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Abstract
Trichomonas vaginalis is a common sexually transmitted parasite that colonizes the human urogenital tract, where it remains 
extracellular and adheres to epithelial cells. Infections range from asymptomatic to highly inflammatory, depending on the 
host and the parasite strain. Despite the serious consequences associated with trichomoniasis disease, little is known about 
parasite or host factors involved in attachment of the parasite-to-host epithelial cells. Here, we report the identification of 
microvesicle-like structures (MVs) released by T. vaginalis. MVs are considered universal transport vehicles for intercel-
lular communication as they can incorporate peptides, proteins, lipids, miRNA, and mRNA, all of which can be transferred 
to target cells through receptor–ligand interactions, fusion with the cell membrane, and delivery of a functional cargo to the 
cytoplasm of the target cell. In the present study, we demonstrated that T. vaginalis release MVs from the plasma and the 
flagellar membranes of the parasite. We performed proteomic profiling of these structures demonstrating that they possess 
physical characteristics similar to mammalian extracellular vesicles and might be selectively charged with specific protein 
content. In addition, we demonstrated that viable T. vaginalis parasites release large vesicles (LVs), membrane structures 
larger than 1 µm that are able to interact with other parasites and with the host cell. Finally, we show that both populations 
of vesicles present on the surface of T vaginalis are induced in the presence of host cells, consistent with a role in modulat-
ing cell interactions.
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GAPDH	� Glyceraldehyde-3-phosphate dehydrogenase
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GP63	� Glycoprotein 63
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Introduction

The flagellated protozoan parasite Trichomonas vaginalis 
is the etiologic agent of trichomoniasis, the most common 
non-viral sexually transmitted infection worldwide with an 
estimated 276 million new cases annually [1]. Although 
asymptomatic infection is common, multiple symptoms 
and pathologies can arise in both men and women, includ-
ing vaginitis, urethritis, prostatitis, low birth weight infants 
and preterm delivery, premature rupture of membranes, and 
infertility [2, 3]. T. vaginalis has also emerged as an impor-
tant cofactor in amplifying human immunodeficiency virus 
(HIV) spread as individuals infected with T. vaginalis have 
a significantly increased incidence of human immunodefi-
ciency virus transmission [4, 5]. In addition, T. vaginalis 
infection increases the risk of cervical and aggressive pros-
tate cancer [6–9].

As an extracellular pathogen residing in the urogenital 
tract, T. vaginalis adherence to epithelial cells is critical for 
host colonization and infection establishment [10]. Despite 
the serious consequences associated with trichomoniasis dis-
ease, little is known about parasite or host factors involved in 
attachment of the parasite-to-host epithelial cells. Recently, 
small vesicles called exosomes have been shown to mediate 
both host:parasite and parasite:parasite interactions and to 
play a role in the attachment of T. vaginalis to host epithe-
lial cells [11]. Exosomes are a subset of a large and diverse 
group of extracellular vesicles (EVs): membrane enclosed 
particles released by virtually any eukaryotic and prokary-
otic cell [12]. EVs constitute a heterogeneous family classi-
fied by the scientific community according to the mode of 
biogenesis, size, and function into three major categories: 
(1) exosomes formed due to plasma membrane invagination 
into multivesicular bodies (MVB) with size ranging from 

40 to 100 nm; (2) Microvesicles (MVs), also called shed-
ding vesicles, microparticles, or ectosomes, originating from 
the budding and extrusion of the plasma membrane, with 
sizes between 50 and 1000 nm and an asymmetric struc-
ture; and (3) apoptotic bodies, with greater sizes between 
50 and 5000 nm originating from cells in the process of 
programed cell death [13]. The study of these structures 
holds great interest, mainly due to their associated functions. 
Interestingly, both exosomes and MVs are able to mediate 
horizontal transfer of different molecules, including mem-
brane and soluble proteins, nucleic acids (miRNA, DNA, 
and mRNA), and lipids causing modifications in the pheno-
type of the target cells [14–17]. Among the EVs’ subtypes, 
the physicochemical properties and biological function of 
exosomes have been well-documented during the last years 
[12]. However, the role and properties of MVs have been 
hard to establish due to experimental difficulties to obtain 
enriched MVs’ fraction free of exosomes. Considering that 
the processes that drive exosomes and MVs’ biogenesis are 
completely different, it is logical to hypothesize that differ-
ent vesicle populations might have different functions which 
merit further investigations.

Here, we report that T. vaginalis form MV-like structures 
derived from the plasma membrane as well as from the fla-
gella of the parasite. We set up a filtration-based approach 
to enrich this population and separate them from smaller 
exosome-like vesicles. Interestingly, although vesicles with 
sizes larger than 1 µm are generally considered as apoptotic 
bodies, recent work have described a process whereby amoe-
boid migration of metastatic prostate cancer cells triggered 
production of gigantic EVs (> 1000 to > 10,000 nm) found 
to emanate from large protrusions of the cellular plasma 
membrane [18–20]. In the present study, we found that via-
ble T. vaginalis also release membrane vesicles larger than 
1 µm (LVs) that are able to interact with other parasites and 
with the host cell. Finally, here, we show that both MVs and 
LVs present on the surface of T. vaginalis are induced in the 
presence of host cells, suggesting that it might be important 
for the parasite pathogenesis.

Materials and methods

Parasites, cell cultures, and media

Trichomonas vaginalis strains B7RC2 (PA) and Jt wild 
type were cultured in TYM medium supplemented with 
10% horse serum, 10 U/ml penicillin, and 10 µg/ml strep-
tomycin (Invitrogen) [21]. 100 µg/mL G418 (Invitrogen) 
was added to culture of TSP8-HA (TVAG_008950), TSP3-
HA (TVAG_280860), and TSP1-HA (TVAG_019180)-
transfected parasites [22]. Parasites were grown at 37 °C 
and passaged daily. The human HeLa cells were grown in 
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DMEM complemented with 10% bovine fetal serum, 10 U/
ml penicillin, and 10 µg/ml streptomycin (Invitrogen) and 
cultured at 37 °C/5% CO2.

