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A Short Review on the Morphology of Trypanosoma cruzi:
from 1909 to 1999
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The morphology ofTrypanosoma cruis reviewed since the initial description of Giemsa-stained
preparations by Carlos Chagas until the most recent micrographs obtained with freeze-fracture tech-
nigues. Special emphasis is given to structures such as the cell surface, the flagellum, the kinetoplast, th
reservosomes and the endocytic pathway, and the acidocalcisomes.
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The description ofrypanosoma cruzin 1909 time at the Instituto Oswaldo Cruz. During the next
by Chagas was the beginning of a new phase 40 years the obtained images were basically iden-
the biomedical sciences in Brazil. Looking at thdical to those reported in the original paper. Fig. 2
present it is clear that in addition to the intrinsishows images of trypomastigote, amastigote and
importance ofT. cruzias the agent of a diseaseepimastigote forms of. cruzi
with a high prevalence, this protozoan, as well ag e ogseRVATION OF WHOLE CELLS
other members of the Trypanosomatidae family, o o
became important models for the study of basic The firstimages of. cruziusing the electron
biological questions. Indeed, a large number dhicroscope was obtained by Hertha Meyer and
Brazilian scientists dedicated most of their time ifc€ith Porter in 1950 and published in 1954 (Meyer
the study of these protozoa, introducing new meti& Porter 1954). At that time it was impossible to
odologies which were later on used to study othéPtain sections thin enough to be observed in the
problems. In relation to the application of electroré/€ctron microscope. The authors allowed
microscopy in biomedical sciences it is clear thatPimastigote and trypomastigote forms to adhere
modern techniques such as freeze-fracture, ci? COPPer grids previously coated with formvar,
tochemistry, immunocytochemistry, three-dimenl€t them do dry and observed in the electron mi-
sional reconstruction, microanalysis, etc. were firroscope. The parasite was to thick to be observed

introduced in our country to the study ofin @ microscope operating at 60 kV, so that no in-
trypanosomatids. formation could be obtained about the inner por-

tion of the cell. However, evidences were obtained
THE FIRST IMAGES about the existance of filamentous structures lo-
The first study on the morphology ®f cruzi cated at the cell periphery, then designated as the
was made by Carlos Chagas. | had no access to fieriplast (Fig. 3). It was also shown that treatment
original material. However, looking the illustrationsof the cells with trypsin eliminated the fibrilar struc-
published in the first paper (Chagas 1909), it itures, thus indicating their proteic nature. At present
clear that the author obtained excellent preparave know that the authors was describing which
tions of Giemsa-stained samples (Fig. 1). Strugiow days is recognized as the sub-pellicular mi-
tures such as the nucleus, the blepharoplast (presetubules.
ently known as kinetoplast), and the flagellum can In 1978 similar preparations were examined in
be easily recognized. The quality of the illustraa high voltage electron microscope, operating at
tions is probably due to the fact that at that tim&000 kV. It was then possible to obtain new infor-
the most important protozoologists, including Gi-mation on the kinetoplast, the association of the
emsa, Hartman and Prowaseck, worked for sonikagellum with the cell body, and the identification
of other cytoplasmic structures (Fig. 4). In addi-
tion, the presence of only one, and highly rami-
fied, mitochondrion per cell could be confirmed.
Fax: +55-21-260.2364. E-mail: wsouza@biof.ufrj.or MOre recently similar preparations have been ex-
Received 9 June 1999 amined with more modern microscopes, making it
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Fig. 1: schematic drawings taken from the original work of Chagas (1909), showing foFgpariosoma cruzibserved in the

blood, in cultures and in the insect. Typical structures such as the nucleus, the kinetoplast and the flagellum are obsxed. H
granular cytoplasmic structures are indicated in some illustrations such as those in figures 64 to 70. Most of them roasi corresp

to the acidocalcisomes only recently characterized in trypanosomatids. All illustrations are from the paper by Carlos Chagas

published in the first issue of tihéemorias do Instituto Oswaldo Cruz.
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Trypomastigote Amastigote Epimastigote

Fig. 2: micrographs taken from developmental stagd@syplanosomaruzifixed in methanol and stained with Giemsa.
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Fig. 3: electron micrograph of the whole epimastigote forffrghanosoma cruairied on the grid. It was obtained by H Meyer
and KR Porter and published in 1954. No information was obtained in the central portion of the cell, However, fibrilasstructur
were seen at the periphery (arrow). X 10,000.

