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carbohydrates on the cell surface of various forms of Trypanosoma
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Summary

Flagellates of Trypanosoma cruzi (stock Molino 1), obtained from the in-
testine of experimentally infected RAodnius prolixus, grown in cellular or acel-
lular culture, as well as from the blood of infected mice, were examined by a
direct fluorescence test using the lectins RCA (Ricinus communis-120) and SBA
(soy bean agglutinin; GGlycine maxima), conjugated with fluorescein isothiocya-
nate, for the detection of f-D-galactose and a,f-N-acetyl-D-galactosamine on
the membranes of the flagellates. The same reactions were carried out using
Trypanosoma rangeli (stock San Agustin), obtained from the intestine, hemo-
lymph or salivary glands of experimentally infected R. prolixus, as well as from
cultures and from the blood of experimentally infected CFW mice. The results
indicate that the membrane of 7. rangeli in the salivary glands of the vector
contains f-D-galactose, but that this sugar is absent from all other developmen-
tal stages of this trypanosome. All stages of intestinal and cultured. 7. cruzi
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presented positive reactions with RCA-FITC and SBA-FITC. The high speci-
ficity of this technique makes it useful for the examination ot R. prolixus,
previously used in xenodiagnosis of Chagas’ disease and for the examination of
intradomiciliary or sylvatic vectors in epidemiological surveys in arcas where
T. cruzi and T. rangeli coexist. Formaldehyde fixed samples can be examined
months later and false reports due to 7' rangeli can be avoided.

Key words: 7. cruzi; T. rangeli; vector feces; lectin identification.

Introduction

Chagas’ discase. caused by Trypanosoma cruzi, 1s present in all Latin
American countries. It 1s estimated that the number of people in potential risk of
infection 18 more than 60 million, and that at least 20 million are infected
(WHO, 1983).

Trvpanosoma rangeli 1s non pathogenic for vertebrates. but infections have
been found in man and numerous mammals in different Latin American coun-
tries (Hoare, 1972). In Colombia, Venezuela and some other countrics, the
principal vector of 7. cruzi and 1. rangeli 1s Rhodnius prolixus, and mixed
trypanosomal infections are frequent (Marinkelle, 1972; D’Alessandro. 1976).

The interpretation of xenodiagnosis 1s often difficult because certain de-
velopmental stages of the two trypanosomes in the intestine of R. prolixus are
indistinguishable from each other, whether in fresh or stained preparations
(D’Alessandro, 1976; Schottelius, 1982; Schottelius and Miiller, 1984).

The use of lectins has become an important tool in recent vears for the
differentiation of certain membrane glycoproteins and glycolipids found in
protozoan membranes because they allow selective recognition and reversible
binding to carbohydrates. Bretting and Schottelius (1978) using fluoresceine-
labeled Adaptos papillata 11 lectin, differentiated cultured epimastigotes of
T. rangeli by fluorescent techniques (FT). Recently, Schottelius and Miiller
(1984) established a method to differentiate between culture forms of 7. ¢ruzi,
1. rangeli and T. conorhini by the usc of lectins in combination with comple-
ment mediated lysis without antibodies. 7. cruzi and 7. rangeli can also be
distinguished by their different complement sensitivity (Schottelius, 1982) and
on the basis of their sialic acid content (Schottelius, 1984a).

The differentiation of the two trypanosome species is important during the
examination of triatomines captured during epidemiological surveys, and those
used 1n xenodiagnostic tests. To obtain cultures from the intestinal tract of all
the triatomines would be a tedious and impractical method. The objective of
this study was to investigate whether the use of fluoresceine-labeled lectins
could be adapted to the direct examination of the intestinal content of R. proli-
xus infected with one or both trypanosome species and to investigate whether
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the various developmental stages of the trypanosomes present in different tis-
sues of the vector could be i1dentified by this method.

