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At concentrations of 3.1 to 24 mM, zinc inhibits the multiplication of and kills the pathogenic protozoan
Tritrichomonasfoetus. Transmission electron microscopy showed that the hydrogenosome, a organelle which is
involved in the metabolism of pyruvate and the site of formation of molecular hydrogen, constitutes the main
site of the initial effect of zinc. The hydrogenosomal vesicle increases its electron density and dimension.
Electron spectroscopy imaging and the electron energy loss spectrum showed the presence of zinc, calcium, and
oxygen in the electron-dense areas of the hydrogenosome.

Infections caused by protozoa of the Trichomonadidae
family, especially Trichomonas vaginalis and Tritrichomo-
nas foetus, constitute important sexually transmitted dis-
eases in humans and cattle, respectively. In both cases,
proliferation of the parasites in the urogenital cavity of the
female induces epithelial lesions, infertility, and even abor-
tion (for a review, see reference 10). In the case of human
trichomoniasis, infection of the male urinary tract is well
established (10, 11). However, the frequency with which
trichomonal infection is responsible for various clinical
syndromes such as urethritis, prostatitis, balanitis, and epi-
didymitis remains controversial (11, 21). Parasites have been
found in the urethras of about 70% of men who had contact
with heavily infected women within the preceding 48 h.
However, this percentage significantly decreases after a few
weeks, indicating that the male urinary tract inhibits parasite
proliferation (21).

Prostatic secretion has been considered to play an essen-
tial role in the killing of infectious microorganisms of the
male genitourinary tract (8, 20). It has been shown that this
microbicidal effect is related to the concentration of zinc
found in the prostatic fluid (8, 9, 15). In addition, it has been
clearly shown that at concentrations similar to those found in
healthy males (about 3.5 mM), zinc kills T. vaginalis. How-
ever, the mechanism of action of zinc in trichomonads has
not been determined. In the present report we show, using
transmission electron microscopy and electron spectro-
scopic imaging (ESI), that the hydrogenosome, a key or-
ganelle in the metabolism of trichomonads, is significantly
affected by zinc.

MATERUILS AND METHODS
Microorganism. The strain of T. foetus used in the present

study was isolated from the urogenital tract of a bull from the
state of Rio de Janeiro, Brazil, and has been maintained in
TYM Diamond's medium (7). The cells were cultivated for
30 h at 36.5°C, which corresponds to the end of the logarith-
mic phase of growth. The inoculum consisted of 105 cells per
ml. After an initial growth for 12 h, ZnSO4 at concentrations
of 3.1, 6.2, 12, and 24 mM was added to the cultures. In some
experiments, ZnSO4 was added together with the inoculum.

* Corresponding author.

After incubation times that varied from 5 to 30 h, samples
were collected for determination of cell density by using a
Neubauer chamber and for electron microscopy, as de-
scribed below.

Electron microscopy. Cells were collected by centrifuga-
tion (450 x g for 4 min at 4°C) and fixed for 2 h at room
temperature in a solution containing 2.5% glutaraldehyde
and 5 mM CaCl2 in 0.1 M cacodylate buffer (pH 7.2). After
fixation, the cells were washed in buffer and postfixed for 1
h at 4°C in 1% OS04, which was in 0.1 M cacodylate buffer
plus 0.8% potassium ferrocyanide. Thereafter, the cells were
washed in buffer, dehydrated in acetone, and embedded in
Epon. Thin sections were stained with uranyl acetate and
lead citrate and were examined in a Zeiss 900 electron
microscope.

ESI. Very thin (<30 nm) sections of control and ZnSO4-
treated cells were collected on uncoated 400-mesh copper
grids and were examined unstained with an accelerating
voltage of 80 kV in a Zeiss CEM 902 electron microscope.
The inelastically scattered electrons with element-specific
energy losses were used to obtain high-resolution imaging of
calcium, zinc, and oxygen distributions in the sections (1, 2,
19). A net distribution image for each element was obtained
by computer-assisted image processing of the difference
between an electron spectroscopic image taken just above
the edge of the electron absorption specific for the element
(Ca, 360 eV; Zn, 1,100 eV; oxygen, 550 eV) and a reference
electron spectroscopic image taken below the edge (Ca, 330
eV; Zn, 1,000 eV; oxygen, 515 eV). The electron energy loss
spectrum (AE) from the same region was also obtained in the
AE region from 335 to 1,300 eV by using an energy accep-
tance window of approximately 5 eV.

RESULTS

Effect of Zn on cell growth. The addition of Zn together
with the protozoa to a fresh culture medium significantly
inhibited parasite proliferation (Fig. 1A), leading to its killing
as evaluated by light microscopic observations. As ex-
pected, this effect was dependent on the Zn concentration.
The addition of Zn 12 h after protozoan inoculation, at the
beginning of the logarithmic phase of growth, also inhibited
parasite division (Fig. 1B).

Transmission electron microscopy. The general structure of
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FIG. 1. Effect of ZnSO4 on the growth of T.

of zinc significantly inhibits the growth of T. f
zinc at the log phase. (B) Addition of zinc afte
3.1 mM; V, 6.2 mM; El, 12 mM; xlI, 24 mM.

T. foetus, as seen by transmission eleci
thin sections, has been described in detai
2A shows a longitudinal section of an u

displaying structures such as the nucleus
axostyle, and glycogen particles. The
surrounded by two closely adjacent u

some regions there was a separation
membranes, so that a vesicle-like struci
the intramembrane space. In some cases

of this space was slightly lower than tha
some matrix (Fig. 2B).

