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Structural analysis of the putative reguiatory region of the rat gene
encoding poly(ADP-ribose) polymerase
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A A EMBL2 clone contuining the first three exons along with part of the 4th exon of the rat poly(ADP-ribosc) polymerase gene was isolated from

a genomic DNA library. This clone also contains 6.6 kbp of upstream sequences. Nucleotide sequence analysis of the proximal 5’ 670 nucleotides

flanking the major RNA start sile of the rat gene does not reveal significunt global homology with the sume region of the human gene, but a series

of short sequences are identical, Among these sequences are found two putalive Spl binding sites along with a decanucleotide sequence responsible
for the attachment of the transcription factor AP-2,

Poly(ADP-ribose) polymerase; Genomic DNA cloning; Nucleotide sequence: Regulatory region; Spl

1. INTRODUCTION

Poly(ADP-ribose) polymerase (PARP) is a 113 kDa
DNA-binding enzyme found in the nucleus of almost all
eukaryotic cells [1]. Its activation is dependent on the
presence of DNA strand breaks [2], and results in the
synthesis of a homopolymer of ADP-ribose units on a
variety of nuclear proteins, including hisiones, DNA
polymerases and PARP itself [3,4]. Synthesis of
poly(ADP-ribose) on histones causes relaxation of
chromatin structure [1], and the enzyme is thought to
play a role in DNA repair, replication recombination
and expression,

It has been suggested that phorbol esters can stimu-
late de novo PARP mRNA and protein synthesis in
fibroblasts [5], implying that this product might have an
inducing effect on the PARP gene promoter.

The human 43 kbp gene has been isolated and con-
sists of 23 exons [6] located in the g42 region of chromo-
some 1 [7,8]. The promoter of the human gene shows
structural similarities to that of the DNA polymerase
gene [9]. Both of these genes are involved in DNA re-
pair, but the synthesis of DNA polymerase § is induced

Abbreviations: PARP, poly(ADP-ribose) polymerase; kDa, kilo Dal-
tons: kbp, kilo base pair(s),; cAMP, cyclic AMP,
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by DNA damage [10] while that of the PARP gene is not
[11]. The putative functional features of the human
PARP promoter consist of 2 Spl binding sites separated
by a 26 nucleotide palindromic sequence [9] and 3 AP-2
recognition sequences [12]. As in many housekeeping
genes [13], both the DNA polymerase 8 gene [14] and
the PARP gene lack typical TATA and CCAAT se-
quence elements [9.12]. Yokoyama et al. demonstrated
that the human PARP gene promoter is inducible by
cAMP and phorbol esters [12]. Although the coding
sequence of the PARP mRNAs are well-conserved be-
tween human [8,15,16], mouse [17], rat [18], bovine [19],
and chicken [20]. comparative studies on the structure
of the regulatory regions of the gene have not been
reported. 1n order to study the regulation of the PARP
gene, we have undertaken the cloning of the promoter
region of the rat gene. Here we report the isolation of
a A genomic clone containing 6.6 kbp of 5 flanking
sequences and the first 4 exons of the rat PARP gene.
We also report the sequence from nucleotide —670 to
+143.

2. MATERIALS AND METHODS

21, DNA probes and genomic library screening

Two ¢cDNA probes were used in this study. The first consists of the
5’ 700 bp coding sequence of the human PARP ¢cDNA and was de-
seribed previously [21]. This insert was excised from veelor sequences
using Ps!l and Mind1l] and used 10 locate the exons of the gene on the
different restriction frugments. The second probe is the 125 bp §
porlion of the same inseri and was excised using Pstl and Kpnl. This
sinaller fragment exiends from the first ATG codon into the coding
region of the PARP ¢DNA and was used for the screening of the
library. Both fragments were purified bv low-melting point agarose gel
electrophoresis [22] (BRL- Ultra-pure Reagents) and labeled with [**P]
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to specific activities ol ubout 10* cpim/ug using Amersham's Random
Priming Kit,

The Sprague-Dawley rat genomic library, constructed in phage 4
EMBL3 was described previously [23], The probe used lor screening
wis the 125 bp Pst1-Kpnl fragment. A total of 2 x 10° phage plaques
were screened in duplicate according to the procedure ol Davis et al,
[24), Washes were in 2x SSC at 60°C, und the autoradiogram was
exposed 2 h at —80°C witl intensilying screens,

2.2, Resiriction mapping, Southern blois and DNA sequencing

Lambda phage DNA was prepared s described [24] and the cuiting
sites of the chosen restriction enzymes (Pharmacia) were determined
by 19 agarose gel field inversion elecirophoresis [25.26)]. For bi-direc-
tiona! Southern blotting experiments (27}, A phage DNA was cut with
restriction enzymes and separated on 1% agarose gels. DNA was
transterred onto nylon membranes (Amersham), hybridized [28] und
wished as described above, The genomic Southern blot (Zoo blot) was
purchased rom Clonetech, hybridized und washed as above. The rat
DNA [ragments of interesi were subeloned from phage A4 into
Biuescript vectors (Stratugene). Deletions using exonuclease I1 (Phar-
micia) and dideoxy-sequencing (USB) of both strands were performed
as deseribed [18).

