The EMBO Journal vol.3 no.9 pp.2179—2183, 1984

Analysis of the gene coding for the murine cellular tumour

antigen pS3

Brigitta Bienz, Rina Zakut-Houri, David Givol and
Moshe Oren

Department of Chemical Immunology, The Weizmann Institute of Science,
Rehovot 76-100, Israel

Communicated by Y. Aloni

A genomic clone containing the functional gene for the
murine p53 cellular tumour antigen was isolated and struc-
turally characterised. The gene contains at least 11 exons and
10 introns, the first intron possessing a length of 6.1 kb. At-
tempts to determine the exact 5' end of p5S3 mRNA were in-
conclusive, probably due to the presence of a remarkable
stem and loop structure (AG° = —56 kcal/mol) in the 5’
region of the gene. Suggestive similarities were found to exist
between p53 and the protein product of the myc oncogene.
Key words: genomic clone/p53 tumour antigen/stem and
loop structure/transformation protein

Introduction

The p53 cellular tumour antigen is a protein found in elevated
levels in a variety of transformed cells (reviewed in Klein,
1982). Recently, a series of murine p53-specific cDNA clones
have been isolated and structurally characterised (Oren and
Levine, 1983; Oren et al., 1983; Zakut-Houri et al., 1983).
The nucleotide sequence of these clones predicted the primary
structure of the protein, whose size was found to be ~43 500
daltons. Analysis of genomic DNA by Southern blotting
revealed that the mouse possesses two p53-specific genes. In
previous work, one of these was shown to be a processed
pseudogene (Zakut-Houri et al., 1983), implying that the
other member of the family encodes the protein. Employing
somatic cell hybrids, the functional p53 gene was mapped to
mouse chromosome 11, while the pseudogene was shown to
reside in chromosome 14 (Czosnek et al. 1984; Rotter et al.,
1984). Analysis of polyadenylated RNA has demonstrated
that the mature p53 mRNA possesses a size of ~2.0 kb (Oren
et al., 1983).

We now describe the detailed analysis of the functional
gene, isolated from normal BALB/c liver DNA. The gene
contains at least 11 exons and probably possesses a stable
stem and loop structure in its 5’ region. Analysis of the
predicted protein sequence points at the possible existence of
differences between p53 from normal and some transformed
tissues, as well as of suggestive similarities between p53 and
the myc protein.

Results
Sequence analysis of the functional p53 gene

The overall organisation of the functional murine p53 gene
was previously determined by heteroduplex analysis of clone
Ch53-16, derived from Abelson murine leukaemia virus
(MuLV) transformed C57 L/J cells (Zakut-Houri et al.,
1983). This information, as well as the comparison of restric-
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tion endonuclease maps between the genomic and cDNA
clones, formed the basis for the selection of the sequencing
strategy, as shown in Figure 1. The sequencing was perform-
ed on the genomic clone Ch53-7, derived from normal
BALB/c liver DNA. The p53 gene is composed of 11 distinct
exons which span a DNA region of ~12 kb, as compared
with a mature p53 mRNA size of 2.0 kb (Oren et al., 1983).
All the exons, parts of the introns and the immediate 5'- and
3’-flanking regians of the gene were sequenced. The DNA se-
quence of the gene, the predicted protein sequence and the
locations of the introns are shown in Figure 2.

Comparison of the sequence of the gene (Figure 2) with the
previously pubished cDNA (Zakut-Houri et al., 1983) reveals
several differences some of which are due to inaccuracies in
the published cDNA sequence, resolved upon resequencing of
the corresponding cDNA regions (B. Bienz, unpublished
data). Three differences, however, were found to represent
true alterations between the genomic and the cDNA clones.
These altered nucleotides are at positions 404, 503 and 702, as
indicated in Figure 2. Each of these substitutions implies an
amino acid difference between the p53 protein sequences
predicted from the cDNA and the genomic DNA. Two of
them are non-conservative changes: from glycine to
glutamic acid (nucleotide 503) and from isoleucine to
methionine (nucleotide 702), whereas the third is a conserva-
tive one: from alanine to valine (nucleotide 404). In addition
to the differences between the genomic and the cDNA clones
there are also two sequence alterations in the 5'-flanking
region of the gene as compared with the published sequence.
They most probably reflect strain-specific changes between
the DNA of C57 L/J and BALB/c mice. A few additional
differences can also be observed between the 3’ end of the
gene and that of the p53 pseudogene, probably due to evolu-
tionary diversification following the chromosomal integration
of the processed pseudogene.