Material and Methods

Parasites. T. cruzi (stock Molino 1) which belongs to the PNA-type (Schottelius et al., 1986). was
isolated by mouse inoculation from the feces of an intradomiciliary R. profixus from the region of
Choachi in Central Colombia. The stock 1s being maintained in CFW mice by intraperitonceal (ip)
inoculation of approximately 5x10° blood trypanosomes at intervals of 20 days. 7" rangeli (stock San
Agustin), was isolated from the salivary glands of R. prolixus, previously used in xenodiagnosis of a
child from the region of Choachi. The stock 1s cyclically maintained by three-monthly passages
through Tobie’s culture medium (Taylor and Baker. 1978), R. prolixus and mouse. 1. cruzi (stock
Tulahuen). is being maintained in CFW mice by weekly ip inoculation of approximately 1x10° blood
trypanosomes. This stock was used exclusively for production of the tissue trypomastigotes by
infection of MRC-5 cell cultures.

Lectins (E. Y. Lab.. San Matco. Calif., USA / Medac, Hamburg). The following lectins were
used: Ricinus communis-120 (1 mg/ml), Glycine maxima (Soja hispida) (1 mg/ml). R, communis-120
has a selectivity for -D-galactose, whereas (. maxima reacts with a, f-N-acetyl-D-galactosamine and
has a lower affinity for a.8-D-galactose (Goldstein and Hayes, 1978).

Experimental intestinal infection of R. prolixus. Fifty-five nymphs of R. prolixus, free of tlagel-
late infection, raised in the laboratory. were fed in groups of 3 insects on CFW mice, which were
inoculated ip with approximately 5x10° blood trypomastigotes of T. cruzi (stock Molino 1).

Infection of hemolvimph and salivary glands of R. prolixus with T. rangeli. R. prolixus were
inoculated intrafemorally with 0.01 ml Tobie’s culture medium containing approximately 1x10°
flagellates of T rangeli (stock San Agustin) using a 27 G hypodermic needle. From 15 to 30 days after
inoculation. abundant epimastigotes were present in the hemolymph. Few epimastigotes and nu-
merous short metacyclic trypomastigotes were present in the salivary glands.

Preparation of the intestinal content of R. prolixus. Between the second and the tenth wecek after
inoculation, the content of the rectum of 5 R. prolixus, infected with 7. cruzi, and the posterior
midgut of 5 R. prolixus, infected with T. rangeli, were obtained by dissection at weekly intervals.
According to D’Alessandro and Mandel (1969), D’Alessandro (1976), Vallejo (1984), 7' cruzi is more
abundant in the rectum, while 7. rangeli is more abundant in the posterior midgut. The content of
cach dissected intestinal section was placed in 10 ml PBS pH 7.2, cleaned by 3 successive centrifuga-
tions at 600 ¢ for 15 min each, and the final sediment resuspended in 0.3 ml PBS pH 7.2 and
centrifuged at 80 g for 2 min. The tube was then left for 10 min and the flagellates collected from the
surface of the supernatant. This procedure permitted a high recovery of flagellates and eliminated
most of the other fecal contaminants.

Direct fluorescence test with RCA-FITC and SBA-FITC (E.Y.Lab.,San Matco. Calif.. USA/Me-
dac, Hamburg). Twenty ul of washed flagellates were placed on slides, air dried, and ringed with blue
waxpencil. The marked spots were covered with 20 ul fluorescein-marked lectins in a dilution up to
1:10 and incubated for 1 hat 26°C in a humid chamber. The slides were then washed twice for 10 min
with PBS pH 7.2, dried with filter paper, and after addition of a drop of buffer-glycerol pH 8.9.
examined with a fluorescent microscope. The same procedure was used with 7" rangeli obtained from
Tobie’s culture medium, blood trypomastigotes, epimastigotes from the hemolymph of R. prolixus.
epimastigotes and trypomastigotes from the salivary glands of the triatomines, as well as with 7. cruzi
obtained from Tobie’s culture medium, blood trypomastigotes from infected CFW mice, and trypo-
mastigotes obtained from tissue culture of MRC-5 cell line. In another experiment 100 ul of RCA-
FITC was incubated for 1 h at 26°C with 40 macerated and uninfected salivary glands of R. prolixus.
The gland tissues were then removed by centrifugation at 600 g for 15 min, and the supernatant
containing the marked lectin, reincubated with the flagellates obtained from 7' range!i infected
salivary glands. Finally the preparations were examined under the microscope.
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Indirect fluorescence test with antibodies against RCA and SBA (E. Y. Lab.. San Mateo. Calif..
USA / Medac, Hamburg). The flagellate spots were covered with 20 ul lectins in a dilution 1:2 and
incubated for 1 h at 26°C in a humid chamber. The slides were then washed twice for 10 min in PBS
pH 7.2 and dried with filter paper. The marked antigen spots were next covered with 20 il fluorescein
conjugated anti-lectins in a 1:2 dilution and incubated for 30 min at 26°C in a humid chamber.
Washing and drving procedure was repeated. and slides then examined as described.

