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ABSTRACT

Rat genomic regions covering c-myc were cloned from the
DNA of both normal liver and two lines of Morris hepatomas, one
of which had c-myc amplification. The three restriction maps
showed perfect agreement within the overlapping regions. The
7 kb regions, which included the entire normal rat c-myc and
the region 2.2 kb upstream, and one from the hepatomas, were
sequenced and found to be identical. The coding regions of
exons 2 and 3 were highly conserved between rat, mouse and man,
but some differences in amino acids were noted. Exon 1 and the
non-coding region of exon 3 showed limited homology between the
three species. Rat exon 1 contained several nonsense codons in
each frame and no ATG codon, indicating there to be no coding
capacity in this exon. The 2.2 kb upstream regions and the
introns compared showed unusual conservation between the rat
and human genes. Some motifs, previously proposed as having a
functional role in human c-myc, were also found in equivalent
positions of the rat sequence.

Nucleas S1 protection mapping revealed the second promoter
to be preferentially used in most tissues or in hepatoma
cells, and the second poly A addition signal to be the only one
functional in all the RNA sources examined.

INTRODUCTION
MYC was initially discovered in the form of a viral onco-

gene of an avian myelocytomatosis virus, MC 29 (1), and
subsequently identified in various vertebrate genomes in the
forms of its cellular counterpart, c-myc, and transducing v-myc
in several oncogenic retroviruses (2,3). The structure of
c-myc is highly conserved through evolutionary stages (4), and
the product, c-myc protein, is known to be localized in the
nucleus (5) and to bind to DNA (6). Several cellular
functions, including growth competence or differentiation, seem

to require the expression or suppression of c-myc, although the
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precise role which the gene has in these functions is not yet
clear. Various types of cancer cells overexpress c-myc mRNA
(7), some of them as a result of rearrangement or amplification
(8). Such gene overexpression or deregulation is suspected to
be a cause of the unlimited growth of the cancer cells.
Expression of c-myc seems to be regulated in a complicated
manner involving transcription initiation (9), transcript
elongation (10, 11) and mRNA degradation (12, 13). Such
regulation requires sequences of functional significance to be
located upstream, and within exons and introns. Recent studies
using human c-myc have suggested both positive and negative
regulatory sequences to be located upstream and within exon 1
and intron 1 (14, 15). Rearrangements resulting from
translocations or retroviral insertions far upstream of the
gene have been reported in some B-cell lymphomas (7),
suggesting the importance of remote sequence elements in the
regulation of the gene. One approach towards identifing such
elements is the search for evolutionally conserved sequences in
the gene and its neighboring regions. To date, an 8 kb
sequence of the entire human c-myc and its flanking regions has
been reported (16, 17, 18). Another mammalian c-myc sequence
available is that of the mouse (19, 20, 21) although, in this
case, information on the upstream region is limited and the
sequence of intron 2 is unavailable.

In the present papar we report the cloning of normal rat
c-myc and that of the Morris hepatomas, 5123D and 7794A. Over-
expression of the c-myc mRNA in both hepatomas, and
amplification of the gene in the latter, have been reported
previously (22). Approximately 7 kb of both normal rat and
Morris hepatoma 7794A, that including the gene and the 2.2 kb
upstream region, were sequenced. The sequences from the two
sources were exactly the same. Comparison between rat and
human sequences revealed remarkably conserved stretches
distributed throughout the 2.2 kb upstream region and both
introns, as well as in the exons.

It is shown that the second of the two promoters is very
much preferred as the mRNA initiation site in various tissues
and cultured hepatoma cells, and also that, in all tissues and
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cells examined, only the signal downstream of the dual
termination (poly A addition) is used.

MATERIALS AND METHODS
Cloning

A transplanted Morris hepatoma 7794A genomic library was
constructed by partial digestion of its DNA with Sau3al,
ligation with arms of EMBL3a (23) and in vitro packaging (24).
The library was screened by plaque-hybridization (25) using the
3'-half of the v-myc sequence (26) as a probe, and three over-
lapping clones were obtained. A detailed restriction map was
constructed for one of the clones, AM77-5.

c-myc clones from normal Buffalo rat liver (AB-14) and
Morris hepatoma 5123D (AD-5) were obtained by complete
digestion of their DNA with EcoRI, ligation and packaging into
phage Charon 4A, and screening with a probe identical to that
used for the isolation of AM77-5.