The sequence around the splice sites and the precise lengths
of the introns are shown in Figure 3. In general there is good
agreement with the consensus sequence (Breathnach and
Chambon, 1981). The sizes of the larger introns were
calculated from detailed restriction enconuclease mapping. It
is noteworthy that the first intron, immediately followed by
the initiation codon ATG, has a remarkable length of 6.1 kb.
Characterisation of the 5' region of the p53 gene
To determine the 5’ end of the functional p53 gene, S1
nuclease mapping was carried out. For this purpose, RNA
from IB-9 cells was annealed with the 5’ end-labeled Banl-
Sacl fragment of the genomic DNA (nucleotides —63 to
—457, Figure 2). This fragment was chosen because it in-
cludes the 5’ end of the longest available cDNA clone
pp53-176 (Zakut-Houri et al., 1983), located at position
—157. Unexpectedly, when S1 nuclease digestion was per-
formed under standard conditions (37°C to 45°C, Berk and
Sharp, 1977) no prominent protected fragment could be seen
(data not shown). However, when the digestion was perform-
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Fig. 1. (A) Overall structure of the genomic clone Ch53-7. Exons are shown as boxed regions, introns as lines. The numbers below the boxes represent the ex-
act sizes (in bp) of the corresponding exons. (B) Restriction endonuclease map of the genomic clone Ch53-7. Sites in the genomic DNA which are retained in
the cDNA are circled. A, Aval; B, BamHI; G, Bglll; H, Hindlll; K, Kpnl; N, Ncol; P, Pstl; R, EcoRl; S, Sacl; V, Pvull; X, Xhol. (C) Sequencing
strategy used for the genomic clone Ch53-7. ACC, Accl; BAN, Banl; HPA, Hpall. DNA fragments were end-labeled at the indicated site and recut with an

appropriate second restriction enzyme.

ed at 24°C or at 0°C, distinct DNA fragments could be
discerned (Figure 4). The length of these protected fragments
depended on the S1 nuclease digestion temperature. At 24°C,
DNA was protected mainly up to nucleotide position — 112,
resulting in a major fragment which was ~ 50 nucleotides
long. At 0°C, predominant DNA protection was up to
nucleotide position — 156, giving rise to a major fragment of
~94 nucleotides. At both temperatures an additional minor
DNA fragment was detected, which resulted from an S1
nuclease protection of the DNA up to nucleotide position
—216. This minor fragment possesses the approximate length
of 154 nucleotides. These findings suggest that the 5’ region
of p53 mRNA possesses unique structural features which
dramatically affect the results obtained by Sl nuclease
analysis. The nature of this structure and its possible implica-
tions are discussed below.

Discussion

This work describes the detailed structural analysis of the
functional murine p53 gene. The gene is composed of a
relatively high number of exons (at least 11), 10 of which con-
tribute to the translated region of the mRNA. A careful com-
parison between the p53 protein sequence predicted from the
previously described cDNA clones and that predicted from
the genomic clone (Figure 2) reveals three amino acid sub-
stitutions: alanine to valine (nucleotide 404), glycine to
glutamic acid (nucleotide 503) and isoleucine to methionine
(nucleotide 702). These differences could merely represent
cloning artefacts or could reflect true sequence differences. In
the latter case it is unclear whether such alterations may affect
in any way the activity of the protein.

