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Complementary DNAs encoding two subunits of scallop (Patinopecten yessoensis) testis
calcineurin were cloned, and the nucleotide sequences of their coding regions were
determined. The deduced amino acid sequences of the catalytic subunit, calcineurin A
(486 amino acid residues, M, 55,005.91), and the regulatory subunit, calcineurin B (170
residues, M, 19,237.67), showed high similarity to those of mammalian calcineurins, espe-
cially to the brain-type ones rather than to the testis-specific isoforms. Northern blot
analysis showed that only a single species for each subunit was expressed in testis and
the expression of each subunit increased dramatically from January to March during
the maturation stages of the one-year cycle. The period when the maximum amount of
mRNAs for calcineurin was expressed corresponds to the one immediately after meiosis,
that is, the maturation stage in which 20-80% of the average testis is occupied by sper-
matozoa. The result is consistent with the one as to the expression of the testis-specific
isoform of calcineurin A in mouse, which occurs immediately after meiosis. This is the
first report on the stage-specific expression of calcineurin in invertebrate testis and its
sequence similarity to the mammalian brain-type isoforms may indicate that the mam-
malian testis-specific isoforms appeared in evolution after the divergence of mammals
from the mollusks and then diverged rapidly for specific functions in testis.
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The Ca%/calmodulin-dependent phosphoprotein phos-
phatase, phosphoprotein phosphatase 2B, was first isolated
from a mammalian brain, and was named calcineurin (I-
3). Calcineurin functions as a heterodimer consisting of a
catalytic subunit (calcineurin A, CNA) of 60 kDa and a reg-
ulatory subunit (calcineurin B, CNB) of 19 kDa (4). The pri-
mary structure of CNA comprises four functional domains,
a phosphatase catalytic domain at its N-terminus, and the
following three domains: a CNB binding domain, a calmod-
ulin binding domain and an autoinhibitory domain near
the C-terminus (4, 5). As an intrinsic subunit with “EF-
hand” Ca** binding sites, CNB binds 4 mol of Ca** with
high affinity, which results in low activation (4). Ca**-de-
pendent binding of calmodulin to the calcineurin hetero-
dimer is required for full activation. The details of the
molecular structure of calcineurin in a region of the cata-
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Iytic domain and the CNB binding domain with bound
CNB were revealed by X-ray crystallography (6-8).

Mammalian CNA has been classified into three isoforms:
the a-, B-, and y-types. The a- and B-type 1soforms have
been isolated from human brain (9, 10) and rat brain (11,
12). In mouse, the a- and B-types have been isolated from
brain (13) and thymus (14), respectively. Expression of the
v-type 1soform is specific to testis, and it has been igolated
from the tissues of man (15) and mouse (16). Two isoforms
of CNB have been isolated from mammals: one associated
with CNAa or CNAB (a brain-type CNB) (17), and the
other only expressed in testis (a testis-type CNB) (18, 19),
whereas only one type has been reported in drosophila (20)
and the budding yeast (21).

The physiological functions of calcineurin have been
studied in tissues rich in this enzyme. In the brain, cal-
cineurin is thought to be related to a synaptic mechanism
like long-term potentiation and long-term depression (22,
23) in neuronal tissues (24). In the thymus, calcineurin has
been shown to interact with a nuclear factor of activated T-
cells (25, 26), which can activate transcription of the IL-2
(27) and 114 (28) genes during the immune response. In
the testis, it has been reported that a large quantity of cal-
cineurin 18 expressed immediately after meiosis (16), and it
has only been located in the nuclei of round or elongated
spermatids (29). Furthermore, calcineurin has been located
in the postacrosomal region and the flagella of mammalian
spermatozoa (30). Therefore, it has been thought that cal-
cineurin in the testis is related to spermiogenesis and later
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to the regulation of flagellar motility, the details of which
have not been revealed yet.

We have been studying the role of calcineurin 1n the tes-
tis of scallop, a marine invertebrate, in which high amounts
of calmodulin are expressed. The scallop, Patinopecten yes-
soensis, is cultured and easily available in Hokkaido, and
has a large mature testis in the spring during the matura-
tion stage of the one-year cycle (31). We have isolated cDNA
clones encoding two subunits of scallop calcineunn, and
found that calcineurin mRNAs are expressed maximally
just before full maturation of the testis. We also found that
the deduced amino acid sequences were more similar to
those of the mammalian brain-type isoforms than those of
the testis-specific isoforms. These results are consistent
with the postulated roles of testis-specific calcineurin 1n
mammals, and further indicate that the testis-specific iso-
forms of mammalian calcineurin might have appeared
after divergence of scallop calcineurin from the line to
mammahan brain-type calcineurin.

