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Trichomonas vaginalis produces soluble factors that have been reported to have the ability to damage target
cells in vitro, and it has been hypothesized that these factors may play a role in the pathogenesis of human
trichomoniasis. A lytic factor (LF) was purified from T. vaginalis, and the molecular characteristics of LF were
determined. T. vaginalis extract was subjected to hydrophobic chromatography with a 10 to 60% N-propanol
gradient in 0.1 M ammonium acetate, resulting in the elution of LF from the column at 30% N-propanol.
Cytotoxicity assays revealed that LF was cytotoxic to WEHI 164 cells and bovine red blood cells, and
inactivation of LF by treatment with trypsin suggested that the active component of LF was a protein. Size
exclusion chromatography of LF produced two fractions at 144 and 168 kDa, and analysis by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis of LF under reducing conditions revealed two subunits of 57 and 60
kDa. Results of a fluorescence assay of LF on carboxyfluorescein-labeled liposomes composed of phosphati-
dylcholine-cholesterol showed that liposomes were hydrolyzed, suggesting that LF had phospholipase activity.
Thin-layer chromatography analysis of BODIPY (4,4-difluoro-3a,4adiaza-s-indacene)-labeled phosphatidyl-
choline treated with LF demonstrated products that migrated identically to the products produced by treat-
ment with phospholipase A2 (PLA2). These results suggest that LF is a PLA2 and may be an important
virulence factor of T. vaginalis mediating the destruction of host cells and contributing to tissue damage and
inflammation in trichomoniasis.

Human trichomoniasis, a sexually transmitted disease caused
by Trichomonas vaginalis, is a disease ranging from a mild to a
more severe infection causing vaginitis in women and urethritis in
men (18). T. vaginalis is one of the most common causes of
vaginitis in women and is estimated to account for 20 to 30% of
all vaginitis cases worldwide (10). The mechanisms of pathogen-
esis of the trichomonad parasite in the urogenital tract and avoid-
ance of the host immune system response are not well understood
although T. vaginalis is known to cause cytopathic effects (CPE)
on host cells which likely play a role in pathogenesis.

Since T. vaginalis is an extracellular, flagellate protozoan
parasite, it has been proposed that the CPE are due to both
contact-dependent and contact-independent mechanisms.
There has been a description of four adhesion proteins that
may mediate adherence to the vaginal epithelial cells in vivo
(4), an event that leads to efficient CPE in vitro (1). Contact-
dependent CPE has been well studied, and numerous poten-
tially pathogenic molecules, such as cysteine proteinases (10),
as well as hemolytic activity (17), that may be part of the
molecular mechanism of contact-dependent CPE have also
been reported. Two cysteine proteinases are known to be ex-
pressed on the surface of this parasite and to bind to host cells
(2, 3, 23), and inhibition of cysteine proteases was shown to
lower adhesion and cytotoxicity (2, 3). In contrast, how se-
creted proteases of T. vaginalis function in CPE or pathogen-
esis has not been elucidated so that the molecular mechanisms
involved remain unclear.

Hogue first reported the CPE of T. vaginalis for human cells

in vitro and hypothesized that the pathogenesis observed was
directly due to secreted toxins from T. vaginalis (16). Subse-
quently CPE mediated by cell-free, parasite-derived filtrates
on cultured cells and contact-dependent destruction of host
cells have been reported (14, 16, 23, 26). Secreted soluble
factors, termed cell-detaching factor (CDF) and T. vaginalis
factor (TVF), cause a variety of morphological changes to
certain mammalian cells in vitro (15, 21). Many of these mor-
phological effects of parasite-derived soluble factors were re-
versible when the mammalian cells were subsequently cultured
in media without CDF or TVF (15, 21), but no data on the
specific biochemical alterations on the target cells were noted.

With the exception of cysteine proteinases, the parasite en-
zymatic activities that may be involved in the CPE on host cells,
including target cell lysis, remain unknown. Because several
microbial lytic molecules (e.g., bacterial hemolysins) have been
identified as phospholipases or lipases, we hypothesized that a
lipase or phospholipase could account for the target cell lysis
and may be an important virulence factor of T. vaginalis.