Control reactions. For negative controls, fluorescence was inhibited using a 0.1 M solution of
the respective sugar for each lectin. The sugar was added to the PBS pH 7.2 before the lectin solution
was prepared. Incubations and washing were the same as in the binding experiments. For additional
ncgative controls, the antigen spots were incubated with PBS pH 7.2 without lectin or anti-lectin
solutions. For positive controls, cultured epimastigotes of 7. ¢ruzi and trypomastigotes of 1. rangeli
were used in the RCA-FITC tests.

Results

At the beginning of the study the labeled lectins were used undiluted, which
resulted in an intense fluorescence of the positive flagellate forms. Table 1 shows
the results of the FT with the lectins RCA-FITC and SBA-FITC for the different

Table 1. Results of the direct fluorescence reaction with the lectins SBA-FITC and RCA-120-FITC
and the developmental stages of T. cruzi and 7. rangeli

Lectins Trypanosoma cruzi Trypanosoma rangeli
flagellates obtained from: flagellates obtained from:
culture feces  blood  tissue- culture feces®  blood  hemo-  salivary
culture! lymph® glands-
SBA-FITC + + + A @ @ @ @ 0
RCA-FITC + + + + ? 0 0 0 +

+ = tluorescence present on surface membranc and flagellum
U T cruzi stock Tulahuen grown in human fibroblast MRC-5 cell line
* obtained from experimentally infected Rhodnius prolixus

Fig. la. T" cruzi Tulahuen, trypomastigotes from fibroblast culture with R. communis-120-FITC. pos.
fluorescence (x570).

Fig. Ib. T. cruzi Tulahuen. trypomastigotes from fibroblast culture with (. maxima-FITC. pos.
fluorescence (x570).

Fig. 2a. T. cruzi Molino 1, epimastigote with R. communis-120 FITC, pos. fluorescence (x370).

Fig. 2b. T. cruzi Molino 1, epimastigote and metacyclic trypomastigote forms from rectal ampul of
R. prolixus wih R. communis-120-FITC, pos. fluorescence (x570).

Fig. 3a. T. rangeli San Agustin, salivary gland forms with R. communis-120-FITC. pos. fluorescence
(x570).

Fig. 3b. T. rangeli San Agustin, salivary gland form, metacyclic trypomastigote with R. comnmunis-
120-FITC, pos. fluorescence (x570).

Fig. 4a. T. cruzi Molino 1. blood form with R. conmmunis-120-FITC. pos. fluorescence (x3570).

Fig. 4b. T. cruzi Molino 1, epimastigotes, unlabeled. no fluorescence-control reaction (x370).
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stages of 7" cruzi (stock Molino 1), trypomastigotes of 77 cruzi (stock Tulahuen)
from fibroblast culture MRC-5 and the different stages of 7" rangeli (stock San
Agustin).

All stages of 7. cruzi reacted positively with both lectins (Figs. 1a. 1b. 2a.
2b, 4a). Fluorescence was absent from the various forms of 7. rangeli, with the
exception of the epimastigotes and trypomastigotes obtained from the salivary
glands when incubated with RCA-FITC (Figs. 3a, 3b). Incubation with SBA-
FITC did not produce fluorescence.

