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ABSTRACT 

Using colloidal gold immunocyto­
chemistry - monoclonal antibody gal-13 (specific 
for lipid-linked galactosyl(al-3)galactosc 
residues, anti-Iaminin and anti-nidogen 
antibodies - and lectin cytochemistry (Bandeiraea 
simplicijolia IB4 ), both techniques specific for 
demonstra ting galactosyl(a1-3)galactose resid ues 
we have found terminal disaccharide residues on 
the Tripanosoma cru zi external surface of mouse 
blood - and Vero cell-derived trypomastigotes. 
Although in tac t epimastigotes moderately 
stained only with human antibodies, disrupted 
epimastigotes strongly immunoreacted wi th 
human as well as with rabbit antibodies. Staining 
was also detected in th e lips of the flagellar 
pocket, and on the parasitic side exactly opposite 
to the flagellar pocket in amastigote and 
promastigote forms of American Leishmania. 
The presence of abundant galactosyltn'l-J) 
galactose residues on Trypanosomatid family 
members suggest a specific unknown role in 
parasite physiology for this terminal 
disaccharide. 
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Biochemical d em onstration of c-galactosyl 
epitopes. 

The presence of Gal(a.1 -3)Gal residues in 
T. cru zi trypomastigotes hav e been clearly 
demonstrated, using biochemical methods, 
linked to glycolipids by Avila el al (1) and linked 
to glycoproteins by Travassos and Milani (2) and 
by Couto etal (3). 

As regard the presence of o-galactosyl 
epitope on lipids, recent work has demonstrated 
the existence of glycoinositolphospholipids 
(Cl PL) in T. cru zi epimastigotes and 
trypomastigotes as well as in Leishmania 
m ex i c a n a and Leishmania br a zll iens is 
promastigotes. 

The Girl of eukaryotic ce lls a re funct ionally 
important components in the outer leaflet of the 
plasma membrane. These glycolipids hav e the 
general structure , glycan -glucosamine­
phosphatidylinositol, and appear to act 
predominantly as membrane anchors for a 
diverse family of cell surface proteins (4) . 
McConville et aI (5) described the major 
glycolipids of Leishmania major. These 
glycolipids belong to a family of GIPLs, which 
contain 4-6 saccharide residues linked to 
alkylacylphosphatidylinositol or lysoalkylphos­
phatidylinositol. The general structure of the 
GIPl is: R-3Ga1i<IH-3)Manp(Cll -3)Man oCul-4)GIcN..E(ClI-6) 
alkylacyl-PI or lysoalkyl-Pl, where R= OH for 
GIPl-I; R= GaI(Cll - for GIPL-2; R= Ga1?(ul -6) Gal p(ul -) 

for GIPL-3 and R:.: Galp(al-3)GalrO - for GIPL-A. 
Using L. major GIPL as standards, Avila et al (6) 
have partially identified T. cruzi, L. mexicana 
and L. braziliensis GIPLs. These molecules were 
characterized by their comigration by high­
performance thin-layer chromatography with 
purified L. major GIPLs, gas-liquid 
chromatography of the monosaccharides 
re leased after aqueous HF treatment, N­
acetylation and methanolysis, sensitivity to 
exoglycosidases and antibody absorption on 
several specific natural haptens. The major GIPLs 
of these trypanosomatids include tetraglycosyl-, 
pcntaglycosyl - and hcxaglycosyl-phosphatidylinositol. 
Singh et al (7) have also demonstrated the 
presence of three different glycosyl­
phosphatidylinositols in T. cru zi epimastigotes, 
with chemical structures close to that described 



Localization of L-Galaclosyl Epitope 

in our experiments, main component been 
inositol phosphate ceramide (TCP-2). The major 
long chain base appeared to be C18 sphinganine 
having a C16:0 fatty acid linked to the long chain 
base via amide linkage. 

The presence in T. cruzi of protein-linked 
Gal (cd-3) Gal epitope have been demonstrated 
on at least two parasitic proteins, namely Gp-25 
(2) and Gp-85 (3). 

Morphological demonstration of n-galactosyl 
epitopes. 

