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ABSTRACT

AIM: To clone a new gene related to human sperma-
METHODS: ¢DNA probes of embryo and
adult testis were used to hybridize the cDNA microarray
of adult testis, and the clones of differential hybridization
were sequenced and analyzed. RESULTS: A novel
isoform of calpastatin exclusively and highly expressed in
human adult testis was found, CONCLUSION: A
novel isoform of calpastatin expresses in human testis and

togenesis.

it is related to spermatogenesis .

INTRODUCTION

Spermatogenesis in lestis consists essentially of three
phases; mitotic, meiotic, and postmeiotic phases.
Genes expressed during this process encode proteins
necessary for processes specific to different phases of
germ cell development. The tissue, cell-type, and
developmental stage specific genes expression is firmly
controlled to produce spermatozoa''?’ . Embryo testis is
unable to produce sperms, because the related genes are
shui down, In other words, in developing embryo
testis, these penes begin to express and inifiate the
maturation of testis®®' .

Calpastatin is an endogenous inhibitory protein
specifically acting on calpain. Calpastatin, as calpain,
is known to be ubiquitous ameng various eukaryotic cells.
Upon increase of intracellular Ca®* concentration, calpain
seems 1o segregate from its inhibitor and translocate to
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membrane, and activaie the downstream enzymes ( such
as protein kinase €)', Calpastatin have five Jomains-
a unique domain {domain I.7: four internal repeating
structures of about 140 amino ucid residues ecach, which
are functional units of the inhibitor and exhibit nhibitory
activities independently.  The inhibitory activity of four
domains is different: domain | > [\ >l > || Well
conserved sequence, TIPPXYR, are found in the center
of the four repeating structure,  Deletion of this
conserved sequence will lead to a loss of inhibitory
ac[iviry[a].

Testis calpastatin { (CAST ) ( GenBank accession
number; AF327443) and somatic calpastatin { sCAST)
(GenBank accession number; DI6217) are different in
the sequences of mRNA and protein.  Present study
identified a novel testis-specific isoform of sCAST and
tCAST.

MATERIALS AND METHODS

Human testis ¢cDNA microarray — Twelve
thousand positive phage clones were picked up randomly
from Human Testis Large Tnsert A phage ¢DNA Library
{Clontech, HL5303U) and then converted e plasmid
clones { according to Clontech's Manual P13003-1).
The inserts were amplified by PCR, forward primer 5’
CCATTGTGTTGGTACCCGGGAATTCG 3" and reverse
primer 5' ATAAGCTTGCTCGAGTCTAGAGTCGAC ¥,
then 9216 PCR products were selected to make human
testis cDNA microarray .

Automatic arrayer ( BioRobotics, Cambridge, Fng-
land) was used to spol the PCR products on an & em x 12
cm Hybod-N nylon membranes ( Amersham Pharmaciu
Biotech UK Lid, Little Chalfont, Buckinghamshire.
England) , each spot is about 100 nl. in volume and 0.4
mm in diameter. DNA was cross-linked 10 the Nylon
membrane by UV light,
placed in two different spots ( double-off set), so there
are 18 432 spots of the 9216 PCR products.
pTriplEx2 vector without inserted ¢DNA {ragment and

Every DNA fragment was
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pUCI1S vector were spotted as negative controls.  Eight
housekeeping penes ( ribosomal protein S9, beta actin,
glyceraldehyde-3-phosphate  dehydrogenase, ubiquitub,
phospholipase A2, and ubiquitin thiolesterase ) were
evenly distributed, each in 12 places, on 8 cm x 12 cm
array as intra-membrane controls.

Probe labeling and hybridization Total RNA
of normal adult testis and embryo testis (6 menths) was
tsolated using Trizol reagent according to manufacturer’s
instructions { Gibco BRL, Grand island, USA) and
quantified by UV spectrometer and electrophoresis.  The
Poly {A)* mRNA was purified using a poly (dT)
column ( Qiagen, Hilden, Genmany). Approximately
1-2 pl of mRNA was labeled by M-MLV reverse
transcriptase  according 10 manufacturer’s  instructions
{ Promega, Madison, W1, USA} in the presence of 200
microcurie | o-*P ]-deoxyadenosine 5" triphosphate
{ PerkinFlmer, Life Science, Bosion, MA, USA).