MATERIALS AND METHODS

Materials—Live scallops, Patinopecten yessoensts, from
the same batches, were cultured in Funka Bay and har-
vested every month for about 2 years (October 1997 to
April 1998, and-May 1998 to March 1999) at Yakumo. Tes-
tes were dissected from the live scallops, some of which
were homogenized immediately to extract RNA, and the
others were frozen quickly in liquid N, and stored at —80°C
until use. Scallop testis calcineurin was prepared as de-
scribed briefly by Moriya et al (29), and the details will be
published elsewhere. The catalytic (CNA) and regulatory
(CNB) subunits were isolated by gel-filtration in the pres-
ence of 8 M urea, and then subjected to protein sequencing
after reduction/pyridylethylation. Total cellular RNA of
scallop testis was prepared by the acd-guanidinium-phe-
nol-chloroform procedure (32) using about 0.5 g of tissue
Polyadenylated RNA [poly(A)* RNA] was fractionated by
chromatography on oligo(dT) cellulose (NEB). A random-
primed cDNA library in the Agtl0 vector (lambda gt10/
EcoRI/CIAP-treated vector kit; Stratagene) was prepared
from poly(A)* RNA using a TimeSaver cDNA synthesis kit
with a Directional cloning toolbox (Amersham Pharmacia
Biotech), and packaged using Gigapack II packaging ex-
tracts (Stratagene), according to the manufacturer’s in-
structions.

Isolation of ¢cDNA Clones for Calcineurin A—A scallop
testis ¢cDNA library (8 X 10° recombinant phage) was
screened with a probe RBa corresponding to nucleotides
1048-1870 of rat brain calcineurin Aa (CNAa) (11) pro-
duced by the PCR method. Plaques from 2-3 X 10* plaque-
forming units (pfu) in each NZY plate were transferred to a
nylon membrane (Hybond-N*; Amersham Pharmacia Bio-
tech), and then probed with a %P-labeled RBa in hybridiza-
tion buffer (30-50% formamide, 6X SSC, 40 pg/ml salmon
sperm DNA, 0.5% SDS) after prehybridization in the same
buffer containing 5X Denhardt’s solution (1 mg/ml Ficoll, 1
mg/ml BSA, 1 mg/ml polyvinylpyrrolidone). After washing,
the membrane was allowed to dry, and then exposed to an
imaging plate (Type BAS-III; Fujix). Two positive clones
out of 8 X 10° plaques were visualized with BAS-2000
(Fujix). Then ucleotide sequence of the ¢cDNA insert in one
of the positive clones, ST-1 (1,171 bp), was 71.5%-identical
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to a region of rat brain CNAa (11) exhibting a deduced
amino acd sequence identity of 82.8%. Therefore, the scal-
lop testis cDNA library was screened with ST-1 as a probe.

Probes were labeled with *P using a random primer
DNA labeling kit (Takara) in the presence of [a-**P]dCTP
with ¢DNA fragments of RBa or others as a template.

Phage DNA was purified by the hquid culture method
(33). The inserted cDNA fragment was subcloned into
pBluescript I SK+, and the resulting plasmid DNA was
purified by the improved alkaline-SDS method (33). The
nucleotide sequence of the subcloned ¢cDNA was deter-
mined by the dideoxy chain termination method with an
autosequencer (DNA sequencer SQ5500, Hitachi; LI-COR
dNA sequencer model 4000L, Aloka).

Isolation of cDNA Clones for Calcineurin B—The oligo-
(dT)-primed single-stranded c¢cDNA, derived from scallop
testis poly(A)* RNA with a ¢cDNA cyce kit (Invitrogen),
served as a template for PCR amplification. Two degener-
ated primers, 5-TIA/TXG/CIGTNGA(C/T)GAA/G)TT(C/
T)ATGAC-3’ (primer B-1s) and 5-ACCAT(C/T)YTT(C/T)TT-
(A/G)TGNAC(A/G)TCCAT-3 (primer B-3a), were prepared
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Fig. 1. Northern blot analysis of mRNAs for the subunits of
scallop testis calcineurin. Twenty micrograms of total RNA from
scallop testis or rat brain, or 2 pug of scallop testis poly(A)* RNA was
electrophoresed 1n a 1%-agarose gel, and then probed with RBa for
CNA or 18-3a for CNB Size markers are indicated by arrowheads
(A) Results for CNA. Left, ethidium bromude staining; right, autora-
diogram Total RNA from scallop testis was analyzed (B) Results for
CNB. Left, ethidium bromuide staining; right, autoradiogram. Lane
1, scallop testis total RNA, lane 2, scallop testis poly(A)* RNA, lane
3, rat brain total RNA. On ethidium bromide staining, a typical band
pattern of 285/18S-ribosomal RNAs was not observed for the total
RNA fraction from fresh scallops. This is a common result for marine
mollusks such as scallop and mussel, and 18 thought to be due to
gome specific cellular components 1n these species and not a result of
degradation of RNAs. An 8-kb band for CNB was also detected for
the poly(A)* RNA fraction punfied from the total RNA fraction.
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c¢DNA Cloning of Scallop Testis Calcineurin

