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Trichomonas vaginalis, causing the most prevalent non-viral 
sexually transmitted disease worldwide, is a popular subject 
for the study of host-parasite interrelationships [1]. Infection 
of the vaginal tract by T. vaginalis occurs as multiple steps, in-
volving distinct interactions between host macromolecules 
and protozoan factors. Trichomonads interact specifically with 
mucin [2], and then contact vaginal epithelial cells at which 
iron-regulated surface proteins of T. vaginalis, adhesion pro-
teins AP65, AP51, AP33, and AP23, play essential roles [3]. Pen-
etration of the epithelium by T. vaginalis also induces a specific 
interaction with extracellular matrix basement membrane gly-
coproteins [4]. 

Iron concentration is a critical factor in the pathogenesis of 
T. vaginalis [5,6]. The virulence of trichomonads is increased 
by iron, and iron modulates multiple aspects of T. vaginalis, in-
cluding metabolic activity, cytoadherence, and resistance to 
complement lysis [5,6]. Like other pathogens, T. vaginalis has 
ways of acquiring iron from lactoferrin [3]. Upon binding to 

lactoferrin via specific receptors of T. vaginalis, this protozoan 
shows increased iron accumulation and activity of pyruvate 
ferridoxin oxidoreductase [7]. Iron availability from lactoferrin 
triggers trichomonads to increase amount of adhesins, thereby 
enhancing the binding to the host epithelial cells [8]. T. vagi-

nalis also binds to erythrocytes which provide both lipid and 
iron for parasites [9], and iron acquisition from hemoglobin 
by T. vaginalis occurs via the action of 2 adhesins, AP51 and 
AP65 [10]. T. vaginalis grown in iron-depleted medium shows 
no pathology, whereas trichomonads cultured in the iron sup-
plemented medium, could cause subcutaneous abscesses in 
mice [11]. 

In addition to surface proteins, proteins secreted by T. vagi-

nalis were extensively examined with respect to interaction with 
human vaginal epithelial cells (VEC) [12]. The components of 
T. vaginalis secreted proteins were identified as metabolic en-
zymes, proteases, and actin, which induced the expression of 
host components, including interleukin 8, COX-2, and fibro-
nectin [12]. In the present study, we investigated on the prop-
erties of antigenic proteins present in the membrane portion 
of T. vaginalis using immunoscreening to identify virulence 
factors involved in interaction with host cells.

The Korean T. vaginalis isolate, KT4 [11], was used in all ex-
periments. Trichomonads were grown axenically in Diamond’s 
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trypticase-yeast extract-iron (TYI-S-33) medium [13], supple-
mented with 10% (v/v) heat-inactivated calf serum (Gibco BRL, 
Rockville, Maryland, USA). Cultures were incubated at 37˚C in 
a 5% CO2 atmosphere, and passaged every 2-3 days.

Membrane extraction from T. vaginalis was carried out as de-
scribed previously [14]. Briefly, T. vaginalis in late logarithmic 
growth phase was washed 3 times with PBS (137 mM NaCl, 
2.7 mM KCl, 10.1 mM Na2HPO4, and 2 mM KH2PO4, pH 7.3), 
and resuspended in ice-cold PBS containing protease inhibi-
tors (1 mM N-tosyl-L-lysine-chloromethyl ketone hydrochlo-
ride, and 0.2 mM leupeptin). Trichomonads were lysed by son-
ication on ice, and centrifuged for 10 min at 13,000 rpm, 4˚C. 
Membrane proteins were prepared by resuspending the resul-
tant pellet in PBS containing 1% Triton X-100, and stored at 
-20˚C until further use. Membrane proteins were mixed with 
2×SDS-PAGE sample buffer, and boiled for 5 min. After 15% 
SDS-PAGE electrophoresis, proteins were visualized by stain-
ing with silver nitrate (Fig. 1A). 