DNA sequencing of c-mye from Morris hepatoma 7794A

After appropriate subcloning of regions of AM77-5 into
plasmids, the PstI-PstI 4 kb fragment (5'-flank, exon 1 and
most of intron 1) or the Sacl-Hpal 3 kb fragment (half of
intron 1, exon 2, intron 2 and most of exon 3) were sonicated,
cloned into M13mpl0 using Deininger's method (27) and sequenced
by dideoxy chain termination (28) using an M13 sequencing kit
(Amersham). The HpaI-Hpal 0.6 kb fragment (3'-end of exon 3
and its flank) was separately cloned into M13mpl0 and sequenced
from both ends.

DNA sequencing of c-myc from normal rat

A 2.1 kb HindIII-HindIII fragment (5'-flank to 5'-end of
exon 1) and a HindIII-XbaI 4.3 kb fragment (5'-end of exon 1 to
end of coding region of exon 3) were cloned into M13mpl8 or
mpl9, progressively deleted by the method of Yanisch-Perron et
al. (29) and se quenced. When necessary, 7-deaza-2'-dGTP was
used in place of 4GTP in the sequencing reaction to alleviate

the compaction of bands in the GC-rich regions (30).
Computer analyses

Sequences from gel readings were assembled using the
GENIAS (Mitsui Knowledge Inc.) or GENETYX programs (Japan Soft-
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ware Development Company). All other computer analyses were
done by UWGCG (31) or IDEAS (32) programs run on the VAX11/750
of the Institute of Medical Science, Tokyo University.

Nuclease S1 protection assay(33)

Fragments spanning either promoter sites or poly A
addition sites were cloned into M13mplS8. Strand specific
probes (108 cpm/pg) were synthesized using a sequencing primer
(Amersham), and isolated by alkaline agarose gels after
digestion with appropriate enzymes (34). Probes (1-1.5 x 105
cpm) were hybridized with either total or poly a* RNA in 0.3 M
NaCl, 10 mM Tris-HCl, pH 7.5, and 1 mM EDTA (3'-end) or in 80%
formamide, 0.4 M NaCl, 20 mM PIPES, pH 6.8, and 10 mM EDTA
(5'-end) at 45 °C overnight. The annealed mixture was digested
with nuclease S1 (Takara) at 37 °C for 30 min. The protected

fragments were run in 8 M urea, 4% acrylamide gels.

RESULTS

Structure of rat c-mye

Fig 1 shows the restriction map of the rat c-myc locus
cloned from three independent sources, normal Buffalo rat liver
and Morris hepatomas 5123D and 7794A. The three clones had
exactly the same restriction sites in the overlapping regions.
The approximate location and orientation of c-myc were
determined by Southern hybridizations of appropriately
restricted fragments to the 5'- or 3'-half of v-myc. There are
some discrepancies between the restriction map shown in Fig, 1
and that of the Lou/Wsl rat reported by Pear et al. (35),
especially at the exon 1 region. The difference in rat strain
may possibly explain this discrepancy. We examined the HindIII
and BamHI sites of the exon 1 region in both Sprague-Dawley and
Wistar rat strains, and the results agreed with the map
presented here.

The regions spanning approximately 7 kb of AM77-5 (from
Morris hepatoma 7794A with amplified c-myc) and AB-13 (from
normal Buffalo rat 1liver) were sequenced independently using
the strategy outlined in Fig. 1. The two sequences turned out
to be exactly the same, suggesting no structural change to have
occurred during c-myc amplification in the Morris hepatoma,
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Fig. 1 Restriction map and sequencing strategies of rat c-myc.
The regions covered by clones AB-13 (from normal rat), AD-5
(from Morris hepatoma 5123D) and AM77-5 (from Morris hepatoma
7794A) are indicated at the top. Restriction enzymes are
abbreviated as follows: RI, Eco RI; Hd, Hind III; Xh, Xho I;
Bm, BamH I; Hp, Hpa I; Ps, Pst I; SI, Sac I; Xb, Xba I; BII,
Bgl II; BI, Bgl I; Pv, Pvu I; SII, Sac II. Coding and
non-coding exons are indicated with hatched and open boxes on
the map. Arrows starting from open and filled circles show
dideoxy sequencing reactions using normal and 7-deaza GTP,
respectively. B and M to left of arrows indicate sequencing of
AB-13 and AM77-5 regions, respectively.

