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Internalization of Components of the Host Cell Plasma
Membrane During Infection by Trypanosoma cruzi
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Epimastigote and trypomastigote forms dfypanosoma cruattach to the macrophage surface
and are internalized with the formation of a membrane bounded vacuole, known as the parasitophorous
vacuole (PV). In order to determine if components of the host cell membrane are internalized during
formation of the PV we labeled the macrophage surface with fluorescent probes for proteins, lipids and
sialic acid residues and then allowed the labeled cells to interact with the parasites. The interaction
process was interrupted after 1 hr at 37°C and the distribution of the probes analyzed by confocal laser
scanning microscopy. During attachment of the parasites to the macrophage surface an intense labeling
of the attachment regions was observed. Subsequently labeling of the membrane lining the parasitophorou
vacuole containing epimastigote and trypomastigote forms was seen. Labeling was not uniform, with
regions of intense and light or no labeling. The results obtained show that host cell membrane lipids,
proteins and sialoglycoconjugates contribute to the formation of the membrane lining the PV containing
epimastigote and trypomastigotecruziforms. Lysosomes of the host cell may participate in the pro-
cess of PV membrane formation.
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Trypanosoma cruzs a parasite which causes Host cell entry by protozoa involves the for-
Chagas disease in humans, a prominent healtiation of a membrane-bounded parasitophorus
problem in Latin America (Dias 1934, Tanowitz etvacuole (PV). In the case Bfcruzievidences exist
al. 1992). As an obligate intracellular pathogen thahat in phagocytic and non phagocytic host cells
infects a wide variety of nucleated cells, the pardysosomes fuse with the PV (Milder & Kloetzel
site gains access to the host cell and is initiallg980, Carvalho & De Souza 1989). However, only
found inside an endocytic vacuole. After 2 hr itrypomastigote forms are able to disrupt the mem-
disrupts the membrane lining the vacuole and bérane lining the vacuole while epimastigotes are
gins to transform into the amastigote form whictdestroyed within the PV (Nogueira & Cohn 1976,
is able to divide. Subsequently, amastigotes tran€arvalho & De Souza 1989, Andrews et al. 1990).
form back into trypomastigotes and after rupture There are very few studies on the biogenesis
of the host cell the parasites are released into tloéthe PV of phagocytic and non professional ph-
intercellular space infecting neighbouring cells oagocytic host cells infected By cruzi Cytochemi-
reaching the bloodstream from where they can ireal studies showed that plasma membrane enzymes
fect new cells in various tissues or can be ingestetich as NaK*-ATPase, Mg2-ATPase, 5'-nucle-
by the insect vector and complete the life cycletidase and adenylyl cyclase (Meirelles & De
(Brener 1973, De Souza 1984). Souza 1896) and anionic sites detected using
cationized ferritin particles (Meirelles et al. 1984)
are not internalized during ingestionTofcruziby
macrophages. However, concanavalin A-binding
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the biogenesis of the PV is to label the host ce800 pl of fetal calf serum (FCS) was added. The
membrane before interaction and to follow the fateells were washed twice with PBS and put to in-
of the labeled probes during the interaction prateract with non labeled parasites (10:1 parasite-host
cess. In the present communication we will revieveell ratio) for 1 hr at 37°C in a 5% G@tmosphere.

the use of non permeant fluorescent probes to lAfter this the cells were washed twice with PBS to
bel lipids, proteins and sialoglycoconjugates antemove those parasites that were not strongly
follow their fate, during interaction of epimastigoteadered to the host cell, and processed as described
and trypomastigote forms ®f cruziwith macroph- for DTAF. During attachment of the parasites to
ages as well as, the participation of host cell lysdhe macrophage membrane we observed an intense

somes during PV formation. labeling. In parasites inside macrophages we ob-
FORMATION OF THE PARASITOPHOROUS serve'd labeling of the membr.ane I|.n|ng'the
VACUOLE parasitophorous vacuole containing epimastigote

