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Summary. Trichomonas vaginalis harbors a double-stranded (ds)-RNA virus,
and the presence of virus is related to upregulated expression and phenotypic
variation of a prominent immunogen (Khoshnan A, Alderete JF (1994) J Virol
68: 4035-4038). To further test the influence of virus on 7. vaginalis, virus-
infected (V') isolates were compared to virus-free (V™), agar-cloned progeny
trichomonads derived from the parental isolates for accumulation of total
proteins and cysteine proteinases. Comparative high resolution two dimensional
(2D)-SDS-PAGE was performed of trichomonads grown in a chemostat under
identical conditions. At least 47 proteins were identified as specifically
expressed by representative V' isolate 347, and ~41 spots were specific to the
corresponding V~ progeny, showing an association between virus and the
presence and absence of parasite proteins. Qualitatively and quantitatively
dissimilar cysteine proteinase patterns were detected from numerous V*
isolates and the V— progeny. A 2D analysis for isolate 347 showed the
appearance of unique proteinase activities for parental parasites and presence of
at least one proteinase in the V~ progeny. Finally, the V' T. vaginalis isolate
347, but not the V~ isolate 347 progeny nor other V' isolates, underwent
fluctuations in density during chemostat growth allowing for purification of
virus particles from the V* isolate 347 supernatants during decreased parasite
density.

Introduction

Trichomonas vaginalis is a protozoan parasite responsible for a sexually
transmitted disease (STD) manifested as a non-self-limiting vaginitis in women
[31]. Symptomatology varies among infected women. Symptomatic individuals
have a foul-smelling discharge, severe inflammation and discomfort. Recent
findings suggest that trichomonosis is associated with adverse pregnancy
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outcomes [14, 30] and enhanced predisposition to HIV [24]. A review of
several epidemiological studies revealed a possible association between T.
vaginalis and a risk of cervical neoplasia [43].

Analysis of > 500 fresh 7. vaginalis clinical isolates in our laboratory has
demonstrated the presence of a segmented double-stranded (ds)-RNA virus
(V") in one-half of the isolates, [10, 38, 42]. Complicating matters is the
discovery of small-sized satellite dSRNAs in some, but not all, VT isolates [20,
23]. Recent reports have begun to dissect the interrelationship between the
protozoan and the dsRNA virus. High levels of trichomonal transcription and
synthesis of a prominent immunogen, called P270, were found associated with
infection by dsRNA virus [22]. P270 undergoes phenotypic variation between
surface and cytoplasmic expression, and loss of virus due to prolonged batch
passaging of the parasite results in only cytoplasmic expression of P270
[1, 7, 10, 22, 42]. :

Infection by the dsRNA virus appears to be persistent, as no reports on lytic
cycles for infected trichomonads have been described [21, 23, 41, 42]. Virus
transmission appears to occur vertically, and no virus particles have been
purified from batch-grown logarithmic phase cultures. Only transient infections
of virus-free parasites have been achieved [20].

Another recent report evaluated the ability of cysteine proteinages of 7.
vaginalis to degrade human immunoglobulins (Ig) [37]. It was evident that V*
isolates were more heterogeneous in the expression of Ig-degrading proteinases
than were the V™ isolates. This heterogeneity in proteinase expression is not
unlike early comparisons between V' and V~ isolates, which showed major
differences in the surface expression and synthesis of immunogens among the
two isolate types [4, 7-10].

In this report we show the influence of the dsRNA virus on the total protein
composition of 7. vaginalis organisms, including cysteine proteinases known to
be produced in the vaginal environment of patients and which modulate
trichomonal virulence and pathogenesis [3, 5, 6, 11, 12, 18, 32]. Interestingly,
among several V' isolates examined, only 7. vaginalis isolate 347 [22]
displayed periodic fluctuations in cell density during batch and steady-state
chemostat growth, which paralleled recovery of virus from cell-free culture
supernatants. The implications of our results are discussed.