Human testis cDNA microarray were prehybridized
with 20 mL prehybridization solutien (6 x $SC, 0.5 %
SDS. 5 x Denhardt, denatured salmon sperm DNA 100
mg/L) at 68 T for 3 h. Then the membranes were
hybridized overnight with *P-labeled adult testis and
embryo testis cDNA probes in 6 mL hybridization solution
{6x SS8C. 0.5 % SDS, salmon sperm DNA 100 mg/L)
and followed by stringent washing (0.1 x SSC, 0.5 %
SDS), 65 T for 1 h.

Array scanning and data analysis Membranes
were exposed to phosphor screen overnight and scanned
using a FLA-3000A Plate/Fluorescent image Analyzer
¢ Fuji Photo Film, Tokyo, Japan). Radioactive intensity
of each spot was linearly scanned to 65 536 gray-grade in
a pixel of 50 microns in an Image Reader and read out
using the array gauge software (Fuji Photo Film, Tokyo,
Japan). After subtracting the background chosen from
area where no PCR product was spotted, clones with an
intensity density over 10 were considered as positive
signals.  Signals thus obtained were further normalized of
the sum of signals on the standard amay. If the
difference of signal intensity between the same house-
keeping genes exceeded 1.5 fold, hybridization data
would be considered invalid.

Clones of interest sequencing and analyzing
Clones of interest were selected and extracted by DNA
extraction system { Qiagen, Hilden, Germany) and
sequenced by the ABI PRISM* DNA Sequencer in
HuaDa Gepe Cemter in China. All sequences were
blasted in GenBank, and nucleic acids and putative
proteins were analyzed.

Northern blot of tCAST The  calpastatin
templet for labeling was amplified by PCR, the upsiream
primer is 5'-AGATTAAAACCAGCCACG-3' und down-
steam primer is 5'-AGACAAAGCATCCAGAAGG-3'.
It is the common region of tCAST and sCAST, which
spans 531 bp of tCAST (from 960 bp to 1420 bp).
[ -2 P dCTP and Ready-To-Go™ DNA Labeling Beads
(-dCTP) from the Amersham Phammacia Biotech were
used to label the probes. The labeling process was
following the instruction of manual .

Multiple Tissue Northern (MTN" } blots { Clomech
Co) were hybridized with the probes ovemight at 68 U
with continuous shaking. The blot was rinsed in wash
solution 1 (2 x SSC, 0.05 % SDS) several times al
room temperature, and washed twice for 30 min with
continuous agitation.  Finally the blots were washed
twice in wash solution 2 (0.1x SSC, 0.1 % SDS} with
continuous shaking for 30 min at 50 T.

The blot was placed on the storage phosphor screen
{Packard company) and exposed for 3 h in the dark.
The signal was detected at the Cyclone storage phosphor
system ( Packard company) .

RESULTS

A positive signal was found highly expressed in adult
testis, The signal intensity hybridized with adult testis
probe was 137.51, and that with embryo testis probe was
38.02. The level of adult was about 3.62 fold stronger
than that of embrye (Fg 1). After comparing the
sequences with GenBank data, two fragments {612 —
2267 bp, 99 % and 110 — 644 bp, 100 %) were found
having higher homology with human somatic calpastatin.
The difference between tCAST and sCAST might be due
to alternative splicing. The nucleic acid length of tCAST
was 2290 bp, and the putative protein had 590 amino
acids with molecular mass of 63 673 and isoelectric point
of 4.56 (Fig 2).

