

identical to the oncogene product of the simian sarcoma virus (SSV) (1,2,3),

studies on the cellular c-sis counterpart got great impetus. Sequences of

the c-sis proto-oncogene appeared also to be acquired by another acutely

transforming retrovirus, namely the Parodi-Irgens strain of feline sarcoma

virus (PI-FeSV) (4). The c-sis-derived sequences in PI-FeSV and SSV are ex-

pressed in different contexts of the retroviral genomes. PI-FeSV encodes a

76 kda gag-sis polyprotein (5) and SSV a 28 kda protein that contains a

short NH2-terminal leader sequence derived from the viral env gene (6,7).

In both cases, constitutive expression of these PDGF-like mitogens seems ca-

pable of inducing neoplastic transformation (4,8).
In previous studies, the structure and genetic organization of the human

(9,10,11) and feline (12,13) c-sis proto-oncogenes were described. Using nu-

cleotide sequence analysis of genomic and cDNA clones, the distribution of

the 7 human c-sis exons was obtained (14,15,16). In the region upstream of

the first human sis exon, a "TATA" box and consensus sequences for a poten-

tial Spl binding site were found. At similar positions in the feline c-sis
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proto-oncogene, the same sequences were present. The upstream region exhi-

bited promoter-like activity when tested in an assay in which coding se-

quences for bacterial chloramphenicol-acetyl-transferase were placed under

its control (13). Therefore, it possibly represents the promoter region of

the c-sis locus and controls the synthesis of the c-sis mRNA (13). Further

evidence for this possibility could be obtained by precisely defining the

sis transcript. In the present report, we provide such evidence. We present

data from nuclease Si protection experiments and comparative nucleotide se-

quence analysis of sis cDNA clones and define the 5' and 3' boundaries of

the feline and human sis transcripts.

MATERIALS AND METHODS

Biological materials: Cells were grown in Dulbecco's modification of Eagle's

medium (DMEM) supplemented with 10% calf serum (GIBCO). Cell lines used in

this study included HeLa (American Type Culture Collection (ATCC) CCL 2),

ML-1 (17) and PC3 (ATCC CRL 1435). Feline placentas were obtained from the

Central Animal Laboratory of the University of Nijmegen, Nijmegen.
Recombinant DNA clones: Isolation of human and feline c-sis cosmid clones

and pAO73, a human c-sis specific subclone, was described previously (12).

pHN1 is a recombinant clone of Agtl1 and a 0.6 kbp sis-specific cDNA isolat-

ed from an oligo(dT)-primed human cDNA library. A44, a subclone of pAO121

(12), consists of a 243 bp AluI/AluI DNA restriction fragment subcloned in

M13mpl1. A53 is a recombinant of M13mpl1 containing a 235 bp AluI/AluI DNA

restriction fragment isolated from pAO144 (13). A 1.3 kbp BamHI/HindIII DNA

restriction fragment, which represents a 3'-specific portion of c-sis, was

isolated from MB70 (12) and subcloned in pUC18 resulting in pPHS1. pAct is

an actin-specific clone described by Dodemont et al. (18). E.coli strain

HB101 was used for the propagation of plasmids and the recombinant M13 bac-

teriophages were propagated in E.coli strain JM109.

DNA sequence analysis: DNA fragments were ligated into the polylinker region

of M13 mp8-11 (19). Sequencing of the DNA fragments was according to the di-

deoxy method of Sanger et al. (20). Gel readings were recorded, edited and

compared using the Staden programs (21).
RNA isolation and hybridization: Total cellular RNA was isolated using the

lithium-urea procedure described by Auffray and Rougeon (22). Ten ig of

oligo(dT)-cellulose purified mRNA was glyoxalated, fractionated on 1%

agarose gels (23) and transferred to Hybond-N (Amersham). Isolation of DNA

probes, their nick-translation and hybridization of Southern blots were car-
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ried out as described before (24). Hybridization of Northern blots was per-

formed according to the method described by Church and Gilbert (25).

Construction and screening of cDNA libraries: Oligo(dT)-primed cDNA li-

braries of ML-1 or feline placenta mRNA were constructed in Agtll as

described by Roebroek et al. (26). About 1.2x106 plaques obtained upon in-

fection of E.coli Y1090 (27), were screened as described by Hanahan and

Meselson (28).