So far, practically nothing is known about the function of
p53 and its relationship, if any, to other cellular proteins.
However, since p53 is considered a transformation associated
protein, it was of interest to see whether it possesses any
features in common with known oncogenes. Based on the
currently available information, the best candidate appeared
to be the product of the myc oncogene, since both proteins
accumulate in the nuclei of transformed cells (Donner et al.,
1982; Rotter et al., 1983), both bind DNA (Donner et al.,
1982; D. Lane, personal communication), both are cell cycle
correlated (Reich and Levine, 1984; Kelly ef al., 1983; Cam-
pisi ef al., 1984) and both appear to be induced at an early
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stage following mitogenic stimulation of resting cells (Milner
and Milner, 1981; Mercer et al., 1982, 1984; Kelly et al.,
1983). A possible relationship between p53 and the myc pro-
tein was already suggested by Weiss (1982); we therefore com-
pared the primary structure of p53 with that of the murine
myc protein (Bernard et al., 1983). Although no statistically
significant homology could be demonstrated at the level of
the whole molecules, several suggestive similarities could be
detected. Thus both proteins possess a relatively acidic
N-terminal domain and a basic C-terminal domain. Further-
more, as shown in Figure 5, there is also an apparently similar
pattern in the positioning of basic residues in the C-terminal
domain between the two proteins, as well as a weak
homology between a 5'-proximal region of p53 and a stretch
of acidic residues in the myc protein. A structural relationship
has recently been demonstrated between the products of the
myc, myb and E1A genes (Ralston and Bishop, 1983). All of
these, like p53, are proteins located in the nuclei of
transformed cells (Abrams et al., 1981; Donner et al., 1982;
Jochemsen e al., 1982; Ralston and Bishop, 1983; Rotter et
al., 1983). The myc and E1A proteins also appear to serve
similar functions in the process of malignant transformation
(Land et al. 1983; Ruley, 1983). In this respect, it is note-
worthy that the best conservation between the E1A and myc
products is exhibited within the same acidic region that also
shares structural features with p53 (Figure 5). We have
recently been able to show that a possible functional
homology may in fact exist between p53 and the myc pro-
duct, as revealed in experiments employing the transforma-
tion of primary rat embryo fibroblasts (Land et al., 1983;
Ruley, 1983; D. Eliahu ef al., in preparation). It is therefore
tempting to speculate that some or all of the features pointed
out in Figure 5 may indeed be pertinent to the mode of action
of p53.

Two approaches, S1 nuclease analysis and primer exten-
sion experiments, were taken to determine the precise 5’ end
of the gene. Neither provided a definite answer to this ques-
tion. Discrete, easily detectable protected fragments were ob-
tained only when S1 nuclease digestion was performed at
temperatures lower than those used routinely. The position of
the major S1 nuclease cut at 24°C coincides with that of the
major stop point observed in primer extension experiments
(Zakut-Houri et al., 1984). Nevertheless, it probably does not
represent the 5’ end of the pS3 mRNA, since the cDNA clone



Functional gene for murine p53

AGCCTT-gggTTACAAA CACTCTGTCT TAAAAATCCA AAAAGATC
GC-$Z$GACTATC TAGCTGGATA GGAAAGAGCA CAGAGCTCAG AACAQTGGCG GTCCACTTAC GATAAAAACT
-#ngTCTTTC CACTCTTTAT ACTTGACACA CAQGGCAGCAQ gCCTCCOAAT CCCTTTCCAC CCATTTTGCC C
TCACAGCTC-gngTCTTAG ACGACTTTTC ACAAAGCCTT CCTGCTGAGC GCAACATCTC AGGCAGAATC CTC
ACTCTGcningCCCCGC CTCCATTTCT TQCCCTCAAC CCACGQAAQGQe ACTTGCCCTT ACTTGTTATC GCGAC
TATCC-iggTTTOTGC CAGGAGTCTC GCGGCCRTTC CTGCGATTEO CACTTTCCCC TCCCACGTEC TCACCCT
CGC_%RgAOTTCTG TAGCTTCAGT TCATTGGGAC CATCCTGOCT QTAGOTAGCE ACTACAGTTA GCCCGCACC
T-:gCATTCACO CCCTCATCCT CCTCCTTCCC AGCAGGGTET CACGCTTCTC CCAAGACTGG.. intron 1..

