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Abstract

The PATE gene is expressed in prostate and testis. To determine if PATE is expressed in other accessory tissues of the male

genital tract, RT-PCR of the epididymis and seminal vesicle was performed. PATE mRNA was highly expressed in the epididy-

mis and seminal vesicle. In situ hybridization of the testis showed PATE mRNA is strongly expressed in the spermatogonia.

The PATE gene encodes a 14-kDa protein with a predicted signal sequence and a cleavage site between residues G21 and S22.

To determine if PATE is a secreted protein, 293T cells were transfected with a pcDNA-PATE-myc-His plasmid and protein

immunoprecipitated with anti-myc monoclonal antibody. Western blot analysis showed the presence of PATE-myc-His protein

was in the medium and the cell lysate. Confocal microscopy demonstrated that PATE-myc-His protein is found in the endo-

plasmic reticulum. The polyclonal antibody SOL-1 was generated by immunization of rabbits with recombinant PATE protein

expressed and purified from Escherichia coli. Western blots were performed on extracts of prostate, testis, seminal vesicle and

ejaculated spermatozoa, but PATE protein was only detected in the spermatozoa. Immunostaining of sperm smears revealed

that PATE is located in a band-like pattern in the sperm head. Our data indicate that PATE is made by various sexual accessory

tissues and secreted into the semen where it becomes associated with sperm, suggesting that PATE is a novel sperm-associated

protein with a possible role in mammalian sperm maturation.
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Introduction

Mammalian sperm are terminally differentiated cells.
Their differentiation from round spermatids to highly
polarized and fully motile cells is characterized by exten-
sive biochemical, physiological and morphological events
(Toshimori 1998, Ducheux et al. 2003). These events start
in the testis in the process called spermiogenesis. For the
sperm, extensive post-gonadal differentiation to maturity
is required for successful fertilization. This post-gonad
differentiation occurs in the male accessory glands such
as the epididymis. These accessory glands contribute to
the sperm maturation process by secreting factors into the
seminal plasma, a complex biological fluid formed from
the mix of various secretions in the male genital tract (Luo
et al. 2001).

The epididymis provides a luminal environment that
promotes both maturation and survival of the spermatozoa

(Hinton & Palladino 1995, Hinton et al. 1996). In this
luminal environment there are factors involved in gluta-
thione conjugation and metabolism (Robaire & Viger
1995, Hinton et al. 1996), inhibitors of complement-
mediated lysis (Griswold et al. 1986, Collard & Griswold
1987, Sylvester et al. 1991) and protease inhibitors (Corn-
wall et al. 1992, Kirchhoff et al. 1998). The sperm become
functionally mature while traveling through the epididy-
mis duct gaining fertilization ability and zone recognition
(Orgebin-Crist 1969, Bedford 1975). In hamsters, it has
been proposed that the epididymis possesses a sperm sort-
ing mechanism which discriminates viable from non-
viable sperm (NagDas et al. 2000).

Seminal vesicle secretions constitute the major portion
of the seminal plasma contributing factors that affect
sperm motility. The contribution of the seminal vesicle
secretions to sperm motility has been investigated using
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semen of several different mammals such as boar (Iwa-
moto et al. 1992, Jeng et al. 1993, Nichol et al. 1997),
bull (Al-Somai et al. 1994), mouse (Peitz 1988) and
human (Robert & Gagnon 1996). In mice, the removal of
the seminal vesicle greatly reduces mouse sperm fertility
(Pang et al. 1979, Peitz & Olds-Clarke 1986). Because the
process by which mammalian sperm develops and
matures to fully functional cells is not completely under-
stood, the identification and characterization of new fac-
tors related to the process is important. In the following
study we report the identification and characterization of
PATE, a gene expressed in prostate and testis as a novel
sperm-associated protein that may be involved in sperm
maturation.