acidocalcisomeas and the reservosomes, whigmd the use of diamond knives which allow the
could be easily distinguished when spectroscopigasy obtaintion of very thin sections (Fernandez
images of cells previously incubated in the presMoran 1953), (d) new substances which enhance
ence of gold-labeled proteins were obtained (Fighe contrast of the sections, such as lead citrate
5-7). (Reynolds 1963) and uranyl acetate (Watson 1958),
THE EXAMINATION OF THIN SECTIONS and (e) the d(_avelopment of new m_ic.rpscopes with
) ) ] ) better resolution, opened the possibility to analyze
Only in 1945, with the introduction of fyrther the fine structure of the various develop-
metachrylate resins (Newman et al. 1945) and th@ental stages of the life cycle Bfcruziand other
design of the first ultramicrotome at the Rockefellefrypanosomatids.
Institute in New York, it was possible to obtain "~ |n the last 25 years a significant number of tech-
thin sections of cells. At that time osmium tetroxniques were developed, all of them trying (a) to
ide was the fixative used to preserve the cells. Usmprove the preservation of macromolecules that
ing these techniques Meyer (1958) obtained inform the biological structures, (b) to identify the
ages which showed for the first time some imporehemical nature of the components observed, and
tant information. It became clear that what wagb) to develop new ways to prepare the samples so
known as the blepharoplast could be separated inleat high resolution analysis could be performed.
three distinct structures. The first was the basdlhe conjugation of these three objectives led to
body from which the flagellum emerges. The seahe development of a large number of techniques
ond was the presence of a filamentous structurepme of which have been successfully applied to
whose morphology differs between epimastigotéhe study of trypanosomatids. In the following sec-
and trypomastigote forms (at that time known ations | will summarize the most important infor-
crithidia and trypanosome forms, respectively)mation obtained on the fine structureTofcruzi
now known as the kinetoplast. The third was tha&tased on the examination of cells prepared using
the filamentous structure was located within thélifferent techniques. Fig. 8 shows a general draw-
mitochondrion. ing of the epimastigote form @f cruziwhere most
The introduction of (a) glutaraldehyde as arpf the structures can be identified. Figs 9 and 10
excellent fixative in 1959 (Sabatini et al. 1960)show images of thin sections of epimastigote and
(b) epoxi resins for embedding of biologicalamastigote forms, respectively, where most of the
samples (Luft 1961), (c) modern ultramicrotome$tructures indicated in Fig. 8 can be recognized.
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in replicas of cells submitted to the fracture flip
technigue (Pimenta et al. 1989) (Figs 13-14) or in
deep etched surfaces (Fig. 15). The use of labeled
lectins have shown that glycoconjugates are uni-
formly distributed throughout the surface of the
cell body and the flagellum. However, there is a
concentration of lectin binding sites in the region
around the cytostome (Fig. 14).

The lipid bilayer is better visualized in replicas
of cells submitted to the conventional freeze-frac-
ture technique. It is evident that there are more in-
tramembranous particles, which correspond to in-
tegral membrane proteins, in the membrane lining
epimastigotes than in the amastigote and
trypomastigote forms. Although the particles are
uniformly distributed throughout most of the
plasma membrane (Figs 17, 19) there are a few
areas of membrane specialization. The first, and
more evident, is the cytostome found only in
epimastigote and amastigote forms. It appears as
an area with very few or no particles delimited by
a palisade-like array of particles (Fig. 16). The sec-
ond area is localized at the basis of the flagellum
where a flagellar necklace is observed (Figs 17-
18). The third area is that involved in the attach-
ment of the flagellum to the cell body. In general
the flagellar membrane presents a much lower den-
sity of membrane patrticles than that lining the cell
body (Fig. 20). However, a linear array of particles
: is observed at the flagellar—cell body attachment

, zone (Figs 20-22). Sterols, which can be visual-
ized in replicas of cells incubated in the presence
of the polyenic antibiotic filipin, is uniformly dis-
tributed (Souto-Padron & De Souza 1983) through-

4 ; out the membrane (Figs 23-25).
% The cytoskeleton of trypanosomatids is basi-
cally formed by a layer of microtubules located

below the plasma membrane. Studies carried out

Fig. 4: high voltage electron microscopy of the whole: ; : ~ ~
trypomastigote form offrypanosoma cruzivhere structures in repllca of QUICk frozen, freeze-fractured, deep

such as the kinetoplast (K), the nucleus (N) and areas of adétched and rotary replicated cells show that smalll
sion of the flagellum to the cell body (arrows) can be seen. Rridges connect the microtubules to each other, to
12,000. the plasma membrane and to cisternae of the en-
doplasmic reticulum (Fig. 26). We still do not have
precise information on the nature of the proteins
which make these bridges.

