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Summary: Two types of cDNA clones of protein phosphatase 2A3,
PP-2ABL and PP-2ABS, were isolated from a rat testis cDNA library.
PP-2ABL was 1.8 kb in length and corresponded to the 2.0 kb
mRNA that is the major species expressed in somatic tissues.
PP-2ABS was 1.3 kb in length and corresponded to the 1.4 kb
mRNA that is the major species expressed in germ cells of the
testis. Nucleotide sequencing of these two clones revealed that
their open reading frames were identical. The only difference
between these two cDNAs was at the 3' non-coding region due to
alternative poly(A) addition: the 1.8 kb ¢DNA had a consensus
poly(A) addition signal, AATAAA, but the 1.3 kb ¢cDNA had an
unusual poly(A) addition signal, probably with the sequence
AATATA. These data suggest that in germ cells there may be some
mechanism that utilizes the specific poly(A) addition signal.  e1s%
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Phosphorylation and dephosphorylation of serine and
threonine residues of various proteins are the principal
mechanisms regulating almost all cellular processes. Protein
phosphatases (PPs) that are inhibited by inhibitor-1 or -2 have been
classified as PP-1 enzymes, whereas those that are insensitive to
these inhibitors have been classified as PP-2 enzymes. PP-2
enzymes are further subdivided into PP-2A, PP-2B and PP-2C
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enzymes according to their divalent cation requirements (1).
Recent studies on fungi have revealed that PP-1 enzymes play
important roles in mitosis and that chromatid disjunction is
impaired in PP-1 deficient mutants (2-5). On the other hand, the
catalytic subunit of PP-2A was shown to enhance replication of
SV40 in vitro, possibly due to dephosphorylation of the SV40 large
T antigen (6). These data suggest that specific protein
phosphatases are involved in stage specific events in the cell cycle
and DNA replication.

We have found that 2.0 kb mRNA for PP-2ApB, one of the
catalytic subunits of PP-2A, was detected as a major species in
somatic tissues, whereas 1.4 kb mRNA was predominantly
expressed in the testis. Further analysis by fractionating the
testicular cells indicated that this shorter transcript is mainly
expressed in meiotic prophase, suggesting that this shorter mRNA
plays a special role in meiosis (7).

In this study, to clarify the mechanism regulating production
of the shorter mRNA we isolated ¢cDNA clones of PP-2AB and
obtained two types: one corresponded to the 2.0 kb mRNA
expressed as the major species in somatic tissues (PP-2ASL) and
the other corresponded to 1.4 kb mRNA expressed predominantly
in germ cells (PP-2AB8S).

MATERIALS AND METHODS

Isolation of ¢cDNA clones A rat testis ¢cDNA library, constructed
in Agt10 (8, 9), was screened with a 0.94 kb Puvull fragment, a part
of the coding region of a rat PP-2Ag cDNA clone (10). Plaque
hybridization was carried out at 42 °C in a solution of 50 %
formamide, 0.65 M NaCl, 0.1 M sodium PIPES (pH 6.8), 5x
Denhardt's solution, 0.1 % SDS, 5 mM EDTA, 10 % dextran
sulfate, salmon sperm DNA (100 pug/ml) and a probe labeled by the
random priming method (Amersham) using [a-32P]dCTP, followed
by four washes with 2x SSC and 0.1 % SDS at 50 °C for 20 min each
time. Positive clones were purified and cloned into the EcoRI site
of Bluescript pKS-M13+ (Stratagene) (11).

Sequence analysis of cDNA clones A series of overlapping deletion
mutants were obtained by treatment with Exonuclease Il and Mung

Bean Nuclease (11). Both DNA chains were sequenced by the
dideoxy chain-termination method using a 7-deaza-Sequenase II kit
(USB) (12).

Genomic DNA analysis using the polymerase _chain reaction (PCR)

Samples of 500 ng of rat genomic DNA and 5 ng of PP-2ASL cDNA
clone were amplified by the PCR as described (13) with the
primers indicated in Fig. 2. Forty cycles of the PCR were
performed. Samples of one tenth of the amplified DNAs were
subjected to electrophoresis on 2 % 'Nu-sieve' agarose (FMC).
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Differential hybridization using oligomers as probes Total RNAs

from tissues were extracted by the single-step total RNA isolation
method (14). Samples of 10 pg of RNAs were fractionated in
formaldehyde/agarose gel and transferred to a nitrocellulose
membrane as described (15). Forty-mer oligonucleotides
corresponding to the 3' non-coding region of the PP-2Ap c¢DNAs
shown in Fig. 2 were end-labeled with [y- 32PJATP by Ty
polynucleotide kinase and used as probes. Hybridization was
performed under the same conditions as plaque hybridization but
without dextran sulfate.