Materials and Methods

Reverse transcription-PCR (RT-PCR) analysis

Total RNA from epididymis and seminal vesicle was
extracted using the Absolutely RNA RT-PCR Miniprep kit
following instructions of the manufacturer (Stratagene, La
Jolla, CA, USA). Total RNA from prostate and testis was
obtained by BD Biosciences Clontech (Palo Alto, CA,
USA). Single-stranded cDNA from RNA samples of each
tissue was synthesized from 5mg total RNA using the First-
strand cDNA Synthesis kit (Amersham Biosciences;
Piscataway, NJ, USA) following instructions from the manu-
facturer. PATE PCR amplification was performed using
1.5ml of the first-strand reaction and PATE specific primers
PATE-12 sense (50-ACAAGTCCCTCTTGCTGGAACTC-30)
and PATE-363 antisense (50-AAGGTCTTCATTGCACAGGT-
CATG-30) using the Hot Star Taq Master mix (Qiagen, Ala-
meda, CA, USA). The thermocycling protocol was initial
denaturation at 95 8C for 15 min, 35 cycles of denaturation
at 94 8C for 1 min, annealing at 60 8C for 1 min, and
elongation at 72 8C for 1 min. This set of primers generates
a 351 bp fragment. For RNA control, PCR was performed
using commercially available actin primers that generate a
640 bp PCR fragment. The PCR products were analyzed on
1.0% 0.5 £ TAE (20mM Tris, 10 M acetate, 1 mM EDTA;
pH 8.0) agarose gel followed by ethidium bromide staining.

In situ hybridization

In situ hybridization of PATE mRNA on testis tissues was
performed as described earlier (Kumar & Collins 1994,
Olsson et al. 2001). Biotinylated probes were prepared
using cDNAs encoding PATE (1500 bp), the small nuclear
RNA U6 (250 bp) and the B cell differentiation antigen
CD22 (2068 bp) cloned in the pBluescript II SK(þ ) plas-
mid, using the BioNick Labeling System kit (Life Technol-
ogies, Gaithersburg, MD, USA) according to the
manufacturer’s instructions. Slides were hybridized using
the In situ Hybridization and Detection System (Life Tech-
nologies) according to the manufacturer’s instructions. The
slides were counterstained using 0.2% Light Green stain,
rinsed through a series of alcohol grades, and mounted

in Cytoseal (Stephens Scientific, Riverdale, NJ, USA).
Microscopic evaluation was performed using a Nikon
Eclipse 800 microscope.

Cell culture and transfection

293T cells (American Type Culture Collection, Manassas,
VA, USA) were grown in a 5% CO2/95% air humidified
incubator at 37 8C and in D-MEM (Quality Biological Inc.,
Gaithersburg, MD, USA) supplemented with 10% FBS,
2 mM L-glutamine, 100 units/ml penicillin, and 100mg/ml
streptomycin. Plasmid DNA transfection of 293T cells was
performed with Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions.
Assays were performed 48 h after transfection.

Detection of secreted PATE

293T cells were transfected with pcDNA3-PATE-myc-His
plasmid expressing PATE protein with a myc-His epitope
tag at the carboxy terminus using Lipofectamine 2000 fol-
lowing the manufacturer’s protocol (Invitrogen). Culture
media and cells were collected by aspiration and trypsini-
zation respectively. PATE-myc-His and actin proteins were
immunoprecipitated with an anti-myc monoclonal anti-
body (mAb) and an actin polyclonal antibody (pAb) (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) from the
5 ml culture medium and 1 mg total cell lysate respect-
ively, following standard protocols (Harlow & Lane 1999).
One-fifth of the immunoprecipitated protein was loaded
in 4–20% PAGE gel (BioRad, Hercules, CA, USA) and
transferred to PVDF membranes. Membranes were immu-
noblotted with anti-myc or anti-actin mAbs (1:1000
dilution) followed by rat anti-mouse IgG1-horseradish per-
oxidase (HRP)-conjugated mAb (1:1000 dilution). Immu-
noblotted membranes were detected using an ECL
detection kit (Amersham Biosciences).