Treatment with CaCl2

Trichomonas vaginalis Jt was grown in Pyrex® culture tubes 
(O.D. × L: 16 mm × 150 mm), containing 20 mL of TYM 
medium with serum (initial inoculum: 1 × 105 parasites/
mL), for 30 h at 37 °C, which corresponds to the logarithmic 
growth phase. Next, parasites were washed three times in 
PBS, pH 7.2, and incubated in serum-free TYM medium 
with 1 mM CaCl2 at 37 °C for 30 min. For the control exper-
iments, parasites were incubated in the absence of CaCl2. 
The assays were analyzed using SEM as outlined below. 
The percentage of parasites that contain vesicles on the cell 
surface was determined from counts of at least 500 parasites 
randomly selected per well. The results are the average of 
three independent experiments performed in duplicate.

SEM

Parasites either alone or after incubation with CaCl2 or HeLa 
cells for 30 min were washed with PBS and fixed in 2.5% 
glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2. The cells 
were then post-fixed for 15 min in 1% OsO4, dehydrated in 
ethanol and critical point dried with liquid CO2. The dried 
cells were coated with gold–palladium to a thickness of 
15 nm and then observed with a Jeol JSM-5600 scanning 
electron microscope, operating at 15 kV.

TEM

Parasites and MVs’ sample were washed with PBS and 
fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer, 
pH 7.2. The cells were then post-fixed for 30 min in 1% 
OsO4, dehydrated in acetone, and embedded in Polybed 
812. Ultra-thin sections were harvested on 300-mesh cop-
per grids, stained with 5% uranyl acetate and 1% lead citrate, 
and observed with an FEI Tecnai G2 Spirit transmission 
electron microscope, operating at 120 kV. The images were 
randomly acquired with a CCD camera system (MegaView 
G2, Olympus, Germany).

MVs’ sample was also fixed in 2.5% glutaraldehyde in 
0.1 M cacodylate buffer, pH 7.2, adsorbed onto charged 
carbon-coated grids, contrasted with 1% uranyl acetate, and 
examined using a transmission electron microscope.

Isolation of T. vaginalis vesicles

B7RC2 parasites (106 cells/ml) were washed and incubated 
for 4 h at 37 °C in TYM medium without serum, with 1 mM 
CaCl2 to stimulate MVs’ release. Parasites were removed by 

centrifugation at 3000 rpm. Then, to isolate enriched MVs, 
the cell free media were first filtered through 0.8 µm filter 
to avoid cellular debris and second through 0.2 µm filter to 
eliminate exosomes contamination. Importantly, when LVs 
were analyzed, a 3 µm filter was included instead of 0.8 µm 
filter obtaining a mixture of MVs and LVs. Vesicles’ fraction 
retrievable from the top of the filter was washed with 50 ml 
cold PBS and re-filtered three times. Finally, the sample was 
pelleted by centrifugation at 100,000 x g for 90 min, and 
then, the pellet was re-suspended in 200 µl cold PBS + 1X 
HALT protease inhibitors (Thermo Scientific).

Laser‑scattering analysis

Size distribution profile of MVs’ and exosomes’ samples 
was determined by dynamic light scattering based on laser 
diffraction method using Malvern Zetasizer (Version 6.0, 
Malvern, USA). The EVs’ diameter was determined by 
measuring the back scattering intensity (1758) at 173 °C. 
MVs’ samples were analyzed using Zetasizer previous pro-
teomic mass spectrometry. Three experimental runs were 
averaged to determine the vesicle size.

Proteomic mass spectrometry analysis

MVs’ pellet was re-suspended in a minimal volume of diges-
tion buffer (100 mM Tris–HCl, pH 8, 8 M urea). Re-sus-
pended proteins were reduced and alkylated by the sequen-
tial addition of 5 mM tris(2-carboxyethyl)phosphine and 
10 mM iodoacetamide as described previously [23]. The 
samples were then digested by Lys-C (Princeton Separa-
tions) and trypsin proteases (Promega) [23]. First, Lys-C 
protease [~ 1:50 (w/w) ratio of enzyme:substrate] was added 
to each sample and incubated for 4 h at 37 °C with gentle 
shaking. The digests were then diluted to 2 M urea by the 
addition of digestion buffer lacking urea, and trypsin was 
added to a final enzyme:substrate ratio of 1:20 (w/w) and 
incubated for 8 h at 37 °C with gentle shaking. Digests were 
stopped by the addition of formic acid to a final concentra-
tion of 5%. Supernatants were carefully removed from the 
resin and analyzed further by proteomics mass spectrometry.

Digested samples were then analyzed using a LC–MS/MS 
platform as described previously [24, 25]. Briefly, digested 
samples were loaded onto a fused silica capillary column 
with a 5-µm electrospray tip and packed in house with 18 cm 
of Luna C18 3 µM particles (Phenomenex). The column 
was then placed in line with a Q-exactive mass spectrometer 
(Thermo Fisher), and peptides were fractionated using a gra-
dient of increasing acetonitrile. Peptides were eluted directly 
into the mass spectrometer, where MS/MS spectra were col-
lected. The data-dependent spectral acquisition strategy con-
sisted of a repeating cycle of one full MS spectrum (resolu-
tion = 70,000) followed by MS/MS of the 12 most intense 
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precursor ions from the full MS scan (resolution = 17,500) 
[26]. Raw data analysis was performed using the IP2 suite 
of software tools (Integrated Proteomics Applications, San 
Diego, CA). Spectra were analyzed using the ProLuCID 
[27] algorithm and searching against a fasta protein database 
consisting of all predicted open reading frames downloaded 
from TrichDB on January 4, 2015 [28] concatenated to a 
decoy database in which the amino acid sequence of each 
entry was reversed. The following search parameters were 
used: (1) precursor ion tolerance was 20 ppm; (2) fragment 
ion tolerance was 20 ppm; (3) cysteine carbamidomethyla-
tion was considered as a static modification; (4) peptides 
must be fully tryptic; and (5) no consideration was made 
for missed cleavages. False positive rates for peptide iden-
tifications were estimated using a decoy database approach 
and then filtered using the DTASelect algorithm [29–31]. 
XCorr and ΔCn cutoffs were identified dynamically using 
a linear discriminant analysis [29]. Proteins identified by 
at least two fully tryptic unique peptides, each with a false 
positive rate of less than 5%, were considered to be present 
in the sample. Three different sets of samples were inde-
pendently analyzed. Normalized spectral abundance factor 
(NSAF) values including shared peptides were calculated 
as described and multiplied by 105 to improve readability 
[23]. Proteins that could not be distinguished by available 
peptides in any given replicate were considered as a group. 
The numbers in the table refer to the different groups of 
proteins (see supplemental Table S1).

