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Abstract
The POTE gene family is composed of 13 highly homologous paralogs preferentially expressed in
prostate, ovary, testis and placenta. We produced 10 monoclonal antibodies (MAbs) against 3
representative POTE paralogs: POTE-21, POTE-2γC and POTE-22. One reacted with all 3 paralogs,
6 MAbs reacted with POTE-2γC and POTE-22, and 3 MAbs were specific to POTE-21. Epitopes of
all 10 MAbs were located in the cysteine-rich repeats (CRRs) motifs located at the N-terminus of
each POTE paralog. Testing the reactivity of each MAb with 12 different CRRs revealed slight
differences among the antigenic determinants, which accounts for differences in cross-reactivity.
Using MAbs HP8 and PG5 we were able to detect a POTE-actin fusion protein in human testis by
immunoprecipitation followed by Western blotting. By immunohistochemistry we demonstrated that
the POTE protein is expressed in primary spermatocytes, implying a role in spermatogenesis.
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Introduction
The POTE gene family is primate-specific and is expressed in prostate, ovary, testis, placenta
and in many cancers [1–3]. The POTE family consists of 13 highly homologous variants
dispersed among 8 different chromosomes: 2, 8, 13, 14, 15, 18, 21 and 22. The POTE proteins
are made up of amino terminal cysteine-rich repeats (CRRs) of 37 amino acids each, ankyrin
repeat motifs of 33 amino acids, and an α helical region similar to spectrins. Each paralog codes
for a different number of CRRs and ankyrin repeats. The length of α helical region varies among
paralogs and some paralogs do not contain this region. We have recently reported that several
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members of the POTE gene family contain an actin retroposon inserted at the carboxyl terminus
of an ancestral POTE paralog in the process of gene evolution [4]. The POTE-2α and
POTE-2γ actin fusion genes are expressed in embryonic stem cells and breast cancer cell lines
[4,5]. However the function of the POTE genes is not yet known. Examination of the expression
pattern of the POTE proteins is an important step in order to understand the biological function
of the POTE family. To investigate expression of POTE protein, versatile antibodies that are
usable for different kinds of experiments are required.

POTE was originally discovered as a gene preferentially expressed in prostate, ovary, testis
and placenta by a computer-based screening strategy using EST database [1–2]. Subsequent
RT-PCR and in situ hybridization studies confirmed these findings. In a survey of mRNA
expression we found POTE paralog expression varied among different tissues and POTE-2γC
and POTE-22 were the major transcripts in many cancer cell lines and tissues [3]. For the
purpose of detection of POTE proteins, we selected these two major paralog proteins as well
as the prototype POTE, POTE-21, as antigens for producing monoclonal antibodies (MAbs).

The first POTE gene discovered is POTE-21, and it is located in chromosome 21 and encodes
a protein of 66 kDa, which consists of 3 CRRs and 5 ankyrin repeat motifs followed by spectrin-
like α helical region [2]. Both POTE-2γC and POTE-22 have a similar structure to POTE-21
except that they do not contain the α helical region. The POTE-2γC gene is located on
chromosome 2 and encodes a protein of 39 kDa, which consists of 3 CRRs and 5 ankyrin repeat
motifs. These POTE proteins are associated with the inner aspect of plasma membrane through
the CRRs [6]. POTE-22 is located on chromosome 22 and encodes a protein of 34 kDa, which
consists of 4 CRRs, and 2 ankyrin repeat motifs. When amino acids 1–130 of these three
paralogs are aligned, 95 of 130 (73%) are identical. Because of the high homology, cross-
reactivity of MAbs to other paralogs is to be expected. Both cross-reactive and paralog-specific
MAbs should be useful, because we will be able to detect general expression with cross-reactive
MAbs and paralog-specific expression with others.

Here we describe the production and characterization of 10 MAbs against POTE-21,
POTE-2γC and POTE-22. All 10 MAbs worked in both Western blotting and
immunofluorescence. The cross-reactivity to other paralogs was examined by ELISA, Western
blotting, and immunofluorescence.

Materials and methods
Plasmids

We used 4 vectors for expression of each paralog: pcDNA3 (Invitrogen, Carlsbad, CA) for
full-length protein expression in mammalian cells, an Fc fusion vector derived from pSegTag2
(Invitrogen) to make POTE fragments (amino acid 1-130 of each paralog) as fusion proteins
with rabbit IgG1 Fc portion in 293T cells [7], pGEX6P-3 (Amersham Biosciences, Piscataway,
NJ) to make glutathione S-transferase (GST)-fusion proteins in E. coli, and pEGFP-N1
(Novagen, Madison, WI) to express each CRR as an EGFP-fusion protein. To make the cDNA
inserts, the POTE paralog cDNAs were PCR-amplified using appropriate primers containing
restriction enzyme sites from the original plasmid clones [2] (The GenBank accession numbers
are: POTE-21, AY172978; POTE-2γC, AY462873; POTE-22, AY466021, POTE-2α,
AY462871).