Two different approaches have been 
used for the demonstration of a-galactosyl 
epitopes on Trypanosoma cru zi and L. mexicana 
and L. bra ziliensis: a) Colloidal gold 
immunocytochemistry studies using: I) Purified 
human anti-Cal (ul-S) Cal antibodies, 2) Rabbit 
anti-laminin antibodies, 3) Rabbit anti -nidogen 
antibodies, 4) mouse monoclonal antibody 
Gal-13, specific for terminal lipid-linked 
« -galactosyl residues and b) Lectin binding 
studies using biotinylated Bandeiraea 
simplicifolia isolectin B4 , all these 
macromolecules reacting specifically with 
Gal(a 1-3)Gal epitopes as previously 
demonstrated (8, 9). 

Figure 1 shows the immunocytochemical 
localization of anti-laminin antibodies on specific 
sites, located close to and on the flagellar veil, in 
circulating T. cruzi trypomasligotes obtained 
from infected mouse. A totally different results 
are obtained when Vero-cell derived 
trypomastigotes are submitted to same 
treatment. In this latter case, anti-laminin 
immunoreactivity is present in a diffuse form all 
over parasitic surface (Fig. 2). A similar 
immunocytochemical localization is obtained 
when human anti -GaHal-3)Gal antibodies are 
used on Vero cell-derived trypomastigotes (Fig. 
3), suggesting some identity between epitopes 
being recognized by both antibodies. Note that 
plasma membrane immunoreactivity is localized 
on an amorphous material close to th e 
trypomastigote cell membrane (Fig. 4a), some 
immunoreactivity being detected on detached 
filopodia (Fig. 4b). To check the specificity for a­
galactosyl epitopes we used the isolcctin B. 
simplicifolia B4• Fig. 5 demonstrates intense 
binding on several intra-cellular structures (outer 
surface of plasma membrane, lysosornes). As 
regard T. cru zi cpimastigotes, Fig. 6 shows that 
human anti-Cal(u1-3)Gal immunoreactivity, 
although moderate, is located in a disperse form 

on parasitic plasma membrane. Figure 7 shows 
rabbit anti -nidogen antibody immunoreactivity 
of T. cruzi cpimastigotes. As reported for human 
anti-Gal(al-3)Gal antibodies, staining is sparse 
and distributed all along the parasitic surface. 
This low immunoreactivity of anti-nidogen 
antibodies contrast with that obtained for 
American Leishmania amastigotes, which have 
diffuse staining on parasitic plasma membrane 
(Fig. 8). Interestingly, staining for Cal(al-3)Cal in 
American Leishmania seems to be tightly 
attached to the external surface of the plasma 
membrane, a fact that contrasts wi th that 
obtained for T. cru zi. Anti-nidogen pattern on 
amastigotes also contrast with that obtained 
when Leishmania promastigotes and amastigotes 
reacts with human anti-GaHal -3)Gal, rabbit anti­
laminin antibodies or B. simplicifolia 8 4, 

immunoreactivity being localized on the external 
lips or close to the to the flagellar pocket (Fig. 9 
and 10) or on the side opposite to the flagellum 
(Fig. 11). Our results, also presented elsewhere 
(10, 11), ultracytochemically confirm the presence 
of n-galactosyl residues in specific sites of T. 
cruzi trypomastigote and cpimastigote forms and 
in Leishm ani a promastigotc and amastigote 
forms. 

Similar results, using fluorescein-labelled 
lectins have been recently obtained by Gazzinelli 
et al (12), who additionally showed that 
GaHal-3-)Gal residues are present in all 
monoxenic and heteroxenic trypanosomatids 
studied, and in fact gal(al-3)gal antibody levels 
are also elevated in T. rangeli - infected patients 
(13). 

Possible role of g alactosyltut-sjgalactose
 
antibodies.
 
Galaclosyl (al-3) galactose (antiGan antibodies
 
are similar to EVI antibodies.
 