Nuclease Si analysis: Nuclease S1 mapping was carried out as described by

Van Leen et al. (29). Oligo(dT)-selected mRNA (5 pg) from feline placenta or

human PC3 cells were hybridized with the inserts of A53 and A44, respective-

ly. The inserts of A53 and A44 were labeled using the method of Sanger (20)

and purified by electrophoresis in a 6% polyacrylamide/7 M ureum gel. Hy-

bridizations were performed at 550C. Nuclease Si (Boehringer) concentrations

used in the experiments were 25 units/pl and incubations were performed at

370C.

RESULTS AND DISCUSSION

Genetic organization of feline c-sis.

In an approach to define the c-sis transcription unit, we decided not to

limit our studies to the sis transcript of only the human species but to in-

clude also the feline sis transcript. We reasoned that by such an extension

species-specific characteristics could be eliminated and a more general

description of the c-sis transcription unit could be obtained. Detailed

genomic information about the c-sis locus, however, was only available for

human c-sis. To obtain the necessary genomic data about the feline c-sis

locus, the genomic organization of the feline sis transcription unit was

determined by comparative analysis of previously described cosmid clones

(12,13). Overlapping inserts of these clones contained the complete feline

or human c-sis proto-oncogene (12,13). Based upon the known exon distribu-

tion in human c-sis (15,16), the location of the feline c-sis exons was

determined accurately by Southern blot analysis of the inserts of the feline

cosmid clones using human DNA fragments containg c-sis exons as molecular

probes (data not shown). In control experiments, DNA fragments identified

as putative sis exons were tested for their ability to detect c-sis tran-

scripts in Northern blot analyses (data not shown). Upon identification of

DNA fragments that contained the feline c-sis exons, the nucleotide sequence

of them was determined. The topological distribution of the feline and hu-

man c-sis exons is given in Fig. 1 and reveals great similarity. In Fig. 2,
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1. Topology of the feline and human c-sis exons. The bars in the upper and
lower part of the figure represent schematic restriction endonuclease
maps of the feline and human c-sis proto-oncogene, respectively. Open
boxes represent the 5' and 3' noncoding exon sequences, while coding se-
quences are depicted as solid boxes. The positions of the used ATG ( )
and TGA ( ) codons are also shown. Between the restriction endonuclease
maps, the nucleotide sequence of the 5' and 3' ends of the feline and
human sis transcription units as well as their flanking sequences are
given. Exon sequences are depicted as capitals.

nucleotide sequence data of the feline sis exons and a small portion of

their flanking sequences are shown. It should be noted that results ob-

tained from nucleotide sequence analysis of feline sis-specific cDNA clones

that are described later in this report are already included in the figure.

The position of the "TATA" consensus promoter sequence is also indicated in

the figure.

Expression of the feline c-sis proto-oncogene.

To precisely define the exons in the sis transcription unit, analysis of

cDNA clones prepared with sis mRNA was required. To select appropriate

sources for sis mRNA, we analyzed poly(A)-selected RNA from a human prostate

carcinoma (PC3) and a myelomonoblastoma (ML-1) cell line and from specimens

of feline placenta (Fig. 3A). Selection of feline placenta was based upon

studies by Goustin et al. (30) who demonstrated the presence of relatively

high levels of c-sis mRNA in placenta tissue. As a c-sis-specific molecular

probe, pPHS1 was used. In an attempt to compare similar amounts of poly(A)-
selected RNA, RNA concentrations were estimated based upon O.D260 readings
and ethidium bromide staining. As an additional control experiment, levels

of actin transcripts were estimated by Northern blot analysis (Fig. 3B).

Northern blot analysis of mRNA isolated from feline term placentas (Fig. 3A,

lane 1) or from placentas containing embryos that were about 3 weeks old

(Fig. 3A, lane 2) revealed the presence of a 3.5 kb sis-specific transcript.

