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Abstract

Trichomonas vaginalis causes the number one, non-viral sexually transmitted infection (STI), trichomoniasis. There exists two 
naturally-occurring T. vaginalis isolates defined by the presence or absence of the dsRNA virus (TVV). TVV-positive trichomonal 
isolates (TVV+) are Type II and undergo phenotypic variation based on surface and cytoplasmic placement of a high Mr immunogenic 
protein, P270. TVV-negative isolates are Type I and only express P270 in the cytoplasm. P270 is encoded by a single-copy gene 
and present in all isolates that have been examined. P270 has a single, immunodominant tandemly-repeated epitope (RE). More 
recently, analysis of a TVV+ and TVVˉ T. vaginalis isolates found that the P270 gene and protein were highly conserved except for the 
number of repeat elements (REs). It was important to expand this earlier study and examine and quantitate the fresh TVV+ and TVVˉ 
isolates for multiple and single REs. Thirty (30) Type I isolates and 34 Type II isolates were analyzed. Of the 30 Type I isolates 16 had 
one RE and 14 had multiple REs for a ratio of ∼1:1. For the 34 Type II isolates 7 had one RE and 27 had multiple REs for a ratio of 
∼1:4. Importantly, fluorescence experiments using a monoclonal antibody (MAb C20A3) to the DREGRD immunodominant epitope 
within the REs, all of the multiple and single RE Type II isolates had heterogeneous populations of trichomonads with surface or 
cytoplasmic p270. Type I isolate organisms only expressed P270 in the cytoplasm regardless of the number of REs. Finally, both 
Type I and Type II isolate trichomonads with cytoplasmic P270 cytoadhered to HeLa and vaginal epithelial cells. Type II isolate 
organisms were found to agglutinate erythrocytes at higher levels than Type I parasites, although both isolate Types readily lysed 
erythrocytes. This study shows the predominance of isolates with multiple REs among the Type II TVV+ trichomonads and that both 
Type I and Type II isolates had p270 with single REs.

Keywords: dsRNA virus (TVV), monoclonal antibody (MAb), phenotypic variation (PV), phenotypically varying immunogen 
(P270), repeat element (RE), dsRNA virus-negative (Type I TVVˉ), dsRNA virus-positive (Type II TVV+), vaginal epithelial cells (VECs)

Introduction
Trichomonas vaginalis causes trichomoniasis, the number 

one, non-viral sexually transmitted infection (STI) worldwide and 
is considered one of the most neglected, curable STIs [1]. It is ap-
preciated that infection and persistence of T. vaginalis in patients 
are complex and multifactorial [2-4]. For example, it is conceivable 
that the interactions of trichomonads with mucin [5] and vaginal  
epithelial cells (VECs) [6] fluctuate, especially given the  

 
constantly-changing urogenital environment of women. Therefore, 
it is important to continue to define and understand the mecha-
nisms that mediate successful host parasitism. 

Some T. vaginalis isolates are infected with double-strand-
ed RNA virus (TVV) [7]. Fresh clinical isolates with TVV-negative 
(TVVˉ) and TVV-positive (TVV+) organisms are referred to as Type 
I and Type II isolates, respectively, and represent two naturally-oc-
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curring isolates [7,8]. Agar clones of isolate trichomonads derived 
from individual organisms of Type I and Type II isolates revealed 
that 100 percent of parasites of both isolate types were either 
positive or negative for TVV [9]. Indirect immunofluorescence of 
live Type II TVV+-positive organisms using a monoclonal antibody 
(MAb) C20A3 to a high Mr immunogenic surface protein called P270 
(270-kDa) revealed heterogeneous populations of fluorescent (sur-
face P270) and non-fluorescent (cytoplasmic P270) trichomonads 
[9,10]. It was then shown that batch culture of TVV+ isolate organ-
isms resulted in spontaneous loss of TVV, and organisms became 
Type I-like TVVˉ progeny [9,10]. Fluorescence-activated cell sorting 
of fluorescent and non-fluorescent trichomonads of Type II isolates 
showed that, upon daily passage, purified organisms reverted to 
the opposite phenotype [9,11]. Importantly, only Type I and Type II 
isolate parasites with cytoplasmic P270 cytoadhered and lysed the 
host epithelial cells [6,9], and attachment to host cells was mediat-
ed by adhesin proteins [6,12]. 