Materials and methods

Parasite cultures

V* T vaginalis isolates 21201, TO68-II, NYH 286, AL 8, AL 10, 347, and 8111 and V~
progeny [1, 7, 22] were cultured axenically in complex Trypticase-yeast extract-maltose
(TYM) medium supplemented with 10% heat-inactivated (HI)-horse serum (HS) [17, 37].
Only parasites from batch cultures at mid- to late-logarithmic phase of growth were utilized
[36].

A chemostat (New Brunswick Scientific, New Brunswick, NJ) was inoculated with
1.25 x 108 parasites of either V' parental or V™ progeny first grown in batch cultures and
resuspended in 5 ml medium for inoculation of a 1.25 L vessel [23, 27, 40]. Trichomonads
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were then maintained aerobically at 37°C at a doubling time of 24 h and pH 5.5, as
recently described [20, 23, 27]. Parasite morphology and viability were monitored by
microscopic wet mount examination. Cell number was obtained by averaging two
determinations performed independently in an improved Neubauer hemocytometer. Cells
and supernatants were each harvested at different times during growth and frozen at
—70°C until use.

Agar cloning of single trichomonads

Progeny virus-free agar clones of single trichomonads were derived as described before
[1, 7, 22]. Briefly, sterile TYM medium containing 0.65% noble agar was warmed to 50 °C.
Prewarmed HIHS was added (10% final concentration), and the temperature quickly

. brought to 37°C, at which time trichomonads at a density of 20 to 40 cells ml~! were

added to the volume of 35.5 ml TYM-agar-HIHS. After gentle mixing, the contents were
poured into autoclaved glass petri dishes. Growth of trichomonads occured under anaerobic
conditions at 37°C for 7 to 8 days before viewing. Visible colonies were harvested and
transferred to TYM-10% HIHS for growth and freezing. -

Detection of viral dsRNA, purification of virus, and examination of the
genome of V'V isolate and corresponding V™ progeny organisms

Presence or absence of the virus dsRNA was determined by agarose gel electrophoresis of
purified RNA derived from each V* and corresponding V™~ progeny, as detailed elsewhere
[20—23, 41, 42]. Absence of viral dsRNA in V™ trichomonads was further confirmed by
Northern analysis using riboprobes from cloned cDNAs derived to each of the three dsSRNA
segments [21], as has been specified recently [20, 22, 23]. Southern analysis was performed
on the genome of both the V* isolate and corresponding V~ progeny examined using
probes to several known genes [2, 16, 34], one of which is to the phenotypically varying
P270 immunogen [16, 22]. This was important in order to show the isogenic nature of the
V-~ progeny based on these gene probes.

Virus was purified from supernatants by centrifugation of 25 ml of parasite culture at
500 x g for 10 min to remove intact cells. The supernatant was then further clarified of
debris by centrifugation at 27000 x g in a SS34 rotor for 30 min. Viral particles were
precipitated from the supernatant by slow addition of polyethylene glycol (MW 8 000) and
NaCl at a final concentration of 10% and 0.6 M, respectively. The precipitate was
resuspended in 12 ml TNM buffer (50 mM Tris-HCI, pH 7.5, 150 mM NaCl and 5 mM
MgCly), equilibrated to a density of 1.35 g/ml with CsCl, and centrifuged at 100 000 x g in
a SW41 rotor for 24 h. Fractions containing the virus were pooled and dialyzed in TNM
buffer [21]. Viral particles were pelleted by centrifugation at 100000 x g for 2h, re-
suspended in TNM buffer, and treated with 50 pg/ml proteinase K for 30 min at 65°C.
Viral dsRNA was extracted by phenolchloroform, precipitated by ethanol, and analyzed
by ethidium-bromide staining after electrophoresis in 1% agarose as described before
[20, 21, 42].

High resolution analysis of trichomonad proteins

Parasites for 2D analysis of total proteins [4, 35] were prepared by first treating
trichomonads for 5 min at 4°C with PBS containing 1mM N-o-p-tosyl-L-lysine
chloromethyl ketone (TLCK) (Sigma Chemical Corp., St. Louis, MO) [11, 32, 33, 37].
This treatment neutralized the numerous trichomonad cysteine proteinases [32] and
allowed for reproducibility of patterns. Organisms were then washed three times (3X) in
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PBS by centrifugation at 500 x g for 5 min prior to freezing of pelleted trichomonads at
—70°C.