Recombinant protein expression in 293T cells
To harvest Fc-fusion proteins in the supernatants and to obtain POTE-expressing cells for
Western blot, immunofluorescence or FACS analysis, 293T cells were transfected with each
plasmid using Lipofectamine and Plus reagent (Invitrogen) as described previously [7].
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Preparation of GST-fusion proteins
GST-fusion expression plasmids were transformed into E. coli GC5 (GeneChoice, Frederick,
MD) and the fusion proteins were expressed by inducing with 0.1 mM IsoPropyl β-D-
ThioGalactoside for 6 h. All the GST-fusion proteins were expressed as inclusion bodies and
washed as previously described [8].

Production of Mabs
Balb/C mice were immunized 3–5 times with 20 μg of proteins or DNA. For POTE-2γC or
POTE-22, GST-fusion proteins were i.p. injected after solubilization in 0.5% SDS at 80°C for
10 min and 1:10 dilution with PBS. For POTE-21, POTE-21-DNA in pcDNA3 was i.d. injected
and POTE-21-Fc protein was i.p. injected for the final boost immunization. Three days after
final boost, the spleen cells were fused with SP2/0-neo myeloma cells as described previously
[9]. The hybridomas were screened for secretion of specific MAbs in an ELISA using
POTE-21-Fc, GST-POTE-2γC or GST-POTE-22 as the coated antigens. MAbs to the Fc
portion or to GST were subtracted by the reactivity with rabbit Fc or GST-PRAC2 in a similar
ELISA. The isotype of the MAbs was determined by mouse MAb isotyping reagents (ISO2;
Sigma-Aldrich, St. Louis, MO). Ig concentrations in the culture supernatants were determined
by a sandwich ELISA. All procedures were conducted in accordance with National Institutes
of Health guidelines as approved by the Animal Care and Use Committee of the National
Cancer Institute.

ELISA
Two mg/ml of GST-POTE fusion proteins were solubilized in 0.5% SDS at 80°C for 10 min
and 1000-fold diluted in PBS just before the coating. For Fc-fusion proteins antigen, goat anti-
rabbit IgG was firstly coated then the rabbit Fc-fusion proteins were captured. Incubation with
MAbs followed by secondary antibody and substrate was carried out as described previously
[9].

Western blotting
Twenty ng of GST-fusion proteins or 20 μg of cell lysates were separated on 4–20% SDS
polyacrylamide gels (Bio-Rad, Hercules, CA) under reducing condition. Transfer of proteins
to a polyvinylidene diflouride (PVDF) membrane (0.2 μm; Immuno-Blot; Bio-Rad) and the
immunostaining by the MAbs were carried out as previously described [9].

Immunofluorescence antibody
293T cells were transfected with a POTE-21, a POTE-2γC or a POTE-22 plasmid. After 24 h,
the cells were detached and seeded into 4-well chamber slide (Nalge Nunc) and incubated
another 24 h. Fixation and staining using Alexa 594-conjugated goat-anti-mouse IgG (1:1000
dilution; Invitrogen) were performed as previously described [10].

FACS analysis
293T cells were transfected with EGFP fusion expression plasmid for each CRR or 2 or 3
sequential CRR of POTE-21, POTE-22, POTE-2γC, POTE-2α or EGFP vector alone. Forty-
eight h after transfection, the cells were harvested, fixed and permeabilized with Fixation/
Permeabilization buffer and Permeabilization buffer (eBioscience) according to
manufacturer’s instruction. The cells were incubated with each MAb followed by
allophycocyanin (APC)–labeled goat anti-mouse IgG F(ab’)2 (Jackson). After washing, the
APC-fluorescence associated with transfected cells (EGFP-positive) was measured using a
FACSCalibur Flow Cytometer (Becton Dickinson, Franklin Lakes, NJ).
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Immunoprecipitation Western blotting
Human testis and liver were obtained from the Cooperative Human Tissue Network
(Philadelphia, PA). The frozen tissue was ground in a mortar set and lysed with RIPA buffer
(50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 5 mM EDTA, 1% Nonidet P-40, 1% deoxycholate,
0.1% SDS, 1 mM PMSF, 1 mg/ml leupeptin, 1 mg/ml aprotinin). After sonication and
centrifugation, 4 mg protein was immunoprecipitated by HP8 antibody and detected in Western
blotting using PG5 MAb as previously described [4].