However, a difference in the level of expression of sis seemed to exist in
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-50 . . . <-exl . . . 50
tagcactctcccttctccttaE ccggaacagctgaaagggtggcAACTTCTCCTCCTGCCGCCGGGAGCAGCCCGCCTGTCTCCCCGCGCGCCCGCAGCCTCCCCCGCTGCCTC

100 . . 150
CCTGAGGGCTCCCCTCTGGCCGCCAGCGCCCATCTTCATTTCCGAGATTGCGATATTTTGCGCACAC ACGCATACACACACGCGCAAAAAGCGGGGGAAAAAAGGGCCCACCCTCCAGC

200 . . 250 . . . 300
CTCGCTGCAAAGAGAAGCCGGAGCAGCCGCAGCTCACAGCCCAGAGGACGCCCAGAGCGGCAGCGCGCAGACAGACGGACCGACGGACTCCGCCGCGTCCACCTGTCTGCCCGGCCCGGC

* . 350 . . . 400
ACTGCGCGCACGGGCACGGCCGAGCCGCGAGCAGCCGTGCCCGCCGCCCGGGCCGCCCAAGGCGCACACGCTCCGCCCCCCCCCACCCGGCCCGGGCGGGCAGTTTGCACCTCTCCCTGCC

450 . . . 500 . . . 550
CGGGTACTCGGGCCGCCGCTGCAAAGCCAACTTGGAAAAAGTTTTTGGGGGGAGACTTTGGCCTTGAGGTGCCCGGCTCTGCACTTCCGACTTCGGGGGCCCTTTTAGAAAATGTTGC

600 . . . . 650
AAAAAAGCTAAGCCAGCGGGCAGAGGAAAACGCCTATAGCCGGCGCAGTGAAGACGAACCATCGGCTGCCGTGTTTTTTTCCTCTTGGAGGTTGGAGTCCCCTOGGCCCCCCCCACACGGCC

700 T. . . 750
TAGACGCCTCGGCTGGTTCGCGACGCAGACCCCCGGCCGTGGATGCTCGCTCGGGCTCGGGATCCGCCCAGGTAGCGGCCGGACCCTGGTCCCGCGCCCAGGCCCTCCCCAGCCCCCCAA

800 . . . . 850 . . . 900
CGACGGAGCCGGGGCCGGGGGCGGCGGCGCCGGGGGCCATGCGGGTGAGCCGGGCGGCGGCTGCAGCGGCCTGAGCGCCTGATCGCCGCAGACCCGAGCCGAGCCCACCTCCTTCCCCAG

950 . . . 1000
CCCCCCGCCCCCCACCCTGGCCGCGGGCGGCCGCCGCTCGGTCCACGCGTCCGCGGCCCCCGCGGGGCCGGGCCCGGAGTCGGCATGAATCGCTGCTGGGCGCTCTTCCTGTCTCTCTGCTG

exl -> <- ex2
CTACCTGCGTCTGGTCAGCG CCGAGgtgagttgcgaeggcggcgg------- lntron approx. 7.5 kb -----ccatggtgtctccctggcagGCCCACCCCATTCCCGAG

1100 . . . ex2 ->
GAACTCTACAAGATGCTGAGTGACCACTCAATCCGCTCCTTCGATGACCTCCAGCGCCTGCTACACGGAG ACTCCGTAGgtaaattgaacOttgttcgg------ lntron approx.

<- ex3 . . . 1200
2.4 kb ------tgccttgcttgect AAGACAGAGCCGAGTT GGACCTGAATTCGACTCGATCCCATT GTCGACCTCGAGAGCTTATCCCGAGGGAGAAGGAC

ex3-> <- ex4
CTAGGTGAGG CTGCAG gtaagaatcctcotttctcg---- lntron approx. 1.5 kb ------tgaggocccto ccttcag gGTCCCCGACGGTCGCCGAOCCACCCATGA

1300 . . . . 1350 . . . . 11400
TCGCCGAGTGCAAGACACGCACGGAGGTGTTCGAGGTGTCCCGGCGCCTCATAGACCGCACCAACGCCAACTTCCTGCTGTGGCCGCCCTGCCCTGGAGGTGCAGCCCCTGCTCCGGCTGCT

1450 ex4 ->
GTAACAACCGCAACGTGCAGTGCCGTCCCACCCAGGTGCAG CTGCGG CTTGTCCAGgtgogoggggggeeogacc---- lntron approx. 1.4 kb ------tcgatggttc

<- ex5 . 1500 . . . 1550
tgtcctecagGTGAGAAAAATCGAGATTGTGCGGAAGAGGCCAGCTTTAAGAAGGCCACGGTGACCCTGGAGCACCACCTGGCGTGCAAGTGTGAGACGGTGGTGGCTGCACGACCCGT

ex5-> <- ex6
GACCCGAAGCCCGGGGAGCTCCCAAGAGCAGCG AGgtaagcgctggtccggggtc----- intron approx. 2.1 kb -------tctttotctcgagcagecagGACACCCCAG
* 1650 . . 1700 *

