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Here we report the cloning and characterization of a
ovel cDNA named spata 2. SPATA2 is the ortholog of
D1, a human testicular protein which has been sug-
ested to play a role in spermatogenesis. The spata 2
equence reveals an open reading frame encoding a
rotein of 511 amino acids. Northern blot analysis
ith rat mRNA demonstrated two distinct transcripts
f 2.2 and 4.0 kb. Tagging recombinant SPATA2 with
he green fluorescent protein (GFP) and expressing
he chimeric polypeptide in HLtat transfected cells
ndicated that SPATA2 is located in the nucleus. RT-
CR analysis revealed that spata 2 mRNA is expressed

n the testis and to a lesser extent in the brain while
keletal muscle and kidney showed a barely visible
ignal. The same analysis demonstrated that isolated
ertoli cells express spata 2 mRNA. Treating Sertoli
ells with FSH in vitro induced remarkable changes in
he steady-state level of spata 2 mRNA in a time-
ependent manner. In developing testis spata 2 tran-
cripts were first detected 10 days post partum and
xpression levels increased steadily with age. The
bility of FSH to stimulate spata 2 mRNA expression
s well as its developmental expression suggests that
his protein might play a role in regulating spermato-
enesis and thus, according to the Gene Nomenclature
ommittee, we propose the name SPATA2 (Spermato-
enesis associated protein 2) for this protein (or
ene). © 2001 Academic Press

Key Words: SPATA2; spermatogenesis; Sertoli cells;
SH; testis.

The pd 1 gene sequence was isolated from human
estis cDNA library and encodes a protein of 520 amino
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permatogenesis (1).
Northern blot analysis for pd 1 mRNA from several

uman tissues demonstrated two distinct transcripts
f 2.7 and 4.0 kb and revealed that PD1 protein is
xpressed moderately in testis and to a lesser extent
lso in the spleen, thymus, and prostate. The same
equence was also isolated from a human brain cDNA
ibrary and an mRNA expression level similar to that
f testis was revealed in this tissue (2). Using the
radiation hybrids” technique, the human pd 1 gene
as been mapped at 20q13.13, a chromosomal region
here other spermatogenesis-associated genes have
een recently localized (3, 4).
An immunohistochemical analysis of human testis

howed that this protein is present in the Sertoli cells,
ut no reactivity was observed in any spermatogenic
ells at any stage of maturity.
Western blot analysis detected the presence of a 60

Da molecule in a crude extract of human testicular
ells and showed different patterns of expression in
arious testiculopathies, demonstrating that PD1 is
ot only tissue-specific but it is also produced by Sertoli
ells probably under the influence of spermatogenic
ells (1).
To clarify further the role of this gene in the regula-

ion of spermatogenesis we isolated and cloned the rat
rtholog of pd 1, spata 2. In the present study we report
complete analysis of this new gene and on the basis of

ts expression pattern, stimulation by FSH and in-
rease in expression during testicular development, we
ropose that spata 2 may be involved in the control of
permatogenesis.

ATERIALS AND METHODS

Animals. Male Sprague–Dawley rats were used to isolate Sertoli
ells and to obtain tissues for RNA extraction. Animals were housed
nd fed in accordance with guidelines for animal care of University
f Padova and were killed humanely by asphyxiation with CO2.



Isolation of Sertoli cells and FSH stimulation. Sertoli cells were
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solated from the testis of five 13 day-old Sprague–Dawley rats by
he procedure of Scarpino et al. (5). The isolated Sertoli cells were
lated at a concentration of 3.5 3 104 per well and cultured in
ulbecco’s modified Eagle medium (Sigma, Milan, Italy) supple-
ented with glutamine (2 mM), Hepes (15 mM), nonessential amino

cids, EGF (100 ng/ml), penicillin (100 IU/ml), streptomycin (100
g/ml), gentamicin (40 mg/ml), and in the presence of hormones (2
g/ml insulin, 1029 M hydrocortisone, 1027 M testosterone) at 32°C in
humidified atmosphere of 5% CO2 in air. In duplicate time-course

xperiments, Sertoli cells were incubated for 1, 4, and 24 h in the
resence of 100 ng/ml of FSH (Sigma). The purity of the Sertoli cells
as assessed by measuring the synthesis and the release of 17-b
stradiol into the culture medium.