THE ENDOCYTIC PATHWAY

THE CELL SURFACE

From the morphological point of view the cell
surface of trypanosomatids can be considered as It has been recognized that epimastigote forms
composed of three structures: the glycocalix, thef T. cruziare able to ingest a large number of
lipid bilayer, and the sub-pellicular microtubules.macromolecules. The available data indicate that

The glycocalix ofT. cruziappears as a coatthis is a highly polarized process which takes place
which is very thin in epimastigotes and amastigotes the flagellar pocket region, and more efficiently
(Fig. 11) and a little thicker in trypomastigotes (Figin the cytostome (Soares & De Souza 1991, Soares
12). It is more evident when the cells are fixed ir¢t al. 1992). This structure appears as a depression
solutions containing ruthenium red or alcian blueof the cell surface, followed by the sub-pellicular
Its three-dimensional organization is better revealg@icrotubules (Fig. 27). It originates in the anterior
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Figs 5-7: whole cells (epimastigote, amastigote and trypomastigote forms, respectively) examined with the transmission electron
microscope. Figs 5 and 6 are spectroscopic images. The acidocalcisomes are clearly visualized as electron dense stosctures. Mic
graphs from Kildere Miranda, Marlene Benchimol, and Wanderley de Souza. Fig. 5: X 6,000; Figs 6-7: X 10,000.

portion of the cell and projects towards the postghat lining other regions of the cell surface
rior region, reaching the nucleus. As previouslyfMartinez-Palomo et al. 1976) (Fig. 16). Using the
commented, freeze-fracture studies show that tHeacture flip technique it has been shown that it
membrane lining the cytostome is different fronpresents a rugous surface, probably due to the ex-
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Fig. 8: schematic drawing, based on information obtained with the transmission electron microscope, showing the various struc-
tures found in the epimastigote formTafpanosoma cruzi.
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Fig. 9: transmission electron microscopy of a thin section of the epimastigote fdrgpahosoma cruzStructures such as the
flagellum (F), cell body (C), cytostome (Cy) and the kinetoplast (K) are indicated. X 60,000
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Fig. 10: transmission electron microscopy of a thin section of the intracellular amastigote (spheromastigot@yypanasoma
cruziwhere it is evident that the kinetoplast (K) is located within a ramified mitochondrion (star). A short flagellum (F) and the
nucleus (N) are also observed. X 30,000.

position of a large number of binding sites forence inT. cruzi and in other members of the
lectins, receptor proteins for various ligands, etclrypanosomatidae family, of a special structure
(Pimenta et al. 1989). Small endocytic vesicleknown as the paraxial structure or the paraflagellar

originate at the cytostome, form long tubules antody. It is formed by a complex array of filamen-
fuse with a special organelle located at the postésus structures which are associated, through
rior region, known as reservosome (Figs 28-29proteic bridges, to doublets number 4 to 7 of the
This organelle has been characterized in some diexoneme (Farina et al. 1986). The fine structure of
tail and showed to correspond to a pre-lysosom#iis structure was better shown in replicas of quick
compartment. The available data suggest that tlfizen, freeze-fractured, deep-etched and rotary
reservosome is the site of storage of ingested maeplicated cells (Fig. 30). Biochemical studies have
romolecules which may be used during the prashown that that paraxial structure is formed by two
cess of transformation of epimastigote intanajor proteins of 71-80 and 68-73 kDa (reviews
trypomastigote forms. in Bastin et al. 1996, 1998). More recently this
THE FLAGELLUM structure was isolated and additional minor pro-
.. . teinswere identified (Moreira-Leite at al. in press).