Subcellular localization of PATE

For PATE subcellular localization, 293T cells were trans-
fected with pcDNA PATE-myc-His. After 48 h, cells were
washed 3 times with PBS, fixed in 1 ml 3.7% formal-
dehyde in PBS for 10 min at 25 8C and washed 3 times for
10 min with PBS. Cells were permeabilized with 1 ml
0.1% Triton X-100 in PBS for 5 min at 25 8C, washed and
blocked with 5mg/ml normal goat globulin (NGG) in
PBS þ 0.1% saponin for 20 min at 25 8C. Blocked cells
were incubated with mouse anti-myc mAb (Molecular
Probes, Inc., Eugene OR, USA), 5mg/ml in PBS-NGG-
saponin for 90 min at 25 8C or overnight at 4 8C. Coverslips
were washed 3 times, incubated with goat anti-mouse
Alexa Fluor 594 antibody (5mg/ml) in PBS-NGG-saponin
for 60 min at 25 8C and washed 3 times with PBS (Molecu-
lar Probes, Inc.). To visualize the nucleus, cells were
stained with DAPI (5mM in PBS; Molecular Probes, Inc.)
for 5 min at 25 8C and washed twice with PBS for 5 min.
To visualize the endoplasmic reticulum, cells were
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incubated with 2mM 3,30dihexyloxacarbocyanide iodide
(DiOC6(3)) for 5 min (Molecular Probes, Inc.) (Sabnis et al.
1997). Slides were analyzed in a Zeiss LSM 510 confocal
microscope (Carl Zeiss, Inc., Thornwood, NY, USA).

Purification of recombinant PATE (rPATE) protein

Plasmid pRB302 was constructed using a 321 bp PCR pro-
duct, generated by primers PATE2C: 50-GAC TGA CTT CAT
ATG GGA TCA CTT TCA ATG AGA AAT-30 and PATE3N:
50-TTC CAT TGG AAT TCT AAA GGT CTT CAT TGC ACA
G-30 and CR2.1-PATE plasmid (Bera et al. 2002) as a tem-
plate. The PCR product was subsequently subcloned into a
pET-based expression vector pULI7 (Brinkmann et al.
1991) using NdeI and EcoRI restriction sites. Plasmid
pRB302 expresses the PATE protein lacking the signal
sequence. Escherichia coli BL21 (aDE3) (Studier & Moffatt
1986) was transformed with plasmid pRB302. Protein pro-
duction was induced by isopropyl-beta D-thiogalactoside
(IPTG), and PATE accumulated in inclusion bodies. Purifi-
cation of the protein was performed as described before
for immunotoxin purification (Pastan et al. 2003). Briefly,
inclusion bodies were solubilized in guanidine hydrochlo-
ride solution and reduced with dithioerythritol. Solubilized
protein was refolded by dilution in a refolding buffer con-
taining arginine and glutathione to prevent aggregation
and to facilitate redox shuffling respectively. Refolded
protein was dialyzed and purified by ion exchange
chromatography. Protein concentration was determined by
Bio-Rad DC protein assay (Bio-Rad).

Generation of anti-PATE rabbit antibody (SOL-1 pAb)

The generation of polyclonal anti-PATE rabbit antibody
(named SOL-1 pAb) was performed by immunization of
two rabbits with purified rPATE protein by Spring Valley
Laboratories, Inc. (Woodbine, MD, USA) following stan-
dard protocols. Two rabbits were primary immunized with
100mg rPATE protein in complete Freund’s adjuvant. After
primary immunization they were boosted at 21, 42 and
74 days post-immunization with 100mg rPATE protein in
incomplete Freund’s adjuvant. Rabbits were bled and the
development of anti-PATE rabbit antibodies was monitored
by Western blot against rPATE protein.