RNA isolation. Tissues or cells to be used for RNA extraction
ere isolated from rats and rapidly frozen in liquid nitrogen. Frozen

issue was disrupted and grinded to a fine powder using a mortar and
estle. Total RNA was isolated from about 30 mg of each tissue using
he “RNeasy Mini kit” (Qiagen, Milan, Italy) according to manufac-
urer’s instructions. Finally the RNA was eluted in 50 ml of sterile
ater by centrifugation at 8000g for 1 min. Yield and purity were

hecked by spectrophotometric determination at 260 and 280 nm.

cDNA cloning and sequencing of rat spata 2. Reverse transcrip-
ion of 5 mg of total RNA using 200 ng of oligo(dT) primer (Roche
iagnostics, Milan, Italy) was performed for 1 h at 42°C in a final
olume of 20 ml in the presence of 25 U of AMV reverse transcriptase
Roche), 1 3 reaction buffer (50 mM Tris–HCl, pH 8; 75 mM KCl; 3

M MgCl2), 0.2 mM each of dNTPs, 1 U Rnase inhibitor (Roche), and
0 mM dithiothreitol (DTT).
An aliquot (5 ml) of the rat testis cDNA diluted 1:10 was used in

CR to amplify the encoding region of spata 2 cDNA using the
rimers specific for human coding sequence: forward 59-
TGGGGAAGCCCAGTTCAATG-39 and reverse 59-TCTATCTG-
ACACGAGATGGGAG-39. PCR reaction contained 1 U Taq DNA
olymerase (Amersham-Pharmacia Biotech, Milan, Italy), 0.2 mM
ach of dNTPs (Amersham-Pharmacia), 0.2 mM of each primer in 1 3
eaction buffer (10 mM Tris–HCl, pH 8.3; 1.5 mM MgCl2; 50 mM
Cl). Amplification was performed for 35 cycles as follows: 1 min
enaturation at 94°C, 1 min primer annealing at 60°C and 2 min
xtension at 72°C. PCR product was electrophoresed on a 1.5%
garose gel in 1 3 TAE buffer (50 mM Tris–HCl, pH 8; 20 mM
odium acetate; 2 mM Na2EDTA) and stained in ethidium bromide.
CR products were cloned directly into pGEM-T Easy Vector

Promega–Italia, Milan, Italy) to determine their nucleotide se-
uence. cDNA sequences was obtained on both strands using the
uorescent-terminator method and run on the ABI 377 sequencer
Perkin-Elmer Applied Biosystems, Monza, Italy). Three indepen-
ent PCR products have been analyzed to produce a consensus
equence. The RACE-PCR (Rapid Amplification of cDNA Ends-PCR)
echnique was used to amplify the spata 2 cDNA-ends: amplifications
ere performed using a gene specific primer and an anchor primer

omplementary to the adaptor, ligated to both ends of the ds cDNA,
nd according to Frohman et al. (6).

Analysis of protein and cDNA sequences. Hydrophobicity analy-
is (7) was performed using ProtScale software (ExPASy Molecular
iology WWW server, Swiss Institute of Bioinformatics, Geneva,
witzerland). Presence of a signal peptide was analysed by means of
SORT II algorithm (8). Sequence similarity searches were per-

ormed using the following software: BLASTN, BLASTP 2.0.5 (9)
unning on the NCBI BLAST server (Bethesda, MD); and FASTA3
10) (EBI WWW server, Hinxton Cambridge, UK). Occurrence within
he protein sequence of particular patterns of established or poten-
ial significance was inspected by searching PROSITE database (11).