ACTCCGGCTGACCATTCGGACGGTGCGAGTCCGCCGGCCCCCCAAGGGGAAGCACCAGAAGTTC AAGCACACGCATGACAAGAAGGCACTGAAGGAGACCCTCGGAGCCTACGGCCCATCTG
ex6-> <- ex7

CAGGAGCGTGCGGGCAGgtgaggccaggcggggaace----- lntron approx. 0.3 kb -------tccctctggttggcctacaggGGTTAAATACGGTATTT GCTGTATC
1800 . . . . 1850 . 1. . 1900

OCCCCCATGGGGTCCTTGGAGTGATAATATTGTTCCCCTCGTCCGT'CTGTCTCGATGCCTGATTCGGACGCCCAATGCTGCTTCCCCCCCTCCCACGCCCCCTGTCCACCCACCAGCCCCCT
1950 . . . 2000

CCCCTCATTGGCCTCCAGCCCCCTTGCCCGGGAGCTCGAGAAGGACACGAAGGACCTGAACTCCACTGCTGTCTTCCTCCGCTGACCCCGAGAACGTGGCATAGAAGTGTAAGAGAGACCC
2050 . . . . 2100

ATGGGATCGCCGTTCGGGGACCGGAGGAGCTTCCCTTCCCCAGCTCCTGGCCCGGGTCACACCTGAGCGCCGTCCACTCGCCTGAAACCCTGCACGTGGCCCGCCCCGTCCCAGGACCCC
2150 . . . 2200 . . . 2250

TGGCCCGCCTCTGAAGGGAGCACCCCCAGGCAGGCCAGGGTGCCTCGTCCTCCTGTGGCTGGGACCACGCGTTGGACCGTAGACTGGAGAGAAATCCTCCCACGCGCCCCAGGCCCAGTCA
2300 . . . 2350

CTTCTTCTCCCCCGTCACCTCTGCTTATAGTGGCTTCCTTCGTTTTCTATATATGAAATCTTCGAAGATGTCGACTCCTCTGGGTGGGCCGTGGCCCGAGTACCCGGCAGCCAAGTGCCC
21100 . . . . 2450 . . . . 2500

CCGTCAGATCCCTTAGAGATGAAGTTGCTCTGGAGCCACCATGGATGGTGATCTGGGCGCCTCACTGCCTCCTTCCACTCCCCTGCCTTCACCTCCTCTGTTTCATCTCTCTACCTCCAC
2550 . . . 2600

CCTGCCCTCTTCCTCTTC,TCCCGGCCTTCACTCCGCTCCAC'CGAGGGACTCCTTGGACCCCGTGCTGAGACCGTAAATAACCCCACTCACTGCTCCATTAGGCCCCAAGACCACGGCTCAGG
2650 . . . 2700

GCAGCACGGCCCCTGCGCTTCGTATCCCACCCCCGGCCGAGACTGCCGTGTAGGTTCGTGCAGGGTGTGCACTGTGCAACCCATGCGTGCAGGGGTCGTTGTTCATGCCGTAGAACATGGCC
2750 . . . 2800 . . . 2850

CCGCTGGTGTATTGTTAGGACAGTTTiCTGGCAGATGGAGCTAAAATGTCTTGAGCAAAGGGATCCTGTTCCTAATCGACATGAAGGTTCCATGTGGACTGGCTGTCTCCCGACCCAGC
2900 . . . 2950

CAATGGCTTGGGGTAGTTGGACAGGAGAGTGAGCCCACGTTGGGTGCCCACGCCACGCGTTGTCCAGCTGGCCTCTATTTTCCTGAGTCCTCAGCTCAAGCAGTTCCCCTTCCAGCGGGC
3000 * * 3050 . . . . 3100

CGTGAAAAACCCAAGAGAGAATCTCCAAGGGAGCGGGCAGCCCTCGCTCTCCCCGGGCACGCTACCCCCCAGAGTAGATTCTTTGAGATCCGCCCGTGGTGGCTCCTCCCAGGAAACCA
3150 . . . 3200