based on the amino acid sequences of the scallop testis
CNB, LSVDEFMT and MDVHKKMYV, respectively, which
were determined by peptide sequencing. A PCR product

(A)
] ORF J

741

was purified by electrophoresis in a 6%-polyacrylamide gel
and then subcloned into the pCRII vector using an Original
TA cloning kit (Invitrogen) Nucleotide sequence analysis
confirmed that the 343-bp PCR product encoded a peptide
fragment of scallop CNB since the deduced amino acid se-
quence was identical to the one determined by peptide se-
quencing. The 343-bp ¢cDNA fragment named 1s-3a was
%P-labeled and used as a specific probe for CNB, with
which the scallop testis cDNA library was screened.
Northern Blot Analysis—The formamide-denatured total
cellular RNA (20 pg) was electrophoresed in a formalde-
hyde-1% agarose gel containing 1XxX MOPS (20 mM MOPS-
NaOH, 5 mM CH,COONa, pH 7.0) and 5.8% formaldehyde.
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M8 TDSKLSTT ERVVERAPFPFP PS8HKLHNLSEYV

TTIGICTANTGAGAMOCTRAGCAAA GITTIGRAN MIACTTCAITTIGGHAAIT CGIGIGACAGANGATITAGCATTROGANTT
P GANGEKPXPE VLXQEPrFILEREG RVTEDVALTZRI

ATARANTGATGGTGCTGCINTGCTUORCAA GAGAMACATGATOGAGRIAGRGAIICA GITACAGTTTGTGECGACKTOCKTGGACAA
INDGAANLRQ EXTMHNIEIEAP VIVCGGDIENKGOGSY

TITIKTGATCTARTGAAMCTTTTTGAAGTT GGIGACACACCAGCARCAMCTOGCIROCTC TTTTTAGGAGAT TRCIIAGACAGAGGATIAT
P Y DLMKLPFEV @GGTPATTRYL FLGDYVDRGY

TTCAGCNTTGANTGTGITCTHIROCTTTGE TOOCTRAAGCTTCTRCATOCRAMCACATTT TTCNTGTTGAGHNIGCANTCAOGRGTICNGG
F8IECVLYLW¥W S8LELLEPNTPF FHLRGNDINECHR

CMICTTRCAGANTATTTCAOGTTTAMGCAA. GAIPIPAAANTAMGTACHRCTGAGAGNITA TROGATGCTTOCATOGATEOGI TTGACTGT
ALTEREYFTPFKQ ECKIKYTERYV YDACNDATPFDC

CIOCACTOINGCRCTAMGANTCAGCAG TTOCICTUTGITCATGGAGIICTTICHCOCA GAANTOCACACKTTRGAAGNTATRAGNAAA
LPLAALMNOQQ PLCVBGGLSP EIHTLETDTIRK

TTRGACAGGTTCAMGAGOOGOCTECATTT  GETOOCATAIGIGACCTTTTATGEICTGAC QUOCTIGAAGACTTTGGANMAGAGARANCA
LDRFKEPPAY GPNCDLLWSD PLEDPGTEI KT

TCAGMCRACTTCACTCACANTARATIICAGA. GETTGCTCATRITTTTACKGCTRIICAGCR. THI TUIGNITTTTTAICK AGRRTARTTTA
S EHYTHNS VR GCS8YFYBYAAUCCDTPFLSQNISNL

TIRTCAATTRTTAGAGOOCATGAGIRCAA. GNTGCTOEATROOGCNTAINTAGGAAGAAT CAGACANCHGEITTTTOCATCRCTAATRARCG
LS8SIIRAHEAQ DAGYRMYRKS QTTOGPrFrFPSLIT