Analysis of T. vaginalis extracts identified a lytic factor (LF)
that hydrolyzes lipids and phospholipids, lyses nucleated mam-
malian cells and red blood cells, and hydrolyzes liposomes in
vitro, suggesting that LF contains lipase or phospholipase ac-
tivity. Further investigation revealed that the LF specifically
hydrolyzed phosphatidylcholine to yield products similar to
those produced by phospholipase A2 (PLA2), suggesting that
the major enzymatic component of LF responsible for host cell
destruction is a PLA2.

MATERIALS AND METHODS

Parasites. T. vaginalis strain UAB 5-1, isolated in 2001 (provided by J. Swebke,
University Alabama Medical Center, Birmingham), was grown in modified Di-
amond’s medium, pH 6.0 (13), containing 10% heat-inactivated fetal bovine
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serum (Atlanta Biologicals, Atlanta, Ga.) at 37°C in 500-ml screw-cap serum
bottles. Parasites were counted with a hemocytometer, collected by centrifuga-
tion (400 � g, 25°C, 5 min), and washed twice in phosphate-buffered saline (PBS;
10 mM sodium phosphate, pH 7.2, 150 mM NaCl).

Parasite extracts. Whole-cell parasite extracts were prepared by adding 108

parasites/ml to extraction buffer, which contained 50 mM Tris (pH 8.0), 100 mM
NaCl, 5 mM EDTA, 1% Triton X-100, 10 �[/mu] leupeptin, and 10 �M N-trans-
epoxysuccinyl-L-leucylamido-(4-guanidino) butane (E-64; Sigma, St. Louis, Mo.),
followed by incubation on ice for 30 min with gentle mixing every 5 min. Cellular
debris was pelleted (1,000 � g, 10°C, 30 min), and the supernatant was stored at
�20°C. The bicinchoninic acid (BCA) protein assay (Pierce Chemicals, Rock-
ford, Ill.) was used to determine protein yields.

LF purification. (i) Hydrophobic chromatography. LF was purified by hydro-
phobic chromatography (31) on octyl-Sepharose (Amersham-Pharmacia, Arling-
ton Heights, Ill.). Briefly, octyl-Sepharose beads were washed twice with 2 vol-
umes of 5% N-propanol in 0.1 M ammonium acetate, pH 7.0. Parasite extract (2
mg/ml of beads) or bovine serum albumin (BSA; 500 �g/ml of beads; negative
control) was added, and the mixture was rotated end-over-end overnight at 4°C.
The supernatant was decanted, and the beads were washed with 20 volumes of
5% N-propanol in 0.1 M ammonium acetate, pH 7.0. The column was eluted with
a ladder gradient of 10 to 60% N-propanol (10% N-propanol at 30 ml/increment)
in 0.1 M ammonium acetate. The presence of LF or BSA was monitored by
periodic acid-Schiff (Sigma) staining of fractions spotted onto nitrocellulose
paper or by BCA protein assay (Pierce Chemicals). Fractions containing carbo-
hydrate material or protein (BSA) were concentrated under vacuum (Speedvac;
Bio-Rad), resuspended in Hanks balanced salt solution (HBSS), pH 7.2, and
pooled into groups of four fractions for further analysis.

(ii) Gel filtration. Octyl-Sepharose LF preparations were further fractionated
by size exclusion chromatography on Sephacryl 200 (Amersham Pharmacia). A
column (1- by 25-cm bed volume) was packed in 0.1 M ammonium acetate, pH
7.0 (buffer), and the packed column was calibrated with a sample containing
molecular weight standards (myosin, BSA, ovalbumin, and �-lactoglobulin), all
at 1 mg/ml. For each chromatogram 500 �l of LF preparations was typically
added to the column and 1-ml fractions were collected at a flow rate of 450
�l/min. The protein contents of fractions were determined by the BCA protein
assay (Pierce Chemicals), and fractions were retained at 4°C for functional
assays.