ATC ACT GCC ATG @AGC GAGC TCA CAC TCG GAT ATC AGC CTC GAG CTC CCT CTQO AGC CAC QAC
MET THR ALA MET GLU GLU SER GLN SER ASP ILE SER LEU GLU LEV PRO LEUV SER GLN CLV

61 83 84 109
ACA TTT TCA GGC TTA TGG AAA CT.. intron 2..A CTT CCT CCA GAA GAT ATC CTG.. intron
THR PHE SER QLY LEU TRP LYS LEU LEU PRO PRO GLU ASP ILE LEVU

106

3...CCA TCA CCT

CAC TGC ATC GAC GAT CTG TTG CTC CAG GAT QTT CAG GAG TTT
PRO SER PRO HIS

ccc T
CYS MET ASP ASP LEU LEU LEU PRO GLN ASP VAL GLU GLU PHE PHE

GAA GGC CCA AGT GAA GCC CTC CGA GTGC TCA GGA GCT CCT GCA GCA CAG GAC CCT GTC ACC
CLU GLY PRO SER GLU ALA LEU ARG VAL SER GLY ALA PRO ALA ALA°GLN ASP PRO VAL THR

GAC ACC CCT GGG CCA GTG GCC CCT GCC CCA GCC ACT CCA TGG CCC CTG TCA TCT TTT OTC : T
GLU THR PRO GLY PRO VAL ALA PRO ALA PRO ALA THR PRO TRP PRO LEU SER SER PHE VAL :

CCT TCT CAA AAA ACT TAC CAG GCC AAC TAT QGC TTC CAC CTG QGC TTC CTC CAC TCT QGCC
PRO SER GLN LYS THR TYR QLN GLY ASN TYR QLY PHE HIS LEU GLY PHE LEU GLN SER GLY

343 66 367
ACA GCC AAG TCT GTT ATG TGC ACG.. intron 4...TAC TCT CCT CCC CTC AAT AAG CTA TTC
THR ALA LYS SER vAL MET CYS THR TYR SER PRO PRO LEU ASN LYS LEU PHE

*
TGC CAC CTG CTC AAG ACC TCC CCT OTC CAC TTG TGG GTC AGC GCC ACA CCT CCA GCT GCC
CYS GLN LEU VAL LYS THR CYS PRO VAL GLN LEU TRP VAL SER ALA THR PRO PRO ALA GLY o

454 » .
AGC CCT CTC CGC GCC ATE OCC ATC TAC AAC AAG TCA CAG CAC ATG ACG GAC GTC GTC AGA
SER ARG VAL ARG ALA MET ALA ILE TYR LYS LYS SER GLN HIS MET THR GLU VAL VAL ARG

514 550 551

CEC TEC CCC CAC CAT GAG CGC TGC TCC GAT GGT GAT G..intron S..GC CTG ©CT CCT CCC
ARG CYS PRO HIS HIS GLU ARG CYS SER ASP GLY ABP GLY LEU ALA PRO PRO
569 ’

CAC CAT CTT ATC CGG CTC GAA GCA AAT TTC TAT CCC GAG TAT CTG GAA GAC AGG CAC ACT
CLN HIS LEUV ILE ARG VAL CLU GLY ASN LEVU TYR PRO GLU TYR LEU GLU ASP ARG GLN THR

6463 664
TTT CGC CAC AGC GTG GTGC GTA CCT TAT GA@ CCA CCC GAGQ.. intron &...GCC QGC TCT QAG
PHE ARG HIS SER VAL VAL vAL PRO TYR CLU PRO PRO GLU ALA QLY SER CLU

&
‘TAT ACC ACC ATC ﬁ?

