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DIFFERENTIATION IN THE LIFE CYCLE OF TRYPANOSOMES

L. H. Pereira da SiLva and E. Plessmann CAMARGO

SUMMARY

Differentiation processes in the trypanosomes life cycle are discussed on the
basis of the recently proposed regulatory mechanisms for gene expression in bacteria

and viruses.

INTRODUCTION

A fundamental feature of cellular differen-
tiation is- the development of specialized
morphological and biochemical structures
which accomplish specific functions. The
process of cellular differentiation and the
final activity of the differentiated cell require
a very precise sequence of metabolic proces-
ses, all of which reflect a plan previously de-
termined at the genetic level. In each phase
of cellular life particular genetic information,
appropriate to that phase, must have a pre-
dominant expression. The basic problem
of differentiation is to understand the regu-
latory mechanism that allows predominant
expression of appropriate information out of
the totality of information contained in the
genome.

The important progress recently made in
the understanding of regulatory circuits in
bacteria and viruses, especially the general
model proposed by Jacos & Mowop * (Fig.
1) for the regulation of gene activity, opened
a new approach to the study of differentia-
tion. As pointed out by Monop & Jacos
0, the application of these new concepts
shows quite clearly that “biochemical diffe-
rentiation (reversible or not) does not cons-
titute a paradox as it appeared to do for
many years to both embryclogists and gene-
ticists”.

Some Protozoa may be suitable as tools in
the study of cellular differentiation and this
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new approach may be useful in the unders-
tanding of many obscure aspects of the life
cycle of Protozoa.

We find in Protozoa two favorable condi-
tions for the study of cellular differentiation:
the unicellular state and the cyclic reversibi-
lity of the differentiation process. The search
of inducing repressing substances is simpli-
fied and the analysis of regulatory mecha-
nisms avoids the intercellular relationship,
hormone action and irreversibility observed
in the differentiation process of most multi-
cellular organisms. Thus, Protozoa may pro-
vide a bridge between the molecular and the
organ levels in the study of differentiation.

Folloewing a proposal of Lworr & Lworr ®
that cyclic events in Protozoa and trypanoso-
mes may be interpreted on the basis of the
recently developed regulatory mechanisms in
bacteria and bacteriophage, we consider in
more detail the application of such principles
to a number of phenomena in the trypanoc-
some life cycle.

Differentiation in the life cycles

Most trypanosomes show at least two pha-
ses of differentiation in their life cycle in
relation to the change of the host and the
multiplication process, After reproduction in
the crithidial stage in the digestive tract of
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Fig. 1 — General model of the regulation of

gene expression (from JACOB & MONOD 7) SG, and
3G, are structural genes, m, and m, their res-
pective messengers ribonucleic acids and P, and
P, their final products. RG is the regulatory
gene whose product R — the repressor-in the
original form or modified by the effector F in
a R’ form, is able to react with the operator O.
The transcription process may be initiated in
the operator only if it is free from the repressor.

the invertebrate host, there is a transforma-
tion to the trypanosomal stage, the metacyclic
form, infective for the vertebrate. When the
blood trypanosomes are ingested by the in-
vertebrate host, a second iransformation ta-
kes place in the opposite direction. In the
lewisi group of mammalian trypanosomes
there is a second cycle of metamorphosis re-
lated to the multiplication activity in the
veértebrate host (Fig. 2).

The cyclic process of trypanosome forma-
tion and reversion to the crithidial or/and
leishmanial stage involves a complex rear-
rangement that is very incompletely known.
From a morphological point of view the most
remarkable aspects are the transformation
and migration of the kinetoplast, the for-
mation or disapearance of the undulating
membrane and free flagellum and the varia-
tion in the over all aspect and mobility of the
parasite. Some biochemical differences bet-
ween the stages are known, for instance, for
the cytochrome system in the brucei group
(von Brawnp 2); antigenic differences bet-
ween the crithidial and trypanosome stages
were demonstrated by d’Aresanpro?® for T.
lewisi, the former stage being insensitive to
concentrations of ablastine that completely
inhibited the multiplication of trypanosomes
in the culture.

