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MOLECULAR BIOLOGY OF THE INTERACTION TRYPANOSOMA CRUZI/
INVERTEBRATE HOST
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& ANTONIO M. GONCALVES™

Trypanosoma cruzi, the causative agent of Chagas’ disease, requires triatomine insects for comple-
tion of part of its life cycle in nature. The morphogenetic processes which take place in the insect digestive
tract, i.e., differentiation of blood trypomastigotes to epimastigotes and/or spheromastigotes, epimastigote
multiplication, and the transformation of epimastigotes to metacyclic trypomastigotes (the form naturally
infective to vertebrate hosts) are crucial steps in maintaining the 7. cruzi life cycle in nature.

One of the major gaps in T. cruzi biology concerns the interaction of the parasite with its inverte-
brate host. Apparently this interaction is dependent on numerous parameters related to the insect species

and/or parasite strain (Brener, 1973).

The purpose of this paper is to discuss the present knowledge of the molecular biology and to raise
some questions that remain unanswered on the interaction of 7. cruzi and its invertebrate host.

Trypanosoma cruzi life cycle in the invertebrate host

Although the ability of 7. cruzi to infect and develop in triatomines seems to be an atractive model
for investigating the relationship of vectors and pathogenic organisms, only a few extensive studies have
been carried out in this specific area of study. The basic findings on the development of T. cruzi in the
insect have long been described (Chagas, 1909). However, the first work to treat the parasite cycle in the
triatomine comprehensively was that of Dias (1934). Recently, Alvarenga (1979) described the life cycle
of T. cruzi in more detail. The authors showed that the cycle begins with the ingestion of circulating
trypomastigotes in the blood meal, which transform to epimastigotes and/or spheromastigotes, the epi-
mastigote forms multiply and differentiate to metacyclic trypomastigotes as the blood moves along the
gut, eventually accumulating the rectum, from where they are expelled. Other aspects of the life cycle of
T. cruzi in the invertebrate hosts that have been investigated are different susceptibility of individual
triatomine species (Ryckman, 1965; Urdaneta-Morales, 1973; Miles et al., 1975; Zeledén, 1976; Perlawa-
gora-Szumlewicz & Muller, 1979), and metacyclogenesis of different 7. cruzi strains and/or clones in
triatomine insects (Urdaneta-Morales & Rueda, 1977; Garcia & Dvorak, 1982).

These findings call our attention to an unanswered problem: can the invertebrate host provide a
selective advantage for the development of an intrastrain variant of 7. cruzi over other variants, and can
different strains or clones of 7. cruzi coexist without alterations in their behaviour in the same triatomine

species, or will they necessarily complete?

Kinetics of Trypanosoma cruzi transformation and development in the digestive tract of triatomines

In our laboratory we have studied some of the above mentioned aspects of T. cruzi life cycle.
We have observed the differentiation of trypomastigotes to spheromastigotes and/or epimastigotes, the
epimastigote multiplication, and metacyclogenesis of different T. cruzi strains and clones. Fig. 1 illustrates
the transformation of trypomastigotes which occurs mainly in the insect’s crop. We observed that the rate
of transformation is variable and it seems to depend on the nature of the strains or clones of T. cruzi.
Furthermore, we have examined epimastigote multiplication and metacyclogenesis of the above mentioned
strains and clones in Rhodnius prolixus. Fig. 2 shows that the rate of growth of these parasites is also very
variable, and it is related to the first 7. cruzi differentiation, i.e., the strains of 7. cruzi which transform
rapidly to epimastigotes and/or spheromastigotes have better conditions to multiply and establish the
infection as well as to produce metacyclic trypomastigotes (Table I).

As a whole, these observations showed that the differentiation of trypomastigotes, the multi-
plication of epimastigotes, and the metacyclogenesis are interdependent phenomena in relation to the
insect species. Although the inocula of 7. cruzi used in these experiments to infect R. prolixus were un-
doubtedly higher than those occurring in nature, it seems that the variations found in the rate of infection
depend on the parasite strain or clone itself rather than on the number of parasites used.