AntiGal is a natural antibody which 
constitutes as much as 1% of circulating IgC in 
humans and displays a distinct specificity fOT the 
structure Cal(al-3)Gal (14). This glycosyl 
structure has been found on various tissues of 
many non-primate as well as New World 
primate mammals. in contrast, the antiGal 
antibodies are present in discrete titres in sera 
from Old World monkeys, apes and humans but 
not in sera from non-primate or New World 
primate mammals. Such finding suggests that the 
mechanism which controls antibody self 
reactivity may control expression of natural 
antiCal antibodies in different mammals species 
(15). In sera from chagasic patients, the antiGal 
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antibody titres are approximately 4- to 5-fold 
higher than in sera from healthy or bacteria-
infected individuals (16-18). 

The natural antiGal antibodies were first 
identified in sera of chagasic patients by Muniz 
and Santos (19). These authors showed that 
antibodies with T. crud agglutinating activity 
bind to a polysaccharide fraction present on the 
surface of this hemoflagel1ate. Because such 
antibodies were absorbed from chagasic sera 
with sheep red blood cells, they were called 
heterophile antibodies. 

Cassia et al (20) described the ocurrence 
of antibodies in sera from chagasic patients 
which react with determinants present on mouse 
heart endothelium cells, vascular structures and 
instcrstitium (EVI antibodies) as well as reacting 
with T cruzi antigens. 

It was latter shown by 5zarfman et al (16) 
that laminin, was the major binding site for EVI 
antibodies on mouse tissue. Further work by 
Avila et al (21) reported eleva ted ti tres of anti­
nidogen antibodies in human chagasic patients. 
As the majority of antibodies which bind to 
nidogen also cross-react with laminin (22), we 
suggested that the epitopcs shared 'by nidogen 
and laminin are not genetically determined 
protein structures rather than post-translational 
modifications common to both proteins. 

Latter on, Towbin ei al (23) 
demonstrated that binding of chagasic antibodies 
to mouse purified laminin is specifically blocked 
by GaHal-3)Gal residues or adsorption with 
rabbit and sheep erythrocytes, which are rich in 
Gal(al-3)Gal residues as well as by treating 
laminin with a-galactosidase and periodate but 
not by alkali, pronase, or the reduction of 
disulfide bonds. 

The heterophile nature of EVI antibodies 
or an ti -ga lacrosy\(0.1-3igalactose an tibod ies 
present in chagasic sera was demonstrated not 
only by their affinity to rabbit and sheep red 
blood cells but also because they fail to bind to 
the respective human structures (EVl) and 
molecules (larninin) 06, 23). 

Noteworthy, when anti-galtu l-Dgnl 
antibody titers are compared between patients 
having chagasic and dilated cardiomyopathies 
none difference in antibody values or percentage 
of anti -gal. po~i.tive patients is found, although 
they are significantly elevated compared with 
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control subjects, suggesting the existence in 
tropical areas of another anti-gal antibody 
elevated cardiomyopathy. 

Terminal a-galactose groups, and 
possibly Gal(al-3)Gal epitopes, may exist in 
some normal or pathological human tissues. This 
was demonstrated by lectin binding to some 
extracellular structures of peripheral nerves (24), 
which is of particular interest in view of mAb 
reactions with neurones and T. cruz; (25) and 
ocurrence of nerve injury as late complication of 
Chagas' disease (26). 

The possibility also exist that infected 
cells (rnacrophages, neurons, muscle cells) due to 
the intracellular residence of parasites, may 
change their surface structure by inserting 
parasite-derived epitopes or changing host 
components by new posttranslational 
modifications, and in fact we have demonstrated 
the presence of o-galactosyl residues on the 
surface of T. cruzi-infccted cardiac cells (27) as 
well as intense T. cru zi invasion of cultured 
human neuroblastoma cells and further 
cxpresion of anti-u-galactosyl cpitope on plasma 
membrane of infected cells (Avila et al, 
unpublished results). 

The autoimmunity observed in Chagas 
disease may therefore not be to cross-reacting 
structures (28, 29) present per se, but to a 
modified structure arising in the infected 
individuals, this would be an example of 
acquired molecular mimicry. 