GCTCACGGGCTGGGAGTGGGGGAGAAAAGGGAAAAGATCCCCACGGCTCCCTGGGGTGGGGTCTGAGCTCCCACCTCCCTCCCCTCCACCCCACTGCACTTTCCCCTTACCCCCCCCCT
3250 . . . . 3300 . . o

CCAAAATCTGCTCTCTTCAGTTGTAAAGTTGGTGATTATATTTTTCGCGG;r CTTTccTTATTTTTTAAATGTAAATTATTATATTCCGTATTTAAGTTG'TAAAAAAAAAAAAATi
ex7 ->

ACCACAAACAAAACCaaatgaatgaatccaccggc

2. Nucleotide sequence of the feline c-sis proto-oncogene. Lower case
letters indicate nucleotides not belonging to the exon sequences of the
feline c-sis proto-oncogene. The exon sequences are presented by capi-
tals. The "TATA" box sequences are placed in a box. A closed circle (0)
and an open square (El) mark respectively the cap site and poly(A)-
addition site determined by Rao et al. (16) in the human counterpart.
The ATG codon preceeding the large open reading frame is underlined and
an asterisk (W) marks the used TGA stopcodon.

the placenta specimens of the two stages of pregnancy. The amount of c-sis

mRNA transcripts in term placenta was clearly higher than in the placenta

with embryos of 3 weeks old. As can be seen in Fig. 3A, the sis mRNA level

in PC3 cells (lane 3) was somewhat higher than in ML-1 cells (lane 4). Com-
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3. Northern blot analysis of RNA transcripts of feline placentas and human
cell lines. (A) Poly(A)-selected RNA was isolated from feline term pla-
centas (lane 1), from placentas containing 3 weeks old embryos (lane 2),
human PC3 (lane 3) or human ML-1 (lanei4) cells and screened with the
inserts of pPHS1 (lanes 1 and 2) and pAO73 (lanes 3 and 14) as molecular
probes. (B) Screening of the same Northern blot as in (A) with the in-
sert of pAct as molecular probe. Molecular weight markers include A DNA
digested with the restriction endonuclease HindIII.

parison of the size of the human and feline c-sis mRNAs revealed no major
differences. A weak hybridization signal at about 2.6 kb was detected in RNA

preparations from PC3 and ML-1 cells. The nature and origin of this tran-

script is not known at present but it was not seen in the feline placenta
specimens. Slamon and Cline (31 ) have studied sis expression during em-

bryonic development of the mouse. Higher levels of sis mRNA were found at

early stages of development than at later stages. However, it should be not-

ed that tissue specimens taken during the early stages of embryonic develop-
ment included embryonic as well as extra-embryonic tissue. This in contrast

to specimens from later stages in development in which only embryos were

studied. The observed differences in the levels of sis transcription is of
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interest, especially in light of the report that mRNA levels of the PDGF-

receptor are higher in term placenta than in earlier stages of pregnancy

(32). However, for a proper evaluation of the observations, identification

of the cell types that express the PDGF receptor and the sis product is re-

quired.

Isolation of sis cDNA clones.

Using poly(A)-selected mRNA from feline term placenta or human ML-1

cells, a feline and human cDNA library was constructed in Agt1l. Initial
6screening of the feline cDNA library (about lxlO plaques) was performed

with a combination of two different probes. These included a 3'-sis-specific

probe (insert of pPHS1) and a 5'-sis-specific probe (a 1.5 kbp BamHI/XhoI

insert of pA0144, which contained the 3'end of the first sis exon). Screen-

ing resulted in the identification of 16 positive cDNA clones. Of these, 15

hybridized to the 3'-sis-specific probe. Since the internal EcoRI restric-

tion endonuclease recognition sites within the cDNAs were not methylated

during the construction of the cDNA libraries, the inserts of all 15 clones

appeared to be located downstream of the internal EcoRI site in exon 3 of

the feline c-sis proto-oncogene. Only 1 positive clone (FA0184) was isolated

whose insert was located upstream of the internal EcoRI site. The nucleotide

sequence of the cDNA insert of FA0184 and of 6 cDNAs that were located down-

stream of the internal EcoRI recognition site was determined. The insert of

FA0184 starts at position 835 and stops at the EcoRI recognition site. The

inserts of the 6 other cDNAs varied in lenght between 0.9 and 2.2 kbp. One

cDNA contained a poly(A) tail and, based upon this observation, the

poly(A)-addition site could be mapped at position 3355 (Fig. 2). The 3' ends

of the other five cDNAs stopped at various positions (3301; 3301; 3327;

