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ABSTRACT

We review here two unique organelles fromTrypanosoma cruzi. One of them is the acidocalcisome, cytoplas-

mic vacuoles containing a very highCa2+ concentration and aCa2+ − H+ translocating ATPase activity,

present in all trypanosomatids. The other organelle is the reservosome, site of accumulation of endocytosed

macromolecules, very rich in cysteine proteinase, that is present only in epimastigote forms of trypanosomes

belonging to theSchyzotrypanum sub-genus.
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INTRODUCTION

The protozoa kingdom comprises a large number of

species, including some which are agents of human

and veterinary diseases such as malaria, leishmania-

sis, Chagas’ disease, African trypanosomiasis, ame-

biasis, giardiasis, toxoplasmosis, coccidiosis, thei-

leriosis, and babesiosis, to mention only those more

important. Some of these protozoa, as is the case of

Trichomonas, present a simple life cycle. For oth-

ers, however, as occurs with Apicomplexa (which

includesPlasmodium, Toxoplasma, Eimeria, etc),

and some trypanosomatids, the life cycle is relatively

complex, displaying several developmental stages in

the vertebrate host and, in some cases, in invertebrate

hosts. These protozoa are also of interest from the

cell biology point of view since they present special
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cytoplasmic structures and organelles which have

been studied in some detail in the last years provid-

ing new information of general biological interest.

Here we intend to review the available data about

two organelles found inTrypanosoma cruzi which

has been the subject of investigation in our labora-

tory in the last years.

THE ACIDOCALCISOME

Since the beginning of the of the XX century the mi-

croscopists have observed the presence of metachro-

matic granules, designated as volutin granules, in

microoganims stained with basic dyes (Meyer

1904). In protozoa this structure was described in

1958 (Ormerod 1958) and has received several des-

ignations such as reservoir of metabolic products,

pigment bodies, osmiophilic granules, polyphos-

phate granules or volutin granules (Anderson &

Ellis 1965, Heywoodet al. 1974). Some studies

showed that some of the vacuoles contain a lin-
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ear polymer of orthophosphate residues linked by

high-energy phosphoanhydre bonds, forming the so

called polyphosphates, or to contain pyrophosphate

(Review in Docampo & Moreno 1999). Biochem-

ical studies have indicated the presence of

phosphate-containing granules in several trypanoso-

matids, however their subcellular localization was

not well established (Janakideviet al. 1965, Blum

1989). On the other hand, electron microscopic

studies have shown the presence of electron-dense

structures in the cytoplasm of trypanosomatids sug-

gested to contain polyphosphates, although no

chemical evidence for their presence was pre-

sented (Vickerman & Tetley 1977, Williamson &

McLaren 1981). In any way structures designated as

electron-dense granules, volutin granules or inclu-

sion vacuoles have been considered for many years

as part of the structure of trypanosomatids, but with-

out any special relevance for the cell physiology.

The use of X-ray microanalysis, where it is possi-

ble to correlate an image seen in the transmission

electron microscope with the elemental composi-

tion, showed the presence of Ca, P, Mg, Na, Zn and

Fe in the cytoplasmic electron-dense granules of try-

panosomatids (Vickerman & Tetley 1977, Carvalho

& De Souza 1977, Williamson & McLaren 1981,

Dvoraket al. 1988, LeFurgeyet al. 1990, Miranda

et al. 2000). At least three types of dense granules

can be found in trypanosomatids. One is homoge-

neous, is not membrane bounded, does not present

electron-lucent areas, and is possibly constituted by

lipids, since it is not visualized as dense granules

in cells not fixed with osmium tetroxide. A sec-

ond type corresponds to lipid granules, is membrane

bounded and found inCrithidia deanei (Soares & De

Souza, 1988). A third type of granule seems to be re-

lated with the iron metabolism, accumulating hemo

derivatives. For instance, the large dense gran-

ule found in Trypanosoma cyclopis depends on

the presence of hemoglobin in the culture medium

(Heywoodet al. 1974). Peroxidase activity can be

detected in these granules (Carvalhoet al. 1979).

The fourth type of dense granule is observed in all

trypanosomatids and will be the subject of the com-

ments below.

