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Expression of PP2A B regulatory subunit B isotype in rat testis
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We isolated a rat cDNA encoding part of the S-isotype of the B regulatory subunit (BRS) of protein phosphatase 2A (PP2A). The 1solated cDNA

encoded the region corresponding to amino acids positions 8(R) to 177(N) of human BRS. The identities of the nucleotide and amino acid sequences

of the rat and human BRfs were 95.7% and 100%, respectively The BRS mRNA was specifically expressed in rat brain and testis, the lengths of

mRNAs in these two organs being different. In the testis, the BRS mRNA was first detected 40 days after birth, increasing gradually thereafter,

and was expressed specifically in elongated spermatids, while mRNA of the a-isotype (BRa) was expressed equally in all spermatogenic cells. After

meiosis, round spermatids change morphologically to elongated spermatids. BRS may regulate the activity of the PP2A catalytic subumt in
spermatids, and be involved in spermatogenic maturation, especially spermatid elongation.

Spermatogenesis; B regulatory subunit of protein phosphatase 2A; cDNA cloning

1. INTRODUCTION

Serine/threonine protein phosphatases are classified
into four isoenzymes; type 1 (PP1), type 2A (PP2A),
type 2B (PP2B) and type 2C (PP2C). We have cloned
rat cDNAs for four isoforms of PP1, PPla, PPIyl,
PPly2 and PPId [1]. PPIy2 mRNA and its protein
were found to be expressed specifically in spermatocytes
and early spermatids, and to be located on the chromo-
somes in the meiotic phase (Shima et al., Adv. Prot.
Phosphatases, in press), suggesting a key role of PP1y2
in meiotic division. Recently, two isoforms of the cata-
lytic subunit of PP2B (calcineurin) were reported to be
present in the testis [2,3], and to play a role in flagellar
motility [2].

The PP2A catalytic subunit (C, 37 kDa) is expressed
ubiquitously in rat tissues. It is mainly present as a
holoenzyme forming a complex with 65 kDa and 55
kDa regulatory subunits (the AR and BR subunit, re-
spectively); the basic form is the AR-C complex, and the
BR subunit is associated with the dimer through the AR
subunit [4]. The AR and BR subunits were shown to
modulate the phosphatase activity of the C subunit in
vitro [5-8]; cDNA clones for the two respective isoforms
of C, the AR and BR subunits, PP2Aa and PP2Af [9],
ARa and AR [10], and BRa and BRE [11] have been
1solated from several animal species. We have cloned
three kinds of rat cDNA for catalytic subunits, one for
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PP2Aa and two for PP2AS, which were named PP2Afs
and PP2ABL [12-14]. The PP2APs isotype was found
to be expressed specifically in the testis [15]. This sug-
gests that PP2A plays some role in spermatogenesis
and/or sperm function. In this paper, we report the
partial sequence of rat BRS, and specific expression of
a unique type of BRS mRNA in the testis.

2. MATERIALS AND METHODS

2.1. Oligonucleotides used for cDNA synthesis

Oligonucleotide primers were synthesized based on the reported
human cDNA sequence encoding 55 kDa BRS [11] in an Applied
Biosystems DNA synthesizer (Model 381A). The sequences of the 5
and 3’-end primers were 5'-ATGGAGGAGGACATTGATAC-3’ and
5-GTCGCTGTTGACAGATATGG-3’, respectively.

2.2. ¢DNA cloning

c¢DNA was prepared by reverse transcription (RT) of total RNA
from rat brain as reported [16]. The resulting cDNA was amplified by
the polymerase chain reaction (PCR) using a GeneAmp RNA PCR
Kit (PERKIN ELMER CETUS, Norwalk) according to the manufac-
turer’s protocol, and was cloned using a TA cloning system (Invitro-
gen, San Diego).

2.3. Sequencing of cDNA

Both DNA strands of the cDNA were sequenced by the dideoxynu-
cleotide chain-termination method [17] using Sequenase Version 2
(United States Biochemical, Cleveland) according to the manufac-
turer’s protocol.

2.4. Fractionation of spermatogenic cells

Testes of 45-day-old F344 male rats were dissociated by treatment
with collagenase/dispase and filtered through nylon mesh Pure popu-
lations of primary spermatocytes, round spermatids and elongated
spermatids were obtamned by unit gravity sedimentation in a CelSep
chamber containing a 2-4% linear Pertol gradient in phosphate-buf-
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fered saline (PBS). The purity of the fraction was 80-85% (spermato-
cytes), 85-90% (round spermatids) and 85-90% (elongated spermatids)

2.5. RNA extraction and Northern blot anulysis

Total RNA was isolated by acid guamdinium thiocyanate-phenol
chloroform extraction [18]. For studies on the tissue distribution, total
RNAs were obtamned from various frozen tissues of an F344 normal
male rat of 12 weeks old. Total RNAs from the testis were obtained
from F344 male rats of various ages Total RNAs were also extracted
from spermatogenic cells after their fractionation as described above.
Northern blot analysis was performed using 10 ug of total RNA as
described elsewhere [13]. and analyzed 1n a bio-imaging analyzer (BAS
2000. Fuji Photo Film, Tokyo) ¢cDNAs encoding partial sequences of
rat ARx. BRx (Hatano, in preparation), BRf, and the PsiI-EcoRI
fragment of the 3’ non-coding region of rat PP24a cDNA |13] were
labeled by the random priming method (Amersham). and used as
probes.