Bioinformatics analyses

Proteins present in the MVs’ fraction were identified using 
BLAST tool (Basic Local Alignment Search Tool) followed 
by GO term enrichment according to TrichDB database [28]. 
Venn Diagrams were done using RStudio Version 0.99.902 
(www.R-project.org). Signal peptide and transmembrane 
domain were annotated according to TrichDB database [28].

Immunolocalization experiments

Parasites expressing the hemagglutinin-tag (HA) version of 
TvTSP8, TvTSP1, and TvTSP3 were incubated at 37 °C on 
glass coverslips for 4 h as previously described [32]. The 
parasites were then fixed and permeabilized in cold metha-
nol for 10 min. Cells were then washed and blocked with 
5% fetal bovine serum (FBS) in phosphate buffered saline 
(PBS) for 30 min, incubated with a 1:500 dilution of anti-
HA primary antibody (Covance, Emeryville, CA, USA) 
diluted in PBS plus 2% FBS, washed with PBS, and then 
incubated with a 1:5000 dilution of Alexa Fluor-conjugated 
secondary antibody (Molecular Probes). The coverslips were 
mounted onto microscope slips using ProLong Gold antifade 
reagent with 4′,6′-diamidino-2- phenylindole (Invitrogen). 

All observations were performed on a Nikon E600 epifluo-
rescence microscope. Adobe Photoshop (Adobe Systems) 
and Fiji software [33] were used for image processing.

Parasite viability assays

Trichomonas vaginalis MVs display phosphatidyl-serine 
in their membrane detected with annexin V-FITC (data not 
shown). Hence, viability of parasites was analyzed using 
the fluorescent exclusion dye propidium iodide. For this 
purpose, wild-type B7RC2 (control) as well as B7RC2-
transfected parasites with TvTSP8, TvTSP1, TvTSP3, and 
EpNEO (empty vector) were labeled with propidium iodide 
(PI, 20 μg/ml) at 4 °C for 10 min. PI fluorescence associ-
ated with non-viable cells was measured by flow cytometry 
(at λ = 544/602 nm) on FACSCalibur (Becton–Dickinson) 
and analyzed using Flowing software version 2.4.1 (Perttu 
Terho, Turku Centre for Biotechnology, Finland; www.flow-
ingsoftware.com). Three independent experiments were per-
formed, with three technical replicates each time.

Vesicle interaction assays

Anti‑HA label

To assess interaction of LVs with parasites, TvTSP8-HA-
transfected parasites were washed and incubated in TYM 
media without serum for 4 h at 37  °C to allow vesicle 
release. Later, culture media were centrifuged to remove par-
asites and filtered using a membrane with nominal diameter 
pore of 3 µm. The conditioned media (enriched in vesicles) 
were then collected and incubated with unstained B7RC2 
wild-type parasites during 4 h at 37 °C. Coverslips were 
fixed and permeabilized in cold methanol for 10 min, and 
an immunofluorescence assay was performed as described 
before using anti-HA primary antibody to detect surface 
TvTSP8 present in donor parasites’ LVs (Covance, Emery-
ville, CA, USA). To assess interaction of LVs with host cells, 
TSP1-HA parasites were incubated at 37 °C with HeLa cells 
for 0.5 h, followed by 3 × PBS washes to remove unbound 
parasites. Cells were then fixed with paraformaldehyde for 
20 min and permeabilized with Triton 0.2% for 10 min fol-
lowed by immunofluorescence detection using an anti-HA 
tag antibody as previously described.

CMTPX label

TvTSP8-HA-transfected parasites were stained with Cell 
Tracker Red (CMTPX) (Thermo Fisher Scientific). After 
three washes to remove unbound dye, cells were incubated 
for 4 h at 37 °C in TYM media without serum to allow 
the release of vesicles. Culture media were centrifuged 
to remove parasites and filtered using a membrane with 
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nominal diameter pore of 3 µm. Conditioned media were 
collected then and further incubated with unstained B7RC2 
wild-type parasites during 4 h at 37 °C. Coverslips were 
then fixed and permeabilized in cold methanol for 10 min, 
mounted onto microscope slips using ProLong Gold antifade 
reagent with 4′,6′-diamidino-2-phenylindole (Invitrogen), 
and immediately observed on a Nikon E600 epifluorescence 
microscope. Adobe Photoshop (Adobe Systems) and Fiji 
software [33] were used for image processing.