The ¢DNA sequences of tCAST and sCAST were
different. Fragment of 109 bp at 5" texrminus of (CAST
had no homology with 290 bp in 5 temminus of sCAST.
The region from 796 to 834 bp (about 39 bp) of sCAST
was lost in the tCAST, and there were two single
nucleotide mutations in the tCAST, C1385 and G1937 of
sCAST changed to Gl165 and Al717 of (CAST,
respectively. The last 7 nucleotides of their 3" terminus
were also different. Compared with sCAST, the putative
protein of tCAST lost 105 amino acids at its N terminus
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Fig 1. Hybridization results of adult {A) and embryo
(B) testis cDNA probe. {1 ) is the clone of interest.
{ w) is the positive contrel. [ * ) is the blank control.

and 13 amino acids in the center. And there were two
single amino acid mutations, $408 and G922 of sCAST
changed 10 (388 and E372 of (CAST, which corres-
ponded to nucleotide mutation.

We used the common region of DNA of (CAST and
sCAST as a probe to examine the distributions of two
isoforms of calpastalin in various human tissues by
Northern blot analysis (Fig 3). The results showed the
presence of three distinct mRNA species at approximately
2.2, 2.5, and 4.6 kb, The hybridizing bands of
approximate 2.3 kb and approximate 4.6 kb were
ubiquitously distributed, and the fevel of these two
transcripts appeared to he the highest in the testis.  The
band of approximate 2.5 kb was from sCAST. The band
of 1.6 kb might be a novel isoform of calpastatin which
has not been identified. The transcript of 2.3 kb was
from tCAST, and it was exclusively and highly expressed
in the testis.

After submitting the nucleotide acid sequences of
tCAST and sCAST to GenBank, the query results showed
that. in human genome draft, they all located in a DNA
clone CTD2358N4, and tCAST was encoded within the
SCAST.  The first exon of (CAST (109 bp in 5
lerminus ) was 4 new exon between the fourth and fifth
exon of sSCAST. The 39 bp deleted in tCAST huppened
w be the 11th exon of sCAST. Furthermore after
submitting the amino acid sequences of tCAST to
GenBank and searching for the homologous domain, we
found that 1CAST had four repeating calpain inhibitory
domains, but lacked the doman L of sCAST.

The prediction of hydrophobicity, phosphorylation
site, and secondary structure of tCAST protein was
performed by OMIGA software.  The results suggested
that the first had  strong
hydrophobicity and might be a signal peptide; 13 amine
acids lost in the center of tCAST had a protein kinase C

sixteen amino  acids

phosphorylation site ( SSK '} which hud a 3-wm in the
secondary structure, linking o-helixes in two sides.

DISCUSSION

Calpain and calpustatin are involved in numerous

membrane fusing events.  Such as neural  vesicle

exocylosis,  plawlel  und  red-cell  aggregation,
Calpastatin modulation of m-calpain 15 necessory for
myoblast fusion; a decrease of calpastarin accelerates
fusion®.  Yudin'¥ found that calpain and calpastatin
were colocalized in the region between the plasma
membrane and the ouler erosomal membrane  of
cynomolgus macague sperm. - So calpastatin may interact
Only before the
acrosome reaction, when a large scale and sudden influx
of Ca’* is taking place, calpastatin is detached from
calpain, and calpain is activated, acrosome reaction is
thus triggered.

The analysis of LCAST nucleic acid and protein

with calpain and inhibit its activity .

suggests that (CAST may be a festis-specific form of
SCAST vie alemative splicing. The putative protein
contains the four inhibitory domains,  When compared
with sCAST, CAST protein has two single amino acid
changes and large scale deletions: domain L and 13
amine acids between inhibitory domain | and I,
Similar results have been reported in other papers:
calpastatin cDNA of human liver has two long deletions in
domain L and [ "
cDNA library has two deletions in domain L1 and
there is no domain L and [ in the human erythro-
cyle"m‘ All these calpastating have long deletion in
domain L and T , but they stll have inhibitory activities.
The changes of tCAST might affect its three-dimension
structure, inhibitory activity. and subcellular location,
but mote evidence is needed to confirm it.