7794A. The agreed sequence is presented in Fig. 2. The
positions of the exons were identified by homology with human
(18) and mouse (20) sequences and also from results of nuclease
S1 mapping as described below.

Sequence motifs in the upstream region

Expression of eukaryotic genes are understood to be
regulated by proteins which recognize and bind to specific
sequence motifs usually located at sites upstream of the genes.
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Some such regulatory proteins have been characterized and their
recognition sequences determined. Siebenlist et al. (36) has
identified a sequence, GTGGAAGGNANCCAA, at -1504 to -1491 and

2170 AAGCTTCTTCCCAGAACCTGGA AGCAAGCARATGCCC TCGTTGGCT TCCCARAGCTGTGATCTGTGGCCAG

2070 T CACTTTACTTTCGCAAATCTG T TGCAGCCTAGGGATTGGTGEE

1970 TCTTGGCGT I TGAGGCAAAATCCTAGAGGETGTAGTCAT T TTGCAATCCT TARAGCTGAAT TGTGCAATGAGCTCGATGAAGGAAGATACTATCATCCAA

1870 CAGCTGAATCCTAAATTGCAAACTCAATGGCTAATGACTACTTTGAACARTGCGCACCT TACACACGC TACACGCTACTGTAGTCTCTTCTTTTTTTAGE

1770 GGGT. i TTCTTAARATGCCT 6 TGAA TGCTTTGG6TTTTGATGCGTAGGATAAGCARATCCCGAGGA
1670  AATATGCACTATATAATAAATCTAGAACCAAAACACAGAGCAARAGATTCATGTTTCACGTTGGTTAATAAACTAGGT TATCGTGTATATATTAAGTGTG

1570 TATACCTTTGGGGACTCTACAAAATGCACGGCATGGTAT TGAGGAAARAGTARAT TGGGAAAT TAGTGT ARAAAT TAGAGTCGGCTTTTARTTAGTTTAA

1470  CACACACATACGAAGGCAAA TTACTTTGATE ¢ TTTTTTTAAGTGCATAATTACGAT TCCAGTAATAARAGGGGARAG
1370 TTTGGGGTTIGTCCTGAGAGGAAGGGGT TAACGGTTTCCTTTATTCTAGEGTCTCCGCAGGCTCCCCAGATCTGGGTTGGCAAT TCTACTCCTCCCCCT T

21270 TCTGGGAAGTCCGGGTTTCCCCCAACCCCCAATCCATGGCATATTCTCGEGTCTAGCGCCT TGAT TCCCGCCCCCCCACACCCCCARCS TCTAAGCOGEA

L1170 GTCTGGTGCAA ¢ A TTTGCCTTTAGTGGAA GTGGAACTGGA GGAGGTGCATGGGGTGTAGAC

-1070 AGGATCCGGGTAGAGCGCGCCCAC A ACTCTACTCCAGCTCTGGAACGCGCAGAAAGACC TACGGGGCAAG
F

N
970 GAGCCGCCTCCACCCCACCCCGOC TARTGRAAGGTCCGAACGGGAGGTGT TGGAGTGGAGGECCT TTCTEGCAGCARAT TGGGGGAT TCATTCTGTARAG
-870  AATGTGCCCAGTCAACATAGCTGTACGCCCAAACGCAARATACACACTGCCCTCCCCGAGAGATGCAGTGGCTGTTTATTCCTAAGTGGETCTCCAAGTA