On the other hand, it should be emphasized that the growth and differentiation of the WA-250/1
and Esmereldo/2 clones seems to be dependent on the insect species used as vector. In R. prolixus these
two clones presented low levels of differentiation and development (Fig. 1 and Fig. 2). However, we have
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TABLEI

Percentage of a epimastigotes and metacyclic trypomastigotes from
different strains and/or clones of Trypanosoma cruzi from post-
molting adults of Rhodnius prolixus at 30 days after feeding. The
insects were infected as fifth-instar with 5 x 10® trypomastigotes/ml
of blood as described by Garcia et al. (1984a)

: . Percentage
T. cruzi strains
and/or clones Epimastigotes Metacyclic trypomastigotes
\\Y 45 55
Costa Rica 510 59 41
Y 75 25
WA-250/1 85 15

Esmereldo/2 90 10

shown, by examining the development of these two clones in Dipetalogaster maximus, that the clone WA-
250/1 underwent epimastigote to metacyclic trypomastigote morphogenesis in the 30 day course of the
experiments. The clone Esmereldo/2 did not undergo transformation to metacyclic trypomastigotes, even
though both presented high levels of infection in the insect (Garcia & Dvorak, 1982). Since the WA-250/1
and Esmereldo/2 clones of T. cruzi are biochemically typed as zymodeme I and zymodeme II, respectively
(Dvorak, Hartman & Miles, 1980), and their kDNA schizodeme profiles are different using EcoRI restriction
endonuclease (Morel, Gongalves & Dvorak, personnal information), we conceive, with some contidence, that
the behaviour of 7. cruzi in its invertebrate host may depend on the biochemical characteristics of the

strains or clones of the parasites in question.
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Fig. 1: percentual transformation of trypomastigotes from different
strains and /or clones of Trypanosoma cruzi in the crop of fifth-instar
larvae of Rhodnius prolixus. The insects were infected with 5§ x 106
parasites/ml of blood through the method described by Garcia et al.
(1984 a) and dissected at 1, 2, 3,4 and S days after feeding.

The foregoing findings led us to speculate that the insect itself can be considered one of the main
barriers against the establishment of 7. cruzi infection in the vector. An early hypothesis advanced to explain
invertebrate host-parasite specificity would be that the digestive process of the insect could determine the
vectoring ability. It must not be forgotten, for example, that the lytic factor present in the crop is active
where trypomastigote transformation occurs. This factor is important since by lysing the erythrocyte
membranes haemoglobin is released for digestion by proteolytic enzymes (Azambuja, Guimardes & Garcia,
1983). This factor may also lyse T. cruzi membranes and be an important selective agent for determining
the establishment and intensity of infection by different T. cruzi strains. On the other hand, it is known
that blood meal components are attacked by hydrolytic enzymes in the intestine (Garcia, 1985) which
is the place where epimastigotes multiply intensively. It is therefore possible that the digestive enzymes
besides liberating nutrients for the development of T. cruzi could also be considered as aggressive factors
destroying the parasites. These hypothesis have been taken into account in our laboratory and remain as
an attractive model for explaining the invertebrate host-7. cruzi speciticity.
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IFig. 2: development of different strains and /or clones of Trypanosoma
cruzi in the gut of fifth-instar larvae of Rhodnius prolixus at 15 and 30

days after feeding. The insects were infected with 5 X 104 trypomasti-
gotes /ml of blood as described by Garcia et al. (1984 2a).

|Fig. 3: diagrammatic representation of agarose electroforetic profiles of

(A) glucose phosphate isomerase (GPI, £E.C5.3.1.9.) and (B) phospho-
glucomutase (PGM, E.C.2.7.5.1.) 1sozymes of Trypanosoma cruzi. The
parasites were isolated from Panstrongylus megistus (1-5); Triatoma
infestans (2-6); Triatoma brasiliensis (3-7) and Rhodnius prolixus (4-8).

Passage of a T. cruzi strain through different vectors

A question that arises is whether different triatomines would have the ability to modify the geno-
type and/or phenotype of a biochemically well defined T. cruzi strain. To answer this question, we have
used zymodeme (Miles et al., 1978; Miles, 1979) and schizodeme (Morel et al., 1980) techniques as bio-
chemical markers to investigate the passage of the W strain of 7. cruzi through four different insect species:
R. prolixus, T. infestans, T. brasiliensis and P. megistus. Fig. 3 and Fig. 4 show the zymodeme and schizo-
deme profiles, respectively, of parasites isolated from the urine of chronically infected invertebrate hosts.
These results indicated a high unsuspected degree of homogeneity of all the parasites isolated from the
insects, and that there were no modification in the zymodeme and schizodeme levels by the passage of W
strain through these different vectors (Garcia et al., 1984b, ¢). Furthermore, these experiments did not alter
any of the following biological parameters of the W strain that was isolated from the guinea pig upon which
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the insects were fed: (a) convertion ratio of epimastigotes to metacyclic trypomastigotes; (b) parasitemia
curve in mice inoculated with insect urine metacyclic trypomastigotes; (¢) doubling time in LIT medium
and in the invertebrate hosts.