PKH67 label: Vesicles (a mixture of MVs and LVs) 
released from B7RC2 parasites transfected with Empty 
Plasmid (EpNEO) were stained with lipophilic dye PKH-
67 (Sigma Aldrich). To this end, vesicles isolated from 109 
parasites were incubated with 4 µl of DilC for 4 min. The 
labeling was stopped adding 2 ml of PBS with 0.5% BSA. 
The sample was further washed thoroughly with PBS using 
a Vivaflow 200 100,000 MWCO PES (Sartorious Stedium) 
to eliminate unbound dye and pelleted by ultracentrifugation 
at 100,000 x g for 75 min. The pellet was then re-suspended 
in 100 µl of PBS and the protein concentration was esti-
mated using Bradford reagent (Sigma Aldrich). Next, we 
assessed the interaction of labeled vesicles with different T. 
vaginalis parasites strains (B7RC2, CDC1132, G3, RU384, 
and SD7) by microscopy and flow cytometry. To this end, 
15 µg of labeled vesicles were incubated with 105 parasites 
during 16 h. Importantly, the same volume of supernatant 
from the ultracentrifugation step was included as control 
to detect unspecific binding of free dye that could be pre-
sent in the sample. Interaction of vesicles with parasites was 
observed by fluorescence microscopy and quantified using 
flow cytometry. To this end, part of the sample was incu-
bated during 4 h at 37 °C to allow the parasite adhesion to 
microscope coverslips, fixed with 4% PFA for 15 min, and 
mounted onto microscope slips using ProLong Gold anti-
fade reagent with 4′,6′-diamidino-2-phenylindole (Invitro-
gen) and observed on a Nikon E600 epifluorescence micro-
scope. Adobe Photoshop (Adobe Systems) and Fiji software 
[33] were used for image processing. The remaining sample 
was fixed with PFA 4% for 15 min and analyzed by flow 
cytometry. Fluorescent parasites due to PKH67-labeled 
vesicle interaction were measured (at λ = 490/502 nm) on 
FACSCalibur (Becton–Dickinson) and flow cytometry data 
were analyzed using Flowing software version 2.4.1 (Perttu 
Terho, Turku Centre for Biotechnology, Finland; http://
www.flowingsoftware.com). Data are expressed as percent-
age of fluorescent parasites among the total population of 
parasites analyzed (~ 5000 events per sample). Two inde-
pendent experiments per triplicate were performed.

Parasite–host cell interaction

HeLa cells were seeded onto 24-well tissue culture plates in 
DMEM medium and allowed to form a confluent monolayer 

(1 × 106 cells) at 37 °C in 5% CO2. Subsequently, the HeLa 
cultures were washed three times with warm Hanks’ BSS 
and co-incubated with T. vaginalis Jt at cell ratios of 1:1 or 
5:1 parasite:HeLa in DMEM without serum at 37 °C in 5% 
CO2 for 30 min. Prior to the co-incubation, parasites were 
washed three times in PBS, pH 7.2, and incubated to DMEM 
without serum at 37 °C for 15 min. Adhesion was confirmed 
by thorough washing of the cultured monolayers after their 
exposure to parasites. For the control experiments, parasites 
in the absence of host cells were analyzed. The interactions 
were analyzed using SEM. The percentage of parasites that 
contain vesicles on the cell surface was determined from 
counts of at least 500 parasites randomly selected per well. 
The results are the average of three independent experiments 
performed in duplicate.

Graphics and statistical analyses

Specific statistical considerations and the tests used are 
described separately for each subsection. GraphPad Prism 
for Windows version 7.00 and RStudio Version 0.99.902 
(http://www.R-project.org) were used for graphics. Data are 
given as mean ± standard deviation (SD). Significance was 
established at P < 0.05.

Results

T. vaginalis release microvesicle‑like structures

To evaluate if T. vaginalis form MVs under regular growth 
conditions, wild-type parasites were analyzed using SEM. 
Interestingly, we observed structures decorating the cell 
surface of 1% of examined parasites with diameters rang-
ing from 100 to 1000 nm and different shapes (Fig. 1a, b); 
reminiscent to mammalian MVs [14–17]. According to 
the mechanism of origin, MVs are shed from the plasma 
membrane either at basal levels, as we observed here, or 
upon extracellular stimulation and concomitant elevation of 
intracellular calcium [34]. To evaluate if T. vaginalis share 
this mechanism of MVs’ formation, we incubated parasites 
with 1 mM CaCl2 for 30 min and examined the presence 
of shedding vesicles on their surface using scanning elec-
tron microscopy (SEM). Interestingly, while these shedding 
vesicles were not frequently observed in parasites grown 
in regular media, a ninefold increase in the percentage of 
parasites that contain MVs on the cell surface was observed 
upon incubation with CaCl2 (Fig. 1c). Transmission electron 
microscopy (TEM) analysis also revealed the protrusion of 
lipid bilayer surrounded vesicles from the plasma membrane 
of the parasites (Fig. 1d). In addition, we also observed MVs 
being shed from the flagellar membrane of the parasite using 
both SEM and TEM (Fig. 1e, f).
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We next evaluated whether the MVs are being released 
by T. vaginalis. To this end, a modified version of the 
exosomes isolation protocol [11] was applied to isolate a 
population of vesicles with sizes greater than 100 nm and 
smaller than 1 µm (Fig. 2a). Parasites were incubated for 4 h 
in serum-free media to allow EVs’ release. After incubation, 
the samples were centrifuged to remove parasites and the 
supernatant was filtered through a membrane with nominal 
diameter pore of 800 nm to avoid cell debris contamination. 
Then, the sample was filtered in another 200 nm nominal 
diameter pore to avoid exosomes’ contamination (Fig. 2a). 
Particles with sizes between 800 and 200 nm, correspond-
ing to the MVs’ fraction, were recovered from the top of the 
filter, washed to eliminate contamination with exosomes, 
and centrifuged at 100,000 g for 90 min to concentrate them 
(Fig. 2a). When the obtained sample was compared to a sam-
ple enriched in exosomes [11], size distribution profiling 
revealed a mean diameter size of 380 nm compared to the 

exosomes enriched sample which possess a mean diameter 
of 63 nm (Fig. 2b). In agreement with size profiling, exami-
nation of the preparations using TEM revealed irregular 
shape double membrane structures with sizes larger than 
exosomes (Fig. 2c, d), similar to what has been described 
for MVs in other cells [14–17].