Human sperm collection and tissue samples

Human semen ejaculates were obtained from normal
male donors by masturbation after 3 days of abstinence
from ejaculation (samples were designated exempt by the
Office of Human Subjects Research, NIH). Ejaculates
were allowed to liquefy at 25 8C. Sperms were collected
as described by Gupta et al. (1990). Liquified semen was
centrifuged at 400 £ g for 15 min, washed 3 times in Tris–
buffered saline (TBS; 10 mM Tris, 145 mM NaCl, pH 7.4)
and stored at 270 8C. Epididymis and seminal vesicle tis-
sues were obtained from the cooperative Human Tissue
Network, Southern Division (Philadelphia, PA, USA).

Preparation of cell extracts and Western blot analysis

Transfected and untransfected 293T cells, seminal vesicle,
epididymis and sperm lysates were prepared using NP-40
lysis buffer containing protease inhibitors by incubation
on ice for 1 h (Harlow & Lane 1999). Frozen tissues were
macerated with a cold mortar and pestle and then resus-
pended in NP-40 lysis buffer (Boehringer). Prostate, testis,
brain and spermatic cord total cell lysates were obtained
from Clontech. Thirty-five micrograms protein extracts
(5mg for sperm fractions) were run on a 4–20% Tris–gly-
cine gel (Bio-Rad) and transferred to a 0.2mm poly (vinyli-
dene difluoride) membrane (Millipore, Billerica, MA,
USA) in transfer buffer (25 mM Tris/192 mM glycine/20%
(vol/vol) methanol, pH 8.3) at 4 8C overnight. Filters were
immunoblotted with anti-PATE SOL-1 pAb (1:1500) fol-
lowed by goat anti-rabbit HRP conjugated antibodies
(1:5000; BioSource, Camarillo, CA, USA). Signals were
detected using an ECL chemiluminescence Western blot-
ting kit according to the manufacturer’s instructions
(Amersham Biosciences).

Association of PATE with sperm

SOL-1 pAbs raised in rabbit were used to detect the pre-
sence of PATE on sperm cells. The secondary fluorescent
antibody used was goat anti-rabbit IgG Alexa Fluor 594
(Molecular Probes, Inc.). Fifty microliter aliquots of sperm
suspension in PBS were smeared onto Superfrost Plus
micro slides (VWR, West Chester, PA, USA). The slides
were allowed to air dry in a chemical hood for 10 min.
The slides were fixed and stained as described above with
the following changes. Sperm smears were fixed with for-
maldehyde and washed with PBS for 5 min. Slides were
blocked and incubated with 100ml SOL-1 pAb (1:250) at
4 8C overnight in a humid chamber. After primary anti-
body, slides were washed with PBS and secondary anti-
body was applied in 100ml (1:250 dilution of 1 mg/ml)
and incubated for 1 h at 25 8C in a humid chamber in the
dark. After secondary antibody, slides were washed and
Anti-Fade was applied according to the manufacturer’s
instructions (Molecular Probes, Inc.). A coverslip was
placed on the sperm smear and slides were placed in a
slide box and left to dry overnight at 4 8C wrapped with
foil. Slides were analyzed in a Zeiss LSM 510 confocal
microscope (Carl Zeiss, Inc.).

Results

PATE mRNA is expressed in the accessory glands of the
male genital tract

The PATE gene was identified by a functional genomic
approach (Bera et al. 2002). Of many tissues examined,
PATE mRNA expression was found to be limited to the
prostate and testis by multiple tissue dot-blot, PCR on
cDNAs from 24 different human tissues and Northern blot
analyses (Bera et al. 2002). This limited tissue expression
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suggests that PATE expression is restricted to the male gen-
ital tract. To determine if PATE is expressed in the acces-
sory glands of the male genital tract, RT-PCR was
performed using total RNA from prostate, testis, epididy-
mis and seminal vesicle. As previously described, PATE
mRNA was detected in the prostate and testis. PATE
mRNA was also detected in the epididymis and the semi-
nal vesicle (Fig. 1A). As expected, no PCR products were
obtained in the water control. These data indicate that the
RT-PCR products are specific.

