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A rat brain cDNA library has been constructed. Three identical clones of about 2.2
kb representing high molecular weight DNA polymerase B transcript were found.
Sequencing proved our earlier suggestion that both high and low molecular weight
DNA polymerase B transcripts have the same open reading frame and differ mainly at
the 3’ end. Because of that, alternative polyadenylation is discussed as a possible
mechanism for tissue- and development-specific regulation of the DNA polymerase

B gene expression.

DNA polymerase B (B-pol) is one of the five
known vertebrate cellular DNA polymerases
[1-5]. The enzyme is present in all tissues but
its level is relatively low and varies only slight-
ly during the cell cycle [6, 7]. The structure of
the DNA polymerase B is strongly conserved
throughout evolution [8]. This suggests the im-
portance of this enzyme for maintenance of the
cell. One of the main functions suggested for
DNA polymerase B is filling of DNA nicks and
gaps during DNA excision repair [2, 3, 9, 10].
The enzyme is also involved in post-recombi-
national DNA synthesis [11-13]. Thus, it is an
important enzymatic component involved in
meiosis and recombination DNA repair.

Studies on the B-polymerase gene in humans
and rats have shown that the enzyme is speci-
tied by a single-copy gene. cDNAs for rat and
human DNA polymerase §§ have been cloned
[14]. Studies on B-polymerase gene expression
inratrevealed the presence of at least two major
transcripts (1.4 and 4.0 kb). Our previous data

strongly suggest that this expression is mainly
regulated at the mRNA level [15]. In addition
tissue specific gene expression has been shown
[12, 13, 15]: the relative amounts of the two
transcripts differ in different tissues. For
example, in testis the level of the 1.4 kb tran-
script is almost 15 times higher as compared to
that of the 4.0 kb transcript whereas in 7-day
old brain the level of the 4.0 kb transcript is
about 5 times higher than that of the 1.4 kb
transcript. Cells with the two different mRNA
types produce only one type of protein mole-
cule. This suggests differences between the two
types of 8-pol mRNA in the 3’ and 5’ non-cod-
ing regions of the molecule, but not in the open
reading frame (ORF). Full determination of the
structural differences between the two mRNAs
could allow us to describe another molecular
mechanism of DNA polymerase B gene ex-
pression. The molecular structure of the shorter
(1.4 kb) transcript has been previously estab-
lished [14]. The presented here detailed ana-
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lysis of the clone containing a part of the high
molecular weight transcript confirms that both
transcripts have the same ORF. The difference
is at the 3’ end, probably because of alternative
polyadenylation. The possible role of alterna-
tive polyadenylation in tissue and develop-
ment specific gene expression is discussed.

MATERIALS AND METHODS

Animals.Male albino rats (Wistar) were main-
tained at room temperature and provided with
tap water and laboratory chow ad libitum. Or-
gans obtained from rats were immediately
frozen in liquid nitrogen and stored at -70°C.

cDNA library construction and screening.
mRNA used for cDNA synthesis was isolated
from seven-day-old rat brains. As we have
shown previously [13] this tissue has the hig-
hest level of 4.0 kb transcript. Total RNA was
prepared using the guanidinium isothio-
cyanate procedure according to Chomczynski
& Sacchi [16]. Pon(A)+mRNA was isolated by
a double passage through an oligo(dT) column.
The ¢cDNA synthesis was carried out using
Amersham’s “cDNA Synthesis System Plus”
with cDNA methylation as EcoRI sites protec-
tion and oligo(dT) as a primer. cDNA was then
size fractionated by agarose gel electro-
phoresis. Only fragments larger than 1.5 kb
were taken for cloning. Vector Agyy; DNA and
synthetic EcoRlIlinkers were used as the cloning
system. cDNA library was screened by plaque
hybridization according to Maniatis et al. [17]

Molecular probes. Plasmid inserts containing
the 3’ or 5’ part of the short transcript polymer-
ase B cDNA were used as molecular probes.
These probes were kindly gifted by Dr. B.
Zmudzka. The restriction map of this cDNA
and the names of the probes are shown in Fig.
1. Inserts were radiolabelled by the “random
priming” method using [a-32PIACTP. The aver-
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Fig. 1. The restriction map of the 1.4 kb rat tran-
script cDNA showing fragments used as the probes.

age specific activity was 5 X 108 cp.m./ug
DNA.