Northern Blot analysis. Two micrograms of rat testicular mRNA
ere electrophoresed on 1% agarose gel containing 2.2 M formalde-
yde and transferred to nylon Hybond N1 membranes (Amersham-
harmacia Biotech) following standard procedure. The filter was
87
f spata 2 (from base 1217 to base 1655) in 10 ml of “ExpressedHyb”
ybridization solution (Clontech, Palo Alto, CA). Hybridization and
ashing conditions were as recommended by the manufacturer. Sig-
al was visualized by autoradiography with Kodak X-Omatic film at
80°C using an intensifying screen for 3 days.

Expression of recombinant SPATA2 and intracellular distribution.
o monitor the intracellular distribution of SPATA2, the coding
equence was cloned into the vector pEGFPN1(Clontech) to generate
plasmid termed pSPATA2-GFP that gave rise to a SPATA2-green
uorescent protein (GFP) fusion protein. For the transfections was
sed the HeLa-derived cell line HLtat, which constitutively ex-
resses the HIV-1 Tat protein that confers a high transfection effi-
iency compared to the parent cell line (12). Cells were grown on
lass coverslips in DMEM supplemented with 10% fetal calf serum
nd were transfected by calcium-phosphate coprecipitation. Forty
ight hours later the cells were fixed with 3.7% formaldehyde in PBS
nd examined under fluorescent light (excitation 480 nm, emission
10 nm) using a Nikon E600 microscope.

Optimization of RT-PCR analysis. To determine the range of
CR cycles over which amplification was linear for each target mol-
cule we performed preliminary linear range-finding experiments
ccording to Ferre (13). Thirty nanograms of RNA from each sample
ere reverse-transcribed into cDNA at 42°C for 2 h in a mixture (20
l) containing 200 ng oligo(dT) primer, 25 U of AMV-R reverse
ranscriptase (Roche), 1 3 reaction buffer (50 mM Tris–HCl pH 8; 30
M KCl; 8 mM MgC2), 10 mM each of dNTPs, 1 U Rnase inhibitor

Roche), and 10 mM DTT. The cDNA was subsequently amplified (as
bove) using gene-specific primers for varying cycle numbers (from
8 to 30) including 30 s denaturation at 94°C, 30 s primer annealing
t 60°C and 30 s extension at 72°C. Primers for the spata 2 gene
ere: forward 59-ATGGATACGAAGTACAAGGATGAC-39; reverse
9-CTTCTCCAGCAACGTGGAC-39. As an internal control for the
mount of RNA used, glyceraldehyde-3-phosphate dehydrogenase
GAPDH) cDNA was amplified as above, but using the forward
rimer 59-ACCACAGTCCATGCCATCAC-39 and the reverse primer
9-TCCACCACCCTGTTGCTGTA-39. The predicted size of the PCR-
mplified products was 452 bp for GAPDH and 367 bp for SPATA2.
ll primers were selected from 2 exons separated by one or more

ntronic sequences, to identify possible amplicons from contaminat-
ng genomic DNA. To exclude potential cross-contamination of cDNA
n RT-PCR reactions, samples were run on PCR by using water as
egative control as well as for each RNA sample a “no RT” control
ave been used. Aliquots (10 ml) of the PCR reactions were electro-
horesed on a 1.5% agarose gel and transferred to a nylon membrane
Hybond N1) via alkaline transfer method. The filters were then
ybridized with 32P-labeled SPATA2 and GAPDH probes in “Ex-
ressHyb” hybridization solution (Clontech) as above. These filters
ere exposed to Kodak X-Omatic films at 280°C for 1 day.
Comparative analysis was performed in the linear range of ampli-

cation which, for the amount of totRNA (30 ng) used as starting
aterial in RT-PCR, corresponds to the 18–22 and 24–28 cycles

nterval for GAPDH and SPATA2, respectively.