A major breakthrough on the study of cytoplas-

mic vacuoles of trypanosomatids took place in 1994

when Vercesiet al. put together at least two ba-

sic information: (a) previous observations made in

trypanosomatids showing the existence of an intra-

cellularCa2+ pool that was released when the cells

were treated with nigericin (Philosoph & Zilberstein

1989, Rubenet al. 1991) and the cytoplasm be-

came acidic (Rubenet al. 1991), and (b) observa-

tions carried out in the slime moldDictiostelium dis-

coideum and in mammal cells showing the existence

of acidic organelles showing anATP-drivenCa2+−
H+ antiport and containing a vacuolar-typeH+-

ATPase, named as acidosomes (Rooney & Gross

1992, Noltaet al. 1991, Meldolesiet al. 1990). In

addition Vercesiet al. (1994) added the basic infor-

mation thatCa2+ was released from the intracellu-

lar pool, not because of acidification of the cytosol

by nigericin, but because this drug released the ions

from intracellular acidic vacuoles. Based on the fact

that the cytoplasmic vacuoles contained a very high

Ca2+ concentration and aCa2+−H+ translocating

ATPase activity, the organelle, first characterized in

Trypanosoma brucei, was designated asacidocalci-

some (Vercesiet al. 1994).

Following the initial observations carried

out in T. brucei, Docampo and co-workers have

extended their studies and showed the presence of

acidocalcisomes in other trypanosomatids, such as

Trypanosoma cruzi (Docampoet al. 1995), Leish-

mania amazonensis (Luet al. 1997),Toxoplasma

gondii (Moreno & Zhong 1996) andPlasmodium

falciparum (Marchesiniet al. 2000).

From the morphological point of view, the

structure now designated as acidocalcisome has

been observed since the first observations of thin

sections of trypanosomatids by electron microscopy.

It is a membrane bounded structure with an electron-

dense content. The amount of dense material varies

according to the procedures used to prepare the sam-

ples for electron microscopy. In routine procedures
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part of the dense material may be removed, leaving

a thin dense ring below the membrane. Electron-

dense product is seen within acidocalcisomes

of cells fixed in the presence of potassium py-

roantimonate which precipitates calcium (Luet al.

1998). The whole material is better preserved in

cells fixed using the high-pressure freezing method

followed by freeze-substitution where all acidocal-

cisomes appear as an organelle completely filled

with the electron-dense material (Mirandaet al.

2000). A similar aspect is also observed in frozen

sections (Scottet al. 1997, Mirandaet al. 2000).

The best way to have a general view of all acidocal-

cisomes is the observation of a whole cell allowed

to dry onto carbon and formvar-coated grids in the

transmission electron microscope, especially if it is

equipped with an energy filter, so that the electron

spectroscopic images can be obtained (Mirandaet

al. 2000).

The acidocalcisome usually appears as a spher-

ical structure with an average diameter of 200± 90

nm. It can be observed in all portions of the cell, al-

though are preferentially located at the cell periph-

ery. In epimastigotes, they are especially concen-

trated in the middle portion of the body, although

some are observed in the cell body region associ-

ated with the flagellum. In trypomastigotes, they are

preferentially localized in the anterior portion. Al-

though usually randomly distributed, in some cells

they were seen in an aligned organization, suggest-

ing interactions with cytoskeletal components of the

cell. Close contact between the acidocalcisome

and nucleus, lipid inclusions, mitochondria and

sub-pellicular microtubules has been observed.

The number of acidocalcisomes varies from

species to species and even in the various develop-

mental stages of the same species. A morphometri-

cal study recently carried out inT. cruzi showed that

amastigote forms possessed greater numbers of aci-

docalcisomes, occupying a larger volume of the cell,

as compared with epimastigotes and trypomastig-

otes (Mirandaet al. 2000). Table I summarizes

the most important morphometrical data. Refer to

Figures 1 and 2 for a review on the morphological

aspects of theT. cruzi acidocalcisomes under differ-

ent TEM specimen preparation conditions, imaging

recording and analysis.

The first indication that the acidocalcisome is

an acidic organelle came from studies where it was

shown that the inclusion vacuoles found in procyclic

forms ofT. brucei became larger when the cells were

cultivated in the presence of chloroquine, an aci-

dotropic drug (Coppenset al. 1993). Later on, it was

shown by fluorescence microscopy that round vac-

uoles of varying size found inT. brucei andT. cruzi

were labeled with acridine orange, and that the ac-

cumulation of this dye was sensitive to bafilomycin

A, nigericin, andNH4Cl (Vercesiet al. 1994, Do-

campoet al. 1995). In the case of epimastigotes of

T. cruzi, it is important to have in mind that another

acidic organelle, the reservosome, also concentrates

acridine orange (Soareset al. 1992). The exact pH

of the acidocalcisome has not been determined yet.