Immunohistochemistry
Formalin-fixed, paraffin-embedded human tissues (Cooperative Human Tissue Network) were
cut into 5-micron sections and pretreated with microwave antigen retrieval in 10 mM citrate
buffer pH6.0 under pressure. Sections were incubated with PG5 antibody at 60 ng/ml overnight
at 4°C. The primary antibody was detected by a second reagent “Catalyzed Signal
Amplification” for use with mouse primary antibodies (Kit K1500; DakoCytomation,
Carpentaria, CA). Daminobenzidine was used as chromogen. 293T cells transfected with
POTE expression construct (POTE-2 alpha actin cDNA) were used as a positive control;
untransfected 293T cells were used as a negative control. Slides were counterstained with
hematoxylin.

In situ hybridization
Sense and anti-sense riboprobes for POTE-21 (GenBank accession no. NM-174981, bps
578-1413) were transcribed and purified with Megascript high yield in vitro transcription kit
and MEGA Clear purification kit (Ambien, Austin TX), respectively. Sections were treated
with 10 mg/ml proteinase K (Roche) in PBS for permeabilization, fixed in 4%
paraformaldehyde, acetylated in 0.1M triethanolamine (Sigma) containing 0.25% acetic
anhydride (Sigma). Pre-hybridization were performed in hybridization buffer (50% distilled
formamide, 5x SSC; 1% SDS, 50 mg/ml yeast tRNA, 50 mg/ml heparin sodium salt) at 65°C
for 1 h, then hybridized in hybridization buffer containing 0.5 ng/ml of probe at 65°C for 18
h. After washing, the bound probe was visualized by alkaline phosphatase conjugated sheep
anti-Digoxigenin antibody (Roche) followed by BM purple AP substrate (Roche).

Results
Production of MAbs and their cross-reactivity

We performed 10 fusion experiments and obtained 10 stable hybridomas. The characteristics
of the MAbs are summarized in Table 1. All the MAbs reacted with the paralog used for
immunization and some showed cross-reactivity with the other 2 paralogs as expected from
the high homology.

In an ELISA using GST-POTE fusion proteins as the antigen, MAb PG5 reacted with all the
three paralogs and the other 4 anti-POTE-2γC MAbs reacted with both GST-POTE-2γC and
GST-POTE-22 but not with GST-POTE-21. Two anti-POTE-22 MAbs showed the same
pattern. The 3 anti-POTE-21 MAbs were specific to POTE-21. When POTE fragments
containing 3 CRR-Fc fusion proteins were used in an ELISA. The patterns of reactivity were
the same except that PG4, PG6 and PG7 did not react with the POTE-22 fragment-Fc, indicating
that these three MAbs recognize the fourth CRR of POTE-22 and reactivity was confirmed in
FACS analysis.

Fig. 1A shows representative Western blots. PG5 detected POTE-2γC, POTE-22 and POTE-21
as major bands around 65 kDa, 60 kDa and 92 kDa, respectively, in GST-POTEs fusion
proteins, but not a control fusion protein GST-PRAC2. In a Western blot using 293T cells
transfected with POTEs-expression vectors, PG5 bound to POTE-2γC, POTE-22 and POTE-21
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at around 39 kDa, 34 kDa and 66 kDa, but not to CD30 (data not shown). Each MAb showed
the same specificity as ELISA using GST-fusion proteins with both GST-fusion proteins and
POTE proteins expressed in 293T cells (Fig. 1A and Table 1).

Fig. 1B shows POTE staining using representative anti-POTEs MAbs in 293T cells transfected
with POTE-2γC or POTE-22. All the MAbs bound to POTE proteins with the same cross-
reactivity pattern as observed in Western blotting (Table 1). Thus all the MAbs can react with
formalin-fixed antigen with the same specificity as in Western blotting. Our
immunofluorescence data also showed clear plasma membrane localization of both paralogs
is consistent with our previous finding that hemagglutinin-tagged POTE-21 was associated in
the plasma membrane in PC-3 cells [10].