Antibodies directed at parasite antigens 
are known to induce the lysis of cells infected 
with T. crazi by the action of antibody and 
complement and/or antibody-dependent cellular 
cytotoxicity (30). Then, u-galactosyl anti~odies 
could induce cellular damage or lySIS by 
interacting with naturally or adquired 
a-galactosy epitopc-bearing tissues. This 
possibility of course would increase in acute or 
chronic chagasic patients where elevated serum 
a-galactosyl antibody levels are present (18). 
Using L. major GIPl as standards, Avila et al (6) 
have demonstrated that elevated levels of 
antibodies against terminal disaccharide 
structure exist in chronic chagasic patients, 
C;;al(al-3)Gal being the more immunoreactive 
disaccharide residue. Furthermore, using 
immunochemical techniques, they have 
characterized these antibodies and demonstrated 
that they are reacting with Gal £(pl-3)Gal and 
GaHal-6)Gal respectively for those T. cruzi 
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Gir ls migrating together with L. major 
Glr L·1- C IPL·2 and Glr l-3 respectively. As 
discussed before (or GaHal -3>Cal anti bododlcs, 
allti-CiIr( IH ·])Man and -C . l(a l -6)GaJ antibodies 
through cross-reac t ions may interact with 
exposed terminal a -galactosyl residues existing 
on normal or T. cruti-infcctcd cells. 

GalaclosyUa t- zlg atac tcse an tib od ies i n 
chagasic patients. 

Since GaHal -2)Gal residues have been 
recently sho wn to be a s tructura l unit of a 
phospha tidytinositol anch or for inserting 
variable surface glycoprotcins of T. bruui (31) 
and certain proteins of T. cruz; (32) into thei r celt 
surface, it was hypothesized that specific Caltnl­
2)GaI antibodies may have a risen in T. cruz;· 
infected human subjects from previously 
sens itized B lymphocyte clones, which could be 
stimula ted to produce spec ific antibodies by the 
presence of terminal Cal{a l -2)Ca l res idues in 
infecting pa rasites, and indeed we have reported 
significantly eleva ted Ga l{a l-2>Cal antibody 
le vel s in 6611 of ch ro n ic chagas lc 
cardio myopathy Eatient s and that other acu te or 
chronic Kine top estidac in fection s such as T. 
rllngt'li- i n fe cti on . lo cali z ed (LCL), 
mucocutaneous (MCl), d iffuse cutaneous (OCl) 
or viscera l lei shmaniasi s d id not induce 
significa ntly eleva ted Gal(a l~2)G a l antibod y 
levels (33). To in vestigat e whe ther results in 
chronic Chagas' disease patients were associated 
with degree of myocardial dama ge, patients were 
subdivided into several gro ups (34). Among 
chagasic gro u ps th ere wa s no sig nificant 
difference in anli-Gal(a l -2>Gal antibody levels or 
in pe rce ntage of patients having e leva ted 
antibody levels, a lthough Gal( a l~2}Ga1 anti body 
levels were significantly higher when any of the 
chagasic groups were compared wit h healthy 
human subjec ts or with humans having other 
dilated card iomyopathies. 

Due to the close structural relat ionship 
existing between termin al Gatto 1-3>GaI, 
Gal<al-2>Ga1 and GaHa l-3)Man oligosaccharide 
residues the qu esti on is: are increased human 
chagasic antibodies totally speci fic (or each these 
chemical structures or arc they (TOSS-reactive? 

Analysis of results of ou r laboratory 07. 18. 21­
23, 33·35) suggests tha t in human healthy 
ind ivid uals, as well as in T. cru:i-infected 
subjects. there are at least three types of terminal 
u-g alectosy l-rcacttve antibodies (Table 1). One is 
de tec ted by ELISA when rabbit ne u tra l 