calpastatin cloned from ral liver

There are two types of cells in human hody . somatic
cell and germ cell.  From ours and others data, we know
that many gene expression in germ cells are different from
thal in somatic cells, so expressed proteins have two
isoforms;  somatic type and tesus-specific  type.
Switching of promoters from somatic sites 10 Lestis-
specific sites is known in some genes, it may be caused
by lestis-specific promoters and its  comesponding
transcription factors!® 1 In this case.
specific calpastatin promoters may change (he normal

the testis-

transcription initial site that took place in somatic cells to
testis-specific transcription initial ~ite, and transcribe a
novel testis-specitic isoform of calpastatin.
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1 AGACATAGLUTACTCUGAL T GAAGAATTCAGCAGU TAAGTGUAAG TG TUTTCTATTLC
61 ACTTTAAATACTTTTATCTACTGAATOGCAAGAAMATTGGGTTTCTGCTGCTGTCTGTGG
121 TTCATGAGAAAAAATCCCAAGAAGGAAAGCTAAAAGAACACACAGAGCCAAAAAGUCTAC

181 CCAAGCAGGCATCAGATACAGGAAGTAACGATGCTCACAAT AAAAAAGCAG TTTCCAGAT
241 CAGCTGAACAGCAGCCATCAGAGAAATCAACAGAACCAAAGACTAAACCACAAGACATGA

01
301 TTTCTGCCTGE TGCAGAGAGTGTTGCTGG T AT CACTGCAATATCTGGCAAGCCGEG TRACA r
S AGGESVAGITATSGEKPGD] 21
361 AGAAAAAAGAAAAGAAATCATTAACCCCAGCTGTGCCAGTTGAATCTAAACCGGATAAAC

EKKETXEKSLTPAVPVESEKTPDEK 41
421 CATCGLGAAAGTCAGGCATGGATGCTGCTTTGGATG ACTTAATAGATACTTTAGGAGGAC inhibitory

SGRKSGCHDALLDDLTDBTILGG g1 .
481 CTGAAGAAACTGAAGAAGAAAATACAACGTATACTGGACCAGAAGTTTCAGATCCAATGA domain |
PEETEEENTTYTGPEV ST PN 81
M1 GTTCCAOCTACATAGAGGAATTGGGTAARAGAGAAGTCACAATTCCTCCAAMATATAGGG
K 101
601 AACTATTGGCTAAACCCATAGGGCCAGATGATGCTATAGACGCCTTGTCATCTGACTTCA L
P1ePDDATD AL SSDF] 121 —
661 CCTCTGGGTCGCCTACAGCTGCTGGAAAGAAAAL TG AAAAAGAGGAATCTACAGAAGTTT T_
P CGCSPTAAGEETEEKTEESTETV] 141

721 TAAAAGCTCAGTCAGCAGGGACAG TCAGAAG TGC TRCTCUACCCCAAGAGAAGARAAGAA
¥ A a5 AGCTVYRSAAPPGQETEKTEKRTR 161 o
781 AGGT_Q“—GGAGAAGGATA‘CM“TF_—AGTGATCAA"Gc' ACTCGAGGCTCTGTCGGLT TCACTRGGCA fnhibitory
EVEEKDPTUESDQALEALSASLG] 181 )
841 CCCGGCAAGCAGAACCTGAGCTCRACCTCLGCTCAA TTAAGGAAGTCGATGAGGLARAAG domain LI
1 R EPELDLRSTEKEVDEARK 201
901 CTAAAGAAGAAAAACTAGAGAAG TG TG TCAGGATATGAAACAATCCCATCTGAGTACA
FXEEFRLEKCGEDDETTIPISE V] 221
91 GATTAAAACCAGUCAGGGA | AARGATGGAAAACCATTATTGLUAGAGLUTOAAGAARAAC
LXKFATDEDGIKPLLPETPETEHK 241