T. vaginalis isolate NYH 286 organisms synthesize P270 within 
which are 19 tandemly repeated elements (REs) [13]. Each RE is 
333-bp that encodes a protein of 11,770.90 daltons [13]. Further, 
the tandemly REs have a dominant DREGRD epitope detected by 
the MAb C20A3 [10,13]. The p270 gene is single copy and partial 
restriction using HindIII gives a ladder pattern expected of tandem-
ly REs [13,14]. It became important to investigate at the molecular 
level the p270 gene of representative Type I and Type II fresh clini-
cal isolates. It was first revealed that the large P270 protein was re-
lated and highly conserved among various T. vaginalis isolates [15]. 
A more recent study demonstrated that for a Type I T016 isolate, 
the p270 gene varied in size and had only one RE [16]. This study 
was performed to investigate and quantitate using many tricho-
monal isolates the percentage of Type I and Type II isolates with 
either single or multiple REs within p270. This report presents data 
on 30 Type I and 34 Type II isolates analyzed for single and multi-
ple REs. Approximately equal numbers of the TVVˉ Type I isolates 
(∼50%) had single and multiple REs. On the other hand 80% of the 
TVV+ Type II isolates had with multiple REs.

Methods
T. vaginalis Organisms

Details for growth and multiplication of fresh clinical T. vagina-
lis isolates in Tables 1 and 2 have been detailed on previous publica-
tions [6,12,17,18]. Organisms were grown to mid-logarithmic phase 
in trypticase-yeast extract-maltose medium with 10% heat-inacti-
vated horse serum. The isolates NYH 286, JH31A, T068-II, AL20W, 
IR-78 and RU375 have been used before [8-12,17,18]. The isolates 
with the T0 and 94 designations were all from the San Antonio, TX 
USA area. The isolates labeled JHH were from the Baltimore area.

Extraction and Analysis of dsRNA for Type I TVVˉ and Type II 
TVV+ Designations of Isolates

The dsRNA was extracted as described previously [19-21] from 
total nucleic acid. Trichomonads (109) were lysed in lysis buffer 
(4M guanidine isothiocyanate, 25mM sodium citrate, pH 7.0, 0.1M 
β-mercaptoethanol, and 0.5% laurylsarcosine). The lysate was 
cleared by low-speed centrifugation at 10,000 x g before being 

loaded onto a 5.7M CsCl gradient for centrifugation at 100,000 x 
g for 24h. The fraction containing the dsRNA was diluted in lysis 
buffer, and the cycle was repeated. The dsRNA was removed and 
then dialyzed in diethylpyrocarbonate treated with distilled water. 
Finally, the dsRNA was precipitated with 3 vol of ethanol. 

Agarose Gel Electrophoresis for dsRNA Detection

The dsRNA was analyzed by agarose gel electrophoresis, as be-
fore [19-21]. Briefly, electrophoresis was performed in 1% agarose 
gels in buffer containing 89mM Tris base, 89mM boric acid, and 
2mM ethylenediaminetetraacetic acid (EDTA), pH 8.0. For routine 
examination of dsRNA, electrophoresis was done at 80V for 2h. The 
gel was stained in the same buffer with 0.5µg/ml ethidium bromide.