.and trypomastigote forms (Fig.1 c, d). However,

croma;ﬁ)igrzas,glf;ncanm:ggoebsizzi?jgcliggclrrgﬁg&% m"t is membrane labeling was not uniform. Some
9 9 oints showed an intense labeling, while in others

are activated once they attach to the cell surfa labeling was observed. Some small endocytic
and that exist within a parasitophorous vacuolg, qicjos of the host cell was also labeled. Our
E%Zgiefkbf/ggjzs)mgqg\f,vifeﬁa?ﬁes?rﬂgcwg 1¥S°§r?1r2§§resent observations show clearly that lipids and
tigote forms ofi' cruziis a,ble to disru tthgenem- proteins of the plasma membrane of macrophages
9 ’ P are internalized during the process of cell infec-

brane lining the PV and replicate as amastigotesm)n byT. cruzi It is important to point out that the

the cytosol (Nogueira & Cohn, 1976, Carvalho ; : L
De Souza 1989). In contrast, the epimastigote fof%robes used did not bind to any specific membrane

e o .~.macromolecule. There are cytochemical evidence
is killed and degraded within the vacuole, so it i at plasma membrane enzymes are excluded from
of interest to study the origin and composition o?;
the PV membrane containing the different stag
of T. cruzi

DTAF forms covalent bonds with surface-ex-
posed membrane proteins and consequently Iabe@
the cell surface (Edidin 1989). The cells wer
washed once with PBS, pH 7.2, and with PBS/20
mM borate, pH 8.5, at a 1:1 proportion. After tha%1I
the cells were incubated with DTAF (0.5 mg/ml)th'
in the dark for 15 min at 4°C. Then cells wer - : L
washed once in PBS + 20% ECS for 5 min at 40C"¢ incorporated into the PV containiRtasmo-
washed in PBS once and incubated in 199 mediurlzgibum In the case of . gondii both proteins and

e membrane lining the PV (Meirelles & De Souza
eJ'§386), thus suggesting the existence of mechanisms
to select which membrane components are inter-
alized. We did not observe differences in the
8haviour of the probes when epimastigote or
ypomastigote forms were used.

Recent reports (Ward et al. 1993, Pouvelle et
1994, Lingelbach & Joiner 1998), have shown
at erythrocyte membrane lipids, but not proteins,

X ipids are internalized during formation of the PV
Subsquentley unlabeled parasites were puttoi Sacheco-Soares & De Souza 1998, Lingenlbach
teract with those Iabecl)ed. cellso(lo:l parasite-hogt j,inar 1998). Both probes described have been
'Crilérggﬁg, fo(rgrlehtrhaetj? ;H;g ‘:’ @c%@ThOISDthSe rti.r used to label the surface before interaction and to
W w wice wi Sallow their fate during formation of the PV con-

move non aderent and extracellular parasites, fixq iningPlasmodiumandToxoplasmaWard et al
in 4% freshly prepared formaldehyde solution iri993 Pacheco-Soares & De Souza 1998

0.1M phosphate buffer, pH 7.2, mounted and angs, : .

o . - elbach & Joiner 1998). Our observations
lyzed by CLSM. Initially an intense labeling at thesho?/ved an initial concentr)ation of the labeled
region of attachment of the parasites to the mag-

.~ . “Arobes at the site of parasite attachment and their
rophage surface was observed. In parasites insi

the host cell we observed the labeling of the melngﬁbsequent incorporation, together with the para-

brane lining the parasitophorous vacuole (Fig ites, concentrating in the membrane lining the PV.
: ; Using the same approach it was shown previously
ﬁaib)'nﬁsrmﬂwm:%' tEe I?\?eélrllgboﬁire va an1a| hat when tachyzoites &f gondiiattach to the host
gs'glesoof fhe ﬁoifgeﬂ Served 1abeling of Smaleq)| syrface transfer of the probe to the parasite
Vesl ' . . surface took place (Pacheco-Soares & De Souza
PKH-26, a non-permeant fluorescent lipophili

c . .
probe that binds to cellular membrane, has be 193_83'2-[Th's phenomenon was not observed with

used to label several types of cells (Samlowski et S ; ;

everal studies have shown that glycoconju-
al. 1991, Ward et al.' 1993). Macr'ophages WelGates located on the surfaceTotruzior the mac-
washed three times in PBS and incubated wit

. phage are involved on the process of parasite-
PKH26 (100 pg/ml) in PBS for 30 s at 4°C. Therhost cellinteraction (Meirelles et al. 1983, Araujo-
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Fig.1- a, b: DTAF labeled macrophages were incubated with trypomastigote fofnypafiosoma cruZor 1 hr at 37°C. Obser-

