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There is a need for a point-of-care serodiagnostic test for women and men for sexually transmitted infections (STIs) caused by
Trichomonas vaginalis. Sera from women with this STI and sera from men that were analyzed in studies showing a relationship
between serostatus and prostate cancer are highly seropositive in response to trichomonad �-actinin and its truncated protein
(ACT-P2) (positive control sera). Epitope mapping experiments showed that positive control sera from women had antibodies to
13 distinct epitopes, 5 of which were detected by positive control sera from men. Sera from women and men that were unreactive
with �-actinin (negative control sera) failed to detect any of the epitopes or other �-actinin amino acid sequences. The T. vagi-
nalis �-actinin amino acid sequence and the sequences of the epitopes showed little or no identity with those of other proteins of
microbial pathogens or the human �-actinin 1 (HuACTN1) homolog. Immunoassays such as dot blot, immunoblot, and en-
zyme-linked immunosorbent assays were used. Positive control sera did not detect HuACTN1 in immunoassays, and the range
of levels of identity of �-actinin epitopes with HuACTN1 was 0% to 50%. Comparison of the T. vaginalis �-actinin epitopes with
proteins in data banks, such as Tritrichomonas suis, Candida albicans, and Saccharomyces cerevisiae proteins, gave a range of
identity levels of 0% to 22%. Specific 15-mer peptide epitopes of �-actinin with low to no identity with other proteins were syn-
thesized and were reactive with positive control sera only. These findings identify epitopes of �-actinin as candidate serodiag-
nostic targets and suggest strongly that a highly seropositive reaction to �-actinin suggests exposure to T. vaginalis.

Trichomonas vaginalis is the most common nonviral causative
agent for sexually transmitted infections (STIs). The adverse

consequences for the health of women have been well docu-
mented (1, 2). Although in the literature it is routinely reported
that men infected by their partners resolve their infections, there is
neither experimental evidence nor clinical studies proving this.
Reports have shown the expression of numerous virulence factors
that permit this ancient protist to survive in the changing host
environment of the female urogenital region (3–18). Iron is an
important modulator of upregulation and downregulation of the
expression of virulence genes (8, 19–25). Key steps for host colo-
nization result from overcoming the urogenital mucous layer (18)
in preparation for specific cytoadherence to vaginal epithelial cells
(7, 9, 11, 22, 24). The intimacy of the host-parasite relationship
during colonization and infection is exceedingly complex, as evi-
denced by the large number of proteinases (4, 11, 15, 26) and the
secretion by trichomonads of large amounts of putrescine for
spermine uptake and back-conversion to spermidine (13, 26).
This coating of T. vaginalis by polyamines and host macromole-
cules affects levels of cytoadherence and cytotoxicity (3, 13).

More recently, epidemiological evidence indicated a relation-
ship between serostatus with respect to T. vaginalis and the possi-
bility of lethal prostate cancer (27–29), and a new study found
detectable T. vaginalis DNA in benign hyperplastic prostatic tissue
(30). Testable hypotheses have been proposed to elucidate the
molecular mechanisms for prostate cancer development and pro-
gression (31). The serodiagnostic targets for analyses of serum
antibodies include one of the most immunogenic trichomonad
proteins, �-actinin (32, 33), and a truncated protein called
ACT-P2 (27–29). These diagnostic targets are different from that
used in the initial immunochromatographic lateral flow diagnos-
tic test for this STI (OSOM Trichomonas rapid test; Sekisui Diag-
nostics, San Diego, CA) (34). Although the OSOM test has excel-
lent sensitivity and specificity and has been shown to be reliable

worldwide in clinics and in self-sampling kits (35), the test does
not detect antigen in male fluids such as urine.