glycosphingolipids-enrich ed fo r ce ra mi de 
pcntasacchartdc (8), murine lam inin 06, 17) or 
murine nldogcn (21) arc used as an tigen. These 
antibodies a rc mainly IgG and high ly speci fic (or 
the disaccharide Gal(a l -3>Cal cpi topc as they arc 
almos t to tally absorbed by rat. rabbit and guinea 
pig RBC as well as for murine laminin or 
nidogcn, all these struc tures bei ng rich in 
exposed Gal(al-3>Gal-bearing residues (22). The 
second ant ibodi es a re de tec ted usi ng an 
American Lnshmanill glycoinositolphospholipid 
preparation bea ring terminal GaHa l-3)Ma n or 
Gal(a l~3) M a n disaccharide as an tigen (35). Thl..'SC 
antibod ies are ma inly IgM. and also bound to 
GaI<a l -3>Gal· linked synthe tic anti gen s. bu t di d 
not to the same residu es present in rabbit, rat and 
guinea-pig RBe or in mur ine laminin or nidogen, 
their immunoreactiv ity being equally blocked by 
low co ncen tra tions of Gal(al·3)Man. 
Gal(p1-3)Man . They a re strongly eleva ted in 89% 
and 84% of OCL and LCL patients (35). The third 
type is GaHa 1-2)Gal antibodies, whose 
immunoreactivity is not blocked by > 200 mM 
Ga l(a l-3) Man or Gal(pl-4)Man and are elevated 
only in 38% and 28% of OCL and LCL patients 
(33). The (act that they arc unabsorbed neither by 
rabbit. rat or guinea-pig RBC or murine laminin 
and nid ogen or by pronase- treated human 0 
RBC nor th e ir bindi ng affected by 
methyl-o-galact opyranostd e, me libiose and 
stachyose. adds further evidence for fact that 
these latter an tibodies a re indeed differen t from 
Gal(a 1-3)Ga l a n ti bod ies . Interesti ngly. 
Ga1(al-2)Gal an tibodies stro ngly absorb on an 
Man(al-2}Man-affi nity co lumn suggesting the 
possib ili ty that so-called anti-GaJ(al-2>Cal 
antibo dies are s trictly anti -Ma nto 1-2)Man 
antibod ies. and in fact this struc ture has been 
desc ribed very recently in T. cruz ; 
trypomastigoles IG7-anligen (36). Given the 
polyelonal nature of anti-Ca1(a l·3X:::al an tibodies 
(22). our result s suggest th a t amo ng three 
d ifferent antibodies we have demo ns tra ted a t 
e leva ted level s in c h ro nic chagasic 
cardiomyopa thy sera. a conside rable proportion 
of antibody clones might have a different affinity 
for the prot ein-(2,. 3) or lipid -linked (l) a­
ga lac tosy l ep tto pcs present on T. cruz; 
membrane. Fur thermore. individual differences 
in the overall affinity of the a -galactosyl epitopcs 
on T. cruz i may determine the capaci ty of thi s 
famil y of antibodies to prevent in fection and 
destroy the invadi ng parasite. Supporting this 
vie w. Almeida tI at (37) ha ve re cently 
demonstra ted binding of an li-GaJ<al ·3>Cal to T. 
cru zi and the complcmcnt-mcd ta tcd lysi s of 
trypomastigotcs by this speci fic antibody and 
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that chagasic anti-Gal(al-3)Gal had a lower 
affinity for Gal(al-6)Gluc bound to agarose than 
for Gal(al-3)Ga1(~1-4)GIcNac, and was several 
times more effective in immunolysis of 
trypomastigotes than corresponding 
anti-Ga\(cd-3)Gal from normal human serum. 
This demonstrates a considerable diversity in the 
recognition of Gal(al-3)Gal epitopcs by natural 
antibodies. 

Possible role of a-galactosyl antibodies in host 
defense mechanisms. 

Gazzinelli ei al (38) have recently 
proposed that anti-Gal(al-3)Gal antibodies are 
responsible in acute Chagas disease patients for 
the direct lysis of T. cru zi blood forms 
independent of either the classic or alternative 
complement pathways. 

Additionally, the binding of the 
anti-Gal(al -3)Gal antibodies to trypomastigotes 
may reflect a general process facil itating the 
sequestration of parasites by the retic ­
uloendothelial phagocytic cells, and in fact 
participation of antibodies in the resistance 
against T. cruz; has been demonstrated at the 
chronic p~ase of Chagas disease by protection 
after passive transfer of immune serum (39) or 
immunoglobulin fractions (40). 