*
TAC AC ATG TCT AAT AGC TCC TGC ATC GCC GCC ATC AAC CGC
TYR THR THR ILE YsS

C AAC T
S TYR LYS TYR MET C ASN SER SER CYS MET GLY GLY MET ASN ARG

773 774
CGA CCT ATC CTT ACC ATC ATC ACA CTG GAA GAC TCC AG.. intron 7..T QGG AAC CTT CTGC
ARG PRO ILE LEV THR ILE ILE THR LEVU GLU ASP SER SER GLY ASN LEVU LEV

GGA CG@ GAC AGC TTT GAG CTT CGT CTT TBT GCC TEC CCT GGG AGA GAC CGC CCT ACA GAA
GLY ARG ASP SER PHE GLU VAL ARG VAL CYS ALA CYS PRO GLY ARG ASP ARG ARG THR GLU

GAA GAA AAT TTC CGC AAA AAG GAA GTC CTT TGC CCT QAA CTG S

A CCA CCC ACC GCA AAC
CLU GLU ASN PHE ARG LYS LYS GLU VAL LEVU CYS PRO GLU LEU R ALA

cC
RO PRO GLY SEI

) 910 911
AGA G..intron 8..CG CTG CCC ACC TGC ACA AGC GCC TCT CCC CCC CAA AAG AAA AAA
ARG ALA LEU PRO THR CYS THR SER ALA SER PRO PRO GLN LYS LYS LYS

958 984 985
CTT GAT GGA GAC TAT TTC ACC CTC AAG..intron 9...ATC CGC GGC CCT AAA CGC TTC GAGC
LEU ASP GLY GLU TYR PHE THR LEUV LYS ILE ARG GLY ARG LYS ARG PHE QLU

1009
ATG TTC CGG GAGC CTG AAT GAG GCC TTA CAC TTA AAG GAT GCC C
MET PHE ARG GLU LEU ASN GLU ALA LEU GLU LEU LYS ASP ALA H

1069
CCA CAC AGC AGE GCT
GLY ASP SER ARG ALA

AG GAG TCT

CCT ACA G
ALA THR GLU GLU SER

1091 1092
CAC TCC AC. . intron 10.C TAC CTGC AAC ACC AAC AAG GGC CAC TCT
HIS SER SER TYR LEU LYS THR LYS LYS GLY GLN SER

1120
ACT TCC CGC

1171
[ AAA AAA ACA ATC CTC AAC AAA GTC QCC CCT GAC TCA GAC TGA CTGCCTC
THR SER ARG H ND

g LYS LYS THR MET VAL LYS LYS VAL GLY PRO ASP SER ASP E

TeC A%gQCGTCCC CATCACCAGC CTCCCCCTCT CCTTCCTETC TTATCACTTC AGGGCCTGAGA CACAATCCT
[+ égggTCCCTT CTGCTCCCTT TTTTACCTTG TAGCTAGCGC TCAGCCCCCT CTCTGAGTAGC TGETTCCTECG
égngGTTCG GCAATAGCTT GATAGTTGTC AGCTCTCTGC TGGCCCAGCG AAATTCTATC CAGCCACTTG TT
GGACCCTC ééggcTACAA TGAAATCTCA CCCTACCCCA CACCCTGTAA GATTCTATCT TGGGCCCTCA TAGG
GTCCAT A?ZéTCCAGG éCCTACTTTC CTTCCATTCT GCAAAGCCTG TCTGCATTTA TCCACCCCCC ACCCTG
TCTC égggTTTTTT TTTTTT##AC gCCTTTTTAT ATATCAATTT CCTATTTTAC AATAAAATTT TGTTATCA

1614
CT -TATATGGTTT TGAGAGGTTG ATATCAGCAT AAGCTGTCTC ..........

Fig. 2. DNA sequence of the genomic clone Ch53-7. The DNA sequence is given in parallel with the predicted amino aciq sequence of the protein p53. .
Numbers refer to the positions of the nucleotides starting from the first nucleotide of the initiation codon ATG. Interruptions in the sequence mark thg posi-
tions of the introns. The polyadenylation signal is underlined. Nucleotide substitutions within the genomic DNA as compared with the previously published
DNA sequence are indicated by # above the relevant nucleotides.
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ACTGG : GTAAGTAATT {,“,‘53;‘: CTCTCTACAG : ATGAC
AAACT : GTGAGTGGAT ....‘;!,'&';"‘.... TGTTTTCCAG : ACTTC