With respect to physiclogical properties
and potentialities there is a marked differen-
ce between the metacyclic trypanosomes and
the precedent crithidial/leishmanial forms.
Thus for T. cruzi, only metacyclic trypano-
somes survive after treatment with normal

guinea pig serum at 37°C while crithidia are
destroyed (Muniz & BorrieLo **). It seems
excluded that crithidiae can develop in the
vertebrate host, and tissue culture observa-
tions show that even at low temperatures, cri-
thidia cannot initiate the intracellular cycle.
Furthermore it must be noted that only cri-
thidiae divide in the invertebrate host, and
that in the lewisi group, the blood trypanoso-
mes also do not divide but only the leishma-
nial or crithidial forms. '

In any case it is clear that the change
from one form to another is accompanied: by
the expression of particular genetic poten-
tialities. It is tempting to ask if the expres-
siecn of the particular set of genetic infor-
mation in one or another direction is not
controlled by a basic regulatory mechanism
similar to that proposed by Jacos & Monop.
We will discuss some data that could be in-
terpreted in this way.
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Fig. 2 — Life cycle of Trypanosoma

cruzi — In continuous lines the multi-
plication process: M, in the vertebrate
host under -the leishmania form; M, in -
the invertebrate host under the crithidial
form. Interrupted lines show the diffe-
rentiation processes: D, — from leish-
mania to trypanosome and vice-versa in -

the vertebrate host; D, — from trypa-

nosome to crithidia and D, — from cri-

thidia to trypanosome in the inverte-
brate host.
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Differentiation in the life cycle of trypanoso-

Inducibility of cyclical changes

In many mammals trypanosomes, tempe-
rature is known to affect cyclic differentia-
tion. Classic observations of CHaGAs*, and
others (see SiLva for references) showed
that the shift from 37°C to room temperature
in blood agar cultures of T. cruzi induces
the transition of blood trypanosomes to cri-
thidia. This transition takes 24 to 48 hours
and can be easily followed in the blood ex-
tracted from infected animals and maintai-
ned “in vitro” at temperatures between 20°
and 28°C, but is strongly inhibited at 5°C
(SiLva **). In recent papers the inducing
effect of temperature could be more properly
analyzed because the authors employed cul-
ture media where the particular species of
trypanosome studied was able to multiply in
both forms — the blood trypanosome form
or crithidial form typical of the invertebrate
host. Thus, after inoculation of this culture
medium with blood-agar cultural forms of
T. conorhini, the development of blood try-
panosomes was cbserved (Deane & DEANE ?,
Deane & Kircaner ®).  This lransition ta-
kes place only if the culture is maintained
at 37°C when most crithidiae degenerate.
If the same culture is maintained at 25°C —
28°C the crithidiae may divide normally,
and metacyclic trypanosomes appear but not
blood forms. With T. lewisi the maintainan-
ce of the culture at 37°C allows the multipli-
cation of blood trypanosomes for a few days,
but a shift to 28°C — 30°C induces the
change to crithidiae that also divide (L’ALE-
SANDRO '}.  An interesting effect of high
temperature 'in intracellular forms of T. cruzi
was shown by NEvaA et al. ** in tissue cultu-
re. These authors, working with a Brazilian
strain of T. cruzi, verified: (1) between 33°
and 37°C the parasite could multiply inten-
sively inside the cells and produce trypano-
somes of the blood type; (2) at 38°C the
multiplication could follow normally but the
transition leishmania —> trypanosome was
blocked, the result being the accumulation of
infected cells filled with leishmania bodies
and the decrease of extracellular parasites.
With another human strain (“Y” strain)
we did not verify this effect but if the
leishmania — trypanosome transition invol-
ves some thermosensitive critical event as de-
fined by Lworr & Lworr® for the polio
virus, we must expect strains with different
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thermosensitivities. It is necessary to prove
that the thermosensitivity in the leishmania
~——> trypanosome results from a mutational
event in the parasite, but the relatively low
temperature in which the effect was observed
and the insensitivity of another strain points
in this direction. It should also be important
to look for an equivalent case in the inverte-
brate phase of the life cycle. namely ther-
mosensitivity in the production of metacyclic
trypancsomes.

The morphology of intra and extracellular
parasites, especially the relative proportion
of slender and broad trypanosomes, in tissue
culture infected with a human strain of 7.
cruzi was dependent on temperature (TRE-
Jos et al. 19},

The possible action of chemical inducers
is much less clear. There is very little in-
formation about nutritional requirements and
metabolic activity of different stages of try-
panosomes. The “morphogenetic factor” for
T. cruzi demonstrated by Muniz & FRreiTas
2 in red blood cells, may be a substrate ne-
cessary for the metabolism of the parasite,
or a inducing element or both. Recent obser-
vations of DEang & KircHNER (personal co-
munication) favor the existence of an indu-
cing factor in red blood cells for the T. co-
norhini trypanosome — crithidia transition.
The culture medium employed by these au-
thors allows the multiplication of both stages
of T. conorhini depending on the tempera-
ture and also allows the metacyclic —>
blood trypanosome transition when the tempe-
rature is shifted from 28 to 37°C. However,
the opposite transition from blood trypano-
some to crithidia, needs the presence of red
blood cells, which could not be replaced by
hemin or hemoglobin (Deane & KircH-
NER 9).