Proteomic analysis indicates that T. vaginalis MVs 
may be selectively charged with specific content

To identify the proteins present in the MV-enriched frac-
tions, protein mass spectrometry was performed. Proteins 
with two or more identified peptides that were found in at 
least two of three mass spectrometry analyses were included 
in the MVs’ proteome and revealed a total of 592 proteins 
(Table S1). Of the 592 proteins identified, 84% are pro-
teins with predicted domains, whereas the remaining 16% 
are hypothetical proteins according to BLAST analysis. As 

Fig. 1   T. vaginalis release microvesicle-like structures. a, b Repre-
sentative micrographs of MVs protruding from the plasma membrane 
of the parasites under growth conditions obtained by SEM. c Quan-
tification of the percentage of parasites that contain vesicles in the 
cell surface upon treatment with CaCl2, and control conditions. Three 
independent experiments in duplicate were performed and 500 para-
sites were randomly counted per sample. Data are expressed as per-
centage of parasites with vesicles in CaCl2 treated related to untreated 

control parasites  ±  the standard deviation (SD). Unpaired Student’s 
t test was performed. *p  <  0.05. d Representative micrograph of a 
MV protruding from the plasma membrane of a parasite observed 
by TEM. e Representative micrograph of MVs shedding from the 
flagella of the parasite observed using SEM. f Representative micro-
graph of MVs shedding from the flagella of the parasite observed 
using TEM. PM: plasma membrane; F: flagella. Arrows indicate MVs
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annotated in TrichDB database, 24% of proteins possess 
predicted transmembrane domains, and 5% have predicted 
signal peptide (Table S1). However, analyses of known 
T. vaginalis proteins indicate that many may not have the 
conventional N-terminal signal peptides or transmembrane 
domains identifiable by bioinformatics analyses [35]. We 
further compared the obtained proteomic data with the pre-
viously published T. vaginalis exosomes proteome [11]. 
Interestingly, while 39% of MVs’ proteins are shared with 
exosome proteome, the remaining 61% was only found in 
the MVs’ sample (Fig. 3a), indicating that T. vaginalis MVs 
may be selectively charged with specific groups of proteins, 
thus exerting specific functions.

Among the predicted proteins with identifiable domains 
that allow the assignment of a predicted function according 

to gene ontology enrichment (GO term), 18% are enzymes 
related to metabolism of T. vaginalis, 13% are ribosomal 
related, 10% are proteins involved in signaling, 7% are 
cytoskeletal, and other 7% are involved in protein transport. 
In less abundant proportions, we found proteins related to 
protein folding, proteolysis, translation, transmembrane ion 
transport, and other cellular activities (Fig. 3b). When com-
pared with human-compiled extracellular vesicles’ (EVs’) 
list of 1000 proteins with the highest identification counts 
in EVpedia [16, 17, 36–38], we found that T. vaginalis MVs 
contained homologues of approximately 56% of human EVs’ 
proteins (Fig. 3c). Shared proteins represent molecules com-
monly identified by different studies thus considered as 
conserved among EVs of different origins. These include 
cytoskeletal proteins (actin, tubulin, villin, and plastin); 

Fig. 2   Isolation of microvesicle-like structures. a Scheme of MVs’ 
isolation protocol. b Laser-scattering trace of isolated MVs. A mean 
diameter of 380 nm was measured in the MVs’ sample (top panel). 
In contrast, a mean diameter of 63  nm was measured in exosomes 
sample (bottom panel). Representative graph shows the size profile of 

one analyzed sample. c Negative stain TEM analysis of the enriched 
MVs’ sample shows vesicle within the range size of MVs. d Regu-
lar TEM analysis of the enriched MVs’ sample shows the presence of 
structures surrounded by membrane with different shapes and sizes 
ranging from 100 nm up to 1 µm
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metabolic enzymes (GAPDH, enolase, phosphoglycerate 
kinase, pyruvate kinase, and lactate dehydrogenase); ribo-
somal proteins; heat shock proteins; 14-3-3; vesicle traffick-
ing-related proteins (RAB proteins); and tetraspanin protein 
(Table S1). Importantly, ARF proteins, reported to be key 
players in formation, shedding [39] and cargo selection [40] 
in the MVs as well as endoplasmin (GP96) reported to be 
present exclusively in vesicles larger than exosomes [41] 
were also identified in our proteome.

Proteins that may have a role in T. vaginalis pathogenesis 
are also present in the MVs’ proteome. Two TvBspA-like 
proteins (TVAG_240680 and TVAG_162010) that were 
previously identified in the proteomic survey of surface 

proteins of T. vaginalis [32] are also present in the MVs’ 
proteome. Particularly, TVAG_240680 corresponds to the 
gene with the highest number of ESTs among the 11 genes 
found in the surface proteomic survey and has also been 
found in the exosome proteome [11, 32]. Considering its 
abundance and location, these data may be indicating that 
this protein may play a key role in the parasite pathogenesis. 
Similarly, homologues of virulence proteins characterized 
in Leishmania GP63-like metalloproteases (TVAG_293080 
and TVAG_000880) and a tetraspanin protein (TvTSP8 and 
TVAG_008950) were also found in the MVs’ proteome. 
TvTSP8 is a transmembrane protein localized in the surface 
and intracellular vesicles that might have a role in parasites’ 

Fig. 3   Microvesicles’ proteomic analysis. a Venn diagram depicting 
proteins shared among T. vaginalis exosomes and T. vaginalis MVs. 
The numbers in the diagrams indicate the quantity of proteins shared 
or not by the different vesicles populations. b MVs’ proteins were 
identified using BLAST analysis and sorted into functional groups 
using genome annotation. Most representative groups are shown. c 
Venn diagram depicting proteins shared among T. vaginalis MVs’ 
and EVs’ list of 1000 proteins with the highest identification counts 

in EVpedia. The numbers in the diagrams indicate the quantity of 
proteins shared or not. d The localization of TvTSP8 was analyzed 
by immunofluorescence using parasites expressing C-terminal HA-
tagged versions of TvTSP8 protein and a mouse HA-tagged anti-
body. Two representative images of parasites releasing plasma mem-
brane vesicles smaller than 1  µm (magnification panels) are shown. 
The nucleus (blue) was stained with 4′,6′-diamidino-2-phenylindole. 
Arrows indicate microvesicles protruding
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aggregation [42]. To validate the presence of this mol-
ecule in MVs, we performed an immunofluorescence using 
TvTSP8-HA-transfected and anti-HA antibody. Further vali-
dating our proteomic data TvTSP8 accumulates in structures 
smaller than 1 µm protruding from the plasma membrane of 
the parasite (Fig. 3d).