T. vaginalis DNA Isolation

Trichomonad genomic DNA was isolated by standard proce-
dures as previously detailed [13,14,16,22]. Briefly, 108 organisms 
were lysed with 0.2% sodium dodecylsulfate (SDS) in buffer con-
sisting of 100mM NaCl, 10mM EDTA and 10mM Tris-HCl, pH 8.0 
before extracting four times using phenol-chloroform mixture. 
After two additional phenol-chloroform extractions, the DNA was 
precipitated by ethanol. The DNA pellet was suspended in TE buffer 
(1mM EDTA and 10mM Tris-HCl, pH 8.0) containing RNase A and 
incubated for 10 min at 37°C. DNA was phenol-chloroform extract-
ed and precipitated again by ethanol, and the DNA dissolved in TE 
buffer for storage at 4°C.

Analysis of Multiple and Single REs of the T. vaginalis P270 
Among Type I and Type II Isolates

The generation of multiple, equidistant, higher-sized PCR prod-
ucts of the tandemly REs versus a single RE within the p270 gene 
was done exactly as before [16]. In this earlier report it was found 
that isolate T016 had only one RE compared with the tandemly REs 
of the other isolates examined. Another published report shows an 
alternative approach that permits analysis of isolates for REs [13]. 
This approach is based on the findings of the cDNA encoding the RE 
within the p270 gene.

Adherence and Erythrocyte Binding and Lysis Assays

Adherence and cytotoxicity assays of T. vaginalis organisms to 
HeLa or vaginal epithelial cells (VECs) were performed as has been 
detailed using established procedures [6,12,23,24]. HeLa cells were 
cultured as monolayers in 96-well microtiter plates. Immortalized 
human VECs were utilized as before [6]. Contact- dependent cyto-
toxicity of HeLa cells was determined using a quantitative colori-
metric assay [23,24]. Briefly, for both assays 5x104 trichomonads 
at mid-logarithmic phase of growth were added to confluent mono-
layers with 5x104 cells in microtiter well plates and incubated for 
18h. The wells were then washed with PBS and remaining host cells 
were fixed to the wells with 2% formaldehyde. After 10 min the 
wells were washed and stained with crystal violet, and stained cells 
solubilized in 1% sodium dodecyl sulfate. Intensity of color was 
measured by an ELISA reader at 570nm. For quantitative cytotox-
icity measurements the experimental samples with parasites were 
compared with controls, as before [23,24]. The trichomonad-eryth-
rocyte agglutination was visualized by brightfield and darkfield mi-
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croscopy, as before [25]. Organisms grown as above were washed 
in PBS, and 2x106 in 1ml PBS-0.5% maltose (PBS-M) were aliquoted 
into siliconized microfuge tubes with 50µl of a 10% suspension of 
erythrocytes and incubated for different times at 37°C. The percent 
lysis was determined by counting using a hemocytometer. The ex-
tent of agglutination was determined by attaching erythrocytes to 
microtiter wells coated with polylysine. Wells were then washed 
with PBS-1% BSA followed by addition of 50µl PBS-0.5% maltose 
with radiolabeled trichomonads. After incubation at 37°C for dif-
ferent times, wells were counted by scintillation spectroscopy, as 
detailed before [25]. Finally, to demonstrate the role of parasite 
cysteine proteinases mediating hemolysis, experiments were also 
performed using individually 1mM leupeptin, 1mM TLCK (N-α-p-
tosyl-L-lysine chloromethyl ketone), and 1mM TPCK (L-1-tosyl-
amide-2-phenylethyl chloromethyl ketone) [17].

Results
Examination of T. vaginalis Isolates for the Presence or Ab-
sence of the dsRNA Virus

Some T. vaginalis isolate trichomonads were found to be infect-
ed with TVV [7]. Therefore, it was important to assess a collection 
of isolates for the presence (TVV+) or absence (TVVˉ) of the virus 
dsRNA (Materials and Methods). The TVVˉ and TVV+ isolates are 
designated as Type I and Type II, respectfully [9]. Tables 1 and 2 list 
the representative thirty Type I isolates and the thirty-four Type 
II isolates utilized for determination of the number of repeat ele-
ments (REs) within the p270 gene that encodes the immunogenic, 
phenotypically varying P270 protein [13].
Table 1: Total Type I TVV ¯¯ Trichomonas vaginalis Isolates* with 
Multiple versus Single P270 Repeat Elements‡. 