vation by confocal laser scanning microscope (CLSM): Dic (a) and corresponding fluorescence (b) images. Observe the labeling of
the membrane lining the parasitophorous vacuole containing a trypomastigote form (arrow); c, d: macrophages labeled with PKH-
26 were put to interact with trypomastigote form§ ofruzifor 1 hr at 37°C. Observation by CLSM: Dic (c) and corresponding
fluorescence images. Observe the fluorescent labeled plasma membrane lipids in the parasitophorous membrane containing
trypomastigote form (arrow); e, f: fluorescein tiosemicarbazide labeled macrophages incubated with trypomastigotd .forms of
cruzifor 1 hr at 37°C. Observation by CLSM: Dic (e) and corresponding fluorescence (f) images. We can observe labeling of the
membrane lining the parasitophorous vacuole containing a trypomastigote form (arrow). Bar: 10 mm
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Jorge & De Souza 1984, 1986). Special emphasgization ofT. cruziby macrophages lysosomes fused
has been given to the role played by siawith phagosomes (Milder & Klotzel 1980,
loglycoconjugates due to the influence of sialic aci€arvalho & De Souza 1989). We have quantified
residues on the interaction process (Meirelles ¢he process of phagosome lysosome fusion in mac-
al. 1984, Vermelho & Meirelles 1994). It has beemophages (Carvalho & De Souza 1989) observing
shown that cells containing few or no residues dhat fusion occurred only in 41% for trypomastigote
sialic acids, either due to removal of the residueand 37% for epimastigote forms after 1 hr of inter-
by neuraminidase treatment (Aradjo-Jorge & daction. In non phagocytic cells Tardieux et al.
Souza 1984), blockage of the residues using lectif$992) showed a recruitment of lysosomes in the
(Araujo-Jorge & De Souza 1986) or their absencearly step off. cruziinteraction. So we used mac-
due to mutation (Ciavaglia et al. 1993) are muchophages as phagocytic and Vero as non profes-
less infected b¥. cruzithan control cells. In addi- sional phagocytic cells to vizualize this early pro-
tion, experiments carried out in CHO cells deficess of lysosome fusion. We labeled secondary
cient in the glycosilation process showed that lysosomes of host cells with 1mg/ml of Lucifer
cruzidisrupts faster the PV membrane of these cel¥ellow. After 2 hr at 3%C, the cells were washed
as compared with control cells (Hall et al. 1992)twice in 199 medium, and incubated again for 30
Based on those information we decided to analyzein at 37C. The labeled cells were put to interact
the fate of sialoglycoconjugates duringtheruzi  with the parasite for times varyng from 15 to 60
macrophage interaction process. For this we usedin. Then the cells were washed with 199 medium,
Fluorescein-5-thiosemicarbazide (Ward et al. 1993pounted and analyzed by CLSM. In Vero cells we
as a probe for labeling of surface-exposedasily observed the concentration of lysosomes at
sialoglycoconjugates of macrophages. The celthe region of parasite adhesion after 15 min of in-
were washed in PBS twice and incubated in &raction. This process was not observed in all para-
freshly prepared solution of sodium m-periodatsites attached to Vero cells. With macrophages we
(5 mM in PBS) for 30 min at 4°C. The cells werealso observed a concentration of lysosomes at the
then washed three times with PBS at 4°C and imegion of parasite attachment. We could not ob-
cubated in PBS containing 0.66 mg/ml of fluoresserve clearly, as in Vero cells, the process of lyso-
cein-5-thiosemicarbazide for 30 min at 4°C, washesbme fusion in this early step of interaction.

with 199 medium twice and incubated with unla-  In conclusion, our results indicate that the host
beled parasites (10:1 parasite-host cell ratio) for dell membrane contributes in proteins, lipids and
hr at 37°C in a 5% C{atmosphere. After that time sialoglyoconjugates to the formation of theruzi

the cells were washed twice with PBS to removeontaining PV independently if infective trypo-
non adherent and extracellular parasites and pratastigotes or non-infective epimastigotes are used.
cessed as described above. As described befddainly in non phagocytic cells, lysosomes partici-
for lipids and proteins we observed labeling in theate in the early formation of PV membrane. Fur-
region of adhesion of epimastigote or trypomasther biochemical studies are necessary in order to
tigote forms ofT. cruzito the macrophage surfaceknow in more detail the composition of the mem-
and subsequently labeling of the membrane liningrane lining the PV in order to understand better
the PV (Fig.1 e, f). Previous studies in which théhe evasion strategies used hycruzito disrupt
macrophage surface was labeled with cationizétie membrane, a fundamental step for parasite
ferritin, which binds to anionic sites, showed inmultiplication within the host cell.

ternalization of these sites and their concentation

in endocytic vacuoles but not in the PV (Meirelles . ACKNOWLEDGM.ENTS . )
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