In this study, we wanted to characterize the highly immuno-
genic �-actinin protein to establish further its utility as a target for
the serodiagnosis of trichomonosis for both women and men. It is
known that the sera of women with trichomonosis possess anti-
bodies reactive with numerous trichomonad proteins, including
�-actinin (referred to as positive control sera from women) (32,
36–39). Epitope mapping identified 13 peptide epitopes within
�-actinin that were reactive with positive control sera from
women. Interestingly, sera from men that were highly seropositive
with respect to the trichomonad parent �-actinin and the trun-
cated version called ACT-P2 (positive control sera from men) (27,
28) identified 5 epitopes that were a subset of those detected by
positive control sera from women. The amino acid sequences of
the epitopes had little or no sequence identity with the human
�-actinin 1 (HuACTN1) homolog and proteins of other microbial
pathogens, including a related Tritrichomonas suis and the yeasts
Candida albicans and Saccharomyces cerevisiae. Further, all immo-
bilized 15-mer peptides of representative epitopes were found to
be reactive with positive control sera from both women and men.
We discuss the significance of our results with respect to detection
of serum antibodies among women and men exposed to T. vagi-
nalis.
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MATERIALS AND METHODS
ACT-P2 expression and purification. The natural T. vaginalis �-actinin
protein consists of 931 amino acids and is 106.2 kDa (32, 33). As men-
tioned earlier, this full-length highly immunogenic protein (32) was used
to examine the relationship between seropositivity in men and prostate
cancer (29). We then made subclones of the trichomonad �-actinin gene
to determine the region of the protein most reactive with sera from men
(27, 28). A subclone encoded a 558-amino acid protein from the amino
terminus that was called ACT-P2. The coding region of ACT-P2, corre-
sponding to amino acids 375 to 932, was PCR amplified and cloned in the
pET23b expression vector with the kanamycin resistance gene (kan) for
transformation of Escherichia coli BL21(DE3) cells. The resulting recom-
binant 558-amino acid sequence yielded a C-terminal His6-tagged fusion
protein of 63.5 kDa. Bacteria were grown on Luria broth agar plates con-
taining 25 �g/ml kanamycin; a suspension of recombinant E. coli was
grown at 37°C in a shaker incubator at 220 rpm for 3 h prior to the
addition of 1 mM isopropylthiogalactoside and then was incubated for an
additional 3 h. The recombinant E. coli was centrifuged using a Sorvall
SLA-1500 rotor at 8,000 rpm for 15 min at 4°C, and pellets were stored at
�80°C until used. Immunoblot analysis confirmed the synthesis of
ACT-P2 by using as a probe murine monoclonal antibody (MAb) HA423
(27–29) to trichomonad �-actinin or a MAb to His6 (Advanced Targeting
Systems, San Diego, CA).

For purification of ACT-P2, pellets of recombinant E. coli were thawed
for 15 min on ice and suspended in 10 ml lysis buffer (50 mM Tris [pH
8.0], 300 mM NaCl, 10 mM �-mercaptoethanol [�-ME], and 0.1% Triton
X-100), and lysates were sonicated 10 times (30 s each) at room temper-
ature (RT). Sonicates were centrifuged using a Sorvall SS-34 rotor at 8,000
rpm for 20 min at 4°C, and the supernatant was applied to a Ni2�-nitri-
lotriacetic acid Superflow affinity column according to the manufactur-
er’s instructions (Qiagen Inc., Valencia, CA). Purified ACT-P2 protein
was confirmed by SDS-PAGE and immunoblotting using MAb HA423 as
a probe, as described above.

HuACTN1 homolog. The purified full-length HuACTN1 homolog
used in this study was the isoform B protein of 892 amino acids (�103
kDa) (Novus Biologicals, Littleton, CO). The soluble protein was used in
74 mM Tris-HCl (pH 8.0) containing 10 mM reduced glutathione. For
enzyme-linked immunosorbent assays (ELISAs) and immunoblot assays,
1 �g of ACT-P2 or HuACTN1 was used. ELISAs were performed using
wells of microtiter plates coated with ACT-P2 or HuACTN1, as detailed
below. SDS-PAGE for immunoblotting onto nitrocellulose membranes
for both ACT-P2 and HuACTN1 was carried out using 7.5% acrylamide
gels, as described previously (36, 37).