In the normal prostate, PATE mRNA was restricted to
the epithelial cells (Bera et al. 2002). To determine the
cell types in the testis that express PATE mRNA, in situ
hybridization was used with biotin-labeled PATE cDNA as
a probe as described in Materials and Methods. As shown
in Fig. 1B, PATE mRNA is expressed in spermatogonia.
CD22 and U6 probes were used as negative and positive
controls respectively. As expected, in situ hybridization
with CD22 showed no signal and the U6 probe gave a
strong signal confirming the specificity of the in situ
hybridization (Fig. 1B). These data suggest that PATE is
made in spermatogonia of the testis.

The PATE gene encodes a secreted protein

The PATE gene encodes a 14-kDa protein based on the
predicted amino acid sequence from cloned cDNA (Bera
et al. 2002). Amino acid sequence analysis of the pre-
dicted PATE protein revealed the presence of a signal
sequence with a possible cleavage site between residues
G21 and S22 (Fig. 2A). To determine the size of PATE
made in mammalian cells and also if PATE is a secreted
protein, 293T cells were transiently transfected with plas-
mid pcDNA3-PATE-myc-His expressing PATE protein with
a myc-His epitope tag at the carboxy terminus. PATE-myc-
His protein was detected by Western blot in both the total
cell lysate and in the culture media (Fig. 2B). To rule out
the possibility that the presence of PATE in the medium
could be accounted for by cell breakage and release of
cellular proteins into the medium we determined if actin
was present in the medium. Actin could easily be immu-
noprecipitated from the total cell lysates of the 293T and
293T/PATE-myc-His transfected cells. However, actin was
not detected in the culture media indicating extensive cell
breakage did not occur (Fig. 2B).

All the proteins that transit the secretory pathway are
translated initially on ribosomes bound to the endoplas-
mic reticulum (ER) (Blázquez & Shennan 2000), secreted
into the ER and transported to the cell surface. To deter-
mine the intracellular localization of PATE protein, 293T
cells were transfected with a PATE-myc-His plasmid. After
48 h, the cells were fixed, washed and immunostained
with anti-myc mAb, DAPI (nucleus) and DiOC6 (3) (ER).
Stained cells were analyzed under the confocal micro-
scope. As shown in Fig. 3, the PATE myc-His protein
exhibited the same staining pattern as the ER marker,
DiOC6(3). These data indicate that PATE is synthesized in

the ER. Taken together, we conclude that PATE is a
secreted protein.

Purification of PATE protein and generation
of polyclonal anti-PATE antibodies

To determine the location of native PATE protein we pro-
duced antibodies to PATE. To do this the PATE protein was
produced in E. coli. Protein expression on E. coli BL21
was induced with 0.1 mM IPTG (Fig. 4, lane 2). A protein
of approximately 12-kDa PATE protein (without signal
sequence) was solubilized and purified to near homogen-
eity from inclusion bodies (Fig. 4, lanes 3 and 4 respect-
ively). Rabbit anti-PATE antibodies were produced as
described in Materials and Methods. The protein was then
solubilized, purified (lane 4) and used to produce anti-
bodies. To determine Western blot conditions and the
minimum amount of rPATE that can be detected by SOL-1
pAb, Western blots were performed using different
dilutions of the SOL-1 pAb and different concentrations of
rPATE. The SOL-1 pAb could detect as little as 0.05 ng
PATE (Fig. 5, lane 5). To determine if the SOL-1 pAb can
detect PATE protein expressed in mammalian cells, 293T
cells were transfected with pAAS-PATE (a 412 bp HindIII,
EcoRV PATE cDNA fragment cloned into HindIII and StuI
sites of pNLX2 plasmid), total cell lysates were prepared
and the protein analyzed by PAGE gel. Immunoblotting
using SOL-1 pAb detected PATE protein in the total cell
lysate of 293T cells transfected with pAAS-PATE (Fig. 5,
lane 2). As expected, protein was not observed in the
293T untransfected total cell lysate (Fig. 5, lane 1). We
conclude that SOL-1 pAb posseses a high affinity for
rPATE and can be used to detect PATE protein in mamma-
lian cells.