770 TACGTGGCAT TGAGTTGCTGAGCAATTTTAATGAT TCCAGGCATCGT TTT TCTGCTCAGACCTCATCTGTCGTAGGTCTTCAACTATCACTCCACACTGA

-670  GCAAGGGCTCCTACATAACTCTTTTTTTTITTCGTCCTTCCCTTTTTARATICTGTTTCE TTAG i A 6CGT6

-570 A GCOTAT i ¢ TCCACCTGCGGTGACTAAT. 6 AACACAGT

470 GCoC ¢ TACAG GGACCGACGCS 6 6 AGTTAATTCATGCTGCGCTATTACTGTTTACAC
GC

wvrﬁTcrrvccccéccrccccmiAcrccccmc'cccAerchénnccnc@ccmé

GC GC P
-210 AAAAARATAG é incacatreréreeceaatéebescedscBeocedr fiatantbeeeeeéTeToescest
GC

370 CCCOAGTCGEAGTACTGO0E

-170 TA ¢ T6CGETGE ¢ ACTCCGCTCGECTCCTGCCTE 1Bt
70 GOGAAARAGA i A -’-PT?—-'" ‘mccccccinmncrm
31 ¢ i ¢ A ¢ TCCTA ¢ A Tri ¢
131 | TT6CTGECTC A TGACCCAACAT & ¢ T1GCCCATTGCAACGS 1
231 | CTCACTGGAACTTACAATCT 6 ¢ FTTTTGTCTATTT GTGTTCTCTGECTCTGCCCEE
331 GATCGGCTCéCcTGAAAAGﬂGCICCTCGC(‘:IIATTIGAA6CCTGAAITTécTTTCCGAG@IGGAAAACC(}(£IAAGCACAGATCIGlTGéTCTICIAClé
431 TTTTCTCTACGTCCTGAGTGTAGCGACCGST TAGAACAGTCTTTAT TCARTTICTGTGC T TTTGACACT T TACTCAGAGTAGT TGGGGTAGGCOGGE6CE
$31 GAGTTGGGGTGGATCTGAGTCGGEGTAGARCGACT TGTCAAGATGACAGG GGAAA 6 TTTTGAARCTGTCTTCCAGAGGT

631 TACCGTGGGCTGACGCTGACCCGGGCCGGTTGGACATTCT TGCTGTGCTACATTAATTGATATTTATGTCCTT

731 creT 6 G TCGTATCCTGAGS TCTTTGGGARAGGGAT TACSTTTTGCGTGT TCTCOGCAARAAGCGAGAAGGC TCCGTAGE
831 CTCTGACTTCCCAGTCTTTGGGAGGGCAT T TARATTTCGECTTEGTGCATTTC ¢ A ¢ ¢ ¢
931 GGCGGCGATTGCAACCGGTCCCTGATCCTT TTAAGAAGT TGCCATTGGGETT TAARAAT A GTAAAATTTAAGCCT, i AT
1031 AGGACTTGGTGT 6 A 6 GATTCGTTGACT A A 14
1131 CCTGGTTE06A TAT 3 aTieeT i STCTTGATCTS g ¢ 8
. . . . . . . n . P
1231 16 FTTAGAGTGT At
1331 afr & i f16TTAGAGCS 8 é A A H i
. . R . . . . . N . R
1531 ¢ 6 6 ¢ TCTCOCCTTTCTCCTTCAGG TGGCECAARACTTTGCGCCTAGGLTTTTGRE
1631 AGACTGTATT ¢ A ¢ GceeA A é g 3 ¢

1731 TGATAGTAGGGAGTAAAAGAG ¢ @mmw

1831 AC}:I'?"J‘" 6 A TTCAGGATTGS f f A
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3131 TGAATTTAAT A A & AGCCTTTAGCE ¢ A AAGAGTTGAAG
3231 AGCTGTTTTC SGTYTTGAACACT A TCAGTTTGGATTT

3331 6 fr 6 TTACTATTGCACT A i ¢ AGATATTTGCAGCT
3431 ATCGCCTACA GeaTTCTTGET ! A & TiGCTT 6 SCTCATTAAGT
3531 CTTAGGTAAGAAT ¢ 7 \ Tr7é COCTAACCCTETTCTACCTTT
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4431 | GCTTTGGGACTTCAGCCATAATGT TAACTECCTCAAAGT TAAGGCATAARAGAACT TTTTTTTATGCT TCCCATCTTCTTTCTTTTTCCT TTAACAGATT
T