From a biochemical point of view we should

consider two basic components of the acidocalci-

some: the matrix and the membrane.

The matrix of the acidocalcisome has been

mainly analyzed in terms of its elemental composi-

tion based mainly on analytical methods associated

with electron microscopy. In these experiments, the

element content is compared between the inner por-

tion of the organelle and other portions of the cell,

such as the cytoplasm. The following elements have

been shown to be concentrated into the acidocalci-

some: P, Mg, Ca, Na and Zn, and very little Cl, K

and S (Dvoraket al. 1988, LeFurgeyet al. 1990,

Scottet al. 1997, Mirandaet al. 2000). The low

content of S suggests a low content of proteins. It

is important to point out that care should be taken

in the interpretation of microanalytical data, espe-

cially if fixed cells are used. It is well known that

fixation changes the permeability of cell membranes

to some ions. Electron energy loss spectroscopy re-

vealed the presence of P and O, suggesting the pres-

ence of carbohydrates (Scottet al. 1997). Recent

studies have shown that the phosphorus observed in
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Fig. 1 – Thin sections ofT. cruzi acidocalcisomes submitted to different protocols for transmission

electron microscopy. The organelle can be easily recognized in Epon sections in the trypomastigote

(A), epimastigote (B) and amastigote (D) forms as empty vacuoles with the electron-dense inclusion

located below the acidocalcisome membrane (arrows). It can be seen in close contact with other parasite

organelles such as kinetoplast (B), subpellicular microtubules (C) and nucleus (D). The morphological

aspect of the acidocalcisomes remains the same in Unicryl sections (E), whereas in high pressure freezing

followed by freeze substitution (F) and cryoultramicrotomy followed by freeze-drying (G) the electron-

dense content is well preserved. (A) X 23,400 (B) X 27,000 (C) X 94,800 (D) X 38,300 (E) X 28,400

(F) X 82,700 (G) X 16,300.
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TABLE I
Distribution of acidocalcisomes in Trypanosoma cruzi.

Developmental Source % of Volume No. of Absolute vol. of

Stage occupied by acidocalcisomes acidocalcisomes

acidocalcisomes (µm3 × 10−3)

Amastigote Released from 1.94± 0.18 46± 2 0.96± 0.13

fibroblasts

Amastigote Released from 2.32± 0.36 N.D. N.D.

myoblasts

Amastigote Intracellular 2.01± 0.11 N.D. N.D.

(VERO cells)

Trypomastigote Released from 0.51± 0.08 17± 1 0.52± 0.10

fibroblasts

Trypomastigote Released from 0.26± 0.06 N.D. N.D.

myoblasts

Epimastigote LIT 0.86± 0.14 30± 1 2.43± 0.75

N.D. = Not determined.

acidocalcisomes ofT. cruzi is present in the forms

of PPi and short-chain polyphosphates. In addition,

PPi seems to be the most abundant high energy phos-

phate present inT. cruzi (Urbinaet al. 1999) andT.

gondii (Rodrigueset al. 2000).

The membrane of the acidocalcisome is 8 nm

thick. The membrane was not yet isolated so that

there are few information on its proteins and no

information about its lipid content. Physiological

studies using permeabilized cells showed the in-

volvement of a bafilomycinA1-sensitive vacuolar

H+-ATPase in the process of acidification and of

a vanadate-sensitiveCa2+-ATPase in the uptake of

Ca2+ (Vercesiet al. 1994, Docampoet al. 1995,

Scottet al. 1995, Moreno & Zhong 1996, Luet al.

1997, Marchesiniet al. 2000). These observations

were also confirmed for trypanosomatids and Api-

complexa, using intact cells loaded with fura-2, a

fluorescent indicator ofCa2+ (Review in Docampo

and Moreno 1999). The use of an immunochemi-

cal (immunobloting, immunoprecipitation and im-

munocytochemistry) approach showed the presence

of the following enzymes in the membrane of the

acidocalcisomes of trypanosomatids: (a) a vacuo-

lar H+-ATPase (Benchimolet al. 1998, Morenoet

al. 1998), (b) aCa2+ − H+– translocating ATPase

whose gene was cloned, sequenced and expressed.