Protein samples and all reagents for electrophoresis were prepared as per the
instructions provided by the manufacturer of a high resolution 2D apparatus (Oxford Glyco
Systems, Bedford, MA). Briefly, frozen samples of 2 X 107 trichomonads were each
resuspended in 240 pl sample buffer 1 (0.3% sodium dodecyl sulfate (SDS), 200 mM
dithiothreitol (DTT), 28 mM Tris-HCl, and 22 mM Tris-base; final pH 8.0) and boiled at
100°C for 5 min. Samples were placed on ice for 5 min before the addition of 24 pl sample
buffer 2 (24 mM Tris-base, 476 mM Tris-HCI, 50 mM MgCl,, 0.25 mg/ml RNase A
(Sigma), and 1 mg/ml DNase 1 (Sigma); final pH 8.0). Samples were then precipitated in
210l ice-cold acetone and incubated on ice for 20 min followed by centrifugation at
4100 x g for 10 min. The supernatants were discarded, and the protein pellets were
resuspended in 48 pl sample buffer 1 and 192 pl sample buffer 3 (9.9 M urea, 4% NP-40,
2.2% ampholytes pH 3-10 (Millipore Corporation, Bedford, MA) and 100 mM DTT).
Samples of 5l equivalent to 4.2 x 10° cells were then loaded onto 1 mm diameter glass
capillary tubes containing polymerized IEF gel solution (9.5 M urea, 2.0% nonidet P-40,
4.1% acrylamide, 5 mM CHAPS (US Biochemical Corp., Cleveland, OH), 5.8%
ampholytes pH 3-10, and 0.006% ammonium persulfate). IEF was then performed as
deseribed previously [4] using a pH range in from 3 to 10. Electrophoresis in the second
dimension was accomplished on 10% acrylamide using standard conditions. Gels were
stained with silver as recommended by the manufacturer (Oxford). Electrophoresis of V*
and V~ trichomonads was always performed in parallel using the same batch of
ampholytes and other reagents. Protein patterns of gels obtained from the same run were
compared, and reproducible patterns were obtained from electrophoresis of duplicate
frozen samples evaluated at different times.

Substrate-gel electrophoresis for proteinase detection

For proteinase analysis 2 x 107 viable parasites were also washed three-times in cold PBS
as described above prior to storage at —70°C [13, 28, 32, 37]. No effect on proteinase
activities for both parasite lysates and supernatants were seen by storage for extended
periods, as before [37].

Substrate-gel electrophoresis was performed to compare proteinase - degradation
patterns between V' and V™ parasites [13, 28, 32, 37]. Separating gels of 7% acrylamide
were copolymerized with 625 pg/ml each of fibronectin (Collaborative Research Inc.,
Becton Dickenson Labs, Bedford, MA), extracellular matrix proteins (ECM) (Matrigel,
Collaborative), and human IgG (Sigma). Stacking gels of 4% acrylamide were utilized.
Samples were prepared by triturating 2 X 107 trichomonads in electrophoresis dissolving
buffer (125 mM Tris-HCI, pH 6.8, 4% SDS, 20% glycerol, 10% bromophenol blue) [37].
The homogenate was centrifuged for 1 min in a high speed microfuge to remove insoluble
debris. Sample volumes of 3 pl equivalent to 3 x 10° trichomonads were electrophoresed at
120 V in electrophoresis buffer (25 mM Tris-HCI, pH 8.7, 192 mM glycine, and 10% SDS).