ATATTTICAGCTOCAANTTROCTRAGRTGIT TRTANTARIAAAGCTGOCHTNTTGAMGINT GRAAMCAATUIGHTGAACKTICAGACKATTC
I7FB8BAPRYLDYV YRNNKAAILIKY ENNVHKNIRQTF

ARCTGTTCTOCARCHIOCHINTTRATTAONC ARCTTCATGGATITGTTCACTTGAICACTR. OCHITTAITAGOGAGARMITGHOGGAGNTG
NCS8SPHPYWLP NPHDVIFTWSEL PPFPFVGEKYVYTEMNM

CTTGTTANTGIATTGAGIRTTTGCTCIGAC  AXTGAGCTAN AGCAGAGGANGAGGAGGAA GAGGACGATGGAMITGAAGKTOGAGCTGCT
LVNVYLBICSD NELTAETETETZEE EEDGTESETDGAA

TCANGGAMIGAGITGRTCAAGANTAANTC  AGGOCCATTGGCAMAIGGCAOGRGICTTC ACTUIOCTCAGAGHIGMMITGAMGTIGTA
S RKEVIKHNKI RAIGKMXARYYF TVLRETEGSTETSYVY

CTACAGCTGAMNGIGTCTAMACCARRTAGA CTTCTTOOCTTGOGAGCACTHICAGGAGGA ANGGHINCKT TGACAMIIGCTCTINGIGAT
LgQLXGLTPNG LLPLGALBGG KDTLTSALGSS®EG

TTCICAQCTTCTCACAAGHTCAGORGCTTT GAIGARGCAAANTOCTIGGACANATGAAC GRGAGGRTGOCHOCANOGCARGENOGCRATC
F 8PS HEKISBSGPFP DEAXKCLDIKMDENE ERMNPPRIXDA AV

AACANTTCTCATAARMGCTRAMCTCTGAC ANTGIGHTACTCIGTTGAGCTOGICTCTUT TCACATGTGROOCTGAAMCARMACTCRTTIC
R NB8HKS ¥
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1000 Fig. 2 (A) Schematic represen-
tation of scallop testis CNA
cDNA. Three cDNA clones (ST-1,

1170 ST-2, and ST-3) are aligned to re-
construct the c¢DNA structure.

1260 (B) Partial nucleotide se-
quence of the scallop testis
CNA ¢DNA. The whole sequence

1350 was constructed from the nude-
otide sequences of the three 180-
lated clones ST-1, nucleotides

440 968 1437, ST-2, nucleotrdes 133~
318, and ST-3, nucleotides 186—

1530 2221 The termination codons are
underhned with astenisks. The
deduced amino acid sequence is

1620 ghown under the nucleotide se-

1710 quence, 1n which the residues de-

% termined by peptide sequencing

1939 &are indicated by bold letters. Nme

2070 residues which can provide a scaf-

2160 fold for a dinuclear metal center
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The RNAs in the gel were transferred to a nylon membrane
(Hybond-N*) in 20X SSC. The nylon membrane was prehy-
bridized in hybridization buffer (37.5-50% formamide, 5X
SS8C, 0.05 M sodium phosphate (pH 6.8), 40 ug/ml salmon
sperm DNA, 5X Denhardt’s solution, 0.5% SDS) at 37 or
42°C for 2 h, and then hybridized at 37 or 42°C overnight
with a ¥P-labeled probe, RBa, ST-1 or 1s-3a, in the same
buffer. After washing 3 times at room temperature for 15-
min each in 2X SSC containing 0.1% SDS, the blot was
washed at 37 or 42°C overnight in 0.2X SSC containing
0.1% SDS, washed at room temperature for 10 min in the

M. Uryuet al.

same solution, and then allowed to dry in air for 30 min.
The blot was exposed to an imaging plate, and the hybrid-
ized band was detected with BAS-2000.

RESULTS

Isolation of cDNA Clones for Scallop Testis Calcineurin
A—A total cellular RNA fraction of scallop testis was sub-
jected to Northern blot analysis using a ¢cDNA fragment of
rat brain CNAq, RBaq, as a probe, and expression of a sole
8-kb mRNA was confirmed (Fig. 1A). Then, a scallop testis

<58 CITGIEOOCAGGGANTOGCAMINITTING CIGIOIIRTTRGACACAGCMGCTRCAMAA. -1
-

1 XTGGGARMTGAMNTTCTTTGOOCATGGAG TIMUCTCAANTTTICRTOCAGRTGAGATT AMGRGHTTRGACAMCUTTTICUIMGCTT 90
MGNEPNSLPMNE LCSNENEFDPPDEREI XRLGKRTFRIKL