Finally, we have used monoclonal antibodies to detected the surface antigens of metacyclic
trypomastigotes present in the urine from these four vectors. In all cases, the monoclonal antibodies show-
ed similarity of surface antigens of metacyclic trypomastigotes, i.e.. they were unable to discriminate the
strains obtained from the insects assayed (Garcia et al., 1984¢).

Would the insect be able to select subpopulations of T. cruzi within heterogeneous populations of parasites?

It is known that T. cruzi strains may be composed of heterogeneous mixtures of morphologically
indistinguishable organisms (Miles et al.. 1977; 1978). It would therefore be possible that the insect could
select subpopulations from a natural population. Preliminary experiments from our laboratory suggest
that this hypothesis may be true. These studies, however, need to be confirmed. Furthermore, we are
concomitantly studying the possibility that different 7. cruzi strains can simultaneously infect the mnsect.
and whether mixed infection or reinfection in the invertebrate hosts occur.
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Fig. 4: EcoRI schizodeme analyses of
Trypanosoma cruzi isolated of Panstron-
gylus megistus (A), Trigtoma infestans
(B), Triatoma brasiliensis (C), and Rhod-
nius prolixus (D) fed on a naturally in-
fected guinca pig.

Conclusion and Prospects

In this paper the molecular aspects of the life cycle of 7. cruzi in its vector was discussed. It
should be emphasized that the literature on this respect is scarce and most of it deals with the description
of parasitological aspects of this cycle. Firstly. we considered the differentiation of trypomastigotes 1o
epimastigotes and/or spheromastigotes which occurs soon after the blood meal ingestion. Secondly, we
discussed the multiplication of epimastigotes and their transformation to metacyclic trypomastigotes using
different 7. cruzi strains and/or clones. These findings were related to the studies using biochemical markers
such as zymodemes and schizodemes as well as monoclonal antibodies against surface antigens to characterize
the parasites. We concluded that the use of such biochemical parameters will help us in the elucidation of

the factors imposed by the insect on the parasite or vice-versa.
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Recent in vitro and in vivo studies on 7. cruzi gene expression (Goldenberg et al., present Sympo-
sium) and the use of kDNA sequences in the detection and characterization by dot-blot hybridization of
T. cruzi strains (Morel et al., present Symposium) are promising new tools to clarify the many questions
that remain to be answered in the invertebrate host-T. cruzi relationship. We are looking forward to a busy
future.

ACKNOWLEDGEMENTS

We are grateful to Drs. F. Neva and J. Dvorak from L.P.D., N.LLH. (USA) for using some data
obtained in their laboratories, We also thank to Dr. C.M. Morel, Head of the Department of Biochemistry
and Molecular Biology, for his keen interest in the investigation and for providing facilities.

REFERENCES

ALVARENGA, N.J., 1979. Development of Trypanosoma cruzi in the vector. Proceeding of the Congresso Internacional
sobre Doenca de Chagas, E3-ES, Rio de Janeiro, Brasil.

AZAMBUIJA, P.: GUIMARAES, J.A. & GARCIA, E.S., 1983. Haemolytic factor from the crop of Rhodnius prolixus:
evidence and characterization. J. Insect Physiol., 29 :833-839.

BRENER, Z., 1973. Biology of Trypanosoma cruzi. Ann. Rev. Microbiol., 27 :347-383.

CHAGAS, C., 1909. Nova tripanomiase humana. Estudos sobre a morfologia e o ciclo evolutivo do Schrzotrypanum cruzi,
n. gen., n. sp., agente etiolégico de nova entidade mérbida do homem. Mem. Inst. Oswaldo Cruz, 1 :159-218.

DIAS. E., 1934 Estudos sobre o Schizotrypanum cruzi. Mem. Inst. Oswaldo Cruz, 28 :1-110.

DVORAK, J.A.:HARTMAN,D.L. & MILES,M.A_, 1980. Trypanosoma cruzi: correlation of growth kinetics to zymodeme
type in clones derived from various sources. J. Protozool., 27 :472474.

GARCIA, E.S., 1985. The digestion of triatomines. In Brenner, R.R. & Stoka, A., eds., Chagas’ Disease Vectors, USA, CRC
Press, in press.