Positive control sera from women and men and detection of anti-
bodies to ACT-P2. During the course of our research on T. vaginalis, we
examined �1,000 serum samples from female patients with trichomono-
sis and, more recently, up to 20,000 serum samples from men (27–29) for
seropositivity for trichomonad proteins and particularly �-actinin.
Therefore, we were able to determine the levels of serum antibodies to
total T. vaginalis proteins (3, 8), �-actinin, and ACT-P2 by ELISAs (27–
29). Individual �-actinin-seropositive sera from women and men had
identical or very similar reactivities to trichomonad proteins and �-ac-
tinin. This permitted us to pool the sera to obtain sufficient amounts for
conducting epitope mapping experiments, as outlined below; the sera
were considered positive control sera. Similarly, pooled seronegative sera
from both women and men were considered negative control sera for
parallel experiments conducted throughout.

Trichomonad natural �-actinin SPOTs membrane synthesis for
epitope mapping. Oligopeptides derived from the sequences of T. vagi-
nalis �-actinin (GenBank accession number AAC72899) were synthesized
on activated membranes using the SPOTs system (Sigma-Genosys, The
Woodlands, TX). Five to 10 nmol of each peptide was covalently bound to
a Whatman 50 cellulose support (Whatman, Maidstone, England) by the
C terminus using 9-fluorenylmethoxycarbonyl-L-amino acid chemistry,
with an acetylated N terminus. The oligopeptides were 11 amino acids in

length and had sequential overlaps of eight amino acids. The oligopep-
tides spanned the entire sequence of the protein.

Probing of the �-actinin SPOTs membrane with positive and nega-
tive control sera and MAb HA423. The membrane was first washed with
a small volume of 100% methanol for 5 min, to avoid precipitation of
hydrophobic peptides during the subsequent procedure. After three
washes (10 min each) with 25 ml of Tris-buffered saline (TBS) (50 mM
Tris-HCl [pH 8.0], 137 mM NaCl, and 2.7 mM KCl), the SPOTs mem-
brane was incubated in blocking buffer (TBS containing 5% bovine serum
albumin [BSA]) at RT for 2 h. The membrane was incubated with a 1:10
dilution of negative or positive control sera from women and men and
incubated overnight at 4°C. The membrane was also probed with MAb
HA423, which detects �-actinin. After three washes (5 min each) in TBS,
the membrane was incubated with a 1:1,500 dilution of secondary anti-
human IgG antibody as described above or anti-mouse IgG Fab (IgG
fraction) prepared in blocking buffer. After three washes (5 min each) in
TBS at RT, bound antibodies were detected using a color development
reagent.

Immediately following color development and SPOTs analysis, the
membrane was regenerated by three washes (10 min each) with water at
RT with agitation. Bound antibody was stripped from the membrane by at
least four washes (30 min each) with regeneration buffer I (62.5 mM
Tris-HCl [pH 6.7], 2% SDS, and 100 mM �-ME) at 50°C with agitation.
The membrane was washed three times (20 min each) with 10� phos-
phate-buffered saline (PBS) at RT with agitation, after which the mem-
brane was washed three times (20 min each) with T-TBS (TBS [pH 8.0]
containing 0.05% Tween 20) at RT with agitation. This was followed by
three washes (10 min each) with TBS at RT with agitation. The presence of
any visible spots resulted in the regeneration steps being repeated. As a
control to show that the primary antibody had been completely removed,
the membrane was reincubated with the appropriate secondary antibody
and substrate solution and color was developed. Regeneration was con-
tinued until no reactivity was seen with the secondary antibody.