3. RESULTS

3.1. Isolation of cDNA encoding part of rat BRP

The sequence of the cDNA encoding part of rat BRj
obtained by RT-PCR is shown in Fig. 1A. The BRfS
cDNA was 512 bp in length, and the amino acid se-
quence deduced from this cDNA clone encompassed a
region corresponding to one from position 8§ to 177 of
the reported human BRf (Fig. 1B). In this region, the
correlation of nucleotide and amino acid identities were
95.7% and 100%. respectively, between the rat and
human sequences.

A

FEBS LETTERS

June 1993

3.2. Coordinated expressions of rat ARa and BRo
mRNAs in various tissues

Northern blot analysis demonstrated that the ARa
and BRa genes were expressed in all the tissues exam-
ined. The length of the 4Ra and BRa transcripts were
approximately 3.1 kb and 2.6 kb. respectively. in all
tissues examined. The expression levels of ARa mRNA
were high in the cerebrum, brain stem and lung, low in
the liver and muscle. and intermediate in the other tis-
sues examined. BRa mRNA was expressed in the same
manner as 4 Ra mRNA, except that of the tissues exam-
ined its level was highest in the testis (Fig. 2A).

3.3. Testis- and brain-specific expressions of rat BRB
mRNA

Northern blot analysis revealed that the BRf gene
was expressed at high level in the cerebrum, pituitary
gland, brain stem and testis, and weakly in the cerebel-
lum, lung and kidney (Fig. 2A). Its mRNA was not
detected in other organs. Prolonged electrophoresis
showed that there were two classes of mRNAs in the
cerebrum and brain stem, and another class in the testis
(Fig. 2B). By comparison with the mobilities of ribo-
somal 288 and 18S RNAs, the length of BRS mRNA
of the testis was estimated to be approximately 1.8 kb
and those of the brain were estimated to be approxi-
mately 3.1 and 2.4 kb.

Rat CCGCARAATCAACARCAGTTTCCTGCGCGACCACAGCTATGCARCCGARGCTGACATTATCTCTACGGTAGAATTCAACCACACT

Human

G
R K I N N 8 F L R D H S ¥ A TEMADTITI STV EFNIZET

G

GGAGAGTTACTAGCGACGGGGGACAAGGGGGGTAGGGTTGTAATATTTCAGCGAGAACAGGAGAGTARAAATCAGGTTCATCGT
c A G

_____ A A

AGGGGTGAATACAATGTTTACAGCACATTCCAGAGCCATGAACCCGAGTTCGATTACCTGAAAAGT TTAGAAATAGAAGAARAA

R 6 E Y NV ¥ 858 TF Q $S$ HEU@PETFUDUVYIULIZ KSULETITETE K

ATCAATAAAATAAGATGGCTCCCTCAACAAAATGCAGCTTACTTTCTTCTGTCTACCAACGATAAAACTGTGAAGCTATGGAAA
G

C-~G--C
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c A C—=A
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Fig. 1. Partial nucleotide and deduced amino acid sequences of rat BRS. The cDNA clone for part of the rat BRS was isolated by the RT-PCR

method as described in Section 2 (A) Nucleotide sequences of the rat (top) and human (middle) The deduced ammo acid sequence of the rat 1s

aligned at the bottom. Identities are shown as (). (B) Schematic alignment of human BRA and partial rat BRS sequences. The shaded box indicates

the ammno acid sequence which was clarified from the cDNA of the partial rat BRf sequences. Numbers of amino acids corresponding to the human

BRJ are shown. The nucleotide sequence has been submitted to the DDBJ/EMBL/GenBank Nucleotide Sequence Databases with accession number
D14421.
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Fig. 2. Expressions of 4ARa, BRa, BRf and PP2Aa mRNA in normal rat tissues. Samples of 10 ug of total RNAs were extracted from various

tissues of normal rats of 12 weeks old. (A) Samples of 10 ug of total RNAs were separated in 1% formamide-agarose gel, blotted and hybridized

with labeled partial cDNA for the rat ARa, BRa, BRS, the Pst1-EcoRI fragment of the 3’ non-coding region of the PP2Aa cDNA or p6.6 fragment

of 28S ribosomal DNA [26]. (B) Samples of 10 ug of total RNAs of testis and brain were subjected to longer electrophoresis than for (A). blotted
and hybridized with labeled BRS cDNA.