RESULTS

Isolation of two kinds of cDNA clones for PP-2Af3 mRNA

Six positive ¢cDNA clones were obtained from 2x105 cDNA
clones derived from a rat testis cDNA library. The restriction sites
of Pvull, Accl and Bglll were mapped. Four of the six ¢cDNA clones
were suggested to correspond to the 1.4 kb mRNA for PP-2Ap
which was expressed predominantly in germ cells and were named
PP-2AB8S (Fig. 1). The other two clones seemed to correspond to
the 2.0 kb mRNA for PP-2A8 which was major mRNA in somatic
tissues and were named PP-2ABL (Fig. 1). The restriction map of
PP-2ABS was the same as that of a PP-2AB ¢DNA clone previously
isolated from a rat liver cDNA library (10). Restriction mapping of
PP-2A8S and PP-2ABL suggested that they differed only in the
length of the 3' untranslated region (Fig. 1).
PP-2ABS produced by aliernative poly{A] addition in testis

The nucleotide sequence was determined by the strategy
described in Materials and Methods. The sequence of PP-2ABS was
the same as that of the PP-2A8 cDNA that we previously cloned from
a rat liver ¢DNA library (10}. The nucleotide sequences of PP-2ZAB8S
and PP-2ABL upstream of nucleotide 1008 were identical (Fig. 2). A
poly(A) tail followed just downstream of nucleotide 1008 in PP-

PP A B A
pP2AfL ————— gy

PP A B A
PP-2AS —(—————an

500bp

Figure 1. Restriction maps of PP-2A3 cDNA clones from rat testis.
The sizes of PP-2ABL and PP-2ABS were 1.8 kb and 1.3 kb,
respectively. Open bars indicate the open reading frames and
closed bars represent non-coding regions of the cDNAs. Restriction
enzymes: P, Poull; A, Accl; B, Bgll.
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890 900 910 920 930

PP-2ABL GTGGAGAGCC TCATGTGACC CGGCGCACCC CAGACTACTT CCTATAARATT CCTCCCCAGG ACCTGTCTTT GTATGTTGAA GTATACCTGG CTTTTTAAAA AATATATATA CATATATATA

PP-2ABS GTGGAGAGCC TCATGTGACC CGGCGCACCC CAGACTACTT CCTATAAATI CCTCCCCAGG ACCIGTCTIT GTATGITGAA GTATACCTGG CTTTTTAAAA [EKTATHTATA CATATATATA

oligo 1 -

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1120

PP-2APL TTTAAAAACA ACAGTTATCT GTGTGTCTCT GTAACAAATT GTGCTATGTC TTGACGTTAA AACACATCAT GGACCAAAAC GTGCCATACT AATGGTGAGC CATCAGCACG GTGTGAACTT
PP-2ApS TTTAAARAAA ARAAAAAAAA AAAAAAA

940 Primer oo 960 270 980 990 1000

1130 1140 1150 1160 1170 1180 1190 1200 1210 1220 1230 1240
PP-2APL GAGTCCACTG TCCTAGCCGA GTCAACCAGG CAGCCGCCTG CCCGCCTGCC TGCTGTAGTA GCCGTCCTTC GTGACTGGTT AAGGGRAAGG GTCACTGGTG GCTTCATCTC CTTTGCGCTT

1250 1260 1270 1280 1290 1300 1310 1320 1330 1340 1350 1360
PP-2ABL ACTTGGAAAL TTAGTTACAA GTTTAACTGG CATGGATTAT AGAGTTGGAG TTTTATTTTT ARGAATTGAC AAGCTGACTT CCACTTAAAT TCATAACCCT TTATTTTGTT GAAATGTATG

primer 2

1370 1380 1390 1400 1410 1420 1430 1440 1450 1460 1470 1480

PP-2ABL ACTAACTGAA GAAGAGATTC TTGGAGTATG TTGTCATAAC ACTAAGATTT CCTTTCAAGT TTCCTGAACT GAATTACTGT TGGATGTTGA CCTGCACATT CTGTATATTT GTCCTGACAG
oligo 2

1490 1500 1510 1520 1530 1540 1550

PP-2APL TGTTGCATCC TCCTTGCTGT ACTGAACA TTCCC AATTTAGAGA GAARAAAAAA AAAAAAAAAA

Figure 2. Nucleotide sequence of 3' non-coding regions of PP-2AgL
and PP-2A3S cDNAs. Open boxes denote possible poly(A) addition
signals. The regions complementary to the synthetic oligomers
used as probes are underlined. The destabilization signals are
doubly underlined. Arrows denote PCR primers.