The epitope amino acid sequences were determined based on the re-
activities of overlapping peptides (Table 1). Epitope sequences were com-
pared with other proteins by using the protein-protein Basic Local Align-
ment Search Tool (BLAST) (http://www.ncbi.nlm.nih.gov/BLAST).
Amino acid sequence alignments of the proteins were performed with
CLC Protein Workbench (CLC bio, Muhltal, Germany). Hydrophobicity

TABLE 1 T. vaginalis �-actinin epitope mapping using MAb HA423
and positive control sera from women and men

Spot no.
Amino
acids Epitope sequence

Epitope designation for reaction with:

Positive control
sera from
womena

Positive control
sera from mena MAbb

2 4–14 RREGLLDDAWE W1
11–12 34–41 IQFETIET W2
21–23 67–71 KQPKM W3
50 148–158 YEHVAVNNFTT W4
69 205–215 YVYLDPEDVID W5
80–82 244–248 ADKIK W6
97–99 295–302 RGKLASVI W7
111–112 334–341 NRPIPEIP W8
152–153 457–464 HHSQLITY W9 M1
165–166 496–503 YDEAIAFK W10 M2
214–216 646–650 KLNYK W11 M3
215–217 649–653 YKVTY W12 M4 HA423
268–270 808–812 KYFDK W13 M5

a Positive control sera from female patients with trichomonosis and positive control
sera from men were highly reactive by ELISA with purified recombinant ACT-P2
immobilized on microtiter plates, by whole-cell ELISA with organisms on microtiter
wells, as described previously (27, 29, 39), and by immunoblotting (Fig. 1).
b MAb HA423 was generated to trichomonad �-actinin using T. vaginalis organisms
with standard protocols, as done for the generation of other MAbs (5, 9, 12, 29).
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plots (40) and antigenicity plots (41) were constructed using Lasergene
MegAlign (DNASTAR, Madison, WI).

Synthesis and reactivity of individual �-actinin epitopes. Three 15-
mer peptide epitopes identified from SPOTs membrane epitope mapping,
with low levels of identity with respect to other human pathogens as well
as the human �-actinin homolog, were synthesized in PEPscreen format
(Sigma-Genosys). The reactivity of each peptide was tested with represen-
tative negative and positive control sera, either individually or in combi-
nation. Approximately 10 �g of peptide was blotted onto nitrocellulose
membranes and air-dried overnight at RT. The epitope blots were then
blocked with 2% ELISA-grade BSA (Sigma Chemical Co., St. Louis, MO)
in PBS at 37°C for 2 h, followed by incubation overnight at RT with a 1:25
dilution in PBS of negative or positive control sera from women and men
for ACT-P2. This was followed by secondary antibody incubation and
color development as described above. All assays were performed in du-
plicate and repeated at least three times.

RESULTS
Positive control sera from women and men do not detect the
human �-actinin homolog protein. Negative and positive con-
trol sera from women and men were used to probe immunoblots
for ACT-P2. As can be seen in Fig. 1, positive control sera from
women (Fig. 1, lanes 3a and 3b) and from men (Fig. 1, lanes 5a and
5b) detected ACT-P2 in two separate experiments done at differ-
ent times under identical experimental conditions. Negative con-
trol sera from women and from men gave no detectable bands
(Fig. 1, lanes 2 and 4, respectively). The IgG1 MAb HA423 to the
trichomonad �-actinin used as a probe gave strong reactivity in
separate experiments (Fig. 1, lanes 1 and 6); not unexpectedly,
irrelevant IgG1 MAb B44 reactive with trichomonad �-enolase,

which was used as a negative control, detected no protein band
(Fig. 1, lane 7).

We next tested for immuno-cross-reactivity purified, com-
mercially available human �-actinin (HuACTN1) with the pooled
positive control sera from women and men used in Fig. 1. Figure
2A, lane 5, shows the intensely stained band of 1 �g HuACTN1.
Gels with the same amounts of HuACTN1 were transferred to
nitrocellulose membranes for immunoblotting. A duplicate blot
with HuACTN1 was stained to confirm transfer of the protein
(not shown). HuACTN1 was detected by neither the positive con-
trol sera (Fig. 2A, lane 4) nor HA423 (not shown), consistent with
an earlier report (32). As described above, 1 �g of ACT-P2
(Fig. 2A, lane 3) was readily detected by MAb HA423 (Fig. 2A, lane
1) and rabbit antiserum to total T. vaginalis proteins (immune
rabbit serum [IRS]) (Fig. 2A, lane 2). We then tested by immuno-
blotting using total proteins of T. vaginalis (Fig. 2B, lane 10), as