4531 [ 16 frerrrrTTT i & FTAATCTAAATAACTTTRATAAAAEGT T TATAACAGTTATACAAGATTTT
. X D v

4631 | ANGACATGTATGATARACCATAATTTTTTTATTTARAGACCTTTTCATH TTTARAGTTEATTTTTTTCTATTGITTTTA AATTGGA
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931

5031 AGATGGCAGAATGAATCTCCTGCAGTT

Fig. 2 Nucleotide sequence of rat c-myc and adjacent regions.
Nucleotides are numbered from 1 at the cap site of the second
promoter. Exons are enclosed by large boxes. Several sequence
motifs are boxed with notations as follows. NF, sequence
resembling nuclear factor I binding site; GC, putative SP1
binding site; P, TATA box; CA, (CA)n repeat; D, ATTTA sequence
which is part of the putative mRNA destabilizing sequence; T,
poly A addition signal. The fourth putative SP1 binding site
deviates from the canonical sequence.
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at -870 to -857 (the nucleotide adjacent to the 5'-side of the
second transcription initiation site is designated -1) of human
c-myc, both of which have been suggested as the binding sites
of nuclear factor 1 (37). The exactly matched sequence does
not occur in the 2 kb upstream region of the rat sequence;
instead, a related sequence, GTGGAAGGTCCGAA, was found at -944
to -931. This, as well as the human sequence, bears some
resemblance to the enhancer core sequences of viral and
cellular genes.

Several putative Spl (38) binding sites, GGGCGG or its
complement, were found in proximity to the rat c-myc promoter,
and most of these were also found in their corresponding
positions in the human gene.

No apparent CCAAT box was found within the region 0.5 kb
upstream of the gene. Three TATA boxes, two at the beginning
of exon 1 and one in intron 1, were found in the rat c-myc.
These three promoters are also seen in the human and mouse
genes. In human and mouse c-myc, the first two promoters are
known to function in various tissues and cells, the third

usually being cryptic and activated when the upstream promoters
are removed by translocation in some B-cell lymphomas (19, 20).

We found the second promoter to be predominant in rats, as
shown in the following section.

Dual termination (poly A addition) signals, each
associated with TG motifs, are located at the end of exon 3
(39). Human and mouse c-myc also have dual terminators at
these sites (18, 20), suggesting this to have some, as yet
unknown, significance. So far, the second terminator is the
only one functional in the various rat tissues and cells
examined (data shown below). It is interesting to note that
each AATAAAA sequence was preceded by ATTTA and T-clusters
approximately 60 bases upstream. Recently, a similar sequence
was shown to be responsible for the instability of
granulocyte-macrophage colony stimulating factor (GM-CSF) mRNA
(48) .

Another conspicuous feature of rat c-myc is the presence
of (CA)26 in intron 1. A similar repeat, (CA)ZO' was found at
the corresponding position in the mouse (20), but not the

6426



Nucleic Acids Research

ZOIOO 40100 60]00

“Facce

et acaeal o

F€CO0

Human

. Rat -

Fig. 3 Dot matrix comparison of rat and human c-myc sequences.
Each dot represents 11 matches out of 13 consecutive
nucleotides. Coding and non-coding exons are indicated with
bold and light boxes respectively. Arrows perpendicular to the
homology 1line indicate motifs conserved in rat and human
sequences at identical positions, Vertical and horizontal
arrows indicate motifs found only in rat and only in human
sequences, respectively, at the indicated positions. All
arrows are marked as described in the legend to Fig. 2.

human, gene. The alternating purine-pyrimidine stretch is
known to be capable of forming Z-DNA (41), possibly serving to
release tortional stress and facilitate chromatin structure
loosening.

Gross conservation

Fig. 3 shows the dot matrix homology analysis of the
overall c-myc locus between rat and man. The homologies,
determined by maximum matching with a gap penalty of 2 (42), of
exons 1,2 and 3 were 70, 88 and 79%, respectively. The coding
region alone showed homology of 88%. Interestingly, a striking
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Fig. 4 Amino acid sequence of rat c-myc. Residues different
in human (above) and mouse (below) c-myc are also indicated.
Underlined regions indicate myc boxes.

conservation outside exons can be seen clearly as a diagonal
line extending across the whole region. The overall homologies
of the 5'-flank (2.2 kb), intron 1 and intron 2, were 68, 65
and 67%, respectively.