For 2D substrate-electrophoresis, IEF gels were cast in 1 by 75 mm capillary tubes by
mixing 0.5 ml of 0.5 M CHAPS and 10% NP-40 with 5.75 ml of 15 M urea, 7.8%
acrylamide, 0.2% bis-acrylamide-acrylamide, 7.0% ampholines pI 3-10, and 1.7%
ampholines pI 4—8 (Millipore). Each solution was mixed and de-gassed at 37 °C before
adding 10 pl TEMED and 20 pl (10%) ammonium persulfate. The mixture was loaded onto
capillary tubes and polymerization occurred at RT in <1.5 h. After IEF, gels were loaded
onto 10% acrylamide separating slab gels and electrophoresed [4, 32].

Samples of 2 x 107 cells were solubilized in 50 pl of sample buffer I (350 mM SDS
and 150 mM DTT) followed by addition of 200 pl sample buffer IT (160 mM DTT, 80 mM
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CHAPS, 9 M urea, and 6.25% ampholines pI 3—10) [19]. IEF tube gels were loaded with
40 pl of sample followed by an equal volume of overlay buffer (9 M urea, 2% ampholines
pI 3-10, 0.5% ampholines pI 4—8, and 0.0025% bromophenol blue) and electrofocusing
performed at 500 V for 10 min followed by 750 V for 3.5 h. Electrophoresis at 120 V was
followed by a 2 h incubation of substrate gels in reducing buffer (2.5% Triton-X 100, 100
mM sodium acetate and 1 mM DTT, pH 5.5) warmed to 37°C. Reducing buffer was
changed after 1 h. Finally, gels were stained for 2 h in Coomassie brilliant blue R prepared
in 40% methanol and 10% acetic acid before destaining.

Results
Comparative protein profiles of V* parental and V~ progeny trichomonads

Batch-grown V™ parental and V~ progeny parasites were first evaluated by 2D-
SDS-PAGE on minigels. The V' parental isolates had qualitatively and
quantitatively similar complex 2D patterns (data not shown). Similarly, the V™
progeny organisms of different V* isolates, when evaluated side by side showed
qualitatively and quantitatively similar complex 2D patterns, as shown in Fig.
1A for the 2D pattern of the isolate 347 V~ progeny. Furthermore, the overall
2D patterns were identical for the majority of proteins between the V' parental
isolate and V™~ progeny trichomonads.

However, noticeable differences were more readily evident between the V*
and V™ parasites at the lower M, range (<40-kDa). To eliminate the possible
influence by the changing medium environment seen during batch growth, such
as a drop in pH or nutrient limitation or both [20, 37], on the observed protein
differences, we cultivated parasites in a chemostat under steady-state
conditions. We also performed high-resolution 2D electrophoresis. Figure 1
shows a representative 2D pattern of isolate 347 V~ trichomonads (part A). The
overall complexity of this 2D pattern resembled that of the V* parental as noted
above for the batch-grown organisms. Careful comparisons of both the V*
isolate parental trichomonads with the V~ progeny, especially in the region
<50-kDa (bracketed area in both parts A and B), showed prominent
differences, which are illustrated in a composite in part C. While many protein
spots were common to both (illustrated by the solid spots), at least 47 proteins
were specific to V' parental parasites (open circular spots) and 41 proteins
were uniquely expressed in V~ progeny (shaded spots). This analysis was
performed numerous times for V* isolate 347 and corresponding V™ organisms
and yielded reproducible results when examining the chemostat-grown
organisms over a period of several weeks. Overall, these data suggest a strong
association between the presence of virus and the total protein composition of
T. vaginalis organisms.

Batch- and chemostat-grown trichomonad proteinase patterns also differ

Figure 2 shows the representative patterns of proteinase activities of three
batch-grown V7' parental and V~ progeny organisms. Fibronectin, ECM
proteins, and immunoglobulin G were chosen as substrates based on earlier
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work and their possible relevance to pathogenesis and immune evasion [12, 37].
Although the three V' parental isolates (lanes 2, 4 and 6) and V™~ progeny
trichomonads (lanes 1, 3, and 5) displayed qualitatively similar substrate-
degradation patterns, differences distinguished the two types of trichomonads.
Analysis of V* parasites, in all cases, resulted in the detection of higher
numbers and greater amounts of different proteinase activities. Not surprisingly,
this evaluation detected unique bands (arrows), consistent with the known
specificity of the trichomonad cysteine proteinases for certain substrates
[3, 33, 37].