T. vaginalis releases vesicles larger than MVs

Vesicles with sizes larger than 1 µm are commonly con-
sidered as apoptotic bodies, namely, fragments of death 
cells [13, 43]. Interestingly, during the immunofluores-
cence experiments, we noted the presence of TvTSP8 
in vesicles larger than 1 µm shedding from the plasma 
membrane of healthy TvTSP8-HA-transfected parasites 
(Fig. 4a). To evaluate if this is a more general observation, 
we decided to analyze the presence of tetraspanin proteins 
in larger vesicles (LVs) using parasites transfected with 

the surface-localized TvTSP3 and the surface and intracel-
lular vesicle-localized TvTSP1 [42]. As can be observed 
in Fig. 4a, LVs shedding from the plasma membrane of 
TvTSP3- and TvTSP1-transfected parasites were observed. 
To rule out the possibility that cell death could be trigger-
ing the release of the LVs, we analyzed the viability of 
transfected parasites compared with non-transfected (wild-
type) B7RC2 T. vaginalis strain, using propidium iodide. 
As observed in Fig. 4b, transfected parasites (EpNeo, 
TvTSP1, TvTSP3, and TvTSP8) as well as wild-type 
B7RC2 parasites have a viability percentage greater than 
95% and no significant differences in the percentage of 
viability were found among them. In agreement, vesicles 
larger than 1 µm protruding from the plasma membrane 
of wild-type healthy parasites were observed using SEM 
(Fig. 4c), indicating that the structures observed are not 
an artefact of transfection and suggesting that shed LVs 
might normally exert an unknown function in T. vaginalis 
biology.

Fig. 4   T. vaginalis release vesicles larger than regular MVs. a Cells 
expressing C-terminal HA-tagged versions of TvTSP8, TvTSP3, and 
TvTSP1 protein were stained for immunofluorescence microscopy 
using a mouse anti-HA antibody. The nucleus (blue) was also stained 
with 4´,6´-diamidino-2-phenylindole. Representative images of each 
transfected parasites releasing plasma membrane vesicles larger than 
1 µm (LVs) (magnification panels) are shown. b Viability of EpNeo 
(empty vector), TvTSP1-HA, TvTSP3-HA, and TvTSP8-HA-trans-

fected parasites as well as wild-type B7RC2 parasites was analyzed 
by flow cytometry using propidium iodide. Data are expressed as 
mean values ± standard deviation (SD) of three independent experi-
ments with three replicates. ANOVA followed by Dunnet’s post hoc 
test was used to determine significant differences. ns: non-significant 
difference. c Representative SEM micrographs of wild-type Jt para-
sites also evidence the release of LVs by T. vaginalis. Arrow indicates 
an LV being release. AF: anterior flagella; Ax: axostyle
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T. vaginalis LVs interact with parasites and host cells

To assess a possible role of T. vaginalis LVs in cell:cell 
interaction, we first evaluated the capacity of LVs to interact 
with other parasites. To this end, LV-enriched sample was 
obtained from TvTSP8-HA-transfected parasites by filter-
ing the released fraction through a membrane with nominal 
diameter pore of 3 µm. Then, conditioned media were incu-
bated with wild-type B7RC2 parasites. After 4 h of incuba-
tion, an immunofluorescence assay using anti-HA antibody 
was performed. Interestingly, TvTSP8 positive LVs in con-
tact with wild-type parasites were observed (Fig. 5a). As 
an alternative approach to validate the interaction, TvTSP8-
HA-transfected parasites were labeled with Cell Tracker 
Red (CMTPX) and incubated to let the vesicles be released. 
Then, conditioned media were filtered through a membrane 
with nominal diameter pore of 3 µm and incubated with 
non-labeled B7RC2 wild-type parasites. As previously, LVs 
were also observed in contact with non-labeled parasites 
(Fig. 5b). To demonstrate that the obtained results are not 
dependent of the presence of the protein tag, the interaction 
was also evaluated with B7RC2 parasites transfected with 
an empty plasmid (EpNEO, which do not express any tag). 
Importantly, the results showed that binding was not affected 
by the HA tag (Fig. 5c).

Vesicles can potentially interact with other parasites in 
the population as well as host cells. Hence, to evaluate the 
capacity of LVs to interact with host cells, TvTSP1-HA-
transfected parasites were incubated with HeLa cells and 
vesicle binding was evaluated using an immunofluores-
cence assays with an anti-HA antibody (Fig. 5d). As can be 
observed in Fig. 5d, we also found LVs in contact with host 
cell. In summary, these results are suggesting that LVs might 
have a role in cell:cell interaction.

T. vaginalis released vesicles are involved in cell 
interaction

To further evaluate if T. vaginalis released vesicles have a 
role in parasite:parasite interaction, PKH67-labeled vesi-
cles (MVs and LVs) isolated from B7RC2 parasites were 
incubated with different wild-type T. vaginalis strains. Then, 
the amount of fluorescent parasites was quantified by flow 
cytometry to evaluate the binding capacity of isolated vesi-
cles. As can be observed in Fig. 5e, released vesicles are 
able to interact with great capacity with all the T. vaginalis 
strains analyzed, independent of the level of adherence of 
the recipient strain. These results could be indicating that 
vesicles from T. vaginalis might have a role mediating com-
munication between parasites. Further studies are needed to 
determine the nature of this interaction.