The interruption of the diagonallline by the insertion of
an Alu family sequence at the 3'-end of intron 2 should also be
noted (16, 18). The lack of such a middle repetitive sequence
in the rat sequence implies that this insertion has no
essential role in c-myc function.

Coded protein

The putative amino acid sequence of rat c-myc is presented
in Fig. 4, with those of mouse and human for comparison. The
discrepancies between rat and human c-myc numbered 38 out of
439 while those between rat and mouse c-myc numbered 10 out of
439, The non-conservative changes among sequence from the
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Fig. 5 Nuclease S1 protection assay of transcription
initiation sites. A BstNI - BstNI fragment (from -734 to +125,
taking the cap site of the mRNA from P2 as +1) was subcloned
into M13mpl9, and a continuously labeled single stranded probe
prepared. The probe was annealed with various RNAs and
analyzed. Lane 1, sig; marker prepared by end-filling pBR322
‘"Hinf I-digest with a-"“P-dATP. Lane 2, probe DNA diluted and
directly applied to the gel. Lane 3, 2ug liver total RNA of
rat receiving cyclohgximide 3 hr before killing. Lane 4, 20ug
normal liver poly A" RNA, Lane+5, same as lane 4 but 1l4ug.
Lane 6, 5ug normal spleen poly A° RNA. Lane 7, S5ug liver poly
A RNA 2 hrs after partial hepatectomy. Lane 8, 8 pug total RNA
of Morris hepatoma 7794 A cultured cells. Lane 9, 20ug
Eschericlia coli tRNA.

three species appear to define several variable regions:
positions 6 to 33, 78 to 103, 161 to 164, 210 to 232, 272 to
285 and 411 to 417. Two long regions were conserved among the
three species: 104 to 160 and 355 to 410, the first including
the so called "myc box" sequence (43) which is conserved among
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Fig. 6 Nuclease S1 protection assay of poly A addition sites.
A Hpal - BstNI fragment (from 280 bp upstream to 70 bp
downstream of the second poly A addition site) was subcloned
into M13mpl9 and a continuously labeled single stranded probe
prepared. The probe was annealed with various RNAs and
analyzed. The lane samples are the same as those in Fig. 5.

myc gene families. In human c-myc, the corresponding regions
were recently shown to be essential for transformation of cells
and nuclear localization of the produced protein (44).

Promoter usage

Mammalian c-myc has a conserved dual promoter at the
5'-end of the first exon, and a differential usage of each,
depending on tissue, is suggested (45). We examined the sites
at which the c-myc promoters, Pl and P2, were used in various
normal rat tissues and rat cancer cells using nuclease S1
protection assay (33) (Fig. 5). The results indicated, in most
cases, the second promoter, P2, to be used predominantly for
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c-myc transcription initiation. In the spleen, however, the
c-myc mRNA starting from Pl was also significant. Previous
reports have shown, in mouse spleen, P2 to be very much the
preferred initiation site (45). There may be some species
difference, therefore, in promoter usage.

In the rat liver, the mRNA dominance starting from P2 did
not change upon induction of regeneration or after
cycloheximide administration. In either case, it is known that
there is a remarkable increase of c-myc mRNA (46).

It has been shown previously that inhibition of protein
synthesis by cylcloheximide stops c-myc mRNA turnover (12, 13).
The fact that the proportion with a P2 preference did not
change before and after cycloheximide administration indicates
the sequence between P1 and P2 not to contribute to the mRNA
stability.

Poly A addition site

The dual poly A addition signals are also conserved among
rat, mouse and man. S1 mapping of the 3'-terminus of c-myc
mRNA from various sources indicated the downstream signal to be
used exclusively in all cases examined (Fig. 6). The upstream
signal, however, may be functional under some circumstances, as
it has been suggested previously that poly A addition could
occur at the upstream signal of human c-myc, when it was
expressed in Xenopus oocytes (47).

The exact position of poly A addition in the mRNA seems,
however, to be heterogenous, as evidenced by several faint
bands observed near the major band in Fig. 6. The relative
amount of mRNA having these heterogeneous termini differed
neither between normal and cancer cells nor between resting and
proliferating cells.