91 GAITTGGKTAACTCTGRITOOCTGAGOUIA GAOGMITTINIGACTTTRCOGGAACTACAA. CAAAMNTOCACTOGTGCRGAGAGIGNTAGAC 180
DLDNSGSLSY DEP?PNTLPELGQ QXPLVQRVYVYID

181 ATHITOGACRCTGNIGGCAMOGGAGAMGTA. GRTTTCAARGANTTCNTOGAGGATGINICA CAXETTAGTGTAMAMGAGACAMICTNICA 270
IFDTDONGEYV DFKEBPIEGVS QF B8 VKGDIXTLSS

271 AANTTAAGKTTTGCATTIARANTCTRCOGAC ATGGACAMGGACGGEINTATTICLANTGGA GARCTGITTCRAGIACTAMAAGATGATGAIA 360
KLRFAYKIZYD MDXDGYISNGT EBLPFQUVLEKMNNY

361 GIOMCAACTTRANGATHOIRGCTICNG CAGATACTGIGATRAGNCKTCXICCKTOCT GRTGCTGATOGAGRTIGAAMANICICCTIT 450

GNNLEKDTQLQ QIVDKTIIHAADADGDG GKTIGST?Y
451 GRAGANTTTIGIGCTGTTUINGGAARTIIG GRIGIOCACAMGARGNTGIICOTAGNIGTA TATICTIGIGAANICCAGKTTRANTACRTT 540

EEFCAVVGNMNM DVEKKNVVDVYV ¥
S41 TICATTTTRACTINITIOCMIGACNTRGR. ATEANTNERATOCTOCAGATGANITCAMITG ATTTTCAAAATTTGTTCOCAGTTIGTIONT 630
631 TATTCTGAIINTTEGTEIGOGAGICAMGCT GETTTRACANIGROOCTGATICAGIGIC TIICTGMGGOCICTGCTACRCNIKTITIT 720 Fig. 3. Partial nucleotide se-
721 ATAOCAANGAMOCTTTATTGIRTCAANTNT ATRTNINTACACATAATANTTCAMCAAMGT TAAGAAXTNTTGINGANIGAMGAMANINT 810 quence of a cDNA for scallop
811 TRTTTGACTICAAAMCTTCCAAMCTTOCKT TATTTAAAACTGIMTIGACTACCTINT TICAAKICIKICNINTINOGNTTINGTG 900  testis CNB. The termmation
901 TOCCACAAGAXTOCTTCATIMTGITTTTIN TIGAMIMITTTGTTGITTGAGACAGANCCT TRINCTNIMIGICININITIGNINIXIG 990 (4o oo g g oo oo
991 THIMGOMIGIOCAAMGTTGAACTANOCTCA. ATCTGOCATTGIRIGITRACTGAGTTRGAC ATTTRTNTXTITIARGOGGANGIANTTTICA 1080 h
1081 QEAGTTTGATTTAGCAMGENTMTTTTTAT TOWICTICMAGINCAXTICICNGACAG ACTIAMIOMTTACGKTIOWDasre 1170 k8 The deduced amuno acid se-
1171 CCTTTRANTGACTITTTCAANTTIANGOTA TINTOIGRAMAAAGIIRANICTIINIGGA TIRCMGOCTGCICMCICTINTTACAA. 1260 quence 18 shown under the nu-
1261 ACTTGATAITIGCAGITUTTTINCTINITT GACTINTATTRTTCIGTICICIGIOCIGET GACKTTRIRGTTOTAACRAMARMIGACCT 1350  cleotide sequence, in which the se-

1351 OCATGCATANIGGGITINOCRIGAANTGGA AGNTRACOCRGTTGIINTAACGGGCRGIAT TATAAGAACCROCANGATITCAAGAGGRCT 1440

2
é
§

E
E
|

quences determined by peptide se-
quencing are wndicated by bold
letters. Primer B-1s hybndizes to
nucleotides 113-134 of the coding
strand and primer B-3a hybridizes
to nucleotides 478-500 of the com-
plementary strand.
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7

Fig. 4. Expression of calcineurin
mRNASs during the maturation cycle of
scallop testis. Scallops from the same
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batch were harvested every month, and the
expreszion of mRNAs for CNA (open bars)
and CNB (solid bars) in their testes was
quantified by Northern blot analysis using
20 pg of total RNA and ®P-labeled specific
probes. The expression levels normalized as
to the maximum expression value were
compared with the normalized testis
weight (hatched bars): gonad index =
(weight of testis’body weight without
shells) X 100 The results for five to ten in-
dependent scallops were averaged each
month, and the standard deviations are
shown by bars.
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c¢DNA Cloning of Scallop Testis Calcineurin