The flagellum of the trypanosomatids is in-However, we still do not know which proteins make

volved in at least two important biological pro-gach of the filamentous structure observed.
cesses: movement of the cell, and attachment of

the protozoan to the surface of cells from the ver-'E KINETOPLAST-MITOCHONDRION COMPLEX

tebrate host and the perimicrovillar membranes lin-  The kinetoplast corresponds to a condensation
ing the intestine of the invertebrate host. The chaof extranuclear DNA within a well-defined region
acteristic features of the flagellar membrane wasf the mitochondrion, forming a rounded or rod-
described above. Here | will emphasize the presike structure below the basis of the flagellum. The
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Figs 11-12: localization of sugar-containing molecules on the surface of amastigote (Fig. 11) and trypomastigote (Fig.af2) form
Trypanosoma cruziA thin reactive layer is observed in amastigotes submitted to treatment with periodic acid, thiosemicarbazide
and silver proteinate (Fig. 11). A thicker reactive layer is observed on the surface of trypomastigotes incubated witllitmncanav
A-peroxidase (arrow in Fig. 12). Fig. 11: X 45,000; Fig. 12: X 23,000.
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Fig. 13: trypomastigote form submitted to the fracture flip technique, revealing the surface projections of the membrtirge lining
cell body (CB) and the flagellum (F) (after Pimenta et al. 1989 ). X 30,000. Fig. 14: replica of an epimastigotelfamzof
incubated in the presence of gold-labeled concanavalin A. Intense labeling of the region lining the cytostome (arroweds observ
(after Pimenta et al. 1989). X 90,000.

kinetoplast DNA (K-DNA) may accounts for aboutcompactly organized (Figs 9-10). In trypo-
30% of the total cell DNA. The structure of themastigotes it is a rounded or basket-like structure
kinetoplast has been studied mainly in preparationféth @ more dispersed organization of the K-DNA
of isolated kinetoplast networks shadowed at lowFi9s 4, 12). Basic proteins can be identified in the
angles with platinum-palladium. It is basica”yklnetoplast of cells submitted to the ethanolic phos-
formed by a network of about 20,000 to 30,oo@hotungstic acid and the ammoniacal silver tech-
closely associated minicircles (Fig. 31). In addiliques (Souto-Padron & De Souza 1978).

tion to minicircles, the K-DNA also presentSTHE GLYCOSOME

maxicircles with a length of 6 to 11 um, which  The glycosome is an organelle that may be
correspond to the well-known mitochondrial DNAyonded, with a diameter of 0.3 pm, or elongated,
found in all eukaryotic cells. Each m|n|p|rcle has &eaching a length of 2.8 pm, as observeldsipto-
length of about 0.45 um, corresponding to 144f,,na5 samuelit belongs to the peroxisome group,

base pairs and a molecular weight of _0’_9_9'-10presenting catalase in some species, and enzymes
(Englund et al. 1996). Analysis of the minicirclejnyolved in the oxidation of amino acids and lip-
DNA following treatment with restriction enzymes;qg (review in Opperdoes & Michels 1991). One
has shown that the minicircles DNA are highlycharacteristic feature of this organelle is to con-
heterogeneous in sequence, making it possible ¢@ntrate and to compartmentalize the enzymes in-
distinguish different stocks, strains, and clonegg|yed in the glycolytic pathway, increasing the
within a species. The minicircle DNA codes forefficiency of this process. In other cells these en-

small guide RNAs _that control the specificity szymes are localized in the cytoplasm matrix.
the process of editing of the mRNA formed from

the maxicircles (Hadjuk & Sabatini 1996). THE ACIDOCALCISOME

The morphology of the kinetoplast, as seen in The presence of a membrane-bounded organelle
thin sections, varies according to the developmenvith an empty space and an electrondense material
tal stage. In epimastigotes and amastigotes it ajpcated at the periphery has been described in sev-
pears as a rod-like structure where the K-DNA igral trypanosomatids as inclusion vesicles, volutin
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Fig. 15: general view of the surface of the epimastigote form as revealed using deep etching. A large number of surface protein
project out of the surface. X 120,000.
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Fig. 16: freeze-fracture view of the region of emergence of the flagellum (F) from the flagellar pocket of the epimastigote for
The cytostome (asterisk) appears as a fracture face free of intramembranous particles, with a clear opening (C). Very few mem-
brane particles are observed on the fracture face of the flagellar membrane in contrast with the high density of ph#icles of t
membrane lining the cell body (after Martinez-Palomo et al. 1976). X 45,000.