Antibodies generated against the protein product of

the gene (Tca1) labeled the membrane of the aci-

docalcisome as well as the plasma membrane ofT.

cruzi (Lu et al. 1998); (c) a vacuolar-type proton-

translocating pyrophosphatase (V −H+-PPase) was

identified and localized in the membrane of the aci-

docalcisome and in the plasma membrane of try-

panosomatids and Apicomplexa, using antibodies

recognizing the enzyme found in plants (Scottet al.

1998, Luoet al. 1999, Rodrigueset al. 1999, 2000).

The functional properties of this enzyme has been

characterized in some detail in studies analyzing the

effect of inorganic pyrophosphate, and pyrophos-

phate analogues, on the acidification of isolated aci-

docalcisomes (Rodrigueset al. 2000); (d) evidence

has been obtained for the presence of aNa+ − H+

exchanger and aCa2+−H+ exchanger in the mem-

brane of the acidocalcisome (Vercesi & Docampo

1996, Vercesiet al. 1997).

What are the functions played by the acidocal-

cisome? In a recent review, Docampo and Moreno

AABC 72 3 b 10

An. Acad. Bras. Ci., (2000)72 (3)



426 W. DE SOUZA, I. P. CARREIRO, K. MIRANDA and N. L. CUNHA E SILVA

Fig. 2 – (A-C)Whole intact cell adhered to formvar-carbon coated copper grids submitted to air drying without

any previous treatment with fixatives or dehydrating agents. (A and B) Electron spectroscopic images (ESI)

of a whole epimastigote (A) and a whole amastigote (B) showing the distribution of acidocalcisomes (arrows)

throughout the parasite’s body. (C) Bright field image of a trypomastigote form showing the preferential

localization of the acidocalcisomes at the anterior portion of the parasite. (D) Whole epimastigote submitted

to endocytosis of gold-labeled albumin, showing the acidocalcisomes (small arrows) and a reservosome filled

with the gold tracer (larger arrow. (A) X 4,800 (B) X 9,000 (C) X 8,000 (D) X 27,400.

(1999) considered four possibilities which are not

excludent. Indeed, based on the information avail-

able, it is possible that this organelle is involved in

several biological processes. (a) The first possibil-

ity is a role in the process ofCa2+ storage to be

used in certain moments of the parasite’s life cy-

cle. For instance, amastigote forms ofT. cruzi live

in the cytoplasm of the host cell, where theCa2+

concentration is in the range of 0.1µM in contrast

to the trypomastigote form, that lives in an envi-

ronment where the concentration is around 1 mM.

SinceCa2+ is involved in several sinalization pro-

cesses, including cell transformation, cell interac-

tion, etc., the amastigote form ofT. cruzi developed

a special way to accumulate this ion in the acidocal-

cisome, as it would not be available in the intracel-

An. Acad. Bras. Ci., (2000)72 (3)
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lular environment, where this developmental stage

of the parasite lives, thus explaining the presence

of a large number of acidocalcisomes in amastigote

forms (Lu et al. 1998); (b) A second role would

be to act as an energy store organelle, containing a

large amount of inorganic PPi. It is expected that

further biochemical studies on this area will lead to

new information on the bioenergetics of protozoa,

opening new perspectives for the development of

new parasitic drugs; (c) in view of the presence of

a H+-ATPase in the membrane of the acidocalci-

some, it can also play some role in the regulation

of the cytoplasmic pH; (d) the acidocalcisome can

also play some role on the osmoregulation control,

as another organelle known as acidosome does in

Dictyostelium discoideum, which presents an elab-

orated contractile vacuole system (Noltaet al. 1991,

Bushet al. 1994). A similar vacuolar system has

been characterized inLeptomonas collosoma (Lin-

der & Staehelin 1977) and similar structures, with

various degrees of development, is found near the

flagellar pocket of all trypanosomatids (De Souza,

unpublished observations).

THE RESERVOSOME

The epimastigote stage of the members of

the Trypanosoma genus belonging to theSchyzotry-

panum sub-genus, such asTrypanosoma cruzi,

Trypanosoma vespertilionis e Trypanosoma dion-

isii, presents one special organelle, recently desig-

nated as reservosome (Soares & De Souza 1988).