SDS-PAGE. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) was performed using 10% T gels (19) that were either developed with
silver staining (Novex; Invitrogen, Carlsbad, Calif.) or electroblotted (36) onto a
nitrocellulose membrane and analyzed by Western blotting.

Periodate-sensitive epitopes. Western blots were probed with antibodies or
treated with periodate and then probed with antibodies. Briefly, strips were
washed with 50 mM sodium acetate buffer, pH 7.0, for 5 min. Strips were then
soaked either in 20 mM periodate in 50 mM sodium acetate buffer, pH 4.5, or in
50 mM sodium acetate, pH 4.5, in the dark for 1 h. After three washes (10 min
each) in 50 mM sodium acetate, strips were soaked in 1% glycine in 150 mM
NaCl for 30 min and washed in 5% BLOTTO (5% skim milk in PBS) for 30 min.
Goat anti-T. vaginalis serum was added, and strips were incubated overnight at
4°C. Strips were washed in three changes of 5% BLOTTO followed by peroxi-
dase-conjugated rabbit anti-goat immunoglobulin G (ICN/Cappel, Costa Mesa,
Calif.) and incubated for 1 h. After three washes in PBS strips were developed
with tetramethylbenzidine membrane peroxidase substrate (KPL, Gaithersburg,
Md.).

Cytotoxicity assays. The cytotoxicity of T. vaginalis parasites and purified LF
was measured with the murine fibroblast cell line WEHI 164 (27) (American
Type Culture Collection, Manassas, Va.). WEHI 164 cells were plated in 96- or
24-well plates at 2.0 � 105 or 2.0 � 106/well, respectively, depending on exper-
imental design, in complete Dulbecco’s modified Eagle medium (4 mM L-glu-
tamine, 1 mM sodium pyruvate, 10% fetal bovine serum, 25 �g/ml gentamicin
sulfate). Plates were incubated at 37°C in a 5% CO2, humidified atmosphere for
4 to 6 h to allow the WEHI 164 cells to adhere to culture plates. Serial dilutions
of the parasite material (viable parasites, extract, LF, etc.) or LF treated with
trypsin (20 �l, 130 �g/ml) or E-64 (20 �l, 100 mM) (Sigma) were then added to
the WEHI 164 cells. Viable parasites were incubated directly on WEHI 164 cells
or added to a Transwell filter (Corning Incorporated, Corning, N.Y.) inserted
into the plate wells. A negative control was prepared with serial dilutions of BSA
fractions eluted from the octyl-Sepharose column. A tumor necrosis factor alpha
standard (National Institutes of Health) was used as a positive control for
cytotoxicity assays. After incubation at 37°C overnight, medium was decanted
and monolayers were washed with warm HBSS. HBSS was removed, and fixative
(4% formalin) was added for 10 min, followed by crystal violet solution (25%
ethanol, 0.55% crystal violet, 0.145 M NaCl) for 10 min. After three washes with

HBSS, plates were allowed to dry overnight. Samples were solubilized with an
acid-detergent solution (0.5 M acetic acid containing 0.5% SDS), and absorbance
was measured at 550 nm on a spectrophotometer (Thermomax; Molecular De-
vices, Sunnyvale, Calif.). Percent cytotoxicity was calculated with the following
equation: percent cytotoxicity � [(untreated WEHI OD550 � treated WEHI
OD550)/untreated WEHI OD550] � 100, where OD550 is optical density at 550
nm.

Enzyme assays. (i) Lipase assay. Lipase activity was measured with polyoxy-
ethylene sorbitan substrates (Tween 20 and Tween 80) as described previously
(35). The reaction mixture, which consisted of 0.01 ml of 10% Tween in 50 mM
Tris hydrochloride, pH 7.6 (Tris buffer), 0.01 ml of 1 M CaCl2 in Tris buffer, and
0.23 ml of 50 mM Tris-hydrochloride, pH 7.6, was mixed with 0.05 ml of fraction
material or phospholipase D (PLD; Sigma). Reagent blanks were prepared with
0.05 ml of water. Duplicates of each mixture were prepared and incubated at
37°C for 2 h. The turbidity of each mixture was measured at 405 nm on a
spectrophotometer (Thermomax; Molecular Devices).