¢DNA library was screened with RBa, 2 positive clones out
of 8X10° plaques being yielded. A ¢cDNA 1nsert from one of
the positive clones, ST-1, was subcloned into a Notl site of
pBluescript IT SK+ for sequencing. A 1,171-bp insert in ST-
1 showed sequence similarities of 71.5 and 82.8% at the
nucleotide and deduced amino acid levels, respectively, to
rat brain CNAq, and the scallop testis cDNA library was
screened with ST-1 as a scallop CNA-specific probe. Three
positive clones were isolated, one of which, clone ST-2, was
confirmed to encode a 5-upstream region of ST-1. A nucle-
otide fragment containing a 3’-terminal region of clone ST-1
was isolated by Avall/EcoRI (plasmmd-origin) digestion of
the ST 1 subclone in pBluescript I SK+. The cDNA library
was screened with this fragment as a probe, and two more
positive clones were isolated, of which clone ST-3 had the
longest insert (Fig. 2A). DNA inserts in the positive clones
were isolated for sequencing and an overall sequence of
2,354 bp was determined (Fig. 2B). The ATG codon at nu-
cleotide 134 was assigned to an initiator for the following
reasons: (i) the 5-upstream region of the ATG codon con-
tained two in-frame stop codons, and (ii) the nucleotide se-

Fig 5 Comparison of the amino acid sequences of CNAs. The
deduced amino acid sequence of scallop testis CNA was ahigned with
those of mouse brain-type (13), mouse testis-specific type (16), and
drosophila 21EF (20) CNA. Gaps are indicated by periods. Two re-
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quence surrounding this ATG codon agreed with the con-
sensus sequence for initiation of translation often found in
eukaryotes (34). A TAA codon at nucleotide 1592 was as-
signed to the termination codon. As a result this sequence
was revealed to consist of an open reading frame (ORF) of
1,458 bp, a 5-untranslated region (UTR) of 113 bp, and a
3'-UTR of 677 bp in which a polyadenylation signal has not
been found yet. An amino acid sequence of 486 residues
was deduced from the nucleotide sequence of ORF (Fig.
2B). The molecular mass of scallop CNA determined from
the deduced sequence is 55,006 Da, which agreed with the
value of 55,000 Da estimated on SDS-PAGE of the purified
scallop testis calcineurin.

Cloning and Sequencing of ¢cDNA for Scallop Testis
CNB—Recombinant phages of 8 X 10° pfu were screened
with 1s-3a as a scallop testis CNB-specific probe. Eight out
of 15 positive clones were subcloned for sequence analysis
(Fig. 3). Considering the overlapping of the determined
sequences, a 2,043-bp sequence of cDNA encoding scallop
testis CNB was determined, which consisted of an ORF of
510 bp, a 5"-UTR of 58 bp, and a 3-UTR of 1,472 bp Since

74
78
74
73

154
158
154
153

234
238
234
233

314
318
314
313

388
388
3s1
393

446
451
444
469

486
521
513
543

577

gions in the regulatory domain in addition to the N- and C-terminal
regions are highly divergent and are shown by 1italica Substituted
residues are shown as whate letters on a black background.
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LA Fig. 6. Comparison of the
[DLDNSGSLSVDEF PELOQNPLVQRVID 60 amino acid sequences of
60 CNBs. The deduced amino acid
60  sequence of scallop testis CNB

Scallop
Mouse brain
Mouse testis

Drosophila 60  was aligned with those of mouse
brain-type (19), testis-specific
Scallop 61 F IEGVSQPSVKGDKLSKLRFAFKIY 120 type (I19), and drosophila (20)

Mouse brain 61
Mouse testis 61
Drosophila 61

FIEGVSQFSVKGD:

F FSVK A
SQFSVYGDKLSKLRFAFRIY

120  CNB Asterisks indicate the con-
120  gensus sequence for mynstoyla-
120 tion. The Ca** hinding loops of

the EF-hand motif are boxzed

Scallop 121 170 Substituted residues are shown
Mouse brain 121 170 ag white letters on a black back-
Mouse testis 121 179 ground

Drosophila 121 170

TABLE I Comparison of calcineurins from various sources. The deduced amino acid sequences of calcineuring were aligned with the
one of scallop testis calaineurin, and 1dentical residues were counted, except for residues 1n the charactenstic divergent regions indicated by
italies 1n Figs 5 and 6 The sequences of human brain (9), human testis (15), and xenopus (43) CNA were aligned for analysis 1n a similar
manner to as in Fig. 5 The sequences of human brain (44), rat brain (35) and rat testis (18) CNB were aligned for analysis 1n a similar

manner to as in Fig 6.