To rule out the possibility that the cultivation of parasites, especially during
the isolation of virus-free agar-cloned progeny trichomonads, was responsible
for the observed changes, we examined for proteinase profiles among agar
clones of VT and V™ isolates. No changes in any proteinase patterns were
evident (data not shown), suggesting strongly that the loss of virus from the
original V* parental organisms influenced the observed expression patterns.

Next, we performed 2D-substrate electrophoresis on extracts of organisms
from chemostat-grown cultures. Figure 3 shows the total 2D proteinase patterns
on gelatin, a substrate commonly used for analysis of trichomonad cysteine
proteinases [6, 13, 28, 32], of isolate 347 V* parental (part B) versus V—
progeny (part A) parasites. Under these conditions, 12 readily detectable and
prominent proteinase activities were identified for V* 347 parasites. A -
significant quantitative reduction in activity was apparent upon loss of virus.
Only four major and some minor activities were readily discernible for V-
progeny trichomonads. The disappearance of three major proteinases (arrows)
in the M, range of 40 kDa to 80 kDa from V* organisms upon loss of virus was
especially noteworthy, as was the appearance of a new activity for the V~
progeny in the same region (asterisk). Also conspicuous was the decrease in
four major low M, activities in V~progeny, as illustrated within the boxed
region. As with the 2D total protein patterns, the patterns were reproducible
among either the same preparation of duplicate samples assayed at different
times or among different preparations of organisms harvested at various times
during culture under the same conditions. This is important, as it shows that the
steady-state growth conditions allowed for reproducible expression of defined

<
Fig. 1. High resolution two dimensional (2D) electrophoresis on 10% acrylamide of total
proteins of the isolate 347 parasites grown in the chemostat. A The total 2D protein pattern
of the V~ progeny trichomonads derived from agar clones (see Materials and methods).
Absence of dsRNA virus among V™ progeny was determined as described in Materials and
methods. B The low M; proteins by 2D electrophoresis under identical conditions as shown
for part A of the parental V* 347 organisms. In both of these 2D profiles of V™~ and vt
parasites, patterns were derived from sample volumes of Spl equal to 4.2 X 10°
trichomonads electrophoresed in parallel using the same reagents. C The composite
shows spots common to both V™~ and V™ parasites (solid circular) versus those unique to
the V~ (shaded) and V* (open) parasites. Molecular weight protein markers (BioRad
Laboratories, Richmond, CA) are included on the right as kilodaltons
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Fig. 2. Substrate-gel electrophoresis for
comparative evaluation of proteinase activity
among representative V' parental isolates
(lanes labeled plus) and the corresponding
agar-cloned V~ progeny (lanes labeled
minus). Optimal resolution of proteinase
activities was achieved from sample volumes
of 3 pul equivalent to 3 x 10° trichomonads,
which were electrophoresed on 7% acryla-
mide gels copolymerized with the indicated
substrates. IgG (A), Fn (B), and ECM (C)
refer to human immunoglobulin G, fibronec-
tin, and extracellular matrix proteins, respec-
tively (see Materials and methods). A
prominent proteinase activity unique to the
V' isolate trichomonads and visualized on all
substrates is indicated by arrows. Relative
electrophoretic mobilities (M;) of standard
protein markers (BioRad) are shown on the
left in kDa

C. ECM

proteinases. Finally, all proteinase activities reported here were inhibited by
TLCK, a known inhibitor of the trichomonad cysteine proteinases [3, 11, 32,
33, 37]