All intestinal flagellates of 7" cruzi produced fluorescence from the second
to the tenth week while the intestinal forms of 7. rangeli never showed any
fluorescence. 7. rangeli disappeared from the intestine after the sixth week.
Serial dilutions from 1:2 to 1:10 were tested. Fluorescence of intestinal 7. cruzi
was clearly visible when a dilution of 1:2 was chosen. Similar fluorescence was
obtained when direct or indirect fluorescence techniques were applied. When
the developmental stages of 7" cruzi were fixed with 1% formaldehyde in PBS
pH 7.2 for 12 h, no alteration of the results was observed on slide preparations
kept at —=20°C during 8§ months.

The intensity of fluorescence observed in the direct fluorescence test was
similar to that observed in the direct test. As the direct fluorescence test requires
only one step. this test was used in the majority of the experiments.

Discussion

Membrane carbohydrate composition of 3 7. cruzi stocks from Brazil (Y,
Cl., MR) was investigated by Araujo et al. (1980). Eight different FITC labeled
lectins were used, showing differences in membrane carbohydrate composition.
For instance, the epimastigotes of stock Y and C1 presented negative reactions
with SBA-FITC lectin, but those of stock MR showed positive reaction. The
epimastigotes and trypomastigotes of stocks Y, Cl and MR showed positive
reactions with RCA-FITC lectin. The same authors reported different reactions
when lectins such as concanavalin A (Canavalia ensiformis), PNA (Arachis
hyvpogaea) and WGA (Triticum vulgaris) were used. In contrast. Schottelius and
Raabe (1978) and Schottelius (1982) found that the 7. cruzi stocks Y and Cl
reacted as well with the lectin from Ricinus communis-120 as with the Glycine
maxima lectin. The same was reported for the Y stock by Pereira et al. (1980).
Our results from the study of 7. cruzi (Molino 1 stock) were similar to those
obtained by Araujo et al. (1980) when RCA-FITC was used. The result of
SBA-FITC lectin reaction with Molino [ stock was similar to that obtained with
the stocks Y and C1 (Araujo et al., 1980), since eptmastigotes from culture and
intestinal tract of the vector presented positive results (Tab. 1).

Our results for 7. rangeli from culture and from the intestine an hemo-
lymph of infected R. prolixus, demonstrate the absence of f-D-galactose and
a,f-N-acetyl-D-galactosamine. The presence of fluorescence on the surface of
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1. cruzi Molino 1 stock with RCA-FITC and SBA-FITC and the absence of
fluorescence on the culture forms of 7' rangeli San Agustin stock are in agree-
ment with the results of Schottelius and Miihlpfordt (1984). These authors
described that 7. cruzi reacted with RCA-120 and SBA coupled with FITC or
colloidal gold (Au = 13,8 nm), but the culture forms of 7. rangeli did not.
However, the epimastigotes and metacyclic trypomastigotes of 7. rangeli from
the salivary glands of R. prolixus presented fluorescence with RCA-FITC, which
indicated the presence of a f-D-galactose component (Table 1) on the surface
membrane. The intensity of fluorescence of the salivary gland epimastigotes was
considerably weaker than that of the metacyclic trypomastigotes (Figs. 3a, 3b).
Since the epimastigotes from the hemolymph did not produce fluorescence with
RCA-FITC before entering the salivary glands, this could be an indication that
the salivary glands induce the parasites to change their receptor structures on the
surface membrane. Another possibility could be the presence of f-D-galactose in
the salivary glands, with a capacity to adhere to the flagellate membrane. To
exclude the latter possibility, the salivary gland flagellates were washed three
times in PBS pH 7.2 and centrifugated at 600 g for 15 min. However, the RCA-
FITC reaction produced the same intensity of fluorescence after the washing
procedure. As no decrease of fluorescence intensity was observed in the flagel-
lates incubated with RCA-FITC treated macerated glands, it is unlikely that free
p-D-galactose 1s present in the salivary glands of uninfected R. prolixus. This
would leave only the possibility of the salivary glands inducing the parasites to
change the receptor structures on the surface membrane. We therefore believe
that a surface coat containing f-D-galactose exists on the salivary gland forms of
T. rangeli.