TCCTG : GTAAGGCCCA ... "7, CCATCCACAG : CCATC

GCACG : GTGAGTGGGC ... Je™. . TCTCTTCCAG : TACTC

TGATG : GTAAGCCCTC e oemS. . TTGCTCTTAG : GCCTG
CCGAG : GTCTGTAATT ... 30™.... TCTTCCCCAG : GCCGG

TCCAG : GTAGGAAGGC ... 35".... TCCCGGATAG : TGGGA

GAGAG : GTACGCAGGC ... 52", .. CCTTCCACAG : CGCTG

TCAAG : GTACCAAGGC ... %ron%  1orGeTGCAG : ATCCG
830bp

o *
TCCAG : GTAAGTGGCC ... "70n0.... CTTCCTATAG : CTACC
’(}AG : GT‘&AGT ... CONBENBUS ... ggggggNgAG : G’g

Fig. 3. Nucleotide sequence around the exon-intron junctions. Nucleotides
deviating from the consensus sequence (shown at the bottom of the Figure)
are marked with dots. The full sizes of the introns are given with an
accuracy of +5%

pp53-176 comprises nucleotides located upstream to this posi-
tion. All these findings, namely the lack of a major Sl
nuclease-protected fragment at 37°C, unexpected protection
at lower temperatures and the failure to extend the cDNA all
the way to the 5’ end of the p53 mRNA, are hard to explain
unless the 5’ region of this RNA possesses some unusual
structural feature. Indeed, close examination of the DNA se-
quence in this region reveals that a stem and loop structure
can be easily formed, as shown in Figure 6. The predicted
change in the standard free energy (AG®) of such a hairpin
structure is approximately — 56 kcal/mol, when formed in
the corresponding RNA (Tinocco et al., 1983). When S1
nuclease digestion is performed at 24°C it is conceivable that
the double-stranded RNA stem displaces the DNA from the
DNA-RNA hybrid, resulting in an S1 nuclease cut (—112)
downstream to the end of this stem. This effect can also ac-
count for the premature stop (— 114) observed in primer ex-
‘tension experiments. At 0°C, it is possible that the displaced
DNA also forms a stem and loop structure resulting in a
preferential S1 nuclease cut (—156) in the middle of the
single-stranded DNA loop. The existence of such a peculiar
structure might affect the conformation of both the DNA
and the transcribed RNA, depending on the temperature and
the ionic strength. Such a structure, if stable under
physiological conditions, may influence the stability of p53
mRNA or the efficiency at which it is translated (Kozak,
1980; Saito et al., 1983).

The minor longer fragment observed at both temperatures
could, in principle, represent an authentic RNA-protected
DNA fragment. The end point of the DNA protection at
nucleotide —216 cannot represent an intron-exon junction,
since there is no splice acceptor sequence around this posi-
tion. Employing the CAT assay system (Gorman et al., 1982)
we have recently obtained evidence suggesting the existence of
a functional promoter near the 5’ end of the genomic insert,
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Fig. 4. S1 nuclease analysis in the 5’ region of the genomic clone Ch53-7.
The Banl-Sacl fragment derived from the 5’ region of Ch53-7 DNA was
subjected to S1 nuclease analysis as described in Materials and methods.
The radiolabeled DNA fragment was reannealed in the absence (lanes 1
and 2) or presence (lanes 3 and 4) of IB-9 RNA. SI nuclease digestion was
performed at 24°C (lanes 1 and 3) or 0°C (lanes 2 and 4). The S1 nuclease
digestion products are shown in parallel with a sequence ladder generated
by purine-specific (Pu) or pyrimidine-specific (Py) chemical degradation of
the initial Banl-Sacl fragment. Numbers on the right denote the locations
of the main S1 nuclease cuts, deduced from the positions of the respective
bands relative to the sequencing ladder (see Figure 2).
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Fig. 5. Comparison between parts of the sequences of p53 and the pro-
ducts of the myc gene and the Ad12 E1A region. Shown in the Figure are
the regions encompassing residues (from left to right) 48 —59 (I), 316 —339
(I and 367 —390 (III) of p53 and 250—261 (I), 355—378 (II) and