3332; 3343) (data not shown).
Screening of the human ML-1 cDNA library with the insert of pAO73 as a

molecular probe resulted in the isolation of pHN1. To map the poly(A)-

addition site in the human sis transcript, the nucleotide sequence of the

0.6 kbp insert of pHN1 was determined (data not shown). This sequence ap-

peared to be identical to nucleotide sequences of cDNA clone pSM-1 described

by Ratner et al. (15). The sequence of pSD1, a human sis-specific cDNA

clone isolated by Rao et al. (16) lacked sequences at the 3' end. Comparis-

on of the nucleotide sequence data of our human and feline sis cDNA clones

indicated that the DNA region in which the poly(A)-addition site was located

was well conserved. Only two small deletions in poly(A)-stretches (4 adenine

residues in human and 1 in feline; see Fig. 1) were observed. In both
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species, the same nucleotide constituted the poly(A)-addition site and the

same site was also found by Ratner et al. (15). The poly(A)-addition site

proposed by Rao et al. (16) can be found 30 nucleotides upstream of the site

proposed in this paper (Fig. 1 and 2). No authentic polyadenylation signal

(AATAAA) was observed in our isolates of the feline and human c-sis proto-

oncogene. Rao et al. (16) have described an AATAAA sequence 18 bp down-

stream of their poly(A)-addition site. In our feline and human cDNA clones,

a "C" instead of a "T" was present in the sequence at that position which

does not represent the consensus sequence of the polyadenylation signal

(Fig. 1; Fig. 2: nucleotide position 3347 to 3352).

Recently, it was suggested that the pentanucleotide sequence AUUUA in the

3' region of mRNAs is involved in mRNA degradation (33). This sequence was

mainly found in mRNAs that encode growth factors such as lymphokines and

cytokines (33). The sequence can be present in multiple copies. For in-

stance, human interleukin-3 contains 6 copies (L. Dorssers, pers. comm.).

The 3' region of the feline c-sis transcript appeared to contain 3 copies of

this sequence (Fig. 2: nucleotide positions 2997, 3301 and 3314). The

direct involvement of these sequences in sis mRNA degradation remains to be

established.

Identification of the cap site.

To define precisely the 5' end of the human and feline sis transcripts,

nuclease Si protection experiments were performed using mRNA from specimens

of feline term placenta or human PC3 mRNA. A 235 bp AluI/AluI DNA fragment

(A53; Fig. 2: nucleotide position -13 to 222 of feline c-sis) and a 243 bp

AluI/AluI DNA fragment (A44; nucleotide position 391 to 633 of human c-sis

(13)) were used in these studies. Fig. 4 shows the results of the nuclease

Si digestion of hybrids between feline placenta RNA and A53 DNA (purified

insert) and between PC3 mRNA and A44 DNA (purified insert). In analysis of

the feline sis transcript, a hybrid of 222 nucleotides long appeared to

represent a major portion of the nuclease Si resistant molecules (Fig. 4,

lane a). Some other bands were visible on the autoradiographs and they

represented hybrids of different length. Similar results were obtained in

nuclease Si experiments with the human sis transcript (Fig. 4, lane b). The

results suggest that the feline and human sis transcript have their cap

sites in the same position. The presence of some bands of minor intensity

on the autoradiographs could be explained as follows. It is possible, that

more transcription start sites are present. This is more often observed, as

for instance with transcripts of the genes coding for chicken a2 type I col-
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4. Nuclease analysis of the feline and human sis transcripts. (A) Uni-
formily P-labeled insert of A53 was hybridized with feline placenta
mRNA. Upon treatment of the hybrid with nuclease Si, the product was
analyzed under denaturing conditions (lane a). The four lanes at left
show a portion of the nucleotide sequence of A53 to estimate molecular
weights. (B) Nuclease Si resistant hybrid products of human PC3 mRNA
and A44. A portion of nucleotide sequence of A44 is shown at the left.

lagen, epidermal growth factor receptor and Y-crystallins (29,34,35). It is

also possible that minor fractions of the double stranded hybrids are not

properly digested by nuclease Si.