Northern analysis. Poly(A)'RNAs (10 pg)
were electrophoresed overnight at 18 V and,
after denaturation according to Maniatis et al.
[17], the gels were blotted onto nitrocellulose.
Prehybridization and hybridization were car-
ried out at 42°C with 50% formamide as pub-
lished previously [11]. As molecular
radiolabelled probes 10F and 10S fragments
(Fig. 1) or DNA inserts from cloned cDNA were
used.

pUC19 subcloning. Isolated bacteriophage
DNA was digested with restriction endonu-
clease EcoRl. Restriction fragments were separ-
ated on agarose gels and then inserts were
isolated using NA-45 Schleicher & Schull
DEAE-cellulose. After elution from the mem-
brane, inserts were ligated with the EcoRI di-
gested and dephosphorylated pUC19 plasmid
vector [17].

DNA sequencing and oligonucleotide syn-
thesis. DN A sequencing was carried out by the
standard Sanger enzymatic method with T7
DNA polymerase. Sequencing reactions were
primed with commercial universal pUC pri-
mers or newly synthesized oligonucleotides.
Chemical oligonucleotide syntheses were car-
ried out with Applied Biosystems 391 DNA
synthesizer.

RESULTS

Three clones with homology to both 3’ (108
probe) and 5’ (10F probe) parts of the 1.4 kb
transcript of B polymerase have been identified
and isolated from a cDNA library. All three
clones carried inserts of about the same length
(approximately 2.2 kb). The 2.2 kb inserts had
two internal EcoRI sites, dividing them into
parts of 0.45, 0.65 and 1.1 kb in length. These
parts have been named S, M and L, respectively.
Restriction analysis with Haelll and Sau3Al en-
donucleases confirmed that all three clones
were identical (not shown).

The 2.2 kb ¢cDNA was further analysed by
partial digestion with EcoRI and hybridization
with 105 and 10F B-pol probes (Fig. 2A). Six
bands are observed on the gel (2.2 kb, 1.75 kb,
1.55 kb, 1.1 kb, 0.65 kb, 0.45 kb). Probe 105
hybridized to four of them (2.2 kb, 1.75 kb, 1.55
kb, 1.1 kb), whereas probe 10F hybridized only
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to three (2.2 kb, 1.55 kb, 0.45 kb). These results
as well as the results of complete EcoRI diges-
tion allow us to map the relative position of
fragments S, L and M (Fig. 2B).

According to this map fragment M should
hybridize only to the high molecular weight
transcript (4.0 kb) of B-polymerase. Indeed,
when fragment M was used as a molecular
probe, only the hybridization with the 4.0 kb
transcript was observed. Hybridization to the
1.4 kb transcript was not detected either inRNA
preparations from the brain or from the testis
in which the amount of this transcript is more
than 15 times as high as in the brain (Fig. 3).
Fragments L and S hybridized both to low and
high molecular weight transcript (data not
shown). Additionally, S hybridized only to 10F
fragment whereas L hybridized only to 105
(Fig. 2A).

Fragments 5, M and L have been inde-
pendently subcloned into the pUC19 vector.
Thus, three pairs of pUC clones have been ob-
tained with plasmids containing inserts in both
orientations in each pair. The complete nucleo-
tide sequence from both strands of all three
fragments has been obtained. As shown in Fig.
4, the 2.2 kb insert contains a long open reading
frame initiating with an ATG at nucleotide po-
sitions 59-61 and terminating with a TGA stop
codon at positions 1013-1015, followed by the
3’ noncoding region. Comparison of the ob-
tained sequence with the sequence of the 1.4 kb
transcript revealed that the region 17-1155 is
identical to the complete sequence of the short
transcript excluding the poly(A) tail at its 3’

A. B.

3 probe 5 probe
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Fig. 3. Northern hybridization of the 10F (the 5'-end
fragment of the pol-p ORF) and M probes to the
poly(A)* RNA isolated from testis (lane T) and
7-day old rat brain (lane B).

end. The first sixteen nucleotides on the 5’ end
of the cloned ¢cDNA are absent in the sequence
of the cDNA of the shorter transcript, but this
fragment has been found in the sequence of the
related mouse polymerase-f gene promoter re-
gion at its positions 45-60 [18].