ESULTS

loning of spata 2 cDNA, Sequence Analysis and
Intracellular Localization of SPATA2 Protein

The cDNA of spata 2 was isolated following a RACE-
CR strategy: the first PCR products were obtained
sing rat testis cDNA and a set of primers designed on
he basis of human cDNA to amplify the entire coding
equence. These amplicons were about 1.5 kb long and
heir sequencing revealed that they were the rat or-
holog of pd 1 (now spata 2). To complete the sequence



we performed both 39 and 59 RACE-PCR which added
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33 bp to 39-end and 102 bp to 59-end. The resulting
DNA sequence (GenBank Accession No. AF123651)
hown in Fig. 1 is 2189 bp long excluding the poly(A)
ail. The translation start was assigned to the first
n-frame ATG that appeared downstream of a non-
ense TGA codon at bases 44 to 46. Sequence analysis
eveals an open reading frame of 1533 bp, encoding a
11 amino-acid protein with a predicted molecular
eight of 57.5 kDa and an estimated isoelectric point of
.84. The spata 2 coding sequence is preceded by a 121
p 59 untranslated region and followed by a 39 untrans-
ated sequence of 534 bp that contains the not canoni-
al polyadenylation signal ATTAAA 14 nucleotides
rom the start of the poly(A) tail. A comparison be-
ween the human PD1 and rat SPATA2 protein se-
uences using of BLASTP showed an 85% identity in
14 amino acids sequence overlap (data not shown).
Both nucleotide and amino acid sequence of the

PATA2 were compared with nonredundant database
sing BLASTN, BLASTP, and FASTA3 programs, but
o significant homologies with other proteins or genes
ere found. However, the D. melanogaster database

ontains a gene (CG4057) whose protein product is
imilar to SPATA2 with an expect value of 1.2e-08
32% identity in 129 amino acids sequence overlap).

Regarding SPATA2 aminoacid composition it is in-
eresting to observe the presence and the distribution
f the 17 Cys residues that are located mainly in the
-terminal domain of the protein.
A hydrophobicity analysis using the Kyte-Doolittle

lgorithm predicts that SPATA2 protein is highly hy-
rophylic (data not shown). Analysis performed by
SORT II software predicted no signal peptide; how-
ver a nuclear localization was predicted (52.2% of
robability).
To investigate the intracellular localization, a

PATA2-GFP fusion protein was expressed in HLtat
ells: as shown in Fig. 2 SPATA2-GFP was detected
rimarily in the nucleus while GFP alone (as control)
as distributed throughout the cell in a diffuse pattern
hich corresponds to that described for EGFP from
lontech.
A Northern blot analysis performed on mRNA from

estis detected two distinct transcripts of 2.2 and 4.0 kb
or spata 2 (Fig. 3), as has been previously observed in
he study of human pd 1 mRNA.

xpression of spata 2 mRNA in Adult Rat Tissues

To analyse the tissue specificity of the spata 2 tran-
cript, an RT-PCR analysis was performed on different

FIG. 1. Nucleotide sequence of rat spata 2 cDNA. The predicted a
olyadenylation signal is underlined. The stop codon TAG is marke
ccession No. AF123651.
88
ealed the conditions under which the PCR reaction
emained in the exponential phase (data not shown),
hile the quantity and the quality of the mRNA sam-
les from each tissue were normalised after amplifica-
ion of GAPDH mRNA. The primers for RT-PCR were
esigned within the coding region of spata 2 gene. The
ength and the composition of the nucleotide sequence
as verified by sequence analysis of PCR products. As

hown in Fig. 4, the highest expression was detected in
he testis and the brain, while kidney and skeletal
uscle showed expression levels which were several

old lower. The spata 2 transcript could not be detected
n the spleen, heart, liver, or intestine.