Based upon our data, the cap site of the sis transcript could be placed

at the adenine residue at the nucleotide position 31 bp downstream of the

"TATA" box. It was reported that most known eukaryotic mRNAs start with an
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Fe c-s is MNRCWALFLSLCCYLRLVSAEGDPIPEELYKMLSDHSIRSFDDLQRLLHGDSVDEDRAELDLNSTRSHCGGELESLSRGRRSLGEAAGSPTVAE
Hu c-sis ------------------------------E-------------G------PGE--G------M----S-------A------ --L-I--

v-sis MTLTWQ------------G-------------Q---GK--G------M----S-------A--K--- --LS---

Fe c-s is PAMIAECKTRTEVFEVSRRLIDRTANFLVWPPCVEVQRCSGCCNNRNVQCRPTQVQLRLVQVRKIEIVRKRPVFKKATVTLEDHLACKCETVV
Hu c-sis ---------------I-------------------------------------------P-----------K-I-------------------A

v-sis ---------------I-------------------------------------------P-----------K-I-----------------I-A

Fe c-sis AARPVTRSPGSSQEQRARTPQTRVTIRTVRVRRPPKGKHQKFKHTHDKKALKETLGA
Hu c-sis ----------G------K---------------------R--------T--------

v-sis ---A------T------K-T-S---------------- R-C------T--------

5. Comparison of the deduced amino acid sequences of the putative transla-
tional products of feline and human (14) c-sis and of v-sis of SSV (37).
The arrow (I) indicates the position of the N-terminus of the human
PDGF-2 sequence (38).

adenine residue (36). (The adenine residue at nucleotide position 404 of the

human c-sis proto-oncogene was mistakenly given as a "C" in a previous pub-

lication (13)). Therefore, our results are in good agreement with consensus

characteristics of a cap site. Recently, Rao et al. (16) mapped the cap

site of the human c-sis transcript at nucleotide position corresponding to

position -6 of the feline DNA (Fig. 2). Messenger RNA isolated from human

placenta and EJ tumor cells were used. In both cases, the same cap site was

found and was located 25 bp downstream of the "TATA" box. The sequence of

this cap site and its distance to the "TATA" box are not in good agreement

with consensus cap site characteristics described by Breathnach and Chambon

(36).

DNA insertion in feline c-sis.

Comparative nucleotide sequence analysis of genomic clones of feline and

human c-sis, of cDNA clones of the sis transcripts of the two species and of

the proviral DNA of the oncogene of SSV revealed two interesting differ-

ences. First of all, an insertion of 12 bp was found at the 3' end of exon

3 (Fig. 2: nucleotide position 1243 to 1254) of the feline c-sis gene. The

ATG start codon is located at position 993 and the stop codon at position

1704. Therefore, the insert is present in the region that encodes the PDGF

domain. To illustrate the effect of the insertion at the protein level, a

comparison of the putative translational products of the feline, human and

viral sis genes is shown in Fig. 5. The very high degree of homology is

clear. The amino-terminus of the human PDGF-2 domain in the precursor is

given by an arrow. In case the same proteolytic cleavage site is used in
the feline and the human precursor protein, the 12 bp insertion could pro-

vide feline PDGF-2 with a different NH2-terminus. Because of the nature of

the amino acid sequence of the insertion, the different NH2-terminus is not

very likely to provide feline PDGF-2 with different characteristics.
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It should be noted that the 5' end of the 12 bp insertion resembles the

consensus sequence of a 3' splice junction. From analysis of our feline

sis-specific cDNAs it can be concluded that this splice site is not used

during splicing of feline sis precursor RNA. Theoretically, however, it is

possible that the cDNAs described in this paper represent only a not fully

spliced sis precursor RNA. The fact that no cDNAs without the insertion

were isolated argues against the latter possibility.

When compared to the v-sis sequences of SSV, an insertion was found at

the 5' end of exon 7 of the feline c-sis proto-oncogene (Fig. 2: nucleotide

position 1753 to 1895). This insertion was also present in the human c-sis

proto-oncogene. It has been suggested (15) that because of differences in

splicing of the human and woolly monkey sis precursor RNA, the sequences

described above are deleted from the woolly monkey sis mRNA. Based upon the

presence of this region in feline sis-specific cDNA clones, it is more like-

ly that a deletion in the SSV genome occurred during or subsequently to its

generation.

From the structure of the human and feline sis transcripts described in

this paper, a consensus structure for the sis transcription unit can be de-

duced. The data strongly support our assignment of the promoter region that

controls sis expression.
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