DISCUSSION
The clones isolated from the rat brain cDNA

library correspond to the fragment of the high-
molecular weight transcript of DNA polymer-

(108) (10F) . 1.76kb ,
155k '
R AT
T e —
22 L 045k 0.65 kb
175 | m — , ,
1.55 & - Fig. 2. Southern blot analysis of 2.2 kb
= 5=z 3 & ~ B-pol cDNA.
1.3 » % % § § c¢DNA was partially digested with EcoRI as
&} ‘ 8 Lu W described in Materials and Methods. The
; . . - DNA was then electrophoresed, blotted
0.65 ' - ' ! onto nitrocellulose and hybridized to the
B P 0.45 1] 0.65 10F and 108 probes (A). The EcoRl restric-
’ w e ' A tion map of the cloned cDNA and designa-
S |_ M tion of fragments are shown on Fig. 2B.
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HEE e sequence specific for tha 4.0 kb tranecript
EEEEEEE The polymerase fi open reading frame

cggcaccaty agcaaaCGCA AGGCCCCGCA GGAGACCCTC AACGGCGGCA TCACGGACAT GCTCGTGGAA CTCGCAAACT
TTGAGAAGAA CGTGAGCCAG GCGATCCACA AGTACAATGC ATACAGAAAAR GCAGCATCTG TGATAGCAAR GTACCCACAC
AAAATCAAGA GCTGGAGCAGA AGCTAAGAAA TTGCCAGGAG TAGGAACRAR AATTGCTGAA AAMGATTGATG AATTTTTAGC
AACTGGAARA TTGCGTARAC TGGAAAAGAT TCGTCAGGAT GATACAAGTT CATCCATCAR CTTCCTGACT CGAGTTACTG
GCATCGGGCC ATCTGCTGCA AGGAAGCTTG TAGATGAAGG AATTARAACA TTAGAAGATC TCAGGAAARAA TGAAGATAAA
TTGRACCACC ATCAGCGAAT TGGGCTGAAA TATTTTGAGG ACTTTGAAAA GAGAATTCCT CGTGAGGAGA TGCTGCAAAT
GCAGGACATT GTTCTTAATG AAGTTAARAR GCTGGATCCC GAGTACATCG CTACAGTCTG CGGCAGTTTC CGAAGAGGCG
CAGAGTCCAG TGGAGATATG GACGTTCTGC TGACCCACCC AAARCTTCACG TCAGAATCAA GCAAACAGCC AAAGTTGTTA
CATCGTGTTG TGGAACAGTT ACAAAAAGTC CGTTTCATTA CAGATACTCG TTCRAAGGGT GAGACAAAGT TCATGGGTGT
TTGCCAGCTT CCCAGCGAGA ATGATGAARA CGAATATCCA CACAGGAGAR TCGATATCAG GTTGATCCCC AAAGATCAGT
ACTACTGTGG TGTTCTCTAC TTCACTGGAR GTGACATCTT TAATAAGRAT ATGAGAGCGC ATGCCCTGGA ARAGGGCTTC
ACAATCAATG AGTACACCAT CCGCCCCCTG GGGGTCACTG GGGTTGCTGG GGAGCCCCTT CCGGTGGACA GCGAGCAGGA
CATTTTCGAT TACATCCAGT GGCGCTACCG GGAGCCCAAG GACAGGAGTG AATGACGCCT GCCCCACCCA GGCCTATCCC
ACGAGGAGTC CTAAGTTATT GCTTAACCTT TGCTATGTAA GGGTTGGGTG TTTTAGGTGA TTGCCTCTTC TCTGTGCTTC
CCATGGACTA TCGTCAATGA ACCTCTTGAG CAGCTattca gtattttctt agcacatgtyg tttaaactta gatatgtttg
tgatcgcagt accatggttt actagagaaa cgtaagagcc gatgtgataa gcagtgttta atgacctttc acttccacct
cacattgcag ccacagtcgg ccccacttgt ccctatccac cctttatggg tcagctggte tcccagagec atctccagaa
gtcacttcat tatccttaga aacaaggggc ttccaggeat ggtggtgeac atccttaate ccaggacttg ggaggcagag
acaggcagat ctctgtgagt tcaaggecag cccagactac atactgaatt cagggtgcca gagctacata gtgaggccct
atctaaaaag aaaggggcct tcatagcetgt aagacttctg tgaccatttc ccatttgcag tgtatactga taactagaag
acagtgtgtg ctttacctca ggggcagecct tcccctcaca gotcaatggc acctaactag cattcatcag tcgtctggtg
gacagtccac tgtttatcaa ataacattct gtgacacgaa caaagaactt caagtttaag aaagatttat ttgagcagat
tgagccactg tgtctggaty getttattgt agagtcctgt catgttgtag atggtagtca caaagtcaga agtaactcat
cacagcgtct ggtcactgtce agttactaga agattcaget ttatttatgt gctgggtata atgtacttgc ctgtaatcce
aagactcact cgaggcaaga ggaacgtgag ttcgaagcec accetggget atatagcetta ctctgagacc ctgtctcaga
acccttacec ctceccccaa aaattatcca ggaggcagag gcaggtgggt ctetatgggt gtaaggcecat ccagggctac