Due to cross-reactions bet wen 
Gal(al -2)Gal and Gal(al-3)Gal antibodies the 
possiblility exist that they interact with natural or 
induced terminal a-galactosyl residues existing 
on normal or T. crllzi-infected cells respectively. 
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RESUMEN 

Usando la tecnica inmunocitoquimica del 
oro c?loidal.- uni~o.a anticuerpos humanos y de 
concjo anti-larninina y anti-nidogen, y al 
monoclonal gal-13 (cspecifico para el residuo 
galactosiltn l-Slgalactosa unido a lipidos) - asi 
c.omo la lcctina Bandeiraea simplicifolia IB4 ­

hgada a peroxidasa de rabano, todas estas 
tecnicas espccificas en la dernostracion de 
residues galactosil(a 1-3)galactosa, hernos 
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encontrado estes residuos disacaridicos sobre la 
superficie externa de tripornastigotes obtenidos 
de sangre de rat6n 0 de cultivo de celulas Vero. 
Si bien cpimastigotes intactos se tiii.eron 
pobremente con anlicuerpos humanos, epimas­
tigotes rotos inmunoreaccionaron fuerternente 
con estos anticuerpos, as! como con los de conejo. 
Se detecto tarnbien lindon en los labios de la 
bolsa flagelar y en el lado cxactarnente opuesto a 
la salida del flagelo en amastigotes y 
promastigotes de Leishmania arnericanas. La 
presencia de abundantes r es i d u o s 
galactosil(al-3)galactosa en miembros de la 
famili? . Trypanosom~tidae sugiere un papel 
especifico desconocido de estos residues 
disacaridicos en la fisiologia parasitaria. 
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Localization of L-Calactosyl Epitope 

TABLE 1 

Comparative study 01 the immunochemical properties 01 human glliaetosyl(rt 1-3111alacloso. 

galaclosyl(u.l-2)galactoso and ga laetofuranosyl (1l1 -3) mannose anlibodios by delormining 

lhe sugar concenlration inhibiling 50% antibody binding and percentage of soluble control 

aClivity after absorption on SO'oIeral natura l and synthetic haptans. 

Experimental conditions Human antibodies against : 

GaI(a1-3)Gal GaI(al·2)Gal Gal(~1 -3)Man 

A) Sugar concentration (mM) Inhibiting 50% antibody binding 

Gal(a 1-3)Gal 0.4 8 4 ~ q 
Gal(a1·2)Gal 8 2 16 

i;­

t..?'~; 

Gal(a1 -6)Gal 60 50 30 
J 
',', 

Gal(a1 -3)Man 60 >200 2 
~ ~; 
-" 
~ 

Gal(~1 -3)Man 100 >200 2 ':l': 

t 
Gal(~1 -4)Man 200 >200 4 t 

;t; 

E 
Man(o.1-2)Man 10 2 50 . ~ 
Melibiose 10 >200 34 11 

~Methyl-a-galactopyranoside 50 >200 250 

~ Methyl-~·galactopyranoside 100 >200 300 

l 
,,-,. ,.:.. .-,., ."." '0': -;. ~. .-, ·i.'~ '" .•,","~";;-;.;;,..;~ ~;;~;~::;;;:: -, ;; ::&;%v~~"i:~~:.i:::.::~~:~~:·:·~~;~~~~±}~:;;::-,;;~:*;m-::~{-~~x.;.-;, ; v;'h\; 

B) Percentage of residual activity after absorption 

Control (None) 

Murine laminin (5 ~g/ml) 

Murine nidogen (5 ~g/m l) 

Rabbit RBC 

Guinea -pig RBC 

Rat RBC 
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Data obtained from References 18, 33 and 35. 
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Fig. 1 Pre-embedding immunogold staining for laminin epitopes in Trypanosoma cruz; 
trypomasrigote obtained from infected mouse. The colloidal gold particles (arrows) are distributed 
in specific areas on the external surface of the plasma membrane, the immunolabel is located close 
to and on the flagellar veil. (F) flagellum; (PR) paraflagellar rod; (N) nucleus; (n) nucleolus. Bar = 
O.5Ilm. 