granules, etc. More recently physiological studiethe chromatin disperses and the nucleolus disap-
have shown thak. cruzj and other members of the pear, leaving the nucleus with a homogeneous and
Trypanosomatidae family, present a special acidiess dense appearance. However, microtubules
organelle which concentrates calcium (Docampo etnd small dense plates appear during mitosis. The
al. 1995). Further morphological studies have shownmuclear membrane remains intact during the
clearly that the organelle previously described awhole cell division process. The number of plates
volutin granules correspond to the acidocalcisomearies according to the trypanosomatid species.
(Lu et al. 1998). Immunocytochemical studies havén the case off. cruzi 10 plates were observed
shown the presence of a vacuolai-ATPase, a (Solari 1980).

Ca&*-ATPase and a Pyrophosphatase in the mem-

brane lining the acidocalcisome (Benchimol et aPTHER STRUCTURES

1998, Scott et al. 1998). This organelle can be eas- A number of other structures such as ribosomes,
ily recognized, due to its intrinsic electrondensityendoplasmic reticulum, Golgi complex, and vacu-
in whole cells examined in the transmission elewles are observed ih cruzi However, they either
tron microscope (Figs 5-7). X-ray microanalysislo not present any characteristic feature or have
studies confirmed the accumulation of calcium andot been studied in detail. Therefore, are not com-
phosphorous within the acidocalcisome (Scott et alnented in this short review.

1997). Morphometrical studies have shown that the REFERENCES
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Figs 17-18: the basal region of the flagellum presents a specialized area that can be revealed either as surface prejkctions in
stained with ruthenium red (arrow in Fig. 17) or as aggregates of particles on the membrane fracture face (asterisk i Fig. 18)
flagellum; K, kinetoplast (after De Souza et al. 1978). Fig. 17: X 60,000; Fig. 18: X 100,000.
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Figs 19-20: freeze-fracture view of the protoplasmic and extracellular fracture faces of the membrane lining the cell kéjly (Fig
and the region of attachment of the flagellum to the cell body of the epimastigote form (Fig. 20). A special array ofiparticles
observed in the region of adhesion (small arrows in Fig. 20). Fig. 19: X 100,000; Fig. 20: X 150,000.
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Figs 21-22: fracture faces of the region of attachment of the flagellum to the cell body of the trypomastigote form. a&rsyyecial
of particles is observed in the fracture face of the membranes lining the cell body and the flagellum (arrow). Fig. 20; K@5,00
22: X 40,000.
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Fig. 23-25: freeze-fracture images of fracture faces of the plasma and flagellar membranes of epimastigotes treated with the
polyenic antibiotic filipin. Filipin-sterol complex are indicated by the arrowheads. Arrows in Fig. 23 indicate the pasgllet ar

the filipin-sterol complexes. F, flagellum; P and E refer to the protoplasmic and extracellular fracture faces, respéetively (a
Souto-Padron & De Souza 1983). Figs 23, 24: X 35,000; Fig. 25: X 30,000.
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Fig. 26: deep-etching view of quick frozen and freeze-fractured cells exposing the sub-pellicular microtubules. Filanueatous str
tures are seen connecting the microtubules to each other. X 90,000.

tozoa,IRL Press, New York. sectioning Exp Cell Ress: 255-259.
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Figs 27-29: transmission electron microscopy of thin sections of epimastigote forms incubated in the presence of gold-labeled
proteins. The probes are ingested through the cytostome (C) and the flagellar pocket (FP) and concentrate in cytoplasmic or-
ganelles known as reservosomes (R). K: kinetoplast; N: nucleus (after Soares & De Souza 1991). Fig. 27: X 35,000; Fig. 28: X
50,000; Fig. 29: X 18,000.
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Fig. 30: deep-etched view of the flagellum where the axoneme (A) and a complex array of filaments which compose the paraxial
structure can be observed (after Farina et al. 1986). X 140,000.

i Lo

Fig. 31: deep-etch view of the kinetoplast and the emergence of the flagellum (F) of an epimastigote form. The kinetoplast (K)
appears as a complex array of polygonal structures (after Souto-Padron et al. 1984). X 80,000.
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