Calcineurin A (468 positions)

Calcineurin B (170 positions)

Source Identaty Substituted positions Identaty Substituted positions
(%) Total Common Bran Testis (%) Total Common Brain Testis

Human brain 834 76 59 17 894 18
Human testis 801 91 59 32
Mouse brain 83.6 75 52 23 888 19 15 4
Mouse testis 80.1 91 52 39 765 40 15 25
Rat brain 894 18 16 2
Rat testis 759 41 16 25
Xenopus 808 88
Drosophila 78 2 100 8717 21

a polyadenylation signal has not been detected yet, the 3'-
UTR of cDNA for scallop testis CNB could be much longer.
An amino acid sequence of 170 residues with a calculated
molecular mass of 19,237 Da was deduced from the nucle-
otide sequence of ORF. The estimated molecular mass of
16,200 Da on SDS-PAGE was smaller than the calculated
mass, as observed for CNB from other species. The deduced
amino acid sequence was 1dentical to partial sequences of
149 residues determined by peptide sequence analysis (Fig.
3).

Northern Blot Analysis of CNB—The expression of
mRNA for CNB in scallop testis and rat brain was exam-
ined by Northern blot analysis using 1s-3a as a CNB-spe-
afic probe. In total RNA from rat brain a major RNA
species of 4 kb was hybridized consistent with the previous
report (35), while an mRNA species with an approximate
size of 8 kb was detected in total RNA or poly(A)* RNA
from scallop testis (Fig. 1B). Thus, the mRNAs for scallop
testis CNB and CNA are similar in size.

Expresswon of Calcineurin mRNAs during the Maturation
Cycle of Scallop Testis—In the summer through the end of
autumn, the scallop testis is small and thin, and looks
translucent. From the beginning of winter through spring,
it grows, becoming larger and thicker with a rounded
shape. With an increase in the temperature of the seawater,
the scallop usually begins to spawn at the beginning of
May. During the process of maturation of the scallop testis,
germ cells in the testis change dynamically for prolifera-
tion, meiosis, and spermiogenesis. As one of many Ca?'/
calmodulin-dependent enzymes, calcineurin is expected to
function during the maturation process, and the expression

levels of mRNAs for CNA and CNB were quantified by
Northern blot analysis with samples harvested every
month over the maturation cycle of one year. Twenty micro-
grams of the total RNA fraction of each testis was analyzed
using ¢cDNA clones for each subunit as probes. Only an 8-
kb signal was detected for each subunit over the period and
the expression levels are shown in Fig. 4. The expression of
each 8-kb mRNA increased dramatically from January to
March, and then decreased sharply. Since maturation of
the scallop testis peaked in April, expression of the two
subumts peaked about 1-month earlier than the matura-
tion of the testis (Fig. 4).

DISCUSSION

An 8-kb mRNA for CNA and another 8-kb mRNA for CNB
were detected in the scallop testis (Fig. 1). Throughout the
cycle of 1 year only an 8-kb signal could be detected for
each subunit. The expression of this 8-kb signal peaked in
March, a little earlier than the maximal maturation of the
testis, which peaks in April (Fig. 4). At this stage of matu-
ration, spermatid cells produced immediately after meiosis
change in shape to form spermatozoa, which account for 20
to 80% of the germ cells in the central parts of the testicu-
lar tubules (31). Therefore, expression of the mRNAs for
scallop testis CNA and CNB peaks immediately after meio-
sis, which is consistent with the results as to the expression
of the testis-specific isoforms of mouse CNA (16) and CNB
(19), as well as the results as to immuno-histochemical
localization of caleineurin in the mouse testis (29). Consid-
ering the results as to immuno-histochemical localization of
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the mammalian calcineurin in the postacrosomal region of
the head and 1n the flagellum of the tail of a spermatozoon
(30), the scallop testis calcineurin encoded by the cDNAs
cloned in this work 18 most probably related to spermiogen-
esis and flagellar motility, as proposed for the mammalian
testis-specific calaneurins.