DISCUSSION

We cloned the c-myc of a normal rat and two 1lines of
transplanted hepatomas, one of which contained the gene
amplified 10 fold (22). Restriction maps and the sequences
determined from the independent sources agreed, suggesting no
mutations nor rearrangements to have occurred in the amplified
gene and its flanking regions. This is in agreement with
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earlier notions of no significant structural changes being
found in the amplified c-myc genes of some human malignant
cells (48).

Apart from the exon sequences, homologous stretches
between rat and human c-myc were found throughout the compared
region (Fig. 3). The evolutionary distance between rat and man
is estimated to be approximately 100 million years. Consider
ing the changing rate of sequences with no selective pressure
to be 0.66% per million years (49), the "meaningless" sequences
should diverge to give almost no homology between the two
species. The remarkable conservation in the surrounding
regions of c-myc, therefore, suggests: (1) there to be many
sites, in the region several kb upstream and in the introns of
c-myc, where transacting factors bind and contribute to gene
regulation, (2) such regions to have some biological functions
not directly related to c-myc. In this regard, it is of
interest that recent reports have suggested a new
transcriptional activity that seems to start from heterogeneous
sites in c-myc and extend upstream of the gene (10, 11).

Gazin et al. (50) have suggested that human c-myc exon 1
codes for a protein which reacts with antibodies raised to
synthetic peptides having amino acid sequences deduced from
regions of the nucleotide sequence of the exon. They assumed a
minor mRNA species starting upstream of the two major c-myc
promoters, and the initiation codon provided by the upstream
sequence. In the corresponding region, we could find no amino
acid sequences possibly related to those used in raising the
antibodies. Such a protein cannot, therefore, be coded in the
rat c-myc region.

It is known that c-myc mRNA turns over rapidly (half life
15 - 30 min) in various cells in vivo and in vitro (12,
authors' unpublished data). The short life time is one of the
characteristics of some mRNAs involved in cell cycling, e. g.
those of c-fos (51, 52), c-myb (53) and some growth factors.
These mRNAs have a region in common containing ATTTA and T
clusters. Shaw et al. (40) have shown one such regions from
GM-CSF mRNA to be responsible for the instability of the mRNA.
An RNase, possibly, specifically recognizing this sequence
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motif, could be involved in the metabolism of the short lived
mRNAs. One candidate for this enzyme is RNase L, which is
known to degrade U-rich sequences preferentially (54).
Accelerated degradation of c-myc mRNA by interferon (55) also
supports the idea of the enzyme's involvement, since interferon
causes a rapid synthesis of 2'-5' oligo A, an activator of this
RNase (56). We found the non-coding region in exon 3 to be
responsible for the rapid turnover of rat c-myc mRNA
(manuscript in preparation), and this region to contain two
sets of ATTTA and T-clusters. Mouse and human c-myc also have
two motifs at identical positions in the non-coding regions of
exon 3. 1In all cases, these motifs were located approximately
60 nucleotides upstream of the poly A addition signals.

Inhibition of protein synthesis by cycloheximide is known
to stop c-myc mRNA degradation (12), and result in mRNA
accumulation in various types of cell. One interpretation of
this effect of cycloheximide is that the inhibitor "freezes"
ribosomes on the mRNA, thus sterically protecting the mRNA from
RNase attack. The destabilizing sequence, which is likely to
be the site recognised by the involved RNase is, however,
located downstream of the termination codon and expected to be
exposed whether or not the ribosomes were frozen on the
upstream sequence of the mRNA. Perhaps the effect of
cycloheximide should be otherwise explained, such as the drug
inactivating the RNase.

Interestingly, poly A addition at the upstream signal, if
such occurs, removes one of the destabilizer sequences from
the mRNA. Such shortened mRNA may have a longer life and,
therefore, may accumulate even in the absence of
transcriptional activation, Although we have not yet found
such a shortened mRNA version, the conservation of the poly A
addition signal's duality hints at such a regulatory mechanism
being required at some stage of the life cycle.

Finally, we are tempted to emphasize that the clones and
the rat c-myc sequence data could be useful in studying the
possible involvement of this gene in cancer development since
the rat 1is the most widely used aminal in experimental
carcinogenesis.
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