Membrane-bound lectins are known to be widely distributed on many
eukaryotic cells (Hart, 1980; Monsigny et al., 1979; Simpson et al., 1978).
Therefore, 1f a galactose specific lectin exists in the epithelium of the salivary
glands of R. prolixus, the presence of f-D-galactose on the surface of the salivary
gland tlagellates would enable them to attach themselves to the epithelium of the
glands. Steiger (1973) mentioned that the epimastigote forms of 7° brucei in the
salivary glands of the tsetse flies are closely attached to the epithelium by the
flagellum. This close attachment could be due to the interaction between sali-
vary gland lectins and carbohydrates on the surface of the flagellates. Various
investigators have mentioned the presence of lectin-like substances in the in-
testine of Glossina (Ibrahim et al., 1984) and of Rhodnius (Pereieractal., 1981).

The surface coat of bloodstream forms of 7. ¢ruzi protects them from lysis
by complement activation through the alternative pathway (Kipnis et al., 1981
Nogueira et al., 1975: Schottelius, 1984b). Salivary gland flagellates of 7. brucei
subspecies also possess a surface coat which reacts with certain lectins (Seed et
al., 1976; Renwrantz and Schottelius, 1977). The presence of the surface coat is
considered a protective adaptation for survival in the bloodstream of mammals.
Our experiments demonstrate that f-D-galactose on the surface of the salivary
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gland forms of 7. rangeli also reacted with a lectin. The selective glycoconju-
gates which are integrated into the surface membranc on the salivary gland
stages of 7. rangeli might be responsible for their survival in the mammalian
host.

The results indicate that certain fluorcscein-marked lectins are of practical
use for specific detection of 7. cruzi in the feces of R. prolivus and solve the
problems of false positive results for 7. ¢ruzi due to misidentification. Samples
fixed with formaldehyde can be prepared in the field and examined months later
in a central laboratory.

Araujo F. G., Handman E.. Remington J. 8.: Binding of lectins to cell surface of 7rvpanaosama cruzi.
J. Protozool. 27, 397-400 (1980).

Bretting H., Schottelius J.: Differentiation by microimmunofluorescence of 7% cruziand 1. cruzi-like
strains from 7. conorhini and T. rangeli using the protectin from the sponge Alaptos papillata.
Z. Parasitenk. 57, 213-219 (1978).

D’Alessandro A.: Biology of Trypanosoma (Herpetosoma) rangeli Tejera, 1920, In: Biology of Ki-
netoplastida. ed. by W, H. R, Lumsden and . A Evans, p. 327-403. Academic Press. London/
New York/San Francisco 1976.

D’Alessandro A., Mandel S.: Natural infection and behaviour of Trypanosoma rangeli and Trypano-
soma crizi in the vector Rhodnius prolixus in Colombia. J. Parasit. 535, 846-852 (1969).

Goldstein 1. J., Hayes C. E.: The lectins: carbohydrate-binding protcins of plants and animals.
Advanc. Carbohydr. Chem. Biochem. 35, 127-430 (1978).

Hart D. A.: Lectins in biological svstems: applications to microbiology. Amer. J. clin. Nutr. 33,
2416-2425 (1980).

Hoare C. A.: The trypanosomes of mammals. p. 749. Blackwell Sci. Publ.. Oxford/Edinburgh 1972,

[brahim E. A. R., Ingram G. A.. Molyneux D. H.: Hemagglutinins and parasitc agglutinins in
hemolymph and gut of Glossina. Tropenmed. Parasit. 35, 151156 (1984).

Kipnis T. L., David S. R., Alper C. A.. Sher A, Dias da Silva W.: Enzvmatic trcatment transtforms
trypomastigotes of Tryvpanosoma cruzi into activators of alternative complement pathway and
potentiates their uptake by macrophages. Proc. nat. Acad. Sci. USA 78, 602-605 (1981).

Marinkelle C. J.: Colombian triatominac and their infection with trypanosomatid Hagellates. Mitt -
Inst. Colombo-Aleman. Invest. cient. 6, 11-30 (1972},

Monsigny M., Kieda C., Roche A. Cl.: Membranc lectins. Biol. cell. 75, 289-300 (1979).