Specific metabolites may play a role in
the transition processes for each phase of
the cyclic evolution. We know that for T.
cruzi the transition blood trypancsome —
leishmania is induced by the intracellular
medium after penetration of the parasite and
that at the end of the multiplication period
the reverse transformation is induced by the
modified intracellular medium. According to
Mo~z & Frerras* the transformation of
leishmania to trypanosoma may be induced
outside the cells in a medium composed of
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guinea pig ascitic fluid and glucose but only
in the presence of exudate cells. It seems
likely that in each some cellular constituent
or catabolite has an inductive effect.

In the invertebrate, metacyclic trypano-
somes are produced only in some particular
part of the digestive tract or iis annexes:
the hind gut for instance for the lewisi group
and the hypopharynx for the brucei group.

The differentiation of crithidiae to trypa-
nosomes in cultures of T. cruzi only occurs
at the end of the exponential phase of growth.
If, during exponential growth, the flagella-
tes are transfered to incomplete medium the
differentiation process takes place sooner.
This suggests that starvation favors some phy-
siological condition in which differentiation
may occur (CAMARGO ?).

The most interesting result in inducing
form transition by chemicals was obtained
by SteiNerT %'7 with urea. Low concen-
trations of urea administered to cultures of
T. mega induced the transition from crithi-
diae to trypanosomes, The percentage of
“inducible” crithidiae varied from 0 io
10% according to the age of cultu-
res being greatest at the stationary pha-
se of growth. The transformed cells, try-
panosomes of the blood type, do not syntheti-
ze more DNA, while crithidiae present in the
medium aciively incorporated labelled thymi-
dine (STEINERT & STEINERT *%).

To summarize we may say that: 1) In
each phase of the life cycle of trypanosomes,
the parasites present some particularities that
probably require the synthesis of particular
proteins; 2) The transition processes are
cyclic events, they involve some critical ther-
mosensitive step(s), they can be induced by
modification of the nutrient medium, and at
least in one case can be induced by a sim-
ple substance that is not metabolized by the
parasite. These facts point to a regulatory
mechanism that controls the activity of spe-
cific genes, whose expression determines the
differentiation processs.

If regulator gene(s) of this kind gover-
ning the differentiation process of trypanoso-
mes does exist, we must expect to find “re-
gulatory mutants” that have lost the capacity
of differentiation in one or both directions,
or in which this capacity is more narrowly

limited in relation to temperature, pH etc.
or less affected by specific inducers.

At this point we could speculate about the
role of a similar mechanism for interpreta-
tion of the phylogenetic origin of try-
panosomes like T. equinum that does not de-
velop in the insect-host and T. equiperdum
that is completely emancipated from the in-
sect vector and adapted to direct transmission.

This approach is very important to un-
derstand the determinism of the life cycle of
trypanosomes, as well as the morphological,
biochemical ‘and immunological characteris-
tics of the different phases of the organism.
It would not be surprising if, among the
strains of 7. cruzi that have lost their viru-
lence after maintainance in laboratory for
long periods of time, we should already have
found some of these “regulatory mutants”.

We want to emphasize the possible practi-
cal applications of these siudies on regula-
tion. The postulated possibility of isolating
“regulatory mutants” that have lost their ca-
pacity to produce metacyclic trypanosomes
or, alternatively, the understanding of con-
ditions that control the metacyclic production
would be of great practical interest for the
development of vaccination processes in ftry-
pancsomiasis, We may also speculate that
the understanding of the processes of diffe-
rentiation in the vertebrate host could be of
practical interest for instance in Chagas di-
sease, if we could control the conditions in-
ducing the intracellular leishmania trypano-
some transition,

RESUMO

Diferenciacdo durante o ciclo evolutivo dos
tripanosomas

Os processos de diferenciagio no ciclo
evolutivo dos tripanosomas sfo analisados a
luz dos mecanismos de regulagio da expres-
sdo de gens recentemente propostos para
bactéria e virus. :

REFERENCES

1. D'ALLESSANDRO, P. A. — “In vitro” stu-
dies of Ablastin, the reproduction-inhibi-
ting antibody to Trypanosoma lewisi. J.
Protozool. 9:351-358, 1962,

191



SILVA, L. H. P. da & CAMARGO, E. P. — Differentiation in the life cycle of trypanoso-

Rev, Inst. Med. trop. Sdo Paulo. 6:188-192, 1964.

mes.