Isolates with Multiple Repeat

Elements‡

Isolates with Single Repeat

Element‡

IR-78 T003

RU375 T011

T002 T016

T005 T020

T013 T021

T019 T024

T022 T027

T028 T030

T038 T031

T058 T043

T080 T044

JHH-dp T047

JHH-107 T048

JHH-15 T054

 JHH-eb

 JHH-71

*Note: *T. vaginalis organisms were tested for absence of dsRNA 
that encodes the TVV (Materials and Methods).
‡Multiple versus single repeat elements were determined by aga-
rose gel electrophoresis (Materials and Methods) as shown for 

Figure 1.
Table 2: Total Type II TVV+ Trichomonas vaginalis Isolates* with 
Multiple versus Single P270 Repeat Elements‡. 

Isolates with Multiple Repeat 
Elements‡

Isolates with Single Repeat 
Element‡

NYH 286 T018

JH31A T041

T068-II T045

AL20W T049

T002 T054

T006 JH-hw

T007 94-1019

T015  

T017  

T025  

T028  

T032  

T033  

T038  

T045  

T046  

T058  

JHH-dg  

JHH-so  

JHH-kl  

JHH-mg  

JHH-l  

94-1003  

94-1007  

94-1012  

94-1-13  

94-1014

*Note: *T. vaginalis organisms were tested for presence of dsR-
NA virus as described for Table 1.
‡As described in Table 1.

Type I TVVˉ and Type II TVV+ T. vaginalis Isolates Analyzed for 
Single Versus Multiple REs Within the p270 Gene

An earlier report found that a representative T. vaginalis isolate 
T016 had only one RE compared with the multiple REs of the oth-
er isolates [16]. Therefore, it was important to undertake a more 
detailed examination for single REs and multiple REs of the Type 
I TVVˉ and Type II TVV+ isolates. Table 1 lists the total of 30 Type I 
with 16 isolates possessing single REs and 14 having multiple REs 
for a ratio of ∼1:1. In contrast Table 2 shows only 7 isolates with 
single REs and 27 isolates with multiple REs for a ratio of 1:3.8 
(∼1:4). Prior to analyzing the isolates for REs, it was important to 
reproduce the earlier report using the T016 isolate with a single 
RE and the T068-II isolate with multiple REs within the p270 gene 
[16]. As shown in Figure 1, a single product was again obtained for 
isolate T016 while multiple REs were seen for isolate T068-II. This 
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then permitted the testing of the 64 total Type I and Type II isolates 
for REs. Figure 2 presents representative results of 34 isolates. A 
total of 30 Type I isolates were examined, and among these isolates 
16 had a single RE and 14 had multiple REs. Likewise, 34 Type II 

isolates were tested, and 7 gave single REs and 27 had multiple REs. 
As with the data summarized in Tables 1 and 2, the agarose gel data 
show that both isolate types can have either single or multiple REs 
within the p270 gene encoding P270.

Figure 1: Ethidium bromide-stained agarose gels after electrophoresis in 1.2% agarose of amplified DNA of the single repeat element (RE) 
within the p270 gene of Type I TVVˉ T016 isolate trichomonads and the Type II TVV+ T068-II organisms showing the multiple REs, as before 
[13,16] and described in Materials and Methods. The size markers of 100 bp bands are included for comparison and note the expected 
intense 600 bp marker obtained for T016, as before [16].