2.3, Transcription stavt site Mapping
Transcriplion start siles were determined by the Nuclease ST map-
ping technique [22]. The probe used consisted of the Xbal-EcoRl
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restriction fragment ol the 800 bp subclone (construction, Fig. 1D;
sequence, Fig. 2) which was end-labeled with T4 polynucleotide kinase
(Pharmacin) to a specific activity of 2 x 10° cpmijueg. This probe was
denatured and hybridized with rat thymus mRNA, The DNA-RNA
hybrids were then digested with S1 nuclease (Pharmacia) und sized by
polyacrylamide-utrea gel electirophoresis (BRL Ulira-pure Reagenis)
along with the sequence reaction of the original clone (Fig. 3),

3. RESULTS AND DISCUSSION

In order to isolate the regulatory region of the PARP
gene, we screened a rat genomic DNA library with the
first 125 coding bp of the human eDNA. The specificity
of this probe was assessed by hybridizing it with
genomic DNA from different organisms digested with
EcoRI (Fig. 1A). Under the conditions used for hybrid-
ization the probe is very specific, as only one band of
about 15 kbp hybridizes in the rat DNA (Fig. 1A, lane
1). The present of only one band contrasts with the
results obtained on human DNA using a similar probe
[8] and suggests the presence of only one PARP gene in
rat. This one-band hybridization pattern is also found
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Fig. 1. Organization of pGRat5’. (A) Southern blot analysis of the structure of the 5 portion of the PARP gene in different organisms using the

125 bp 5’ human cDNA probe. Molecular weight markers are in kbp. R, rat; M, mouse; C, canine; B, bovine; S, sheep; Ch, chicken. (B) Restriction

map of pGRat5", (C) Proposed orgunizution of the PARP sequences within pGRat’, (D) Fine resiriction mapping of the upstresm BaniHi-

hybridizing fragment. The shudowed Rsal-BumHI fragment hus been sequenced. S, Swcl; K. Kpul; E, EcoRE; H, HindIIL; M, Swial; B, BumHI;
A, Avall; R, Rsal; G, Bu/ll,
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Fig. 2. Sequence ol the upstream region of the rat PARP gene described from —670 to +143. Boxed regions indicate US-1 and US-2 elements. The
broken arrow represents the major transcription initiation site, Thick dashed arrows show direct repeats, and thick plain arrows represent inverted
repeats. The solid bluck box indicules the location of the AP-2 recognition site and striped boxes show the location of GC boxes,

with mouse, bovine, sheep and chicken DNA (Fig. 1A,
lanes 2,4,5 and 6, respectively). About 2 x 10° recombi-
nant plaques were screened in the same conditions, and
only one hybridization-positive clone was isolated. This
clone was called pGRat5’ and contained 17.5 kbp of rat
sequences.

The restriction map of this insert was determined
(Fig. 1B) and the results are consistent with the South-
ern blotting experiments on the genomic rat DNA as the
insert contains an EcoR! fragment of at least 10 kbp
which hybridized with cDNA probes (see above). To
determine which other fragments of pGRat5” were ho-
mologous with PARP ¢cDNA we hybridized BamHI di-
gests of pGRat5” DNA with the 125 bp and 700 bp
probes (not shown). Four BamHI fragments (Fig. 1C)

hybridized with the 700 bp probe. Two of these frag-
ments (2.2 and 6.4 kbp) are contiguous and hybridized
only with the shorter 5° 125 bp probe. This result al-
lowed us to determine the 5’ and 3’ ends of the insert.
The sequence of the last 38 nucleotides of the most 3’
BamHI1 fragment showed 95% homology with the
fourth exon of the human PARP gene. The 5’ splice site
of this exon would also be conserved between the two
genes (not shown). The approximate position of exons
2 and 3 was determined by hybridizing restriction di-
gests of the BamHI subclones bearing these exons wilh
the 700 bp probe. By using several different restriction
enzymes we have been able {o uscertain their position
(Fig. 1C). We then sequenced a BamHI-Rsal (ragment
from the extreme 5° hybridizing BamHI fragment. and
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Fig. 3. Localization of the transcription start sites. The results of the