2ABS, but more than 500 bp downstream of nucleotide 1008 in PP-
2ABL. The PP-2ABL has a consensus polyadenylation signal, AATAAA,
23 nucleotides upstream of the poly(A) addition site (Fig. 2). In PP-
2ABS, AATATA located 23 nucleotides upstream of the poly{A) tail
(Fig. 2) seemed to be the polyadenylation signal, as reported
previously (10).

To confirm that PP-2ABL was not produced by recombination
with an unrelated sequence during the process of cDNA cloning, we

] ~=— 380 bp 1427 .3 kb 1 .2 ..3 kb

- 2.0 o owe e - 2.0

- 1.4 - 1.4

@ oligo 1 oligo 2

Figure 3. Genomic analysis using PCR. PCRs were performed as
described in Materials and Methods. Amplified DNAs were
separated by gel electrophoresis, stained with ethidium bromide
and photographed in UV light using a red filter. lane 1, genomic
DNA; lane 2, PP-2ApL.

Figure 4. Differential hybridization using synthetic oligomers as
probes. Samples of 10ug of total RNA from normal rat heart, brain
and testis were blotted and hybridized with end-labeled synthetic
oligo 1 (A} and oligo 2 (B). lane 1, heart; lane 2, brain; lane 3, testis.
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analyzed the genomic DNA using the PCR. The primers indicated in
Fig. 2 were used for amplification of the genomic sequence of
interest by PCR. As shown in Fig. 3, genomic DNA and PP-2AgL both
produced DNA fragments of 380 bp. We obtained further
confirmation by differential hybridization with oligo 1 and oligo 2 as
probes (Fig. 2). Oligo 1 detected both 2.0 kb and 1.4 kb mRNA for
PP-2AB, but oligo 2 detected only the 2.0 kb band (Fig. 4). These
data proved that the cDNAs that we cloned represent two species
of mRNA, and that PP-2ABS and PP-2ABL corresponded to 1.4 kb
and 2.0 kb mRNA, respectively.

These results show that shorter mRNA for PP-2AB, which is
present predominantly in the testis, is produced by alternative
poly(A} addition.

DISCUSSION

In this study. we cloned and analyzed two types of ¢cDNAs, PP-
2ABS and PP-2ApL, from rat testis. Interestingly, PP-2A8S and PP-
2ABL were produced by alternative poly(A) addition. In PP-2AfL, a
consensus poly(A) addition signal, AATAAA, was found 23 bp
upstream of the poly(A) tail, whereas in PP-2A8S, an unusual
poly(A) addition signal, AATATA (16), was found 23 bp upstream of
the poly(A) tail. Differential hybridization using oligoprobes clearly
demonstrated that PP-2A8S is the cDNA corresponding to the 1.4
kb mRNA for PP-2AB, which is predominantly expressed in the
testis, whereas PP-2ABL corresponded to the 2.0 kb mRNA
expressed as the major species in somatic tissues (7). A small
amount of the shorter mRNA is also expressed in somatic tissues,
and, in fact, we previously obtained a ¢cDNA clone of this from a rat
liver ¢DNA library (10). PP-2ABL has two destabilization signals,
ATTTA (17), in the 3' non-coding region, whereas PP-2ABS has only
one {Fig. 2). Thus this shorter mRNA may have a longer half life.

Shorter species of mRNAs for the regulatory subunits of cAMP
dependent protein kinase, Rlo, Rilo and RII, have been reported
to be expressed only in the testis (18, 19). Recently, a smaller 1.5
kb transcript and longer 3.0 kb transcript of human Rla were
shown to be generated from the same gene by the use of different
poly(A) addition signals and the smaller one was found to have
fewer destabilization signals (19). This report together with the
present results suggest that there is a testis specific mechanism
that recognizes another poly(A) additional signal efficiently, and
that this may be important for mRNA stability in germ cells.
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Interestingly, smaller sized mRNAs for other genes such as
pim-1 and c-raf have also been shown to be expressed only in the
testis (20, 21). We previously reported that 1.8 kb shorter mRNA of
dis2m1, encoding a catalytic subunit of PP-1, was a major species in
testicular germinal cells, whereas 2.6 kb mRNA was the major
species in somatic tissues (7).

For polyadenylation of mRNA precursors, multiple factors,
such as poly(A) polymerase, cleavage factor and snRNP are required
(22-25). Some of them may be involved in testis specific poly(A)
addition,
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