BELEFATDEKDG G

1021 CCAAGCCTCGGAGTGAATCAGAACTCATTGATGAACTTTCAGAAGATTTTGACCGGTCTG ——
PKPRSESELIDELSEDTFDRS %1

1081 ANTGTAAAGAGAAMCCATCTAAGCCAACTGAAMMAGACAGAAGANTCTAAGGOOGCTGCTC
ECKEKPSKPTEI KTTETESTZ KA AAA 281

M4 CAGCTCCTGIGTOGGAGGCTGTGIGTCOGACCTCCATGTGTAGTATACAGTCAGCACCLL
P AP M T

1201 CTGAGCCGOCTACCTTGAAGCGCACAGTGCCAGATGATCC TOT AGRAGCCTTCGCTGATA
PEPATLRGTVPDDAVEALALD] 32t

1261 COCTCOGARARRAGGARGCAGATCUAGRAGATGOARAACC TG TGATGGATARAGTCAAGG b

341 ibitary

1321 AGAAGEC AARGAAGARGACTG TOARAGL T TGh T CARAMGAAGAARCAATTCLTOLTG dornain I
EXAREEDRERLGERKEETIP VP | 361 omain
1381 ATTATACATTAGAAGAGG T CAAGGATAAAGATCOARAGCCACT L TGLCARAAGAGTCTA
381

1441 AGGAACACCTTCCACCCATGAG TGAAGACT TCCTICTGOATGLT T TG ICTGAGGACTICT B
FEjoLPPHEEDFLLDALSEDTE BTy [
1501 CTGGTCCACAAMATGCTTCATCTCTTARAT TTGAAGATGCTARACT TGL TGCTGLCATCT

F { a1
1561 CTCARGTOR T TTCCCARAC COCAGC T TCAACGACCCARGC TGGAGCCCCACCEOG TGATA
441 N
1621 (T O AGAGTCACAAAGACCTORATOATEUC TIGOATARACT CTC TGACAGTCTAGOAC Inhibitory
L D K D D D A D K ) 461 . .
1681 ARAGGCAGCTGACCCAGA TCAGAACAMUCARTCGAAGA TARAG TARAGGAABAAGCTA domain 1
R P DPDENEXKDPEEDEKYKEKAE 481
1741 ARGCTCAACATAG AGACAAGCTTCGAGAARGAGA TCACACTATCLUACCIGAATACAGAG o

1801 ATCTCCTGGATGATAATGGACAGGACAAACCAGTGAAGCCACCTACAAAGAAATCAGAG:

LI LPDNGQGgDET VEPPTETEKSIE 521 _|
1861 ATTCAAAGAAACCTGCAGATGACCAAGACCCCATTGATGCTCTCTCAGGAGATCTGGACA

DSKKPADDQDPIDALSGDLD 541
1921 GCTGTCCCTCCACTACAGAAACCTCACAGAACACAGCAAACGATAAGTGCAAGAAGGCTE

S CPSTTETSQNTAEKDEKT CEKTEKA 561
1981 CTTOCAGCTCCAAAGCACCTAAGAATGGACGTAAAGCGAAGGATTCAGCAAAGACAACAG

ASSSKAPKNGGEKAEKDSAKTT 581
2041 AGGAAACTTCCAAGCCAAAAGATGACTAAAGAAATACAAGTTAAGGTATCTGGTATCTGC

EETSKPIKDD 500

2101 ATGTAAAATCTTCAGCTGOTGGATGGTGACTTTTGAAGAACAAAAGGCTTTGGCAACAGA
2161 AAACAATTGTTCTGGGTGATTTCTAGAATGGTTTTTGTTGAGTCTCTGAACATCCTAAAT
2221 ATTGGTTTGTTATTCTTTTCCAGAAAGAARATGAATTTGACTGGTTCACCTGCCAAMAAA
2281 AAAARAAAAA

Fig 2. Nuleic acid sequences and putative amino acid sequences of tCAST. Amino acid sequences in four gay box are
four calpain inhibitory domains, which are the queried results from GenBank homologous domain blast,
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Fig 3. Northern blot of calpastatin in different tissues.
sCAST: somatic calpastatin; tCAST: testis calpastatin,
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In conclusion, a novel isoform of calpastatin

specifically and highly expressed in human adult testis
was found and il was related to spermatogenesis.
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