(ii) Protease assay. Protease activity was measured with azocoll as described
earlier (8). Briefly, 11 mg of azocoll (Sigma)/ml in 0.1 M potassium phosphate
buffer, pH 7.8, was preequilibrated at 42°C for 20 min in 1.0-ml aliquots. The
reaction was initiated by the addition of 0.1 ml of enzyme to the azocoll solution.
After mixing, 0.25 ml of the sample was removed at 5-min intervals and added to
1 ml of 5% of trichloroacetic acid to stop reaction, and absorbance was measured
at 550 nm on a spectrophotometer (Thermomax).

Liposome preparation. Liposomes were prepared essentially as described by
Senior and Gregoriadis (29). Briefly, 0.25 ml of phosphatidylcholine (Sigma) in
chloroform (100 mg/ml) was mixed with 0.63 ml of cholesterol (Sigma) in chlo-
roform (20 mg/ml), and the lipid solution (1:1, molar) was dried by rotary
evaporation in a 50-ml round-bottom flask. Two milliliters of aqueous 20 mM
5(6)-carboxyfluorescein (CF) (Molecular Probes, Eugene, Oreg.), warmed to
40°C, was added to the lipid film with shaking to dislodge lipid film. This was
followed by sonication to reduce the multilamellar vesicles to small unilamellar
vesicles (liposomes). Sonication was performed in a 40°C water bath with 1-min
bursts at 60% output (50 Sonic Dismembrator; Fisher, Denver, Colo.) followed
by 30-s cooling periods (10 min total). Large vesicles together with liberated
probe tip fragments were pelleted (3,000 � g, 25°C, 7 min). Unincorporated CF
was removed from the liposomes by gel filtration (Sepharose CL-4B) and cen-
trifugation (1,000 � g,10°C, 30 min), and liposome fractions with CF incorpo-
rated were stored at 4°C. For assays liposomes were incubated with LF, BSA, or
buffer (PBS) at 37°C for 2 h and treatment groups were then read on a fluorom-
eter at an excitation wavelength of 435 nm and emission wavelength of 538 nm.
The extent of lysis was expressed as the percent release, calculated with the
following equation: percent CF release � [(control OD538 � unknown OD538)/
control OD538] � 100.

Phospholipid hydrolysis. Ten microliters of 1 mM BODIPY (4,4-difluoro-
3a,4adiaza-s-indacene)-labeled phosphatidylcholine (BPC; Molecular Probes)
was dried under a slow stream of nitrogen, dissolved in 50 �l of solution I (0.5
mM octylglucoside, 0.4 mM NaCl, 60 mM HEPES, pH 7.0), and briefly soni-
cated. Fifty microliters of solution II (5 mM EGTA, 2 mM EDTA, 1 mM
dithiothreitol) or HBSS, pH 7.0, was added to the BPC solution, and 5 �l of LF,
PLD, PLA2 (Sigma), or HBSS (blank) was added to 12.5 �l of BPC. Treatment
groups were incubated for 2 h at 37°C. A 5-�l sample of each reaction mixture
was then plated on a K6 silica gel 60 thin-layer chromatography plate (Whatman,
Maidstone, United Kingdom) and allowed to dry. Samples were resolved in
chloroform-methanol-acetic acid solvent (45:45:10), and hydrolysis was detected
by inspection under far-UV (365-nm) illumination.

Statistical analysis. Data were analyzed by a one-way analysis of variance,
followed by Tukey’s multiple-comparison test (Prism; GraphPad Software, San
Diego, Calif.) to detect significant differences (P � 0.05) among treatment
groups.