Epitope location
To elucidate the epitope location of the anti-POTE MAbs, we prepared GST-fusion proteins
of CRR portion and ankyrin repeat domains for each paralog. In an ELISA using GST-
POTE-2γC1-130(CRRs), GST-POTE-2γC172-336(Ankirin), GST-POTE-221-167(CRRS) and GST-
POTE-22208-273(Ankirin), all the anti-POTE-2γC or POTE-22 MAbs reacted with GST-fusion
proteins of CRRs indicating that the epitopes recognized are located in the CRRs of
POTE-2γC or POTE-22 (data not shown). To further map the epitope, we tested the reactivity
of each MAb with EGFP fusion proteins containing CRRs derived from each POTE paralog
(Fig. 2). Representative data is shown in Fig. 2A. MAb PG5 bound to various CRRs in different
POTE paralogs. HP8 and HP18 showed somewhat less cross-reactivity. The 3 POTE-21-
specific MAbs, K24, PA1 and PA8 did not bind to POTE-21 CRR1. The 10 anti-POTE MAbs
can be classified into 5 groups based on reactivity patterns (Fig. 2B, I-V). Since all the MAbs
reacted in Western blot with SDS-denatured antigens, their epitopes are located in linear
sequences. By the inspection of the sequences of the CRRs, we have indicated the most likely
location of the epitopes as shown in Fig. 2C. To find the crucial residues forming each epitope,
the following criteria were employed; 1) find common residues in the CRRs with which the
group of MAbs reacted, 2) there must be more than three sequential residues, and 3) eliminate
common sequential residues in the CRRs with which the group of MAbs did not react.
According to the criteria, crucial residues for epitope I, II and IV were SNV, YDD and AMKT,
respectively. Although POTE-21 CRR2 contains 4 unique residues, these data were not enough
to indicate which one is important for epitope V. Epitope III appeared to crossover two CRRs
because PG31 did not recognize any individual CRR tested but did recognize connected CRRs.

Expression of POTE protein in human testis
To demonstrate the usefulness of the MAbs for the analysis of endogenous POTE proteins
normal human tissue was analyzed. Because POTE-2α, POTE-2γ and POTE-22 are expressed
more frequently than POTE-21 in most tissue and tumor samples [3], we chose the combination
of HP8 and PG5 for the IP-Western. After immunoprecipitation with HP8 followed by Western
blotting with PG5, a band of 140 kDa was detected in testis but not in liver (Fig. 3A). This
band size is the same as POTE-2α-actin in POTE-2α-actin-transfected 293T lysates.

To determine the location of POTE protein in normal testis, we performed
immunohistochemistry using the PG5 antibody (Fig. 3B). Significant immunostaining was
observed in cells with large nuclei within the seminiferous tubules (Fig. 3B–c and d). Based
on the morphology and the location of these cells in H&E stained sections (Fig. 3B–a and b),
these cells have the properties of primary spermatocytes. Eight different specimens analyzed
showed a similar staining pattern (data not shown). In an in situ hybridization study, POTE
mRNA was located in the same type of cells in the seminiferous tubules (Fig. 3B–e and f).
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Discussion
We produced MAbs that can detect 3 POTE paralogs, POTE-2γC, POTE-22 and POTE-21 in
Western blotting and immunofluorescence antibody. These anti-POTE paralog MAbs contain
cross-reactive MAbs to other paralogs as well as paralog-specific MAbs. Using cross-reactive
MAbs, we detected endogenous POTE protein in normal human testis by immunoprecipitation
and immunohistochemistry. POTE protein was detected in primary spermatocytes, indicating
that POTE may play a role in a specific stage of spermatogenesis.

Immunofluorescence studies in transfected cells revealed that POTE-2γC and POTE-22 are
located in the plasma membrane as well as POTE-21. This result indicates that signals for
plasma membrane localization are conserved in these three paralogs. These three paralogs
might have some similar function. Besides the plasma membrane localization, the fact that the
POTE family bears ankyrin repeats infers that they may be involved in signal transmission
across the plasma membrane. Ankyrin repeat motives are protein recognition modules involved
in various cellular functions [11]. We plan to use these MAbs to find proteins that binds to
POTE family members.

Using GST-fusion proteins of deletion mutants of POTE-2γC or POTE-22, we performed
epitope mapping of 7 anti-POTE-2γC or POTE-22 MAbs. Epitopes that all 7 anti-POTEs MAbs
recognized were located in the amino terminal portion containing CRRs even though they were
produced by immunization with full-length POTE-2γC or POTE-22. Although POTE family
genes are primate-specific and POTE orthologous genes in non-primate mammalian species
have not been found, we have recently identified a POTE homolog ANKRD26 (ankyrin repeat
domain 26) in both mouse and human genomes [12]. Because ANKRD26 bears ankyrin repeat
motifs but not CRRs, the mouse may not have self-tolerance to the CRR in POTE paralogs.
Since all the MAbs reacted with SDS-denatured antigen in ELISA and Western blotting, these
epitopes are not conformational but linear. FACS analysis using EGFP fusion protein for each
CRR allowed us to predict some epitope location on amino acid sequences. Since more than
4 to 8 residues are considered to be required to form a linear epitope [13], these residues
presumably form each epitope with several adjacent residues. An avidity effect can be expected
in PG5, HP8 and HP18 by reacting with multiple CRR in each POTE paralog, which is shown
in the FACS data. The combination of PG5 and HP8 was the best choice to screen expression
of POTE in human tissue.