The PATE protein is a sperm-associated protein

Because PATE mRNA was expressed in the prostate, testis
and other accessory glands of the male genital tract by RT-
PCR (Fig. 1A) we tried to detect the presence of PATE pro-
tein in total cell lysates from these tissues. Thirty-five
micrograms brain, prostate, testis, spermatic cord and
seminal vesicle protein were separated in a 4–20% Tris–
HCl PAGE gel, transferred to PVDF membranes and
immunoblotted with PATE SOL-1 pAb. As expected, PATE
protein was not detected in the brain tissue. However, no
PATE protein bands were detected in the prostate, testis,
spermatic and seminal vesicle (data not shown). The lack
of PATE protein detection in the total cell lysates of the
prostate, testis, epididymis and seminal vesicle could be
due to the fact that gene expression in these tissues is
highly regionalized and as a consequence the protein sig-
nal is hard to detect by Western blot in the whole tissue.

Because our hypothesis was that PATE was a secreted
protein that interacted with sperm and helped promote its
development or assisted its function, we next tried to
detect PATE in sperm where it might be concentrated.
To do this human semen was left to liquefy and then
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Figure 1 PATE mRNA expression in accessory glands of the male genital tract. (A) RT-PCR analysis of PATE mRNA expression was performed
with specific PATE primers (top) or actin primers (bottom) with cDNAs derived from each representative tissue. RT-PCRs performed without tem-
plates are indicated as dH2O. PCR products were separated on a 1% agarose gel and visualized by ethidium bromide staining. (B) In situ localiz-
ation of PATE mRNA in the testis. Testis tissue sections were stained with hematoxylin/eosin (H/E) to show general morphology or probed with
plasmid Bluescript containing CD22 (negative control), U6 (positive control) or PATE cDNA.
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centrifuged to separate the sperm from the seminal fluid
as described in Materials and Methods. Then the sperm
was lysed with NP-40 lysis buffer and centrifuged to sep-
arate the soluble (supernatant) from the non-soluble
material (pellet). Five micrograms of each sperm fraction
were analyzed in 4–20% PAGE gel followed by PVDF
membrane transfer and immunoblotting with SOL-1 pAb.
PATE protein was detected in the sperm supernatant frac-
tion (Fig. 5, lane 3). The 12-kDa PATE was completely
absent in the sperm pellet fraction (Fig. 5, lane 4).
Although protein bands were detected in the seminal fluid
fraction of ejaculated spermatozoa none of the bands
exhibited the expected molecular weight of the PATE pro-
tein (data not shown). However, the reactivity of proteins
greater than 12-kDa (the molecular mass of secreted
PATE) indicates that PATE may associate with other pro-
teins present in the seminal fluid or in the sperm. Also
PATE may associate with itself forming aggregates leading
to the ladder of band sizes in the Western blot.

To confirm that PATE protein is associated with human
sperm and to determine its location on sperm, confocal
microscopy was performed after immunostaining PATE
with SOL-1 pAb (1:250 dilution). Association of PATE with
sperm could be observed and was localized to a band-like
pattern lying in the sperm head (Fig. 6E and H). As a nega-
tive control, rabbit pre-immune sera were used at the

same dilution. As expected, no PATE protein was detected
using the pre-immune rabbit sera (Fig. 6A and D).