The large sizes of the mRNAs for scallop testis CNA and
CNB (Fig. 1), 8 kb each, are interesting, since the reported
sizes of mRNAs for CNA are within the range of 2.4 to 4.4
kb (11, 12, 16, 36), and those for CNB between 4.2 kb (35)
and 3.6 kb (37). They are extremely large compared with
those for proteins expressed in scallop muscle, such as
those for myosin light chains, 0.5-0.7 kb (38); troporun C,
2.0 kb (39); troponin T, 1.5 kb (40); and myosin heavy chain
with M, of 200,000, 6.8 kb (41). So far sequences of 677 bp
for 3-UTR with a 113-bp 5-UTR and 1,458-bp ORF for
CNA, and 1,472 bp for 3-UTR with a 58-bp 5-UTR and
518-bp ORF for CNB have been determined, in which the
polyadenylation signals have not been confirmed yet (Figs.
2 and 3) The messenger RNAs for the two subunits of scal-
lop testis calcineurin may have extremely long 3’-UTR, and
the long 3’-UTR may be involved in the translational regu-
lation of calcineurin 1n germ cells (42). Experiments to con-
firm such a regulatory role of the 3-UTR are in progress,
with use of specific antibodies against scallop testis cal-
cineurin.

The deduced amino acid sequences for scallop testis CNA
and CNB were aligned and compared with those for mam-
mahan testis, mammalian brain and other sources (Figs. 5
and 6). On alignment of CNA, putative functional domains
of scallop testis CNA could be assigned as follows (4): a cat-
alytic domain, Ala66-Val324; a CNB binding doman,
Asp344-Val364; a calmodulin binding domain, Ser391-—
Arp414; and an automhibitory domain, Ile4d57-Alad79. In
the catalytic domain, residues providing a scaffold for an
active site dinuclear metal center are completely conserved
in scallop CNA (Fig. 2), and they can serve as ligands for
the formation of the Fe®*/Zn?"-dinuclear center of the cata-
lytic site (6, 7). In addition to these functional domains,
some stretches of sequences i the flanking regions are also
conserved. As found previously in CNA sequences, the
insertion of two divergent sequences 1s also observed in
scallop CNA as well as the divergent sequences in the N-
terminal and C-terminal regions. Except for these diver-
gent regions, shown by italics in Fig. 5, the CNA sequences
are highly similar, and the results of quantitative analysis
of their similarity are shown 1n Table I. As shown in Table
I, sequence similarity was also indicated by comparing the
numbers of positions occupied by non-identical residues.
Compared with the sequence of human testis CNA, scallop
testis CNA showed 80.1%-identity, which is lower than the
value, 83.4%-identity, in the case of human brain CNA.
Similar results were obtained on comparison with mouse
CNAs. The results indicate that scallop testis CNA, which
exhibits the expected functions of mammalian testis-spe-
cific isoforms, is more similar to the mammalian brain-type
18oforms. These results can be more clearly shown by com-
paring the numbers of non-identical residues between
them. Compared with the sequence of human testis CNA,
scallop testis CNA has 91 different residues (“Total” in
Table I), and 59 of the substitutions are at identical posi-
tions to where substitutions were observed on comparison
with human brain CNA (“Common” in Table I). Therefore,
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32 positions with testis-specific substitutions (“Testis” in
Table 1) are about twice the 17 positions for brain-specific
substitutions (“Brain” in Table I). A similar relation was
observed on comparison with the two 1soforms of mouse
(Table I). Scallop testis CNA is more closely related to those
of mammalian brain-type CNA in spite of the similarity in
possible physiological function to mammalian testis-specific
isoforms.

The results of quantitative analysis of the sequence simi-
larity of CNBs are also shown in Table I. Compared with
the results for CNA, the deduced amino acid sequence of
scallop testis CNB showed higher similarity to mammalian
brain-type CNBs, whereas it showed lower similarity to
mammalian testis-specific isoforms (Fig. 6 and Table I).
Comparison of the substituted positions indicated that the
number of testis-specific positions with nonidentical resi-
dues i8 more than six times higher than that of brain-type-
specific positions (Table I).

The present results indicate that scallop testis calcineu-
rn could share physiological functions with the mamma-
lian testis-speafic isoforms of calcineurin, and that its
amino acid sequence is more similar to those of brain-type
1soforms. Since the results of Northern blot analysis indi-
cated a single type of mRNA for the two subunits, the pre-
sent results also suggest that the mammalian testis-speci-
fic 180forms appeared after the divergence of invertebrate
mollugks in the evolutionary process and then diverged
rapidly for specific functions in mammalian testis.
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