egulation of spata 2 mRNA Expression

FSH is the most important regulator of Sertoli cell
unction and we therefore analysed its effect on the
teady-state of spata 2 mRNA level in the rat Sertoli
ells. In duplicate time-course experiments, isolated
ertoli cells were treated with FSH (100 ng/ml) in vitro

or 1, 4, and 24 h. RT-PCR amplification of spata 2 and
APDH mRNAs following FSH stimulation are illus-

rated in Fig. 5a: expression of spata 2 mRNA aug-
ented slightly after 1 h of treatment which resulted

n a marked increase after 4 h and some more after
4 h.
Since specific expression of spata 2 mRNA was found

n adult rat testis, we next focused on analysis of its
xpression during testicular development. Total RNA
solated from rat testis at 2, 10, 14, 25, and 45 days post
artum (dpp) were reverse transcribed into cDNA and
mplified for spata 2. As shown in Fig. 5b the spata 2
ranscripts were first detected between 10 and 14 days,
hey became clearly visible at 25 days, and produced a
trong signal at 45 days.

ISCUSSION

PD1 (which in the future will be referred to as hu-
an SPATA2) is a novel protein expressed at the tes-

icular level which has been proposed to play a role in
he regulation of spermatogenesis (1). The cDNA was
solated from a human testis library while protein ex-
ression has been detected at the tubular compartment
evel with localization to the Sertoli cells. Due to the
bvious limitation in isolating human samples we
ooked at the rat as the ideal animal model in the
unctional study of this protein. To determine the se-
uence of rat SPATA2 a full-length cDNA was isolated
rom a rat testis cDNA pool. Analysis of the nucleotide

o acid sequence is shown under the DNA sequence and the putative
ith an asterisk. The sequence data are available under GenBank
min
d w
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equence revealed an open reading frame of 1533 bp
ncoding a 511-amino-acid protein with a predicted
olecular weight of 57.5 kDa. The translation start is
ot the same as in human cDNA, but is 21 bp down-
tream and thus generates a protein that is 9 amino
cids shorter on the whole. The first ATG in the spata
open reading frame is in reasonable agreement with

he consensus for the nucleotide context of the initia-
ion site (14). The sequence identity with human PD1

FIG. 2. Nuclear localization of SPATA2. As shown in (a), HeLa
emonstrated a nuclear localization for this protein while GFP alone

FIG. 3. Expression of spata 2 mRNA in adult rat testis by North-
rn blot analysis. Two mg of mRNA were electrophoresed and blotted
o nylon membrane and hybridized with a radiolabeled cDNA frag-
ent of spata 2 (from base 1217 to base 1655). Two distinct tran-

cripts of 2.2 and 4.0 kb for spata 2 mRNA are indicated by arrows.
n the left are shown the molecular size of the 28S and 18S ribo-

omal RNA.
90
s 85% in 514 amino acid overlap revealing that
PATA2 protein has been highly conserved during
ammalian evolution.
Northern blot analysis for spata 2 on mRNA ob-

ained from rat testis detects the presence of two dis-
inct transcripts of 2.2 and 4.0 kb: the first one corre-
ponds to cDNA sequence reported here since repeated
9 RACE-PCR performed using oligos within the first
00 bp failed to identify a larger transcript, while for
he second one the difference in size may be due to an
lternative 39 untranslated region (UTR) as demon-
trated for human pd1 by Nagase et al. (2). The 39 UTR

cell transfected with plasmids expressing SPATA2 fused to GFP
was distributed throughout the cell in a diffuse pattern. Bar, 5 mm.

FIG. 4. RT-PCR analysis of spata 2 in several adult rat tissues.
0 ng of total RNA from each tissue were reverse-transcribed into
DNA and subsequently amplified for spata 2 and GAPDH by PCR.
liquots (10 ml) of the PCR reaction were electrophoresed, blotted to
ylon membrane, and detected after hybridization with the relative
adiolabeled probes. The highest expression of spata 2 (top) was
etected in testis and brain while kidney and skeletal muscle showed
xpression several fold lower. GAPDH expression (bottom) was uti-
ized as an internal control for the equal amount of RNA used.
tat
(b)
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acks the canonical polyadenylation signal, AATAAA,
ut it contains the most common variant, ATTAAA.
The presence of a signal peptide was analysed by
eans of PSORT II program and, even if no significant

