Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Cytochemical localization of ZIO-stained
compartments in Trypanosoma cruzi and
Toxoplasma gondii

Wanderley de Souza

wsouzal@biof ,ufrj.br

Universidade Federal do Rio de Janeiro

Noemia Rodrigues Alves
Universidade Federal do Rio de Janeiro

Research Article

Keywords: ZI0-0s04 staining, Electron microscopy, Trypanosoma cruzi, Toxoplasma gondii
Posted Date: March 3rd, 2026

DOI: https://doi.org/10.21203/rs.3.rs-8968274/v1

License: €© @ This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.

Page 1/9


https://doi.org/10.21203/rs.3.rs-8968274/v1
https://doi.org/10.21203/rs.3.rs-8968274/v1
https://doi.org/10.21203/rs.3.rs-8968274/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Electron microscopy cytochemistry has contributed to a better knowledge of the identification of some
cytoplasmic components of eukaryotic cells, even when they are not highly specific, but allow the

identification of cell components. Here we describe results obtained by impregnation of the cells with a
Zinc-Osmium Tetroxide complex to label some organelles of Trypanosoma cruzi and Toxoplasma gondii.

Introduction

Classical cytochemical methods adapted for transmission electron microscopy have made important
contributions to the identification of structures and organelles in pathogenic protozoa, allowing the
localization of carbohydrates on the cell surface, characterization of organelles such as mitochondria,
peroxisomes, endocytic pathways and lysosomal system, lipid inclusions, among others. In some cases,
these methods allow the identification of the nature of the biochemical components analyzed, as is the
case of the localization of carbohydrates or enzymes. In other cases, the methods are more general in
nature, only indicating whether the structures are made of lipids (as in the case of the use of osmium
tetroxide/imidazole buffered solution [1] or basic proteins (as in the case of alcoholic phosphotungstic
acid (PTA) [2-3]. Another interesting method is the use of impregnation by the Zinc-Osmium Tetroxide
(Z10) complex, initially introduced by Champy [4] and Maillet [5] in light microscopy and adapted for
transmission electron microscopy [6—7] initially for visualization of synaptic vesicles of cholinergic
junctions, without labeling other organelles located in the same place, such as mitochondria. Labeling
was also found in part of the Golgi complex, especially in the GERL, and lysosomes [8]. Later Pellegrino
de Iraldi and co-workers, and other authors found labeling in the endoplasmic reticulum, part of the Golgi
complex and some mitochondria [9—15]. Although the biochemical nature of the molecules that interact
with ZI0 remains unclear, there are indications of interaction with lipoprotein complexes, calcium affinity
sites and even proteins containing sulfhydryl groups [11]. More recently, Jokhura et al. [16] used ZIO
impregnation for three-dimensional reconstruction of the Golgi complex in rat hepatocytes.

To date, only two articles have described results obtained with ZIO in pathogenic protozoa. Benchimol
and De Souza [17] showed labeling in the endoplasmic reticulum-Golgi complex, nuclear pore and
reticulum profiles located near the region of adhesion of the recurrent flagellum to the body of the
protozoan. Then Slomianny and Prensier [18] showed the labeling of the endoplasmic reticulum, Golgi
complex and the lysosomal systems of Plasmodium falciparum.

In this article we describe the results obtained with ZIO for Trypanosoma cruzi and Toxoplasma gondii,
two pathogenic protozoa that cause relevant human diseases and that present distinct cellular
organization. The results obtained show the existence of variation in the labeling of the various
structures and organelles, possibly indicating heterogeneity in the composition of each organelle.

Materials and Methods
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Obtaining the parasites

Toxoplasma gondii tachyzoites were maintained by passages in LLC MK2 cell culture. After 3 days of
infection, the parasites obtained from the supernatant were centrifuged before use. T. cruzi
epimastigotes were maintained in LIT culture medium supplemented with 10% of fetal bovine serum.
After 2 days of inoculation, the parasites were collected by centrifugation.

Zinc iodide-osmium technique

The same protocol was applied to both cells type. Fixation was carried out in 2,5% glutaraldehyde in
0,17M cacodylate buffer for 2 hours. Cells were rinsing in a solution of sucrose 8,5% in 0.1 M phosphate
buffer, pH 7,2, 2 times of 10 minutes. After that cells were rinsing with trisoaminomethane buffer (1,13M
NacCl; 0,011M CacCl,; 0,03M MgCl,; 0,01M Tris aminomethane [19]. The final pH was adjusted for 3,8-4,5

with HCI TN) 4 times of 5 minutes and then were incubated in ZIO solution for 18 hours, at 4°C in the
dark. Shortly before the incubation, the ZIO solution was prepared as follows: 3 g Zn powderand 1 g
iodine resublimed was suspended in 10 ml distilled water, separately. These solutions were mixed in a
ratio of 1:1. After filtering 4 ml of this solution was mixed with 4 ml of the Tris aminomethane buffer.
Immediately before using 4 parts of this solution were mixed with 1 part of a 2% 0s04 aqueous solution.
After dehydration in graded series of acetone, cells were embedded in an epoxy resin, sectioned and
observed by transmission electron microscopy.

Results and Discussion

Epimastigotes of Trypanosoma cruzi

In general, procedures for preparing biological specimens using metal impregnations require long
incubation times. Therefore, the quality of fixation is slightly lower than that obtained by conventional
methods. Figure 1A shows an image of the epimastigote form of T. cruzi processed in a similar way to
the cells impregnated with ZIO, but without passing through this reagent. The image clearly shows the
nucleus, the kinetoplast and the Golgi complex. Figures 1B and 1C and Fig. 2A-E show equivalent areas
of epimastigotes impregnated with ZI0, where a clearly marked region of the Golgi complex can be seen,
as well as a set of vacuoles located in the posterior region and corresponding to the endolysosomal
system, consisting of the reservosomes, as well as other structures described below.