Membrane proteins prepared from T. vaginalis (100 µg) were 
mixed with 0.5 ml of complete Freund’s adjuvant (Sigma, St. 
Louis, Missouri, USA), and injected intraperitoneally into a 
specific pathogen-free, 7-week-old, female rat (CrjBgi:CD[SD]
IGS). Two additional immunizations were performed with the 

same amount of membrane proteins mixed with incomplete 
Freund's adjuvant (Sigma) at 2 and 4 weeks after the primary 
immunization. A week after the third immunization, serum 
was obtained from the immunized rat, and used for western 
blot analysis.

Membrane proteins of T. vaginalis (20 µg) were separated by 
12% SDS-PAGE, and then transferred to a nitrocellulose filter 
(Millipore, Billerica, Massachusetts, USA). The membrane was 
incubated with polyclonal rat anti-membrane protein antibod-
ies in a blocking solution (PBS, 5% skim milk, and 0.05% Tween 
20), and then incubated with alkaline phosphatase (AP)-con-
jugated anti-rat IgG (Sigma). The immunoreactive protein was 
visualized using the nitroblue tetrazolium (NBT)/5-bromo-4-
chloro-3-indolyl phosphate (BCIP) system (Promega, Madi-
son, Wisconsin, USA). As shown in Fig. 1B, several immunore-
active protein bands were visualized by western blot analysis, 
indicating that anti-membrane polyclonal antibodies reacted 
to diverse T. vaginalis membrane proteins.

To prepare a T. vaginalis cDNA expression library, total RNA 
was prepared from freshly grown T. vaginalis using TRIzol (In-
vitrogen, Carlsbad, California, USA), and then processed fur-
ther to purify mRNA using the PolyATtract mRNA isolation 
system (Promega). T. vaginalis cDNA was synthesized from this 
pool of mRNA as a template using a cDNA synthesis kit (Strat-
egene, Santa Clara, California, USA). The resultant cDNAs were 
ligated with EcoRI and XhoI linkers at their 5´- and 3´-ends, re-
spectively, and then cloned into the corresponding sites of 
Escherichia coli phage λ Uni-ZAP XR vector (Stratagene). The 
resultant ligation mixture of T. vaginalis cDNA and Uni-ZAP 
XR vector was packaged as phage in vitro using Gigapack III 
gold packaging extract (Stratagene). Twenty plaques were cho-
sen randomly, and their inserts were amplified by PCR, using 
primers T3 and T7 annealed at both sides of the insert. Aga-
rose gel electrophoresis of the resultant PCR products clearly 
indicated that most clones of the T. vaginalis library had inserts 
of various sizes derived from the diverse mRNA of T. vaginalis. 

Polyclonal antibodies specific to membrane proteins of T. 

vaginalis were used for the immunoscreening experiment. The 
amplified library (with a titer of 3×105 plaque forming units/
ml) was screened using a 1 :2,000 dilution of rat antibodies 
raised against T. vaginalis membrane proteins. Then, 9 plaques, 
distinct from the background level of antibody binding to the 
filter, were further purified by second and third screenings. Ho-
mogeneous plaques expressing the antigens were selected and 
excised to a pBluescript SK(+) phagemid, as instructed by the 
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Fig. 1. Preparation of T. vaginalis membrane proteins and for-
mation of anti-T. vaginalis antibodies. (A) T. vaginalis membrane 
proteins were prepared in PBS/1% Triton X-100, and separated 
by 15% SDS-PAGE. (B) 20 μg of the membrane proteins were 
used to immunize rats. Reactivity of the resultant immune sera 
was examined by immunoblot analysis of T. vaginalis membrane 
proteins separated by 12% SDS-PAGE. 
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manufacturer (Stratagene). The identities of the phagemid in-
serts were verified by automatic sequencing of the double-stran-
ded plasmids (Table 1). The most interesting clone among the 
isolated cDNAs via immunoscreening was AP65-1, which is 1 
of 4 iron-regulated surface proteins involved in the cytoadher-
ence of T. vaginalis [15]. The majority of identified clones en-
code components associated with cytoskeleton, which includ-
ed actinin, and a kinesin-associated protein. Most notably, 3 
of the 9 isolated clones turned out to be α-actinin, the actin-
binding and Ca2+-binding protein with high immunogenicity 
in T. vaginalis [16]. Two of the identified clones encoded a ki-
nesin-associated protein which functions as a regulator for cel-
lular and intracellular movements via interaction with the mo-
tor proteins [17]. One of the clones was also found to encode 
a putative teneurin, a conserved family of transmembrane pro-
teins involved in intercellular signaling [18]. Putative amino 
acid sequences of the remaining 2 clones did not provide any 
further information after homologous proteins were compared 
to NCBI databases. AP65 is known as the main adhesin for T. 