Each epimastigote form presents several reservo-

somes, mainly localized in the posterior region of

the cell (Figure 3A). Although its morphology can

vary according to the growth conditions and the par-

asite strain (Figure 3A,B), it is a usually spherical

organelle, with a mean diameter of 400-600 nm, sur-

rounded by a unit membrane (Soares & De Souza

1988). The matrix of the reservosome is slightly

dense and presents some inclusions. Cytochemical

studies have shown that the matrix is mainly made of

proteins and the inclusions contain lipids (Soareset

al. 1987). The organelle was designated as reservo-

some based on two criteria. First, because all macro-

molecules ingested by the parasite through an endo-

cytic process, which takes place in the cytostome

and the flagellar pocket as will be discussed below,

accumulate in the organelle (Figure 3C). Second,

because it gradually disappears when epimastigotes

are incubated in a poor culture medium, condition

that triggers the process of transformation from non-

infective epimastigote into infective trypomastigote

forms (Soareset al. 1989). The reservosome can be

easily identified by fluorescence microscopy as an

orange to red stained structure when epimastigotes

are incubated in the presence of acridine orange,

a dye that accumulates into acidic compartments.

The determination of the pH of the organelle, using

the DAMP technique, indicated a value of pH 6.0,

thus suggesting that the reservosome corresponds to

a pre-lysosomal compartment (Soareset al. 1992).

No acid phosphatase activity could be systematically

detected in the organelle.

One characteristic feature of the reservosome

in T. cruzi is to accumulate a large amount of cruzi-

pain, the major cysteine proteinase found in the cell

(Campetellaet al. 1990, Meirelleset al. 1990,

Murta et al. 1990, Souto-Padrónet al. 1990). Al-

though glicosylated, these proteins do not present

mannose-6-phosphate residues. No mannose-6-

phosphate receptors could be immunocytochem-

ically detected inT. cruzi (Soareset al. 1992).

Therefore, another, not yet characterized, intracellu-

lar route is used to deliver cruzipain to the endosomal

system.

The biogenesis of the reservosome has been

studied using exogenous proteins which can be de-

tected due to its intrinsic enzymatic activity (Figure

3D) or due to the fact that they are associated to

colloidal gold particles (Figure 3C) (Soares & De

Souza 1991, Figueiredoet al. 1994, Porto Carreiro

et al. 2000). These studies have shown that proteins

are mainly ingested through the cytostome (Figure

4A), a highly specialized structure found on the sur-

face of the parasite, close to the flagellar pocket,

and through the flagellar pocket itself. In all cases,
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Fig. 3 – Thin sections showing three to five-day old cultured epimastigotes from Y strain (A) and Dm

28 clone (B). In (A), a longitudinal section showing the typical intracellular localization of reservosomes

(R), at the posterior portion of the parasite, near the nucleus (N); K, kinetoplast. In (B) reservosomes from

Dm28 clone, that under some culture conditions, can depict a very heterogeneous form, containing huge

electron-lucent inclusions (stars) that seem to disrupt the organelle (small arrows). (C) Reservosomes (R)

from CL Brener epimastigotes that uptaken gold-labeled albumin for 1 hour. In the same parasite, we can

find some reservosomes very full of the tracer (arrow), while others contain almost none (asterisk). Protein

uptake can also be demonstrated by its enzymatic activity (D) : reservosomes are full of exogenously

added horseradish peroxidase, subsequently revealed with diaminobenzidine; N, nucleus. (A) X 28,200

(B) X 20,500 (C) X 34,100 (D) X 30,700.

An. Acad. Bras. Ci., (2000)72 (3)
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Fig. 4 – Epimastigotes internalize gold-labeled albumin: the tracer enters preferentially by the cytostome

(A, arrowhead) and is subsequently found inside vesicles and tubules (arrows in B, 2 minutes of uptake; C, 5

minutes; D, 15 minutes), accumulating in reservosomes (R) after 30 minutes (E). (A) X 34,800 (B) X 31,300

(C) X 25,200 (D) 78,300 (E) X 34,800.

AABC 72 3 b 10
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small cytoplasmic vesicles are formed (Figure

4B,C). These vesicles fuse with each other (Figure

4D), forming an intrincated and branched tubular

network distributed from the perinuclear region to

the posterior end of the cell, and which may corre-

spond to the early endosomal system of the proto-

zoan (Porto Carreiroet al. 2000). Later on vesicles

bud from the tubular system and fuse to form the

reservosome, accumulating therein (Figure 4E).
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