S| mapping experiment appear at the left (arrow) along with the

corresponding sequence at the right. The probe used was an Hinll-

EcoRI digest of the clone under study (Fig. 2) and corresponded 1o
nucleolide —157 to +413,

the nucleotide sequence is shown in Fig. 2. By homology
with the sequence of the human cDNA we have identi-
fied the first ATG codon. The approximate position of
exons 2 and 3 on the internal BemHI hybridizing frag-
ments is shown in Fig. 2, The deduced amino acid se-
quence encoded by part of the first exon (Fig. 2) is 98%
homologous to the same region of the human protein
sequence [16]. The sequences upstream of the first ATG
in the rat and the human PARP gene [9] were compared
but no overall homology was found. However, both
regions contain GC-rich boxes (CCGCCCC) which are
putative Spl binding sites, known to be essential for the
activity of many other promoters [29,30] (Fig. 2). The
sequence between the first translated ATG and the most
upstream GC boxes (Fig. 2) is GC rich (69%). It also
contains many CpG dinucleotides, which are putative
methylation sites and are often involved in the tissue-
specific regulation of gene expression [31,32).
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Fig. 4. Comparison ol the organizalion of the promoiers of rat and
human PARP genes. The arrows indicate major initiation sites, the
filled circles represent the GC boxes and the open triangles are for
AP-2 recognition sites. The US-1 and US.2 elements are represented,
respectively, by shaded diamonds and filled squares. The US.2 ele-
ment is located far upstream on humain clones (not shown).

In the human gene, Ogura et al. [9] identified a 14
nucleotide region located 171 bp upstream of the first
ATG which contains 10 transcription starts. This 14
nucleotide region, with only one substitution, is also
found in the rat DNA downstream of the GC boxes
(Fig. 2). The major transcription initiation site in the rat
is also located in this region, as determined by SI map-
ping experiments (Fig. 3). Overexposure of the autora-
diogram shows the appearance of a second initiation
size aligning on the next nucleotide on the sequence
(data not shown). The same pattern followed by a few
very weak bands have been revealed by primer exten-
sion (not shown). This creates a mRNA 5 leader se-
quence about 60 bp shorter than the average human
leader (Fig. 4) and would be consistent with the differ-
ence in size observed between the rat and human
mRNAs [18].

We have also found in pGRat5’ a 10 bp sequence, at
position =390, which corresponds to the recognition site
of the transcription factor AP-2. It has been shown that
this element confers the inducibility of a gene by cAMP
and phorbol esters [12]. It is likely 1o be active in the
environment of the PARP promoter. Indeed, it has been
demonstrated by Yokoyama et al. that the expression
of the human PARP gene is stimulated by these two
compounds [12), and suggested by Singh et al. that
phorbol esters promote de novo PARP mRNA synthe-
sis [5). All of the cis-acting regulatory sequences de-
scribed by Jones et al. [33] were compared to the se-
quence pGRatS’, but the only homologous sequences
found were the Spl sites and the AP-2 consensus se-
quence [34)].

Moreover, we did find two short sequences (Up-
stream Sequences | and 2, US-1 and US-2 in Fig, 2)
which are present with high homology in the human
PARP gene [9,12,38], and with some mismatches in
DNA polymerase 8 genes from the rat [35), mouse [35),
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and human [14]. These sequences (US-1 and US-2)
show no homology with any consensus sequence recog-
nized by a known DNA-binding protein or transcrip-
tion factor [33,37]. Furthermore, they have been found
in the sequences of the many housekeeping genes we
have investigated, from polymerase 8 10 histones.

The general organization of the rat PARP gene pro-
moter reported here is quite similar to the three human
sequences published so far [9,12,38] (Fig. 4). Indeed, all
these sequences bear GC boxes, putative AP-2 recogni-
tion sequences, and the two ‘upstream sequences’. The
two GC boxes are located between =37 and ~145 in all
the promoters. All the promoters also bear putative
AP-2 recognition sites, although they vary in number
and position. Interestingly, the US-1 appears to be
highly conserved and constant in its position. This ele-
ment could be essential for the basal expression of the
PARP gene. The US-2 element is less conserved and its
position differs between rat and human sequences
[9,38]. This element might act on the PARP gene as an
enhancer, although the effects of both ‘upstream se-
quences’ on the expression level of the PARP gene are
yet to be ascertained.
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