Discussion

In this paper we have demonstrated that several accessory
tissues of the male reproductive system contain PATE
mRNA, but that PATE protein can only be detected on
human sperm where it is located in an unusual banding
pattern. We found by RT-PCR that PATE mRNA was also
highly expressed in the epididymis and seminal vesicles
(Fig. 1A). This finding confirms that PATE is expressed
exclusively in the male genital tract. In situ hybridization
of the testis indicated that PATE mRNA is predominantly
expressed in the spermatogonia leading to the hypothesis
that the PATE protein may be involved in the development
and/or is associated with the sperm.

The wide expression of PATE mRNA in the male genital
tract may suggest an important role of this gene in cell
development. Prosaposin is an example of this expression
pattern in multiple tissues of the male genital tract. This
gene is a multifunctional locus found in human (Leonova
et al. 1996), mouse (Sun et al. 1994, Morales et al. 1998)
and rat (Morales et al. 1996) and encodes four glyco-
protein activators or saponins expressed in several tissues
including the male genital tract (Kishimoto et al. 1992).
Targeted disruption of this widely expressed gene in mice
leads to a decrease in testis size with reduced spermiogen-
esis and involution of the prostate, seminal vesicle and
epididymis (Morales et al. 2000).

Computer analysis of the predicted amino acid
sequence of the PATE protein revealed a putative cleavage
site between residues G21 and S22. Immunoprecipitation
experiments demonstrated that PATE-myc-His protein was
secreted to the culture media of 293T transiently trans-
fected cells as shown in the Western blot using anti-myc
mAb (Fig. 2B). Moreover, the subcellular localization of
PATE-myc-His protein in the ER of the transiently trans-
fected 293T cells by confocal microscopy confirms that
PATE is a secreted protein that is processed and trans-
ported in the secretory pathway.

SOL-1 pAb, a polyclonal antibody raised in rabbits, was
generated and therefore used to detect PATE protein in
commercially and laboratory-made protein lysates of pros-
tate, testis, spermatic cord and seminal vesicle. Western
blot analysis did not show PATE protein in these tissues
even though PATE mRNA is abundantly expressed. This
observation suggests that PATE as a secreted protein is
rapidly made, processed and secreted out of these tissues.
However, PATE protein was detected by Western blot in
the supernatant fraction of the sperm. The latter finding
together with the fact that PATE mRNA was present in
specialized cells of the testis involved in sperm develop-
ment led us to hypothesize that PATE is a novel sperm-
associated protein (Fig. 1B). Furthermore, BLASTP analysis
of the PATE amino acid sequence against the National
Center for Biotechnology Information’s ‘non-redundant’

Figure 2 PATE is a secreted protein. (A) Amino acid sequence
encoded by the cloned PATE cDNA. The putative cleavage site and
phospholipase A2 motif are indicated by arrows and bold characters
respectively. Underlined is a histidine residue thought to be critical
for phospholipase activity. (B) Secretion of PATE. 293T cells were
transfected with pcDNA3-PATE-myc-His. Forty-eight hours later
PATE-myc-His or actin proteins were immunoprecipitated with anti-
myc mAb or anti-actin pAb from the culture medium and from the
cell lysates.
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Figure 3 PATE subcellular localization. 293T cells transfected with PATE-myc-His plasmid were grown on cover slips. Cells were washed, fixed
and stained as described in Materials and Methods. PATE-myc-His protein was detected using anti-myc mAb. DiOC6(3) and DAPI were used to
stain the ER and the nucleus respectively.

Figure 4 Purification of rPATE protein. rPATE protein expression was
induced on E. coli by IPTG, concentrated in inclusion bodies and
purified as described in Materials and Methods. Lanes 1 and 2 corre-
spond to un-induced and IPTG-induced rPATE expression in E. coli
respectively (10mg total protein); lane 3, inclusion bodies (5mg); lane
4, purified PATE (1.5mg). Gel was stained with Gel Code Blue follow-
ing the manufacturer’s instructions (Pierce, Rockford, IL, USA). Arrow
indicates PATE protein.