RESULTS

T. vaginalis CPE. Previous reports have indicated that the
CPE of T. vaginalis on mammalian cells in vitro may result
from parasite-to-cell contact (3, 12, 14, 23) and soluble prod-
ucts released by the parasite (2, 21, 28). To address the ques-
tion of whether contact is required for cytotoxicity, T. vaginalis
was incubated with WEHI 164 cells in the presence or absence
of Transwell filters. T. vaginalis added directly to the WEHI
164 cells, allowing parasite-to-cell contact, produced a high
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cytotoxic effect (�80%) compared to controls in the presence
or absence of fetal bovine serum (FBS) at all parasite/cell
ratios tested (10:1, 5:1, and 1:1) (Fig. 1).

T. vaginalis added to filter inserts to prevent contact between
the parasite and target produced lower cytotoxic levels than
cultures without inserts. However, significant cytotoxicity was
observed in the presence or absence of FBS at parasite-to-
target ratios of 10:1 (Fig. 1). Although cytotoxicity levels at
parasite-to-target ratios of 5:1 and 1:1 were not significant in
the presence of filter barriers, a dose effect was evident as the
ratio decreased. Thus contact between parasites and targets
was not required for cytotoxicity for WEHI 164 cells.

Chromatographic purification of LF. Since we observed cy-
totoxic activity of soluble parasite material on WEHI 164 cells
and since it is well known that several microorganisms express
lipolytic activity, which can play a role in their pathogenesis,
including host cell membrane destruction, we examined the
lipolytic activity present in T. vaginalis. Results of hydrophobic
chromatography of T. vaginalis extract on octyl-Sepharose re-
vealed that cytotoxic material, termed LF, eluted at 30% N-
propanol, as detected by assay of WEHI 164 cells (Fig. 2).
When LF was tested for cytotoxic activity on WEHI 164 cells,
it exhibited a cytotoxic effect, with the kinetics of cell lysis
ranging from 4 to 24 h depending on the concentration of LF
in the preparation (data not shown). The addition of 10 �l of
LF to 5.0 � 105 WEHI 164 cells had a cytotoxic effect of
greater than 90% (Fig. 2). LF when added at 5 and 2.5 �l had
cytotoxic effects on WEHI 164 cells of 50 and 25%, respec-
tively, and LF lysis was also observed with bovine red blood cell
targets (data not shown). When 10 �l of BSA material eluted
from the octyl-Sepharose column (negative control) was added

to WEHI 164 cells, there was no significant cytotoxic effect
(Fig. 2). Parasite material which eluted off the column at 40%
N-propanol in 0.1 M ammonium acetate also was not cytotoxic
(data not shown). LF fractions contained carbohydrate mate-
rial as detected by periodic acid-Schiff staining of fractions
spotted onto nitrocellulose paper (data not shown).

The effects of protease treatment on LF activity were exam-
ined by digestion with trypsin followed by a cytotoxicity assay.
Treatment of LF (10 �l) with trypsin inhibited the cytotoxic
activity on the WEHI 164 cells by 90% (Fig. 3A). As a control
for the effects of trypsin on WEHI 164 cells, BSA eluted from
the octyl-Sepharose column was treated with serial dilutions of
trypsin, the dilutions that hydrolyzed BSA were added to BSA,
and the mixture was assayed on WEHI 164 cells for lytic
effects. Although 130 �g of trypsin/ml hydrolyzed BSA, it pro-
duced no detectable lysis of the WEHI 164 cells (data not
shown).

To determine the molecular effects of protease on LF com-

FIG. 1. T. vaginalis cytotoxicity for WEHI 164 cells is present with
or without parasite-to-cell contact. Cytotoxicity of T. vaginalis cultured
on WEHI 164 cells for 24 h was determined with or without Transwell
filters and in the presence or absence of FBS. Data shown are means
	 standard deviations from three individual experiments. �, significant
difference (P � 0.05) between treatment group and control (WEHI
164 cells plus HBSS).