vaginalis cytoadherence, and is encoded by a multigene family, 
ap65-1, ap65-2, and ap65-3 [19]. Therefore, we examined whe-
ther AP65-1 is located in the membrane of T. vaginalis in the 
subsequent immunofluorescence assay (IFA) using antibodies 
specific to AP65-1.

A 1,703 bp ap65-1 DNA fragment amplified with primer AP-
65-1F-NcoI (5´-CATGCCATGGGCATGCTTACATCTTCAGTC-3´; 
underlined bases indicate an NcoI site) and AP65-1R-NotI (5´- 
GTTAGCGGCCGCGTAAAGTGGTTCGTAGTC-3´; underlined 
bases indicate an NotI site) was cloned into pET28b (Novagen, 
Darmstadt, Germany) to produce plasmid pZhu115. Histidine-
tagged recombinant AP65-1 (rAP65-1) was expressed in E. coli 
BL21 (DE3) with an addition of 1 mM isopropyl β-D-thiogal-
actoside (IPTG) (Sigma), and then used to immunize a specif-
ic pathogen-free rat (CrjBgi:CD[SD]IGS, 7-week-old, female) 
to make anti-rAP65-1 antibodies (Fig. 2A). Specificity of the 

resultant antibodies was confirmed by western blot of the E. 
coli extracts expressing rAP65-1 (Fig. 2B). Cell extracts of T. vag-

inalis were prepared in PBS, and reacted with AP65-1-specific 
polyclonal antibodies, clearly indicating an immunoreactive 
protein of 65 kDa (Fig. 2C).

The intracellular location of AP65-1 was examined in T. vag-

inalis by IFA using the anti-rAP65-1 antibodies (Fig. 2D). Tro-
phozoites of T. vaginalis were attached to glass slides coated with 
L-lysine in a humidified chamber. The attached cells were fixed 
with chilled 100% methanol at -20˚C for 10 min, and permea-
bilized with PBS/0.5% Triton X-100 for an additional 10 min. 
After a 1 hr-incubation in blocking buffer (PBS, 5% goat serum, 
and 2% BSA), the cells were reacted against rat anti-rAP65 poly-
clonal antibodies (1 :200 dilution) and mouse anti-tubulin 
antibodies [20] (1:300 dilution with a blocking buffer) at 4˚C 
overnight. Following 3 times 5 min-washes with PBS, the cells 
were incubated with TRITC-conjugated anti-rat IgG and FITC-
conjugated anti-mouse IgG (1:200 dilution in blocking buf-
fer, Jackson ImmunoResearch Lab, West Grove, Pennsylvania, 
USA) at 37 C̊ for 1 hr. The slides were reacted with 1 µg/ml 4´6- 
diamidino-2-phenylindole, DAPI (Sigma), rinsed with PBS, 
and mounted with anti-fade mounting medium (Vectashilde; 
Vector, Burkingame, California, USA). They were then observed 
with a Zeiss LSM 510 laser scanning confocal microscope (Zeiss, 
Thornwood, New York, USA). The images were collected from 
serial sections at 1 µm intervals, and analyzed by Zeiss LSM 
image browser software (Zeiss). IFA of T. vaginalis using anti-
rAP65-1 antibodies showed strong red florescence present in 
the whole body of T. vaginalis, whereas flagella were stained 
with green fluorescence, indicating that the intracellular level 
of AP65-1 is high in cytoplasm and possibly in the membrane 
of T. vaginalis. 