3.4. Change in expression of BRB mRNA during testis
development after birth

The BRp transcript was not detectable in testis for 35
days after birth, but was detected at 40 days, and its
expression then increased gradually up to 150 days. The
length of the BRS transcript was the same in all samples
of testis from 40 days to 150 days after birth. On the
other hand, the BRa transcript was already detectable
5 days after birth, and its level remained constant up to
150 days after birth. The length of the BRa transcript
was also the same from 5 to 150 days after birth (Fig.
3).

3.5. Specific expression of BRB mRNA in elongated
spermatids

Spermatogenic cells were fractionated into spermato-
cytes, round spermatids and elongated spermatids. The
BR{ transcript was expressed highly and almost specif-
ically in elongated spermatids: its expression in elon-
gated spermatids was about 20-fold that in round sper-
matids, in which it was expressed at very low level and
its expression in spermatocytes was not detectable (Fig.
4).

The expression levels of BRa in spermatocytes, round
spermatids and elongated spermatids were the same as
judged by normalization with 28S ribosomal RNA.

4. DISCUSSION

The expression level of A Ro mRNA was coordinated

with that of BRa in all organs examined, except the
testis. BRS mRNA was expressed almost specifically in
the testis and brain. Two sizes of BRS mRNAs are
expressed in the rat and human brain, and in the human
brain, this size difference was reported to be due to a
difference in length of the 3’ non-coding region [11]. We
found a novel type of BRS mRNA in rat testis, but the
reason for the difference in its length is still unknown.

In most tissues, the expression of PP2A4a is high and
10-fold that of PP2Af [19], but in the testis its level of

days

BRo

BRp
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Fig. 3. Change of expression level of BRf mRNA in rat testis after
birth. Total RNAs were extracted from F344 male rats of 5, 15, 20,
25, 30. 35, 40, 60 and 150 days old. Samples of 10 ug were blotted and
hybridized with labeled cDNA encoding part of rat BRa or BRS 28S
ribosomal RNA was used for standardization of loaded samples.
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Fig. 4. Expression of BRS mRNA 1n fractionated spermatogenic cells.

Total RNAs were extracted from spermatocytes, round spermatids,

elongated spermatids and whole testis cells of male rats of 44 days old

Samples of 7 ug of each were blotted and hybridized with labeled

cDNA encoding part of rat BRa or BRS. 288 ribosomal RNA was
used for standardization of sample loads.

expression is relatively low, and instead. the expression
level of PP2AB. and especially that of the unique
PP248 mRNA, PP2ABS. is high [15]. The difference
between PP2ABL and PP2ABS is due to differences in
their non-coding regions [14]. PP2ASS mRNA was not
detectable for 22 days after birth, but was detected from
24 days after birth [15]. Possibly BRf is involved in
regulation of PP2AS catalytic activity in elongated sper-
matids.

Several in vitro studies have shown that the B regula-
tory subunit defines the substrate specificity [6,7]. In
vivo studies using mutants of Saccharomyces cerevisiae
and Drosophila showed the B regulatory subunit is re-
quired for completion of anaphase [20.21]. Abnormality
of the microtubule spindle in the B regulatory-deficient
Drosophila mutant suggested that PP2A is essential for
microtubules dynamics [21]. In the process of spermato-
genesis, after completion of meiotic division 11, second
spermatocytes produce haploid spermatids that un-
dergo some morphological changes. The flagellum
sprouts from the centrioles. Formation of the manchett.
which is a microtubule-rich sheath, begins around the
nucleus, and extends to the flagellum, its formation
being thought to be related to spermatid elongation.
The nucleus begins to condense, and is displaced to-
wards the periphery of the cytoplasm with elongation
and lateral flattening. Tau protein is a microtubule-
associated protein. located in both neuronal axons and
the manchett of the elongated spermatid [22]. Tau pro-
tein has been reported to be phosphorylated at serine/
threonine residues [23] and dephosphorylated by PP2A
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{24] in vitro, and is probably involved in microtubule
polymerization. Since both tau and BRS are co-ex-
pressed in elongated spermatids, it is possible that tau
is one of the substrates of the PP2A containing BRS.
BRS might be involved in cell transformation by regula-
tion of manchett assembly.

In the brain. BRf is expressed at high levels in the
cerebrum and brain stem, but little, if at all. in the
cerebellum. Comparison of PP2A complexes in the cer-
ebellum and cerebrum and effect of BRS on the sub-
strate specificity in vitro require further study.