FIG. 2. Purified LF is cytotoxic to WEHI 164 cells. (A) Octyl-
Sepharose chromatogram of T. vaginalis extract with LF elution at 30%
N-propanol. (B) Cytotoxicity of LF and BSA, purified by octyl-Sepha-
rose chromatography as described in Materials and Methods, lyophi-
lized, and reconstituted in HBSS. Cytotoxicity was measured on WEHI
164 cells as described for Fig. 1. Data shown are means 	 standard
deviations from three individual experiments. �, significant difference
(P � 0.05) between treatment groups.
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ponents, Western blots of trypsin-treated LF were probed with
goat anti-T. vaginalis polyvalent serum. Untreated LF probed
with goat anti-T. vaginalis polyvalent serum revealed two major
bands (Fig. 3B) at approximately 60 and 57 kDa. When trypsin
treated LF was probed with goat anti-T. vaginalis polyvalent
serum, there was only one distinguishable band at 57 kDa.
Interestingly, when LF was treated with periodate, the goat
anti-T. vaginalis polyvalent serum was unable to recognize the
epitopes of LF on the 60- and 57-kDa bands (Fig. 3B), indi-
cating that immunogenic epitopes detected in the two bands
are glycosylated.

Enzyme assays. T. vaginalis has many proteases, notably
cysteine proteases, and at least 23 cysteine proteases have been
identified in T. vaginalis (9). Since proteases have been impli-
cated in target cell damage, we examined LF cytotoxicity in the
presence of the cysteine protease inhibitor E-64, and the re-
sults indicated that E-64 did not inhibit cytotoxicity on WEHI
164 cells. The BSA control, treated with the same levels of
E-64, showed no signs of cytotoxicity on WEHI 164 cells (data
not shown). An azocoll assay of LF revealed no protease ac-
tivity compared to that in an equal amount of the positive
control, trypsin, which hydrolyzed azocoll after as little as 25
min of treatment (data not shown). These results suggested
that the cytotoxic effects of LF were not primarily due to
protease activity.

LF hydrolyzes phospholipase substrates. The lipase activity
of LF was tested on substrates Tween 20 and Tween 80, which
are hydrolyzed by lipases or phospholipases, producing an in-
soluble product detected by its turbidity measured at 405 nm.
LF produced a turbidity 6.5-fold higher than PLD with Tween
20 and 4.7-fold higher with Tween 80 (Fig. 4A).

A liposome assay was performed next, since this method
produces less variation than, and has superior sensitivity to,
Tween assays and since liposomes with a precise lipid compo-
sition (phospholipase target molecules such as phosphatidyl-
choline) could be used. Liposomes that consisted of phosphati-
dylcholine-cholesterol (1:1 ratio) were prepared to determine
if LF would hydrolyze phospholipids that are substrates for all
four subclasses of phospholipases (PLA, PLB, PLC, and PLD).
CF-labeled liposomes incubated at 37°C with LF for 2 h re-
leased up to 90% of the maximum releasable CF (Fig. 4B),

FIG. 3. Proteolytic cleavage of LF eliminates cytotoxic activity. LF
and BSA were treated with trypsin for 2 h, followed by an assay on
WEHI 164 cells and analysis by SDS-PAGE. (A) WEHI 164 cell
cytotoxicity assay of LF and trypsin-treated LF. Pooled data from two
individual experiments are shown. �, significant difference (P � 0.05)
between treatment groups. (B) LF samples were subjected to SDS-
PAGE (10% T gel), electroblotted onto a nitrocellulose membrane,
and probed with goat anti-T. vaginalis. Lanes 1, T. vaginalis extract;
lanes 2, LF; lanes 3, LF at a 1:4 dilution treated with trypsin; lanes 4,
LF at a 1:8 dilution treated with trypsin. The Western blot is repre-
sentative of results of three individual experiments. (C) SDS-PAGE
(10% T) of fractions of LF resolved by size exclusion chromatography
(fractions 1 to 5). Lane 1, nonreducing conditions; lane 2, reducing
conditions. Results shown are representative of three individual ex-
periments.