FIG 1 Immunoblot detection of ACT-P2 using IgG1 MAb HA423 and posi-
tive control sera from women and men (see Materials and Methods). Negative
control sera from women (lane 2) and men (lane 4) were unreactive, compared
with MAb HA423 (lanes 1 and 6). The IgG1 MAb B44 to trichomonad �-eno-
lase was an additional negative control, to show the specificity of MAb HA423
(lane 7). Two separate experiments were performed using positive control sera
from women (lanes 3a and 3b) and men (lanes 5a and 5b), to show reactivity
with nitrocellulose blots with ACT-P2. A stained gel with purified ACT-P2
used for the immunoblots is also shown (lane 8). MW, molecular weight mark-
ers after SDS-PAGE and staining with Coomassie brilliant blue; neg, negative;
pos, positive.

FIG 2 Gels showing that pooled positive control sera from both women and
men are unreactive with HuACTN1 and have antibodies to numerous
trichomonad proteins. (A) Lanes 1 and 2, immunoblots showing strong reac-
tivity for ACT-P2 with MAb HA423 (lane 1) and rabbit antiserum to total T.
vaginalis proteins (IRS) (lane 2), as in Fig. 1. Lane 3, stained gel showing the
protein band of 1 �g ACT-P2 used for blotting onto nitrocellulose membranes
(lanes 1 and 2). Lane 4, immunoblot showing no evident band for HuACTN1
using pooled positive control sera from women and men as a probe. Lane 5,
stained gel after SDS-PAGE of 1 �g of HuACTN1. Lane 6, stained gel showing
molecular weight (MW) standards. (B) Lane 7, immunoblot with negative
control sera. No detection of any bands was seen with negative control sera
(lane 7) or with control (prebleeding) normal rabbit serum (not shown) (36,
37). Lanes 8 and 9, duplicate nitrocellulose blots of immobilized total proteins
probed with pooled positive control sera from both women and men (lane 8)
and IRS (lane 9). Lane 10, Coomassie brilliant blue-stained gel of proteins after
SDS-PAGE of total trichloroacetic acid-precipitated trichomonad proteins, as
described previously (36, 37). Lane 11, stained gel showing molecular weight
(MW) markers. The electrophoretic mobility of the natural trichomonad
�-actinin protein is indicated. All experiments were repeated at least three
times. For this experiment, corresponding peroxidase-conjugated goat anti-
IgG antibodies were used for detection of the murine (HA423) (lane 1), rabbit
(IRS) (lanes 2 and 9), and human (positive and negative control sera) (lanes 4,
7, and 8) antibodies.
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described previously (3, 36, 37), whether the pooled positive con-
trol sera from both women and men detected numerous other
trichomonad proteins. Figure 2B shows that pooled negative con-
trol sera did not detect any trichomonad proteins on immuno-
blots (Fig. 2B, lane 7), whereas pooled positive control sera recog-
nized numerous proteins (Fig. 2B, lane 8). As a control and not
surprisingly, many trichomonad proteins in the total-protein
preparation were evident when blots were probed with IRS (Fig.
2B, lane 9) (36, 37). As with negative control sera from women and
men (Fig. 2B, lane 7), no proteins were detected by control (pre-
bleeding) normal rabbit serum. Finally, we tested for detection of
nondenatured HuACTN1 coated onto wells of microtiter plates.
Neither positive control sera from women and men nor MAb
HA423 reacted to the HuACTN1-coated wells (not shown).

�-Actinin epitopes react with positive control sera from
women and men and MAb HA423. We next tested the positive
control sera from women and men that were strongly reactive
with ACT-P2 for IgG antibodies to overlapping 11-mer peptides
on a custom SPOTs membrane (see Materials and Methods). Ta-
ble 1 lists the 13 epitopes and corresponding amino acid sequences
(labeled W1 through W13) recognized by sera from women. M1
through M5 represent the subset of epitopes detected by sera from
men. The IgG1 MAb HA423 detected the same epitope as W12/
M4. Negative control sera from women and men and the MAbs
B43 and B44 to trichomonad glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) (5) and �-enolase (19), respectively, which
were the same isotype as HA423, were unreactive with the SPOTs
membrane.