Acknowledgments This study was supported by a Grant-1n-Aid from
the Ministry of Science and Education of Japan, a grant from the
Ministry of Health and Wealth for a Comprehensive 10-Year Strategy
for Cancer Control. Japan and a grant from Sankyo Foundation of
Life Science Y H. is the recipient of a Research Resident Fellowship
from the Foundation for Promotion of Cancer Research

REFERENCES

[1] Sasaki. K., Shima, H . Kitagawa. Y.. Irino, S., Sugimura, T. and
Nagao, M. (1990) Jpn. J Cancer Res. 81, 1272-1280.

[2] Tash, J.S., Krinks, M., Patel. J.. Means, R.L.. Klee. C.B. and
Means, A.R. (1988) J. Cell Biol. 106, 1625-1633.

[3] Muramatsu. T.. Gir1, P.R | Higuchi, S. and Kincaid, R L. (1992}
Proc. Natl Acad. Sc1. USA 89, 529-533

[4] Kamibayashi, C., Estes. R., Slaughter, C. and Mumby, M.C.
(1991) J. Biol Chem 266, 13251-13260

[5] Chen, S C., Kramer. G and Hardesty. B. (1989) J Biol. Chem.
264, 7267-7275.

[6] Imaoka, T, Imazu, M., Usui. H., Kinohara. N. and Takeda, M.
(1983) J. Biol. Chem. 258, 1526-1535.

{7] Mumby, M C.. Russell. K.L., Garrard. L.J. and Green, D D.
(1987) J. Biol Chem. 262, 6257 6265.

[8] Smuts, PH M., Smits, H.L.. Mimnaar, R P.,. Hemmungs. B A.,
Mayer-Jaekel, R E.. Schuurman, R.. van der Noordaa, J. and ter
Schegget. J. (1992) EMBO J. 11, 4601 -4606.

9] Cohen, P (1989) Annu Rev. Biochem. 58. 453-508.

[10] Hemmings, B A.. Adams-Pearson, C., Maurer, F.. Muller, P.,
Gors, J., Merlevede. W . Hofsteenge, J. and Stone, S.R. (1990)
Biochemistry 29, 3166 -3173.

[11] Mayer. R.E.. Hendrix. P, Cron. P. Matthies, R., Stone, S.R ,
Goris, J.. Merlevede, W . Hofsteenge. J. and Hemmings, B A.
(1991) Biochemustry 30. 3589- 3597.

[12} Kitagawa, Y, Tahira, T., Ikeda. 1., Kikuchi, K, Tsuiki, S,
Sugmmura, T. and Nagao. M. (1988) Biochim Biophys. Acta 951.
123 129.

[13] Kitagawa, Y., Sakai, R, Tahira. T.. Tsuda, H, Ilto, N,
Sugimura, T and Nagao, M (1988) Biochem. Biophys Res.
Commun. 157, 821-827

[14] Sasaki, K., Kitagawa. Y. Shima, H., Irno, S.. Sugimura, T. and
Nagao, M. (1990) Biochem Biophys Res. Commun. 170, 169—
175.

[15] Kitagawa, Y.. Sasaki. K . Shima, H., Shibuya, M., Sugimura. T
and Nagao, M. (1990) Biochem Biopys Res Commun. 171,
230-235.

[16] Wang. A.M., Doyle. M.V. and Mark, D.F. (1989) Proc. Natl
Acad. Sci. USA 86, 9717 9721.

[17] Sanger. F., Nicklen, S. and Coulson, A R. (1977) Proc. Natl.
Acad. Sc1. USA 74, 5463- 5467.

[18] Chomezynski, P. and Sacchi, N. (1987) Anal. Biochem. 162, 156—
159.



Volume 324, number 1 FEBS LETTERS June 1993

[19] Mayer, R.E., Khew-Goodall, Y., Stone, S R., Hofsteenge, J. and
Hemmings, B.A. (1991) Adv. Prot Phosphatases 6, 265-286.

[20] Healy, A.M., Zolnierowicz, S., Stapleton, A.E.. Goebl, M., De-
poli-Roach, A.A and Pringle, J.R. (1991) Mol. Cell. Biol 11,
5767-5780.

[21] Mayer-Jaekel, R., Ohkura, H, Gomes, R., Sunkel, C.E,
Baumgartner, S., Hemmings, B.A. and Glover, D.M. (1993) Cell
72, 621-633.

[22] Ashman, J.B., Hall, E S, Eveleth, J. and Boekelheide, K. (1992)
Biol. Reprod. 46, 120-129.

[23] Ishiguro, K., Omor, A., Sato, K., Tomizawa, K., Imahori, K.
and Uchida, T. (1991) Neurosci. Lett. 128, 195-198

[24] Goedert, M., Cohen, E.S., Jakes, R. and Cohen, P. (1992) FEBS
Lett. 312, 95-99.

75