Growth fluctuations and purification of virus from supernatants
of isolate 347

Figure 4 shows the growth curves of chemostat cultures of V* isolates 347 and
TO068-II over an extended time period. V' isolate 347 parasites (open squares),
but not V' organisms of isolate TO68-II (open triangles) and several other
isolates (not shown), displayed reproducible periodic decreases in cell density
throughout, albeit to different levels, as evidenced at 60 h and more
dramatically at 400 h. During each decrease in density, trichomonal lysis and
dense cellular debris were evident in the supernatants. The insert shows the
higher cell density of 6.4 x 10 ml~! recorded for the V~ cloned progeny,
which never showed fluctuations under the same experimental steady-state
conditions (solid circles). The peak cell density of 5.0 x 10° (at ~500 h) for the
parental V* 347 trichomonads (open squares) never reached that of the virus-
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347 virus —, progeny 347 virus +, parental

Fig. 3. Comparative 2D proteinase patterns of 7. vaginalis isolate 347 between V* parental
organisms (B) and V™~ parasites of a representative agar clone (A). Patterns reflect sample
volumes of 40 pl corresponding to 3.2 x 10° trichomonads. Isoelectric focusing was done
for 3.5 hin a pH 3 to pH 10 ampholine gradient. Electrophoresis was performed on 10%
acrylamide gels co-polymerized with 1.2 mg/ml substrate. Arrows and blocked regions for
the V* parental profiles illustrate activities lost or greatly diminished following loss of the
dsRNA virus. The asterisk for the V™~ progeny organisms indicates the appearance of a new
proteinase activity. These 2D patterns were reproducible for duplicate samples handled
similarly and for new samples obtained at later times from trichomonads cultivated under
identical conditions in the chemostat

free progeny. Interestingly, each decrease in cell numbers was succeeded by a
correspondingly higher cell density but, again, the density never reached that of
the V~ cloned progeny over the ~600 h test period. Importantly, these
observations were recorded for isolate 347 on chemostat runs performed on
several separate occasions. A decrease in parasite number corresponding to cell
lysis was also observed during batch culture at the mid-logarithmic phase of
growth, and the culture recovered to maximal cell numbers of ~ 2 X 10°. No
similar fluctuations in density were observed during batch growth of numerous
other V1 as well as with previously studied V™ isolates [3, 20-23, 27].
Finally, culture supernatants of the V~ progeny trichomonads were
examined for the presence of virus dsRNA. Figure 4B presents two separate
experiments showing purification (Materials and methods) of virus from cell-
free supernatants (lane 3) at times of cell lysis corresponding to 96 h (expt. 1)
and 432 h (expt. 2). No similar recovery of dSRNA was possible at times when
the fluctuations in cell density were not evident. Not unexpectedly, washed
pelleted organisms (lane 1) and contaminating debris from the supernatants
(lane 2) gave prominent dsSRNA bands after agarose gel electrophoresis of
extracted RNA. No virus was ever recovered from the supernatants of other V*
isolates, such as NYH 286, T068-II, AL 10 and 21201, grown under identical
chemostat steady-state conditions nor, as expected, from other V™~ isolates that
have been studied recently [11, 16, 22] (data not shown). Fluctuations in cell
numbers were not evident in these other isolates. Also, V™ progeny of isolate
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Fig. 4. Growth kinetics of parental T. vaginalis isolates 347 and TO68-II (A) and the ability
to isolate viral dsSRNA from the supernatant of isolate 347 during growth fluctuations (B).
The insert presents the growth kinetics up to 240 h under identical conditions comparing
isolate 347 parental V* ([]) and progeny V~ parasites (e). All isolates and progeny
organisms were grown in a chemostat cultured under steady-state conditions of pH 5.5 and
24 h generation time. B shows two separate and representative experiments on the recovery
of the dsRNA recovered from cells (), debris (2), and cell-free supernatant (3). The
dsRNA extracted from each sample was electrophoresed in 1% agarose and visualized by
ethidium-bromide staining. Relative position of 1 kb molecular size markers (MW;
GIBCO-BRL, Life Technologies Inc., Gaithersburg, MD) are shown on the right

347 (insert, solid circles) grown under identical conditions in batch and
chemostat cultures never had detectable virus or dsRNA in cell-free culture
supernatants.