Figure 3A shows a representative reaction for epitope detection
of overlapping 11-mer peptides for spots numbered 214 through
217. The highly reactive spots 214 through 217 for positive control
sera from women indicate the epitope sequence of 643-VEFKLN

YKVTYS-656 (Fig. 3B). Likewise, the spot 216 and 217 peptides
reactive with positive control sera from men suggest the sequence
649-YKVTYS-656 as the epitope. No reactivity was seen with neg-
ative control sera from either women or men. The MAb HA423
epitope is 643-VEFKLNYKVTY-653. Figure 3C1 shows the strong
dot blot reaction of positive control sera from women and men to
ACT-P2 immobilized on nitrocellulose membranes. We then syn-
thesized 15-mer peptides overlapping W10/M2 (AQPLYDEAIAF
KEEV [the epitope is underlined]) and W13/M5 (FKDTFKYFDK
DKSNS) (Table 1), immobilized 1 �g of each peptide together,
and probed with positive control sera. The sera of both women
and men reacted with the combined 15-mer peptide epitopes (Fig.
3C2). Figure 3C3 presents densitometric scans of the reactive
spots and shows the greater level of detection by sera from men
than by sera from women. Finally, Fig. 3D1 shows the reactivity of
individual 15-mer peptides containing the W9/M1 (SVNRHHSQ
LITYIKH), W10/M2, and W13/M5 epitopes with positive control
sera. Figure 3D2 illustrates densitometric scans showing sera from
men giving greater intensities for W9/M1 and W10/M2 than sera
from women. The levels of detection for the epitope W13/M5
were identical for sera from women and sera from men. Negative
control sera from both women and men showed no reactions in
these dot blots of epitopes.

Hydrophobicity and antigenicity profiles of the natural
�-actinin sequence. We then analyzed the immunoreactive
epitopes (Table 1) for hydrophobicity and antigenicity. Figure 4
demonstrates the mapping of the epitopes with the respective pro-
files and shows that most epitopes were hydrophilic and corre-
sponded to the predicted antigenicity. As representative examples,
epitopes W3, W4, W8, HA423/M4/W12, and M5/W13 each dem-
onstrated prominent hydrophilic and antigenic characteristics
that were not inconsistent with serum antibody detection.

FIG 3 SPOTs analysis with positive control sera from women and men, detecting overlapping peptides on SPOTs membranes of a representative epitope and
reactions with immobilized ACT-P2 and synthetic 15-mer peptides used in combination or singly. (A) IgG antibody detection of overlapping peptides from spots
214 through 217 using positive control sera from women and men and MAb HA423. Negative control sera from women and men were unreactive. Positive
control sera from women detected all four overlapping 11-mer peptides, with peptide 217 having the strongest signal. The sera from men recognized peptides 216
and 217, with the strongest signal for peptide 217. (B) Corresponding amino acid sequences of the individual oligopeptides. Peptide 214 (top) includes amino
acids 640 to 650, and peptide 217 (bottom) includes amino acids 649 to 659. (C1) Signal intensities obtained for 1 �g of ACT-P2 immobilized on nitrocellulose
membranes and detected by IgG of positive control sera from both women and men. (C2) Same serum reactivities with the combination of 1 �g each of the
synthetic 15-mer peptides for W13/M5 and W10/M2, possessing the epitopes presented in Table 1. (C3) Densitometric scans using ImageJ software to determine
the relative intensities of the reactions shown in C2. (D1) Relative reactions of 1 �g of the 15-mer peptides containing the epitopes indicated in Table 1,
immobilized on nitrocellulose membranes, with positive control sera from women and men. (D2) Densitometric scans using ImageJ software, indicating the
relative intensities of the reactions shown in D1. The 15-mer peptides containing the W9/M1 and W10/M2 epitopes gave higher intensities with sera from men
than with sera from women.
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Sequence alignment of T. vaginalis �-actinin with proteins
of other representative organisms and HuACTN1. BLAST anal-
ysis of the T. vaginalis �-actinin amino acid sequence is presented
in Fig. 5 and shows little amino acid identity with �-actinin-like
proteins of different species. The low level of identity of amino
acids is particularly noteworthy for the boxed epitope sequences
indicated above the T. vaginalis amino acid sequence, which were
detected by positive control sera from both women and men. Ta-
ble 2 summarizes the amino acid sequence identity comparisons
for the individual epitopes with sequences for Tritrichomonas suis,
a related trichomonad, and the yeasts C. albicans and S. cerevisiae.
These organisms were chosen because of their relationships to
STIs and/or eukaryotic pathogens. The range of amino acid iden-
tity levels was 0% to 22%. The amino acid identity of T. vaginalis
�-actinin with HuACTN1 was 0% to 50%. Not unexpectedly, the
seemingly high level of sequence identity of any epitope with the
corresponding region of HuACTN1 decreased when neighboring
amino acids were analyzed. Specific synthesized peptide epitopes
of �-actinin with low to no amino acid sequence identity with
other proteins were reactive with positive control sera from both
women and men, as shown for representative epitopes in Fig. 2.