GARCIA, ES.: AZAMBUJA, P. & CONTRERAS, V.T., 1984 a. Large-scale rearing of Rhodnius prolixus and preparation
of metacyclic trypomastigotes of Trypanosoma cruzi. In: Morel, CM., ed., Genes and Antigenes of Parasites. A Labo-
ratory Manual, pp 43-46, 2nd edition. Proceeding of an international course sponsored by UNDP/World Bank /WHO,

FINEP, CNPq and FIOCRUZ. Fundagio Oswaldo Cruz, RJ, Brasil, pp XX + 580.

GARCIA. E.S. & DVORAK, J.A., 1982. Growth and development of two 7Trypanosoma cruzi clones in the insect Dipeta-
logaster maximus. Am. J. Trop. Med. Hyg.. 31 :359-362.

GARCIA, ES.: VIEIRA, E.: FURTADO, A.; GONCALVES, AM_; MOMEN, H. & MOREL,C.M., 1984 b. Characterization
of a wild strain of Trypanosoma cruzi after passage through four different vectors. Proceeding of the IV Pan-American

Biochemistry Congress, Buenos Aires, Abstract 436.

GARCIA, ES.: VIEIRA, F.; GONCALVES, AM.; FURTADO, A.; ALVES, M.I.M.; COLLI, W. & MOREL, CM., 1984 c¢.
Characterization of 7rypanosoma cruzi strains from different vectors fed on a naturally infected guinca pig. Proceeding
of the X/ Reunido Anual de Pesquisa Bdsica em Doenga de Chagas, Caxambu, MG, Brasil, Abstract page 167.

MILES, M.A., 1979. Transmission cycles and the heterogeneity of Trypanosoma cruzi. In: Lumsden, W.H.R. & Evans,
D.A.. eds., Biology of the Kineroplastida, London, N.Y., San Francisco. Academic Press, pp 117-196.

MILES, M.A.: PATTERSON, J.W.; MARSDEN, P.D. & MINTER, D.M,, 1975. A comparison of Rhodnius prolixus, Tria-
toma infestans, and Panstrongylus megistus in the xenodiagnosis of a chronic Trypanosoma cruzi infection in a Rhesus
monkey (Macaca mulatta). Trans. Roy. Soc. Trop. Med. Hyg., 69 :377-382.

MILES, M.A.: SOUZA, A.: POVOA, M.; SHAW, J J.; LAINSON, R. & TOYE, P.J,, 1978. Isozymic heterogeneity of Trypa-
nosoma cruzi in the first autochthonous patients with Chagas’ disease in Amazonian Brazil. Nature, Lond., 272 :819-

821.

MILES, M.A.: TOYE, P.J.; OSWALD, SC. & GODFREY, D.G,, 1977. The identification by isoenzyme patterns of two
distinct strain-groups of Trypanosoma cruz: circulating independently in a rural area of Brazil. Trans. Roy. Soc. Trop.

Med. Hyg., 71 :217-225.

MOREL, CM.: CHIARI, E.; PLESSMANN CAMARGO, E.; MATTEI, D.M.; ROMANHA, AJ. & SIMPSON, L., 1980.
Strains and clones of Trypanosoma cruzi can be charactcrized by pattern of restriction endonuclease products of

kinetoplast DN A minicircles. Proc. Nar. Acad. Sci. USA, 77 :6810-6814.

PERLOWAGORA-SZUMLEWICZ, A. & MULLER, A.C., 1979. Experiments in a search for an insect model for xeno-
diagnosis of chronic Chagas’ disease. Proceeding ot the Congresso Internacional sobre Doenga de Chagas. E11-E16,

Rio de Janeiro, Brasil.
RYCKMAN, R.E., 1965. Host parasite specificity between Trypanosoma cruzi and triatomine. J. Med. Ent., 2 :96-99.

URDANETA-MORALES, S., 1973. Trypanosoma cruzi infections in Rhodnius prolixus refed on different hosts. Rev.
Inst. Med. trop. Sao Paulo, 13 :218-221.

URDANETA-MORALES. S. & RUEDA, 1.G., 1977. A comparative study of the behavior of venezuelan and brazilian
strains of Trypanosoma cruzi in the venezuelan invertcbrate host (Rhodnius prolixus). Rev. Inst. Med. trop. S4o Pau-

lo, 19 :241-250.

ZELEDON, R., 1976, Host-parasite relationships in the vector. In: New Approaches in American Trypanosomiasis Research,
Belo Horizonte, Brazil. Pan. Am. Hith. Org. Sc. Publ. No. 318.