In cells treated with Zn, the first mor
appeared in the hydrogenosome. Initiall)

mal vesicle had a significantly increased electron density
(Fig. 2C). Later, there was segregation of dense areas in the
vesicle that were located especially at its periphery and in
the central portion (Fig. 3A). In some advanced stages,
observed after 30 h of incubation with all concentrations of
Zn or after 15 min of incubation with higher concentrations
of Zn, there was a significant increase in the area occupied
by the hydrogenosomal vesicle, which occupied about 50%
of the whole organelle (Fig. 3B). In these cases, the cyto-
plasm of the protozoan was also affected, with complete

F-Eo disorganization of the various structures. Digestive vacuoles
rich in membranous materials and containing structures
resembling hydrogenosomes were seen (Fig. 3C).

ESI. ESI analysis of untreated parasites has been de-
scribed previously (6). When cells are fixed in the presence
of Ca2 , it was shown that this cation concentrates within
the hydrogenosomal vesicle. Our present analysis with in-
elastically scattered electrons with Zn-specific energy losses
showed that this element is concentrated in the electron-
dense zone seen within the hydrogenosomal vesicle (Fig.
4A). Ca2+ (Fig. 4B) was also located within the vesicles, in

25 30 35 the same areas where Zn was observed (Fig. 4C). In less
dense areas, however, only Zn was observed. Oxygen was
abundant in the whole vesicle.
The electron energy loss spectrum of the dense regions of

the hydrogenosome showed peaks for calcium, oxygen, and
zinc, showing unequivocally that the electron-dense reaction
product seen in the hydrogenosome is due to the presence of
calcium and zinc (Fig. 5).

DISCUSSION

It has been shown that the nucleus of mature spermatozoa
contains zinc, in particular, in association with sulfur-rich
structures, contributing to the stability of the quaternary
structure of the chromatin (for a review, see reference 14).
Zinc is found in the prostatic secretion and apparently is
involved in the process of antimicrobial defenses of the male
genitourinary tract (8, 9, 15, 20).
Our present observations confirm those of previous stud-

ies (12, 13) showing that at concentrations found in the
human prostatic secretion, Zn kills trichomonads. The pre-
vious investigators (12, 13) added Zn together with the
trichomonads into the culture medium. We also showed that

25 30 35 Zn inhibits parasite proliferation and parasites them even
when it is added to cultures of organisms in the logarithmic
phase of growth.

foetus. The presence The analysis by transmission electron microscopy of tri-

er12 h.(A controlnAo chomonads incubated in the presence of Zn showed that ther12h0,hydrogenosome constitutes the main site of the initial effect
of this cation. It is concentrated within the hydrogenosomal
vesicle, a structure which is formed by the separation of the
two membranes which enclose the hydrogenosome and

tron microscopy of which usually are closely adjacent. The electron density of
1 previously. Figure the vesicle and the area it occupies in the hydrogenosome
ntreated protozoan gradually increase. Electron spectroscopic imaging and the
3, hydrogenosomes, electron energy loss spectrum of hydrogenosomes of Zn-
hydrogenosome is treated parasites showed clearly that this cation concen-
nit membranes. In trates into the hydrogenosomal vesicle in the same regions
between the two which concentrate Ca2+.

ture was formed in Previous cytochemical studies have shown that the hydro-
the electron density genosome is an organelle involved in the uptake of cytoplas-
Lt of the hydrogeno- mic Ca2 , which concentrates within the hydrogenosomal

vesicle (3-5). It is important to point out that members of the
rphological changes Trichomonadidae family are anaerobic parasites which do
y, the hydrogenoso- not have a mitochondrion. The hydrogenosome, however,
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FIG. 2. (A) General view of an untreated T. foetus isolatQ showing the nucleus (N), costae (C), hydrogenosomes (H), and glycogen
granules (Gl). Magnification, x 19,250. (B) Aspect of a hydrogenosome of a control cell. No dense material is seen within its flat vesicle.
Magnification, x50,000. (C) Hydrogenosome and its flat vesicle presenting electron-dense material after treatment with 3.1 mM ZnSO4 (Zn).
Magnification, x 127,500.
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FIG. 3. (A) Reaction product (arrows) at hydrogenosome's flat vesicle after incubation with 3.1 mM ZnSO4 for 24 h (arrows).
Magnification, x 127,500. (B) Aspect of a hydrogenosome and cytoplasm of T. foetus after incubation with high concentrations of ZnSO4 (12
mM) for 24 h. The cellular matrix presents signals of degeneration, and the hydrogenosome presents a strong reaction. Magnification,
x 100,000. (C) Aspect of a digestive vacuole presenting myelin-like figures surrounding (star) a hydrogenosome-like structure (H).
Magnification, x50,000.

FIG. 4. (A) Zero-loss filtered image of two hydrogenosome vesicles from a Zn-treated (3.1 mM for 24 h) T. foetus cell. The calcium (B)
and zinc (C) distribution images of the same vesicles in panel A indicate the colocalization of the two elements. Magnification, x45,000.
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FIG. 5. Electron energy loss spectrum of a hydrogenosome's flat vesicle from a Zn-treated (3.1 mM for 24 h) T. foetus cell showing peaks
for calcium (AE = 346 eV), oxygen (AE = 532 eV), and zinc (AE = 1,020 eV).

which presents enzymes that participate in the metabolism
of the pyruvate formed in glycolysis, is the site of formation
of molecular hydrogen and presents a cyanide-insusceptible
superoxide dismutase (16-18).
On the basis of the observations presented above, it is

possible that Zn is concentrated into the hydrogenosome by
the same mechanisms involved in the uptake of Ca2". The
Zn could, then, by its ability to interact with the thiol groups
of cysteine, stabilizing the quaternary structures of proteins,
interfere with the function of the hydrogenosome, an or-
ganelle which plays an important role in the metabolism of
the parasite (for a review, see reference 18). Further bio-
chemical studies are necessary to clarify the mechanism by
which Zn kills the trichomonads.
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