acagcgagac cactgtctca gaaaacaaaa taaaaaaaaa aaaaaactga attc

Fig. 4. The restriction map and the nucleotide sequence of the cloned cDNA fragment of the high-molecular

weight polymerase P transcript.
Capital letters indicate the sequence identical to the sequence of 1.4 kb transcript. The open reading frame is underlined.
Boldface letters indicate the probable polyadenylation signal for the 1.4 kb transcript.
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ase PB.This conclusion is based on the following

observations:

~1. The total length of the cloned cDNA (2.2 kb)
is considerably greater than 1.4 kb — the ma-
ximal length value for the shorter polymera-
se-B transcript.

—2. The fragment M of the cloned cDNA hybri-
dizes to 4.0 kb mRNA of DNA polymerase B,
but it does not hybridize to the 1.4 kb trans-
cript.

3. The length of the fragment L is by about 300
bp greater than the related short transcript
EcoRI fragment (10S).

The sequence analysis of the 2.2 kb cDNA
revealed that both transcripts have the same
ORF and a part of 3’ noncoding sequences. The
further sequence of fragment L and the whole
fragment M corresponds to high-molecular
weight DNA polymerase B transcript. The
presence of the A-rich region at the 3’ end of the
2.2 kb ¢cDNA (Fig. 4) could be a reason for the
repeating synthesis of the shorter than full-
length (about 4 kb) cDNA [19].

The pre-mRNA polyadenylation site has been
precisely determined in animal cells [20-23].
The hnRNA cleavage and polyadenylation
events are directed by the sequence elements
located upstream and downstream of the cleav-
age site. The most important element,
AAUAAA, is typically located 10-35 nucleo-
tides upstream of the poly(A) site. Sequence
analysis of the 1.4 kb transcript revealed an
AAUGAA sequence 20 nucleotides upstream
of the 1.4 kb transcript polyadenylation site
with one mismatching nucleotide (G instead of
A). This sequence may serve as a weak
polyadenylation signal. Therefore, we suggest
that the high molecular weight transcript is
generated by alternative polyadenylation.

We have demonstrated previously the tissue-
and development-specific B-polymerase gene
expression [11, 13, 15]. The precise mechanism
of such regulation remains unexplained. It was
shown that certain DNA polymerase B gene
sequences could act as the tissue- and develop-
ment-specific regulatory elements [24, 25]. On
the other hand, there are some experimental
data which suggest involvement of the alterna-
tive polyadenylation in regulation of other
genes [23], particularly in their tissue- and de-
velopment-specific expression [26-28]. The
possible role of alternative polyadenylation in
regulation of the DNA polymerase [} gene ex-

pression could be explained by the different
stability of the two messengers with different 3’
non-coding regions. There are examples of the
selective degradation of mRNAs containing
defined sequence elements in their 3’ non-cod-
ing regions [29-31]. On the other hand, it is
possible that certain sequences responsible for
higher structure formation could stabilize the
mRNA molecule. In the cloned cDNA fragment
of the high molecular weight transcript of DNA
polymerase B there are regions with sequences
suggesting their involvement in such interac-
tions. These are long G and A-rich tracts and
possible hairpin loop-forming palindromes.
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