DISCUSSION

Research in our laboratory led to the development of the lateral
flow immunochromatographic diagnostic test for detection of
trichomonad protein in female patients; this diagnostic test was
commercialized (OSOM Trichomonas rapid test; Sekisui Diagnos-
tics, San Diego, CA) and currently is in use in the United States
and other countries (34, 35). This diagnostic test does not work
with either urine or secretion samples obtained from male pa-
tients or urine samples spiked with lysates of total T. vaginalis
proteins, based on our analysis in the laboratory. The recent re-
ports suggesting a relationship between seropositivity for ACT-P2
of T. vaginalis and prostate cancer (27–29) reveal the need for a

serum-based point-of-care diagnostic test that utilizes a highly
specific target. Our data show that the 558-amino-acid ACT-P2 is
a good target for detection of antibodies in both women and men
seropositive for T. vaginalis. The region of ACT-P2 was found to
possess less homology with other �-actinin-related proteins (33),
further reinforcing its diagnostic value. The fact that the epitopes
detected by the positive control sera from men are located toward
the C terminus revealed why ACT-P2 was a good target for our
earlier screening for serum antibodies (27–29). It is noteworthy
that there is no or little identity of the peptide epitope sequences
with other proteins in data banks and among T. suis, C. albicans,
and S. cerevisiae proteins and HuACTN1 (Table 2 and Fig. 5). This
suggests strongly that high levels of seropositivity are the result of
exposure to T. vaginalis. Of particular interest, the 15-mer syn-
thetic peptide epitopes found within ACT-P2 immobilized on ni-
trocellulose membranes were detected by positive control sera
from both women and men that were reactive to �-actinin (Fig.
3). Perhaps not surprisingly, most of the peptide epitope amino
acid sequences represented portions of the protein that were
hydrophilic (41) and antigenic (40) (Fig. 4). The representative
15-mer synthetic peptides corresponding to W10/M2 and
W13/M5 that were readily detected on immobilized surfaces
were in fact highly hydrophilic (Fig. 3). This further suggests
that the reactive 15-mer epitopes represent linear, readily de-
tectable epitopes. It is conceivable that one or more recombi-
nant proteins encoding a series of highly reactive epitopes
might represent diagnostic targets in the future.