Then, to evaluate if T. vaginalis shedding vesicles have 
a role in host cell interaction, parasites were incubated with 

HeLa cells and the number of parasites that contain protrud-
ing vesicles on their cell surface was quantified using SEM 
(Fig. 6). Two different ratios of parasites:HeLa cells were 
used and parasites alone were used as control. Incubation 
of parasites with HeLa at 1:1 ratio resulted in a eight-fold 
increase in parasites protruding vesicles with different sizes 
(mix MVs and LVs) from their surface compared to parasites 
alone (Fig. 6b, c, d) showing that vesicles are being formed 
in response to host cell exposure. Interestingly, when we 
increased the ratio of parasites:HeLa cells to 5:1, an addi-
tive effect is shown as a 14-fold increase in parasites pre-
senting protruding vesicles was observed (Fig. 6a, c, d). In 
concordance with our previous observation (Fig. 5), these 
results might be indicating that both LVs and MVs are also 
being formed as a sensing response to the presence of other 
parasites. In summary, these results are suggesting that these 
structures might have an important role in T. vaginalis cell 
communication.

Discussion

The present study describes structures formed by the pro-
trusion from the plasma membrane as well as from the fla-
gella of T. vaginalis, with different sizes, ranging from about 
100 nm to a few micrometers. We observed that vesicles are 
being formed in response to stimulation with physiological 
concentration of CaCl2 [44] as well as host cell stimulation. 
These vesicles appear to interact with other parasites and 
the host cell.

The release of membrane vesicles from cell surfaces 
has been reported in almost all types of cells. Interestingly, 
we observed MVs protruding from the plasma and flagel-
lar membrane of T. vaginalis by SEM and TEM. The latter 
is consistent with the recent report that MVs are released 
from the cilium and flagella [45]. In Chlamydomonas, Wood 
et al. [46] showed that cilia released EVs that contain a spe-
cific complement of proteins, different from the proteins 
of the isolated flagellar membranes. Similarly, Long et al. 
[45] isolated flagellar ectosomes from Chlamydomonas and 
demonstrate that flagellar ectosomes have a unique protein 
composition, especially being enriched in endosomal sorting 
complex required for transport (ESCRT) and ubiquitinated 
proteins. Extracellular vesicles released from the cilia of 
sensory neurons of Caenorhabditis elegans have the capac-
ity to modulate mating behaviors and play a role in cell com-
munication [47]. Whether MVs released from the flagella of 
T. vaginalis possess a different content than surface MVs, 
and whether they may play a role in communication remains 
still to be elucidated.

We used a modified version of the previously described 
exosome isolation protocol [11] to enrich vesicles larger than 
100 nm and smaller than 1000 nm. The isolated vesicles 
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Fig. 5   T. vaginalis LVs interact with other parasites and with host 
cell. a Conditioned media containing released vesicles from para-
sites transfected with TvTSP8-HA obtained using a filter with a 3 µm 
pore were incubated with wild-type B2RC2 parasites for 4 h. Then, 
an immunofluorescence assay was performed using an anti-HA anti-
body. The nucleus (blue) was also stained with 4′,6′-diamidino-2-phe-
nylindole. b Parasites transfected with TvTSP8-HA were stained with 
Cell Tracker Red (CMTPX) and incubated for 4 h to allow vesicles’ 
release. After incubation, conditioned media were obtained using 
a filter with a 3  µm pore. Following, non-labeled wild-type B7RC2 
parasites were incubated with the conditioned media and analyzed 
using fluorescence microscopy. The nucleus (blue) was stained with 
4′,6′-diamidino-2-phenylindole. Note CMTPX labeled LVs (released 
by donor) interacting with non-stained wild-type parasites. c Released 

vesicles from empty plasmid (EpNEO)-transfected parasites were 
stained with PKH67 lipophilic dye (green) and incubated with 
B7RC2 wild-type parasites (non-labeled) for 4 h. Following, parasites 
were analyzed using fluorescence microscopy. The nucleus (blue) was 
stained with 4′,6′-diamidino-2-phenylindole. Scale bars: 10 µm. d T. 
vaginalis parasites transfected with TvTSP1-HA membrane tetras-
panin family protein were incubated with HeLa cells for 1 h. Then, 
an immunofluorescence using anti-HA was performed. The nucleus 
(blue) was stained with 4′,6′-diamidino-2-phenylindole. Arrows indi-
cate LVs. e Released vesicles (MVs and LVs) isolated from T. vagi-
nalis B7RC2 stained with PKH67 lipophilic dye (green) were incu-
bated with different parasite strains (B7RC2, RU384, G3, CDC1132, 
and SD7) for 16  h. Then, quantification of vesicle binding (fluores-
cent parasites) was performed by flow cytometry
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were profiled by laser scattering and TEM demonstrating 
that the protocol used is able to separate the MVs from the 
exosome population. However, the yield of MVs obtained 
is very low which make further analysis such as proteomic 
survey very challenging. Recently, Benedikter et al. [48] 
described a method based on size exclusion chromatography 
that tended to have a higher yield than ultracentrifugation-
based methods. Hence, this new protocol might be used for 
further analysis when MVs’ yield needs to be higher. Despite 
the difficulties, we were able to profile the protein content of 
MVs using mass spectrometry. Interestingly, our proteomic 
data revealed that 167 out of 215 proteins of exosomes were 
found in the MVs’ proteomic survey. This is not surprising 
as in many proteomic analyses, the protein content of MVs 
and exosomes tends to overlap. This could be explained in 
three different ways: (1) although several washing steps were 
included during the MVs’ isolation process to eliminate 

exosome population, it is possible that minimum level of 
contamination in the sample may have remained as vesi-
cles tend to aggregate; (2) the proteins found in T. vagi-
nalis exosomes are generally present in MVs, at least at the 
moment of the purification; and (3) the number of proteins 
identified in both proteomes is not comparable. Hence, if 
more proteins would have been identified in exosomes, 
probably, a greater overlap would have been found. Nev-
ertheless, we found 425 proteins that were only detected 
in the MVs’ population. Among the proteins identified, we 
found proteins that participate in the MVs’ formation pro-
cess (ARF and VAMP) [40] and endoplasmin, previously 
reported to be only present in vesicles larger than exosomes 
[41]. These results set the stage for further studies aimed 
to identify a marker to distinguish exosomes from MVs in 
T. vaginalis to be able to elucidate if they play different or 
specific functions.