ubcellular localization signals or transmembrane seg-
ent were found, a possible nuclear localization was

uggested. To obtain additional information on the lo-
alization of SPATA2 in living cells, we constructed a
PATA2–GFP fusion protein which was detected pri-
arily in the nucleus of HLtat transfected cells. Fur-

her analyses are ongoing (e.g., yeast two hybrid assay)
o better define if SPATA2 might interact with any
uclear proteins.
The expression pattern of spata 2 in nine rat tissues
as examined by RT-PCR and showed that the relative

ranscript is not widely distributed, the tissue with
ighest expression is testis, a lower expression was
bserved in brain, whereas very faint signals were
etected in skeletal muscle and kidney. A similar pat-
ern was observed in human (1, 2). This is not unusual
ince other genes with specific and essential roles in
permatogenesis have been reported to be expressed in
estis and indeed in other tissue as well (15).

RT-PCR analysis on mRNA from Sertoli cells in cul-
ure demonstrated the presence of spata 2 transcripts.
hese results are in agreement with previous immu-

FIG. 5. Time course and developmental changes of spata 2
RNA level in the rat testis detected by RT-PCR analysis. (a) Total
NA was isolated from Sertoli cells in culture either before (0 h) or
, 4, or 24 h after FSH addition. RT-PCR products of spata 2 (26
ycles) and GAPDH (20 cycles) from a representative experiment are
hown: a marked increase for spata 2 was seen after 4 h and some
ore after 24 h. (b) Total RNA was isolated from rat testis at 2, 10,

4, 25, and 45 days post partum (dpp). The PD1 transcripts were first
etected between 10 and 14 days then they increased steadily with
n advancement of age. A sample (w) was run on PCR by using water
s negative control as well as a “no RT” control for each RNA sample
data not shown).
91
D1 to be present in the Sertoli cells while no reactiv-
ty was observed in any spermatogenic cells (1).

Since FSH is the most important hormone regulat-
ng Sertoli cell function we evaluated the effect of FSH
n spata 2 mRNA level in isolated rat Sertoli cells: in
wo separate experiments this hormone induced, in a
ime-dependent manner, a significant increase in spata

mRNA level demonstrating that the expression of
his protein is FSH-responsive. These results exclude a
onstitutive role for SPATA2 and suggest an involve-
ent of this protein in the FSH-dependent function of
ertoli cells.
One of the physiological steps of the FSH-dependent

ertoli cell function is the induction of puberty. Previ-
usly studies demonstrated that the spata 2 mRNA
evel became detectable at 14 dpp during testicular
evelopment (16). In the present report, we analyzed
he expression of spata 2 mRNA in rat testis during
uberty. We used a more sensitive method which al-
owed us to detect spata 2 transcripts between 10 and
4 days (in the middle of the infantile period) when
ype A and B spermatogonia and leptotene spermato-
ytes are present. The spata 2 signal became then
learly visible at 25 days (during the juvenile period)
hen young spermatids start to be present and in-

reased at 45 days when the rat reaches the sexual
aturity and mature spermatozoa appear in the sem-

niferous tubules (17–19). The mechanism determining
he increase in the spata 2 mRNA level during puberty
s not clear. One hypothesis is that increasing the
erum FSH level during this period may have a role in
his phenomenon. Alternatively, as for inhibin, the
eighbouring germ cells may modulate the FSH-

nduced spata 2 mRNA expression by Sertoli cells (20,
1). In summary the results of this study demonstrate
hat SPATA2, a novel rat protein: (i) is expressed at the
esticular level, (ii) originates from Sertoli cells, (iii)
ppears during the infantile-juvenile period and in-
reases steadily with advancement of age, (iv) in-
reases the relative mRNA level after FSH stimulation
n vitro.
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