412 —439 (IID) of the mouse c-myc (Bernard ef al., 1983). Asterisks indicate
sites at which an acidic (I) or a basic (II and III) amino acid is present in
both proteins. For the region I the corresponding amino acid sequence of
Ad12 EIA is given as well (residues 117—128). Arrows mark the
C-terminal residue of p53 and myc.

between the EcoRI and Hindlll sites (see Figure 1; B. Bienz
unpublished results). Therefore the 5’ end of the p53 mRNA
might indeed be located at around nucleotide —216. This in-
terpretation is challenged by the absence of a properly posi-
tioned TATA box in this region, although the presence of a
TATA box upstream to eucaryotic genes is not an absolute
prerequisite (Weissman, 1980). If p53 mRNA indeed starts
around position —216 it includes an additional initiation
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Fig. 6. Putative secondary structure of the region between nucleotides
—216 and — 108. The major cut points of the S1 nuclease (see Figure 4)
are indicated (S1), as well as the major reverse transcriptase stop site
observed in primer extension studies (P). Strong hydrogen-bonds are mark-
ed with dots. Gaps (indicated by dashes) are included to maximize the
complementarity.

codon AUG (positions —213 to —211), preceding the one us-
ed for the synthesis of p53. Utilisation of this AUG could give
rise to a peptide of only 31 amino acids, due to the presence
of a termination codon at positions — 120 to —118.

Materials and methods

Extraction and hybridisation of nucleic acids

The extraction of plasmid and bacteriophage DNA and of polyadenylated
RNA from IB-9 tumours were described previously (Oren et al., 1983).
Isolation of p53-specific genomic clones

BALB/c liver DNA was digested to completion with EcoRI and fractionated
over a sucrose gradient (Maniatis et al., 1978). Fractions enriched for the
16-kb fragment harbouring the functional p53 gene were detected by blotting
and hybridisation to nick-translated pp53-176 DNA. A genomic library of
such enriched DNA was constructed in bacteriophage Charon 4A and screen-
ed by plaque hybridisation (Benton and Davis, 1977) with the probe described
above, which led to the isolation of clone Ch53-7.

Subcloning, restriction endonuclease mapping and DNA sequencing

Phage Ch53-7 DNA was digested with EcoRI and HindlIl and ligated into
Hindlll- or Hindlll plus EcoRI-digested, phosphatase-treated pBR322 DNA.
The five resulting types of subclones were identified by comparing their insert
lengths with the corresponding fragments of digested Ch53-7 DNA. Restric-
tion enzyme fragments of phage and plasmid DNA were analysed by agarose
gel electrophoresis, blotting and hybridisation to several nick-translated p53
c¢DNA fragments (Southern, 1975). The DNA sequence was determined by
the chemical degradation method employing DNA fragments which were
labeled at their 3’ ends by reverse transcriptase (Maxam and Gilbert, 1980).

S1 nuclease analysis

Plasmid DNA of the 0.7-kb EcoRI-HindlIl subclone was purified over a
Biogel A-50m column (Biorad), digested with Banl and Sacl and treated with
calf intestinal phosphatase. The 5’ end of the Banl site was labeled with T4
polynucleotide kinase to an approximate specific activity of 2 x 10° c.p.m./ug
DNA. The resulting 395 nucleotide long fragment was isolated from a 5%
polyacrylamide gel. Approximately 10° c.p.m. were used for hybridisation
with 100 g total IB-9 RNA. Denaturation was at 80°C for 15 min followed
by annealing at 49°C for 14 h in 30 gl hybridisation buffer as described by
Berk and Sharp (1977). S1 nuclease digestion was carried out at either 0°C for
2 h with 1000 units of S1 nuclease (Miles), or at 24°C for 1 h with 1000 units
of S1 nuclease, or at 37°C or 45°C for 30 min with 500 units of S1 nuclease.
Products were analysed on an 8% polyacrylamide gel containing urea in
parallel with a sequencing ladder (A+G and C+T reactions) of the initial
Banl-Sacl fragment.
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