FIG. 4. LF hydrolysis of phospholipase substrates. (A) LF and PLD
(positive control) were incubated with Tween 20 or Tween 80 for 2 h
at 37°C, and turbidity was recorded at 405 nm. Results are shown for
data pooled from two individual experiments. �, significant difference
(P � 0.05) between treatment groups. (B) LF, fraction 161 (negative
control), and 1% Triton X-100 (maximum release) were incubated
with CF-liposomes composed of phosphatidylcholine-cholesterol (1:1
ratio) for 2 h at 37°C, and CF release was detected by fluorimetry
(excitation, 435 nm; emission, 538 nm). Data shown were pooled from
three individual experiments. �, significant difference (P � 0.05) be-
tween treatment groups. (C) BPC substrate was incubated with LF,
PLA2, blank (HBSS), or PLD for 2 h at 37°C, and products (D, blank,
and A2) were resolved by thin-layer chromatography and detected by
inspection under far UV (365 nm). Lane 1, 2� LF; lane 2, 1� LF; lane
3, 1� PLA2; lane 4, 2� PLA2; lane 5, blank (HBSS); lane 6, 2� PLD;
lane 7, 1� PLD. Results shown are representative of three individual
experiments.
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determined by treatment with 1% Triton X-100. Decreasing
concentrations of LF added to the liposomes resulted in de-
creasing release of CF, demonstrating that lysis due to LF
occurred in a dose-dependent manner. A control fraction that
eluted from the octyl-Sepharose column at 60% N-propanol
(fraction 161), distinct from the fractions containing LF, was
also tested for CF release after lyophilization and reconstitu-
tion in the same manner as those of LF. When 50 and 25 �l of
fraction 161 were incubated with liposomes only 25 and 12%
CF releases, respectively, were observed (Fig. 4B).

To examine the products of phospholipid degradation by
LF, the products of LF activity on phosphatidylcholine were
examined by thin-layer chromatography. BPC was hydrolyzed
in the presence of LF, and the products of treatment with LF
and PLA2 had similar migration patterns when separated by
thin-layer chromatography (Fig. 4C). This migration pattern of
the hydrolysis products of LF on phosphatidylcholine also
clearly differed from those for nonhydrolyzed BPC (lane 5) and
PLD-hydrolyzed BPC (Fig. 4C, lanes 6 and 7).

Size exclusion chromatography. To determine the sizes of
LF components, size exclusion chromatography was used to
fractionate LF material from the octyl-Sepharose column. Ma-
terial in the LF preparation eluted off the Sephacryl 200 col-
umn in two major regions of the chromatogram: one in frac-
tions 1 to 5 and the other in fractions 11 to 15 (Fig. 5).
Fractions 1 to 5 and 11 to 15 correlated to 167 and 144 kDa,
respectively, based on the calibration of the gel filtration col-
umn (data not shown). The first 22 fractions were tested for the
ability to hydrolyze liposomes, and a detectable level of CF
release was observed with fractions 1 to 5 (Fig. 5). SDS-PAGE
analysis of fractions 1 to 5 under reducing conditions revealed
60- and 57-kDa components (Fig. 3C, lane 2), while nonreduc-
ing conditions produced a single band �200 kDa (Fig. 3C, lane
1).

Octyl-Sepharose chromatography yielded LF with an activity
of 67 U/�g of protein in the CF assay, and further purification
by size exclusion chromatography on Sephacryl 200 produced

LF with an activity of 245 U/�g, a 3.6-fold increase in specific
activity.

DISCUSSION

T. vaginalis has been shown to cause CPE upon contact with
host cells (16, 18, 26) and soluble parasite products (15, 21),
and enzymes such as cysteine proteases (9, 23) have been
implicated in this process (2, 3, 23). However, the molecular
mechanism of T. vaginalis CPE for host cells may involve sev-
eral parasite products and host responses and remains to be
well defined. This prompted us to investigate the cytotoxicity of
a recent clinical isolate of T. vaginalis, and the results con-
firmed that this parasite produced potent cytotoxic effects on
mammalian cells through parasite-host cell contact, as ex-
pected, and produced soluble products that mediated cytotox-
icity across a barrier membrane (Fig. 1).