Fig. 2 Pre-embedding immunogold staining for laminin epitopes in T. cruz; trypomastigotes 
obtained from Vero-cel l cultures. Tangential section of a trypomastigotes showing the 
immunolabel for laminin epitopes in a d iffuse form (arrows), surrounding the whole external 
surface of the plasma membrane. (F) flagellum; (FP) flagellar pocket; (lg) lipid granules; (m) 
mitochondria; (N) nucleus. Bar =0.5Ilm. 

Fig. 3 Immunogold staining for Ca1(al-3)Cal antibodies on T. cruz; trypomastigote obtained from 
Vero-cell cultures. The immunogold staining (arrows) is dispersed ~n all the surface of the plasma 
membrane and on the flagellum. (F) flagellum; (PR) paraflagellar rod; (N) nucleus. Bar = 0.5 urn. 
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Locali zation of L-Galolctosyl Epitcpe 
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Fig. 4 T. cruz i trypomastigotes obtained from Vero-cell cultures. Fig . 401 shows a detail of parasitic 
plasma membrane immunostained for e-galacrosyl residues using monoclonal antibody Gal-13. 
The im mu nolab el (arrows) is localized on an amorphous material attached to external face of cell 
membrane. Fig. 4b Immunogold particles (arrows) can be seen associated to filopodia detached 
from parasitic cell membrane. (F) flagellum; (FP) flagelallar pocket. Bars = O.211m. 

Pig. 5 Lectin-gold staining of Gal(al -3)Gal residues us in isolectin B. simplicijolia B4 in T. cruzi 
epimastigote in lysis process, obtained from axenic culture medium. Intense binding of colloidal 
gold particles (arrows) on several intra-cellular structures and on residues of the plasma membrane 
can be seen. (g) granule. Bar = 0.5 um, 

Fig. 6 lmmunogold labeling of Gal(al-3)Gill epitopes using human anti-Gal(al-3)Gal antibodies in 
T. crazi; epirnastigotes obtained from axenic culture medium. Moderate immunostaining (arrows) is 
located disperse on the whole surface of the plasma membrane. (N) nucleus; (gl granules; (lg) lipid 
granules: (k) kinetoplast. Bar = t um. 
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Fig. 7 Immunogold staining of rabbit anti-nidogen antibody-reacting sites in T. cruzi epimastigotes. Immunogold 
particles (arrows) are scarse and distributed all along the parasitic surface. (g) granules; (N) nucleus; (n) nucleolus. 
Bar = 0.5 urn. 
Fig . 8 Immunoreactivity of rabbit anti-nidogen antibodies in {eishmatlia mexican a amastigotes obtained from 
infected hamsters. The colloidal gold particles (arrows) are distributed in patches on the surface of the parasite 
plasma membrane. (FP) flagellar pocket; (N) nucleus; (n) nucleolus. Bar = 0.5 urn. 

Fig. 9 Pre-embedding immunogold staining for a.-galactosyl epitopes using monoclonal Gal-13 antibodies in L. 
mexicana promastigoles obtained from axenic culture medium. Immunogold particles (arrows) attached to the 
external lips or close to the flagellar pocket can be seen. (F) flagellum; (FP) flagellar pocket; (Ig) lipid granules; (V) 
vacuole. Bar =0.5 u rn, 
Fig. 10 Pre-embedding lectin-gold labeling for Ga\(al-3)Gal residues using biotinylated isolectin B. simplicijolia 8 4 
in L. mexicana promastigotes, obtained from axenic culture medium. Colloidal gold particles (arrows) attached to 
external lips of the flagellar pocket ca n be seen. Al so the gold particles arc localized in low electron dense 
membranous bubbles associated w ith the lips of the flagellar pocket. (F) flagellum; (FP) flagellar pocket. Bar = 0.5 
urn, 
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Fig. 11 Immunogold labeling for GalCal-3)Gal 
epitopes using human anti-Gal antibodies in 
L. mexicana amastigotes obtained from infected 
hamsters. The colloidal gold label (arrows) on 
the surface of the plasma membrane is located 
in the opposed side to the flagellum. (N) 
nucleus; (V) vacuoles. Bar =0.5 11m. 
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