Figure 1. (A) control image of cells that were not incubated in the presence of the Zio-0s0, solution. No

labeling is seen in the various structures of the epimastigote form of T. cruzi. N, nucleus; K, kinetoplast.
G, Golgi complex; (B_C) low magnification of epimastigotes incubated in the presence of Zio-0s0O,. The

following structures are intensely labeled: Golgi complex region (G), profiles of the endoplasmic
reticulum (ER). The nucleus and kinetoplast are not labeled.
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Certainly, one of the most marked structures is the Golgi complex. However, not all the cisternae and
vesicles that form this organelle were marked in the same way. In some cells, all cisternae of the cis and
trans faces were marked, with the mark being more pronounced in more expanded lateral regions (Fig. 2.
B, E). In others, the label was more evident in the first cisternae (Cis face) although not in their entire
extension, while in other cells labeling was evident in the last cisternae of the trans face. Images such as
Fig. 2C clearly show a non-uniform mark of the Golgi but with a densely marked cisternae associated
with dense vesicles that detach from the central cisterna). Some cells showed the electron-dense
product throughout the Golgi as well as in the cisternae of the endoplasmic reticulum distributed
throughout the anterior region, close to the Golgi, and in the posterior region, surrounding the
reservosomes (Fig. 3A and E). These data clearly show that the system of cisternae and vacuoles
associated with the Golgi complex of T. cruzi is highly heterogeneous, indicating a dynamic activity of the
glycoprotein synthesis and glycosylation system. This information is relevant because there are no
detailed studies on the Golgi complex of this protozoan, although this organelle has been isolated using
cell fractionation [20].

The labeling on other sites deserves to be highlighted. First, a reticular system located in the lateral
region of the flagellar pocket, possibly formed by cisternae and vesicles that form the contractile vacuole
of T. cruzi (Fig. 1B, 3B). This compartment concentrates several ions and may also act as a transport
route for components of the Golgi complex that are secreted into the interior of the flagellar pocket
[Review in 21). Second, a reticular structure located just below the portion of the plasma membrane of
the protozoan in the area close to the flagellum (Fig. 3D). It is possible that this component is associated
with the FAZ (Flagellar Attachment Zone) complex, which contains a set of important proteins such as
GP 72 [22]. Third, structures located within the endocytic system, especially in the reservosome. Based
on what we know about the reservosome, it is possible that these structures correspond to the lipid
component, which tends to form crystalline lipid structures [23]. Finally, we highlight the fact that some
epimastigotes present strong staining of the nuclear membrane (Fig. 3C).

Tachyzoites of Toxoplasma gondii

In the case of T. gondii, we used cells infected with tachyzoites. Several structures of the host cell were
labeled, especially the Golgi complex, lipid inclusions, lysosomes and mitochondria (Fig. 4A). This
labeling pattern is like that previously described in several cell types. In the case of the parasitized cell
(Fig. 4B-C), the labeling of the intravacuolar tachyzoites, as well as the parasitophorous vacuole, was
very discreet, except for some intravacuolar structures (Fig. 4C). In the case of the tachyzoite, the
labeling was restricted to a set of structures located in the anterior portion facing the nucleus (Fig. 4B).
They are spherical or elongated structures that must correspond to secretory structures in formation as
the rhoptries and micronemes [Review in 24].
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Figure 1

(A) control image of cells that were not incubated in the presence of the Zio-Os0, solution. No labeling is
seen in the various structures of the epimastigote form of T. cruzi. N, nucleus; K, kinetoplast. G, Golgi
complex; (B_C) low magnification of epimastigotes incubated in the presence of Zio-0s0,. The following
structures are intensely labeled: Golgi complex region (G), profiles of the endoplasmic reticulum (ER).
The nucleus and kinetoplast are not labeled.

Figure 2

Different views of labeled Golgi complex (G) and cisternae of the endoplasmic reticulum (ER) in different
cells. Some Golgi complex cisternae show a variable labeling intensity. Fig. C shows intensely stained
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vesicles aligned to trans region of the Golgi (arrows).

Figure 3

Cells incubated in the presence of the Zio-0s0, solution. (A) a reticular system, part of the ER, is labeled
leaving in between unlabeled vacuoles; (B) Tangential section of the region of emergence of the
flagellum. Only some cisternae, localized around the flagellar pocket (FP) is labeled (arrows). They may
correspond to part of the contractile vacuole. (C) in a few cells the nuclear membrane was intensely
labeled.; (D) Labeling in a cisterna that lines the region of the adhesion of the cell body (CB) to the
flagellum (F). (E), labeling of several vacuoles (V) and the reservosome R localized at the posterior
region of the cell.
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Figure 4

(A) LLC MK2 cells incubated in the presence of Zio-0sO, solution. Labeling of some cisternae of the
Golgi complex (G), Lysosome-like structures (L) and some profiles of the smooth ER are labeled (arrow).
Profiles of the rough endoplasmic reticulum were not labeled. One single mitochondrion (M) was
intensely labeled. (B-C) Images of a host cell with intracellular tachyzoites within the parasitophorous
vacuole (PV). Some components of the PV are labeled (arrow in C). In contrast, only the anterior pole of
the parasite shows some labeled structures (arrows in B). Other structures localized in the anterior
region of the tachyzoite are also lightly labeled (thin arrows). They may represent components of the
secretory system (rhoptries and micronemes). _
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