2. Von BRAND, T. — Chemical physiology of  11. MUNIZ, J. & BORRIELO, A. — Estudo so-
endoparasitic  animals. Academic  Press, bre a acdo litica de diferentes sdros sobre
N. Y., 1952 as formas de cultura e sanguicolas do

Schizotrypanum cruzi. Rev. Brasil. Biol.

3. CAMARGO, E. PLESSMANN — Growth and 5:563-576, 1945.
differentiation in Trypanosoma cruzi. I. Ori- :
gin of metacyclic trypanosomes in liguid 12. MUNIZ, J. & FREITAS, G. — Estudo sdbre
media. Rev. Inst. Med. trop. Sdo Paulo o determinismo da transformac8o das for-
6:93-106, 1964. mas sanguicolas do Schizotrypanum Ccruzi

em critidias. Rewv. brasil. Med. 2:995-999,

4. CHAGAS, C. — Nova tripanosomiase hu- 1945.
mana. Estudo sébre a morfologia e o ci- . -
clo evolutivo do Schizotrypanum cruzi n. 13. N_[UNI_Z' ;T' & _FREITAS’ G. ,_ Reallzacao
gen. n. sp., agente etioldgico de nova enti- “in vitro (?O ciclo do 3. cruz‘t no ve_rtebra-
dade mérbida do homem. Mem. Inst. Os- do, em melos'de caldo liquido peritoneal.
waldo Cruz 1:159-218, 1909. Rev. Brasil. Biol. 6:467-484, 1946.

. . 14. NEVA, F. A.,; MALONE, M. F. & MYERS,

5 DEANE’_M' P. & DEANE, L. M. — stud'le‘s B. R. — Factors influencing the Iintra-
on th(? life cycle of Trypanosoma conorhini. cellular growth of Trypamosoma cruzi in vi-
“In vitro” development and maultiplication tro. Am. J. Trop. Med. Hyg. 10:140-154,
of the bloodstream trypanosomes. Rewv. Inst. 1961.

Med. trop. Sdo Paulo 8:149-160, 1961. -
15. SILVA, L. H. PEREIRA DA — Observacoes

6. DEANE, M. P. & KIRCHNER, E. — Life sdébre o ciclo evolutivo do Trypanosoma
cycle of Trypanosoma conorhini. Intluen- cruzi. Rev. Inst. Med. trop. 8do Paulo 1:99-
ce of temperature and other factors on 118, 1959. '
growth and morphogenesis. J. Protozool. 16. STEINERT, M. — Action morphogenétique
10:391-399, 1963 de I'urée sur le trypanosome. Haxptl. Cell.

Res. 15:431-433, 1958.

7. JACOB, F. & MONOD, J. — Genetic regu-
latory mechanisms in the synthesis of pro- 17. STEINERT, M. — Etudes sur le determinis-
teins. J. Mol. Biol. 3:318-356, 1961. me de la morphogénése d’un trypanosome.

. Bxptl. Cell. Res, 15:560-569, 1958.

8. LWOFF, A. & LWOFF, M. — Les évene- ;¢  grpINERT, M. & STEINERT, G. — Inhibi-
menis cycliques du cycle viral. I. Effects tion de la syntése de 1’dcide desoxiribonu-
de 1la temperature. Ann. Inst. Pasteur cléiqgue de Trypanosoma mega par l'urée &
101:469-504, 1961. faible concentration. Exptl: Cell. Res. 19:

421-424, 1960.

9. LWOFF, A. & LWOFF, M. — Evenements
cycliques: et molécules metastables., J. Theo- - 19. TREJOS, A.; GODOY, G. A.; GREENBLAT,
ret. Biol. 2:48-62, 1962, C. & CEDILLON, R. — Effects of tempe-

rature on morphologic variations of Schi-

10. MONOD, J. & JACOB, F. — General con- zotrypanum cruzi in tissue culture. Exptl.
clusion: teleonomic mechanisms in cellular Parasitol. 13:211-218, 1863.
metabolism, growth and differentiation.

192

Cold- Spring Harbor Symposia on Quant.

Biol. vol. XXVI, pp. 389-401, 1961.

Recebido para publicacdo cm 2 fevereiro 1964