Figure 5 Detection of PATE in human sperm. Spermatozoa were iso-
lated and treated with NP-40 lysis buffer. Proteins were resolved in a
4–20% PAGE gel, transferred overnight to a PVDF membrane and
immunoblotted with SOL-1 pAb. Lane 1, 293T (untransfected cells,
35mg); lane 2, 293T/PATE transfected cells (35mg); lane 3, sperm
supernatant (5mg); lane 4, sperm pellet (5mg); lane 5, rPATE
(0.05 ng). Arrow indicates PATE protein.
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database (http://www.ncbi.nlm.nih.gov/blast/) resulted in
similarities to the acrosomal vesicle protein SP-10. The
aligned part of the SP-10 protein belongs to a snake toxin
family of proteins according to the sequence-based pro-
tein classification database, Pfam. This protein may play a
role in sperm-zona binding and penetration (Foster et al.
1994).

Confocal microscopy of immunostained sperm smears
demonstrated that PATE protein is indeed associated with
the human sperm. PATE protein was localized to a band-
like pattern in the sperm head (Fig. 6E and H). Other
sperm-associated proteins that exhibit this band-like pat-
tern are cystatin-related epididymal spermatogenic and
equatorial sperm proteins (Wassler et al. 2002, Wolko-
wicz et al. 2003). In the case of these two proteins the
characteristic band-like pattern is located between the
principal and the equatorial segments of the sperm head.
The equatorial segment is formed in the late spermatid
stage and it is maintained until it is incorporated into the
oocyte (Toshimori 1998). A role for the sperm equatorial
segment during fertilization has been proposed by Ellis
et al. (2002). After the sperm penetrates the egg the equa-
torial segment is believed to initiate sperm-egg adhesion.
This adhesion step is mediated by the protein fertilin
(Evans et al. 1997a, b). The fusion capacity of the equator-
ial segment has been demonstrated experimentally by
fusion with liposomes (Arts et al. 1997). This finding

suggests that PATE protein probably plays a role in mam-
malian fertilization (Wassarman et al. 2001).

The predicted amino acid sequence of the PATE protein
exhibits a phospholipase A2 motif (Fig. 2A) and fold-rec-
ognition programs group PATE protein as a member of a
superfamily of proteins that includes the snake venom
toxin, neurotoxins and cardiotoxins (Bera et al. 2002). The
presence of the phospholipase motif and the low molecu-
lar weight of the protein suggest that PATE could exhibit
phospholipase activity. This is important because phos-
pholipases have been shown to influence a wide range of
cellular activities such as inflammation (Murakami et al.
1997), proliferation (Anderson et al. 1997), apoptosis
(Zhang et al. 1999, Taketo & Sonoshita 2002), carcinogen-
esis (Graff et al. 2001, Jiang et al. 2002), and protection
against microbial infection (Buckland et al. 2000). The
phospholipase activity can be an important property of
the PATE protein given that the membranes of the mam-
malian spermatozoa undergo extensive plasma membrane
remodeling during maturation in the epididymal duct
(Christova et al. 2002). Riffo and Parraga (1997) demon-
strated through in vitro experiments that antibodies against
phospholipase A2 inibit sperm-egg fusion.

In conclusion, PATE is a highly expressed gene in the
male genital tract that encodes a novel secreted sperm-
associated protein that may play crucial roles during
sperm development, maturation and fertilization.

Figure 6 Localization of PATE associated with human sperm. Human spermatozoa were collected by centrifugation. Sperm smears were
prepared in Superfrost Plus slides. Cells were washed, fixed and stained as described in Materials and Methods. PATE protein was detected
using PATE SOL-1 pAb (1:250 dilution). Pre-immune rabbit serum was used as a negative control. (A) Pre-immune; (B and F) DAPI stain; (C and
G) differential interference contrast microscopy (DIC); (E) rabbit anti-PATE (SOL-1); (D and H) merged images of A, B and E, F respectively.
Magnification £ 630.
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