In the present study a hydrophobic lytic product, LF, was
purified from extracts of T. vaginalis that hydrolyzed the phos-
pholipid phosphatidylcholine (Fig. 4B), a substrate of phos-
pholipases (PLA, PLB, PLC, and PLD), to products charac-
teristic of PLA2 (Fig. 4C). Further analysis of LF demonstrated
two distinct bands around 60 and 57 kDa when it was electro-
phoresed under reducing conditions (Fig. 3B and C); these
products are similar in size to a PLA2 purified from sheep
platelets (20). Although secretion of cysteine proteases from T.
vaginalis has been reported (28) and may play a role in cyto-
toxicity (2), additional experiments failed to demonstrate de-
tectable protease activity in the purified LF although it re-
tained the lytic effect on red blood cells (data not shown) and
WEHI 164 target cells (Fig. 2).

Previously McGregor et al. (22) reported increased levels of
PLA2 activity in vaginal secretions of pregnant women with
various sexually transmitted infections including T. vaginalis
infection and suggested that this may contribute to the patho-
genesis of preterm labor and birth which was previously cor-
related with T. vaginalis infection (10). In addition to the phos-

FIG. 5. Size exclusion chromatography of LF. (A) LF from octyl-Sepharose was loaded onto a Sephacryl 200 column and eluted with 0.1 M
ammonium acetate buffer, pH 7.0, and protein was detected with the BCA assay (550 nm). (B) Lytic activity of fractions was determined by
incubation with CF-liposomes composed of phosphatidylcholine-cholesterol (1:1 ratio) for 2 h at 37°C, and CF release was detected by fluorimetry
(excitation, 435 nm; emission, 538 nm). Results shown are representative of three individual experiments.
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pholipases of bacteria such as Staphylococcus aureus and
Clostridium perfringens, which are well known to mediate nu-
cleated host cell lysis and hemolysis (24, 32, 33), phospho-
lipases such as PLA have recently been shown to be produced
by several parasitic protozoa (5, 7, 30, 38), and the capacity for
host tissue damage either through active release or release
after parasite destruction by host responses has been suggested
(38). Recently subcellular fractions of T. vaginalis were shown
to produce hemolysis of human and rat red blood cells which
was inhibited by the Rosenthal inhibitor (37), suggesting that
this activity was dependent on a phospholipase and extending
earlier reports of hemolysis by intact parasites (17, 12). The
results presented here confirm these earlier observations and
strongly suggest that the principal enzyme activity in LF is a
PLA2.

Since treatment of pregnant women with T. vaginalis infec-
tion was recently shown to significantly increase their risk of
preterm birth (6), it is tempting to speculate that destruction of
parasites by drug therapy could release parasite enzymes such
as PLA2 and proteases that may mediate cell destruction and
contribute to the unfavorable pregnancy outcome. This is sug-
gested by the major symptoms of trichomoniasis, which seem
largely due to the inflammatory response T. vaginalis causes in
the host. Because PLA2 releases the fatty acid arachidonic
acid, which is then converted to prostanoids and leukotrienes
by cyclooxygenases (COX) and lipoxygenases (11, 25, 34), the
PLA2 of T. vaginalis may be of particular importance to this
inflammation process. In other work we have shown that
Tritrichomonas foetus, which is similar to T. vaginalis, stimu-
lates a macrophage cell line (J774) to produce COX-2 (J. M.
Voyich, T. McCormick, and D. E. Burgess, unpublished data),
which could act synergistically with arachidonic acid released
by PLA2. Thus, participation in the arachidonic acid pathway
and host cell destruction by released PLA2 (34) leading to
inflammation may be convergent effects of this parasite-de-
rived enzyme leading to enhanced inflammation in trichomo-
niasis.

In conclusion, our results show that T. vaginalis produces
soluble LF that lyses nucleated target cells and that its princi-
pal constituent is PLA2 enzymatic activity. These findings dem-
onstrate that T. vaginalis can produce CPE against mammalian
target cells without requiring parasite contact with the target
cell and that the molecular mechanism is largely due to PLA2

activity.
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