Immunoprecipitation followed by Western blot using this combination of MAbs revealed
expression of POTE-2α-actin in human testis. The expression was not detected by direct
Western blot (data not shown) probably because of the low ratio of expressing cells to total
tissue, which was also indicated in an immunohistochemistry that showed the location of
POTE-2α-actin in a specific cell type in spermatogenesis, primary spermatocyte. Our
preliminary data suggest that POTE proteins are involved in apoptosis (unpublished data). This
observation suggests that POTE protein might play a role in spermatogenesis. Up to 75% of
normal adult testis germ cells die in the process of programmed cell death before reaching
maturity [14].
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Fig. 1.
Reactivity of anti-POTE MAbs to different POTE paralogs in Western blotting and
immunofluorescence antibody. (A) Twenty ng of GST-POTE paralogs (lane 1, GST-
POTE-2γC; lane 2, GST-POTE-22; lane 3, GST-POTE-21) or GST-PRAC2 (lane 4) fusion
proteins were blotted on a PVDF membrane after separation on a 4–20% SDS-PAGE gel under
reducing conditions. The proteins were detected with 1.25–2.5 μg/ml of each MAb, followed
by alkaline phosphatase-conjugated anti-mouse IgG and BCIP/NBT substrate. (B) 293T cells
were transfected with POTE-21, POTE-2γC or POTE-22 plasmid. Twenty-four h after
transfection, the cells were detached and seeded into chamber slides. The next day, the cells
were fixed in 3.7% formaldehyde and incubated with anti-POTEs MAbs at 5 μg/ml each. Alexa
594-conjugated goat-anti-mouse IgG was used as the secondary reagent. Anti-POTEs staining
is seen in red. Nuclei were stained with DAPI in blue.
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Fig. 2.
Epitope location of anti-POTE MAbs. (A) Representative FACS data of the anti-POTE MAbs
using 293T cells transfected with EGFP fusion expression plasmid for each CRR or 2 or 3
sequential CRRs of POTE-21, POTE-22, POTE-2γC or POTE-2α. Two days after transfection,
the cells were stained with 7-AAD, fixed, permeabilized, and incubated with the anti-POTE
MAbs, followed by APC–labeled goat anti-mouse IgG F(ab′)2. Live and transfected cells were
gated for non-staining with 7-AAD (FL3) and EGFP fluorescence (FL1), respectively. Gated
cells were analyzed by APC staining (FL4). Histogram versus log fluorescence (red) with the
negative control (green, staining of the cells transfected with EGFP vector alone). (B) Summary
of the reactivity of anti-POTE MAbs with CRRs in various POTE paralogs. The patterns of
reactivity fell into five groups (I–V). (C) Multiple sequence alignment of each CRR by
ClustalW. The crucial residues for epitope I, II and IV, deduced from the criteria described in
the text, are marked in red, green and orange, respectively. The unique residues in POTE-21
CRR2 are underlined. POTE-21 CRR3 and POTE-22 CRR1 were not considered because they
were not tested.
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Fig. 3.
Expression of POTE-2α-actin protein in human testis. (A) Detection of POTE-2α-actin protein
by immunoprecipitation. Human testis and liver tissue lysate was subjected to
immunoprecipitation by using HP8 antibody. Immunoprecipitate was resolved in a 4–20%
PAGE gel, transferred into a PVDF membrane and immunoblotted with PG5 antibody. A
specific band of 140 kDa in size (upper arrow) was detected in testis and POTE-2α-actin-
transfected 293T (positive control) lysates. (B) Localization of POTE in human testis tissue.
H&E staining (a and b), POTE protein localization in immunohistochemistry using PG5
antibody (c and d) and POTE mRNA localization in in situ hybridization (e and f). The positive
signal of POTE protein appeared as brown spots using diaminobenzidine. Positive signal of
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POTE mRNA by anti-sense probe is visualized by alkaline phosphatase conjugated sheep anti-
Digoxigenin antibody followed by BM purple AP substrate. Sense probe did not show any
signal. a, c and e, × 10; b, d and f, × 40.
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