Discussion

That the dsRNA virus influences total protein composition of the parasite is
suggested by the dramatic differences in protein and proteinase profiles
between V' parental and V~ progeny organisms. The reproducibility among
chemostat-grown parasites of protein and proteinase patterns and the finding of
identical profiles among agar clones derived from single trichomonads suggest
that the variation in protein content detected is associated with the presence of
virus and not environmental modulations, such as medium pH, which is known
to change dramatically during batch growth [23, 27]. These findings are an
extension of and consistent with recent experimental evidence showing that V*
T. vaginalis isolates have higher levels of transcript and amounts of P270
immunogen than did V™~ progeny [9, 16, 22].
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Trichomonad cysteine proteinases are known virulence factors that
contribute to the survival of the parasite in numerous ways. Iron-inducible
proteinases degrade complement C3 [3] made available to the site of infection
during menstruation and, in addition, the proteinases degrade all classes of
immunoglobulins (Igs) [37] found in the vagina to specific trichomonad
immunogens during infection [4, 8]. The evaluation over the years of V* and
V~ isolates has shown different but reproducible Ig-degradation patterns [38],
with V* isolates producing more heterogeneity in proteinase activities. In
addition, proteinases promote cytoadherence [11, 12], mediate contact-
dependent cytotoxicity [12], and hemolyze erythrocytes after hemagglutination
as part of a nutrient acquisition system [15, 26]. Thus, any relationship between
the presence/absence of virus with qualitative and quantitative levels of cysteine
proteinases may be significant and result in direct influence of some or all of
these properties, which in turn may affect virulence and pathogenesis. It will be
of interest in the future to determine whether any of these proteinases are
encoded by the virus, especially given the fact that, for most V' isolates, the
virus is comprised of three dsSRNA segments in addition to satellite dsSRNAs
[21, 23].

The use of the chemostat for cultivation of 7. vaginalis was ideal for
comparing V* isolates and corresponding agar-cloned V~ progeny trichomo-
nads. We observed that V' T. vaginalis isolate 347 underwent periodic
fluctuations in cell density, unlike the other V1 isolates examined. As such, this
may be the first time that a lytic event has been reproducibly recorded for a
virus-harboring isolate of 7. vaginalis. The culture density never equaled levels
recorded for the V~ progeny even after 25 days (600 h) in the chemostat,
perhaps indicating influence by the virus on parasite metabolism and/or
utilization of nutrients.

Since only isolate 347 had growth fluctuations, the observations described
here suggest diversity among the virus-harboring isolates, something consistent
with the known divergence in the dsSRNA genomes among trichomonad viruses
[39]. It is equally plausible that other isolate-specific chemostat growth
conditions, yet to be determined, such as a different pH, generation time or
nutrient deprivation, could also produce fluctuations in growth kinetics for the
other V™ isolates. This possibility reinforces the need to continue examining the
in vivo environmental cues or stresses that enhance dsRNA virus influence of
expression of trichomonad proteins.

It is conceivable that the virus may encode for regulatory proteins that affect
expression of trichomonad genes. This possibility would not be surprising since |
the V' isolates, compared to V~ parasites, have up-regulated levels of
expression of the P270 immunogen [22] in addition to the property of
phenotypic variation [7, 10]. This possibility also has precedence. The
expression of regulators that modulate virulence-associated properties for the
dsRNA virus infecting Endothia parasitica has been described [25]. Even more
intriguing is the role of an endoribonuclease activity, should it exist in T.
vaginalis as recently reported for the Leishmaniavirus [29], as a possible
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regulator of the expression of trichomonad proteins. It has been suggested for
Leishmaniavirus [29] that the viral capsid-endoribonuclease may cleave both
virus and parasite mRNAs, thus influencing expression of cleavage-susceptible
viral and trichomonad mRNAs [29]. In this scenario the virus may have an
effect above that seen from encoding a regulator that acts directly on promoters
for gene expression. Collectively, this analysis reinforces the idea that this virus .
is involved, either directly or indirectly, in the modulation of expression of
trichomonad proteins.
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