Fig. 6   T. vaginalis shed vesicles of different sizes upon exposure 
to host cell. Parasites were incubated with HeLa cells and the pres-
ence of shedding vesicles on their surface was analyzed using SEM. 
Representative micrographs show wild-type parasites containing pro-
truding microvesicles (yellow) and parasites without microvesicles 
on their surface (green) upon incubation with HeLa cells (purple) at 
a ratio of 5:1 (a); 1:1 (b); and control parasites alone (c). d Quan-
tification of the percentage of parasites containing shedding vesicles 

on the cell surface under host cell exposure. Two different ratios of 
parasite:host cells were used. Three independent experiments in 
duplicate were performed and 500 parasites were randomly counted 
per sample. Data are expressed as percentage of parasites releasing 
vesicles related to untreated control parasites ± the standard deviation 
(SD). ANOVA followed by Dunnet’s post hoc test was used to deter-
mine significant differences. *p < 0.05; **p < 0.005
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Surprisingly, we observed that T. vaginalis also releases 
vesicles larger than regular MVs (> 1 µm). Atypically large 
size vesicles have been previously described in several can-
cer cells and denominated large oncosomes (LO) due to 
its large size, been specifically released by tumor cells and 
oncogenic material content [49]. Interestingly, tumor cells 
invade by transitioning to an amoeboid phenotype [50] with 
elliptical and blebbing morphology [51]. Importantly, these 
non-apoptotic membrane blebs are dynamically extruded 
and retracted thus enabling gliding and directional propul-
sion [52]. Similarly, T. vaginalis undergoes a radical change 
in their cell morphology during host cell attachment [53]: 
the free-swimming flagellate cell flattens and spreads out 
over the host cell tissue to become an amoeba. Whether the 
LVs in T. vaginalis are involved in amoebic transformation 
and/or movement remains to be studied. Furthermore, we 
also observed T. vaginalis LVs interacting with the surface 
of other parasites as well as with host cell. Recently, Min-
ciacchi et al. [54] demonstrated that LO can be internalized 
by stromal cells through phagocytosis-like mechanism and 
induces a specific “reprogramming” of the fibroblasts that 
results in their increased ability to stimulate tube formation 
and tumor growth. Within this context, it is of interest to 
study whether LVs released by T. vaginalis are involved in 
modulating cellular communication.

The mechanism of MVs’ formation involves intracellu-
lar calcium mobilization with calpain activity, scramblase 
activation, and flippase inhibition [34]. Our results show 
that increased calcium levels affect the formation of MVs 
in T. vaginalis, similar as described in the parasite Giardia 
intestinalis [55]. Importantly, we have observed that vesi-
cles protruding from parasite membranes are formed as a 
response to the presence of host cells, indicating that vesi-
cles might be involved in T. vaginalis pathogenesis. Many 
reports have involved EVs from other protozoan parasites 
in cell interaction [56]. MVs from Giardia intestinalis 
have been shown to increase attachment of trophozoites 
to host cells and to be captured by human immature den-
dritic cells [55]. EVs originated from budding of flagellar 
membrane of Trypanosoma brucei mediate the transfer of 
virulence factor and cause host erythrocyte remodeling 
inducing anemia [57]. In addition, EVs released from 
Trypanosoma cruzi increases tissue parasitism and inflam-
mation by stimulation of IL-4 and IL-10 synthesis, playing 
a central role in the acute phase of Chagas’ disease [58]. 
Here, we observed that both protruding surface vesicles 
increased upon the presence of host cells, suggesting that 
it might be involved in the process of communication with 
other parasites and/or with host cells. Whether the protru-
sion of vesicles plays a role in the pathogenesis process 
or if it is a mode of cell communication are questions 
that need further investigations. In this sense, proteomic 

analysis of MVs’ content identified proteins that might be 
involved in the establishment of parasite infection. These 
include, proteins with similarity to BspA proteins, the 
largest gene family encoding putative extracellular pro-
teins in this pathogen, known to mediate adherence to host 
cells of mucosal bacteria [59]; metalloproteinases (GP63) 
implicated in Leishmania virulence [60, 61]; and the tet-
raspanin-like family of protein 8, TvTSP8, reported to be 
involved in regulating clump formation [42, 62]. Several 
these proteins predicted to be involved in pathogenesis 
have also been identified in the exosome proteome [11]. 
Importantly, exosomes have been demonstrated to modu-
late host cell immune responses and to promote parasite: 
parasite communication and host cell colonization [11], 
suggesting that transport of molecules found in MVs and 
exosomes might be important to establish the infection.

Over the years, different populations of vesicles released 
by many cell types have been identified. As information 
continues to growing, consensus in the classification of 
extracellular vesicles is still confused. To date, the most 
predominant classification divides extracellular vesicles 
into three groups on the basis of size, mode of biogenesis, 
and functions: exosomes (40–100 nm) formed due to mem-
brane invagination into MVB, MVs (50 nm–1 µm) formed 
due to budding and extrusion of the plasma membrane, 
and apoptotic bodies (up to 5 µm) coming from apoptotic 
cells [13]. T. vaginalis EVs differ greatly in size, rang-
ing from structures as small as exosomes, and as large as 
apoptotic bodies. Recently, exosomes have been reported 
to be as large as 250 nm and markers thought to be specific 
of exosomes have been found in non-exosomal vesicles 
[41]. Considering the results presented here as well as 
recent reports [63], reappraisal of EV classification may 
be warranted.

The present study explores a new aspect of the biol-
ogy of the protozoan parasite T. vaginalis. Although there 
are many challenges to deal with in the study of EVs, 
improving our knowledge of the mechanisms involved in 
the release, delivery, and uptake of EVs, as well as deci-
phering the messages, they deliver is essential for the 
develop of new diagnostic tools and treatments of para-
sitic diseases.
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