Figure 2: Ethidium bromide-stained agarose gels after electrophoresis in 1.2% agarose of amplified DNA as in Figure 1. A through C show 
the representative Type I and Type II isolates designated as I and II below the figures. M and S refer to multiple repeat elements and single 
repeat element bands, respectively.
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Adherence and Erythrocyte Binding and Hemolysis by Tricho-
monal Isolates with Single and Multiple REs 

Consistent with earlier work, the Type I and Type II trichomon-
ads with cytoplasmic P270 and surface adhesins [6,12] readily cy-
toadhered to HeLa cells and vaginal epithelial cells in monolayer 
cultures (data not shown). Not unexpectedly, these adherent par-
asites then resulted in cytotoxicity to the host cells [23]. When ex-
amining isolates with either single or multiple RE for the property 
of hemagglutination and hemolysis [25], Type I organisms were 
less effective at associating with erythrocytes compared with Type 
II trichomonads (data not shown). Regardless of the number REs, 
both isolate parasites readily lysed erythrocytes, and lysis was ab-
rogated with the addition of cysteine proteinase inhibitor (Mate-
rials and Methods), showing the role of proteinases in hemolysis 
[17].

Discussion
This study confirms and extends an earlier report [16] and 

shows that both isolate types have p270 with single or multiple REs. 
Interestingly, most Type II TVV+ isolates (27 of 34) had multiple 
tandemly REs within the p270 gene (Table 2). These data indicate 
that isolates with single REs are mostly within the Type I isolates 
(Table 1). In all experiments the parasites of Type I and Type II sub-
population with cytoplasmic P270 [26], and surface adhesin pro-
teins [6,12] cytoadhered to both HeLa and vaginal epithelial cells. 
Although the Type II isolate organisms, regardless of the number 
of REs, bound higher numbers of erythrocytes than Type I tricho-
monads, both isolate type cells readily hemolyzed erythrocytes as a 
result of released cysteine proteinases (data not shown). Nonethe-
less, these observations do not allow for conclusions on the loss of 
REs from P270 protein on other important aspects of virulence and 
mechanisms of pathogenesis. 

An important feature of P270 regardless of the number of REs is 
the stability of the p270 gene and the conservation of the DREGRD 
immunodominant epitope within the RE [14,15,17]. Trichomonal 
isolates cultured in vitro for longer than 20 years have shown no 
divergence in nucleotide and protein amino acid sequence within 
the RE portion of P270. This lack of sequence divergence may in-
dicate an important biological function within the parasite as has 
been determined for other parasites. For example, Trypanosoma 
brucei possesses a microtubule-associated protein with tandemly 
repeated sequences [27]. That the sera of patients has antibody to 
P270 that is directed entirely to the DREGRD epitope may indicate 
a role of P270 in host immune surveillance during infection. This 
may be similar to that described for tandemly-repeated sequences 
of proteins of Plasmodium knowlesi, such as the circumsporozoite 
protein that is responsible for 95% of the antibody response [28].

Conclusion
This study emphasizes that basic biological research should 

take seriously the fact that there are two types of naturally-occur-
ring isolates of T. vaginalis. In this scenario the use of either Type 
I TVVˉ or Type II TVV+ isolates may influence interpretations of re-
search findings that are not generalizable to the other isolate type. 
For example, heterogeneous populations of surface and cytoplas-

mic P270 protein are found within the Type II TVV+ isolates, which 
undergo phenotypic variation for P270 surface and cytoplasmic ex-
pression, and this property is regulated by iron [29]. Thus, the iron 
status of trichomonads cultivated in batch culture is another issue 
to consider. This is significant in the study of certain virulence prop-
erties in addition to phenotypic variation, such as cytoadherence 
mediated by specific proteins where synthesis, and surface expres-
sion of these proteins are also regulated by iron [12,29]. In this case 
only the organisms with cytoplasmic P270 [26] express the adhes-
ins on the parasite surface [6,12,26]. This further shows that T. vag-
inalis undergoes orchestrated surface and non-surface placement 
of repertoires of proteins, including P270, adhesins and immuno-
genic proteins [11,30]. Furthermore, investigations with Type II 
TVV+ showed the loss of TVV during batch culture [9] yielding TVVˉ 
progeny trichomonads that may be different from the parental pop-
ulation depending on the biological property being studied.
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