Representative adhesins of T. vaginalis, AP65, AP51, and AP33, 
are found to share sequence homology with metabolic enzy-
mes, which include malic enzymes [21], succinyl-CoA synthe-
tase β subunit [22], and succinyl-CoA synthetase α subunit 
[23], respectively. It is not unusual that some metabolic en-
zymes of pathogens play an additional function in interaction 
with the host; for example, streptococcal surface dehydroge-
nase working as an adhesin for pharyngeal cells [24]. Isolation 
of AP65 as a membrane protein is contradictory with the re-
sult of Garcia and Alderete [15], in which AP65 was found to 
be secreted and played an important role in T. vaginalis bind-
ing to the host VECs. Therefore, they suggested a model in which 
AP65, a secreted protein, mediated T. vaginalis-VEC binding by 

Table 1. Proteins identified by immunoscreening of T. vaginalis 
cDNA library using anti-T. vaginalis antibodies 

Clone 
no.

T. vaginalis
database ORF no.

NCBI 
accession no.

Putative protein

1, 7 TVAG_311270 XM_001303428 kinesin-associated protein
2 TVAG_340290 U18346 AP65-1 adhesin
3, 8, 9 TVAG_190450 AF072678 α-actinin
4 TVAG_335250 XM_001297646 hypothetical protein
5 TVAG_402650 XM_001580945 hypothetical protein
6 TVAG_457850 XM_001312023 teneurin
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Fig. 2. Immunolocalization of AP65-1 adhesin in T. vaginalis trophozoites. (A) Expression of rAP65-1 in E. coli BL21 (DE3). E. coli ex-
pressing rAP65-1 (with 1 mM IPTG), was lysed by sonication, fractionated into cytoplasmic (C) and membrane (M) proteins. The re-
sultant proteins were separated by 12% SDS-PAGE. (B) Reactivity of anti-AP65-1 antibodies against E. coli extracts expressing rAP-
65-1. (C) Detection of AP65-1 in T. vaginalis extracts by western blot analysis using anti-rAP65-1 antibodies. (D) T. vaginalis incubat-
ed with rat anti-rAP65-1 antibodies and mouse anti-tubulin antibodies. The slides were then incubated with TRITC-conjugated anti-
rat IgG and FITC-conjugated anti-mouse IgG as secondary antibodies. To visualize nuclei, the cells were treated with 1 µg/ml-1 4´6-di-
amidino-2-phenylindole, mounted with an anti-fade mounting medium, and then observed with an immunofluorescence microscope. 
The bars represent 5 µm. (E) T. vaginalis trophozoites incubated with rat pre-immune serum. (a) a differential interference contrast (DIC) 
image, (b) a fluorescence image at a wavelength of 345 nm to detect nuclei, (c) a fluorescence image at a wavelength of 494 nm to 
detect flagella, (d) a fluorescence image at a wavelength of 547 nm to detect rAP65-1, (e) a combined fluorescence image, and (f) a 
combined fluorescence and DIC image.
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bridging the 2 receptors, each of which are derived from the 
parasite and host cells. To resolve this difference, fine fraction-
ation of proteins of T. vaginalis should be performed in the fu-
ture experiment. 

In conclusion, antigenic membrane proteins were identified 
by immunoscreening of the T. vaginalis cDNA expression li-
brary with anti-T. vaginalis membrane protein antibodies. Fu-
ture experiments will be performed to define their roles in T. 
vaginalis-host interaction. 
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