Nogueira N._, Bianco C.. Cohn Z.: Studies on the sclective lysis and purification of Trypanosonia
cruzi. 1. exp. Med. 142, 224-229 (1975).

Pereira M. E. A., Loures M. A, Villalta F., Andrade A. F. B.: Lectin receptors as markers for
Trypanosoma cruzi. J. exp. Med. 152, 1375-1392 (1980).

Pereira M. E. A., Andrade A. F. B.. Ribeiro J. M: Lectins of distinct specificity in Rhodnius prolixiis.
Science 211, 597-600 (1981).

Renwrantz L., Schottelius J.: Charakterisierung der Oberflidche von Trypanosoma brucei EATRO 427
mit Lektinen, Protektinen und Blutgruppen-Antiseren. Z. Parasitenk. 54, 139-147 (1977).

Schottelius J.: Differentiation between Trypanosoma cruzi und Trypanosoma rangeli by their dif-
ferent complement sensitivity. Tropenmed. Parasit. 33, 147-150 (1982).

Schottelius J.: Differentiation between Trypanosoma cruzi and Tripanosoma rangeli on the basis of
their sialic acid content. Tropenmed. Parasit. 35, 160-162 (1984a).

Schottelius J.: Alteration of complement activation by the alternative pathway after treatment of
Trypanosoma cruzi by trypsin. 1 1th Meeting of the Deutsche Gescellschaft fiir Parasitologie. Bad
Harzburg, 10.-14. 4. 1984, Zbl. Bakt. Hyg. 1. Abt. Orig. A 238, 420-421 (1984b).

Schottelius J., Miihlpfordt H.: Carbohydrates as markers for Trypanosoma criizi and Trypanosonia
rangeli. Hoppe-Seylers Z, physiol. Chem. 3635, 1061 (1984).

227



Schottelius J., Miiller V.: Interspecific differentiation of Trypanosoma cruzi, Trypanosoma conorhini
and Trypanosoma rangeli by lectins in combination with complement lysis. Acta trop. {Basel) 47,
29-38 (1984).

Schottelius J., Raabe W.: Agglutination reactions of 23 different strains of 77 ¢ruzi with lectins and
protectins. Pesquisa Basica ecm Doenga de Chagas V Reunido Anual, Caxambu, Minas (erais.
Brasil, 6 a 9 de novembro, Resumos p. 49 (1978).

Schottelius J., Marinkelle C. J., Gomez-Leiva M. A.: Comparative investigations of Latin American
trypanosomes with lectins and complement lysis test. Trop. Med. Parasit. 37, 54-58 (1986).

Seed Th., Seed R., Brindley D.: Surface properties of bloodstream trypanosomes (Trypanosoma
brucei brucei). Tropenmed. Parasit. 27, 202-212 (1976).

Simpson D. L., Thorne D. R., Loh H. H.: Lectins: endogenous carbohydrate binding proteins from
vertebrate tissues: functional role in recognition processes? Life Sci. 22, 727-748 (1978).

Steiger R. F.: On the ultrastructure of Trypanosoma (Trypanozoon) bricer in the course of its life cycle
and some related aspects. Acta trop. (Basel) 30, 65-141 (1973).

Taylor A. E. R, Baker J. R.: Methods of cultivating parasites in vitro, p. 82-83. Academic Press,
London/New York/San Francisco 1978.

Vallejo G. A.: Diferenciacion morfologica y comportamiento de la infeccion de Tripanosoma cruzi
T. rangeli cn el intestino del vector Rhodnius profixus, p. 335. Thesis, Universidad de los Andes.
Bogota, Colombia 1984,

WHO: Advances in research on Chagas’ disease. Five years of progress. In: Special Programme for
Research and Training in Tropial Discases No. 20, 6-7, (1983).

23






	The affinity of the lectins "Ricinus communis" and "Glycine maxima" to carbohydrates on the cell surface of various forms of "Trypanosoma cruzi" and "Trypanosoma rangeli", and the application of these lectins for the identification of "T. cruzi" in the feces of "Rhodnius prolixus"