It is not surprising that �-actinin represents a target for sero-
diagnostic testing. This is one of the most immunogenic proteins
of T. vaginalis (32, 33). Its function is to associate with actin, which
is important because of the dramatic rapid morphological trans-
formation that this organism undergoes immediately following
contact with vaginal epithelial cells (11), prostate epithelial cells
(J. F. Alderete, unpublished data), and extracellular matrix proteins

FIG 4 Hydrophobicity and antigenicity plots of the T. vaginalis �-actinin amino acid sequence. Epitopes recognized by positive control sera from women and
men and MAb HA423, as presented in Table 1, are listed at the top and highlighted in the corresponding regions of the plots.
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such as laminin (6, 42) and fibronectin (10, 42, 43). Indeed, recent
transcriptomic and proteomic analyses (7, 44) revealed the dramati-
cally increased expression levels of �-actinin required for cytoskeletal
rearrangements for morphological changes upon adherence to vagi-
nal epithelial cells and binding to fibronectin (5, 11, 42, 43). Further,
equally elevated amounts of mRNA coding for trichomonad
GAPDH (5) and �-enolase (19) were found, and both of these pro-
teins are surface ligands for binding fibronectin (5, 19). There are four
human �-actinin homologs, none of which is cross-reactive with
MAb HA423 to the trichomonad �-actinin (Table 2 and Fig. 2) and
with positive control sera from women (32) and men (Fig. 2). These
human �-actinin proteins are known to have a less conserved central
region, as is the case for all actin-binding proteins of the spectrin
family.

Equally noteworthy is that the epitopes detected by MAb
HA423 and positive control sera from women and men are invari-
ant. Laboratory-adapted T. vaginalis isolates grown in batch cul-
ture for �20 years possess MAb 423-immunoreactive �-actinin
with the same Mr. Further, more than 50 fresh clinical isolates,
one-half of which are type II P270 phenotypically varying isolates
with the double-stranded RNA virus (45), all possess �-actinin
detected by the MAb and positive control sera from women and
men. We have seen no relationship between T. vaginalis with or
without Mycoplasma and changes in �-actinin (46, 47). Thus, this
invariant stable immunogenic protein appears suitable for a rapid
serodiagnostic test for trichomonosis.

Of interest is the number of epitopes detected by positive con-
trol sera from female patients compared with sera from men. This
may be attributable to different presentations of the proteins dur-
ing immune surveillance resulting from the unique urogenital re-
gions of women versus men. It is known that female patients with
trichomonosis possess IgG antibodies to numerous trichomonad
proteins in serum and the vagina (5, 8, 32, 36, 37, 48, 49), perhaps
indicating a more vigorous antibody response during infection
than that of men. Studies by others demonstrated the highly im-
munogenic nature of �-actinin and the serum antibody response
to �-actinin in women (31). However, these data show that men
respond to exposure to T. vaginalis by producing serum IgG anti-
bodies, especially to the epitopes located toward the carboxy-ter-
minal region with the least identity with other known proteins.
Importantly, what remains unknown is the temporal relationship
between seropositivity and initial exposure to this STI; this critical
absence of clinical information might be corrected through future
availability of a serodiagnostic test for women and men. What is
known (albeit with only a small sample) is that, 1 week after treat-
ment of women with trichomonosis, vaginal antibodies to pro-
teinases were not detectable (17). Data regarding the temporal
nature of antibody levels after both infection and treatment are
needed.

The literature is replete with examples of peptide epitopes uti-
lized for diagnostic tests for infectious diseases. For example, rapid
diagnostic tests for Plasmodium falciparum employ epitopes of
histidine-rich proteins (50). Diagnosis of visceral leishmaniasis is
performed with rapid antigen-based tests (51), and specific
epitopes of the proteins p120 and p140 are used for detection of
Ehrlichia chaffeensis and Ehrlichia canis (52), respectively. This
shows the value of characterization of immunogenic epitopes for
development of specific targets for serodiagnosis.

In summary, our results present evidence for the validity of
�-actinin and the truncated ACT-P2 as targets for serodiagnosis
in both women and men exposed to T. vaginalis. This seems im-
portant for the future not only for screening men who possibly
were exposed to this STI, in relation to the possibility of prostate
cancer development, but also for developing a more rapid, non-
invasive test for women. Alternatively, our approach highlights
the methods by which peptide epitopes of immunogens might be
identified as targets for antibody detection to determine exposure
to and infection by this significant sexually transmitted disease
pathogen.
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