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ASPECTS OF PYRIMIDINE BIOSYNTHESIS OF TRYPANOSOMA CRUZI

Sakae YONEDA (1), Renato Piza de Souza CARVALHO (2) and Mercedes QUIROGA (3)

SUMMARY

The Authors have studied the pyrimidine metabolism of intra- and extracellular

forms of Trypanosoma cruxzi.

In every evolutive form, grown both in culture

medium and cell culture, the parasite was shown to exhibit a large incorporation

of uridine and an almost negligible uptake of orotic acid.

These data strongly

suggest that in T. cruzi, the pyrimidic compounds are built up preferentially through

a “salvation” pathway.

INTRODUCTION

The metabolism of T'rypanosoma cruzi has
been investigated under several aspects.

LirtLe & OresoN ' and CitRi & Gros-
sovicz 2 observed, respectively, that orotic
and cytidilic acids do estimulate the growth
of the parasite.

Rey & Fernanpes *® have shown that, in
diphasic medium, Trypanosoma cruzi syn-
thesizes its pyrimidic ring preferentially by
“salvation” pathway and, for the synthesis
of nucleic acids and acid-soluble nucleotides,
its ‘uptake of orotic acid for the pyrimidine
fraction is low, whereas the incorporation of
uracil for the biosynthesis of pyrimidine
nucleotides is high. This particular behaviour
is comparable to the parasite’s purine meta-
bolism, in which the extracellular forms
utilize the “salvation” metabolic pathway
(FERNANDES & CASTELLANI*#).

In tissue culture, YONEDA *® observed
that the intracellular amastigote and meta-
cyclic trypomastigote forms exhibit respecti-
vely, “de novo” and “salvation” metabolic
pathways in their purine synthesis.

In the present research, we have tried to
seitle the metabolic behaviour of the intra-
and extracellular forms of T. cruzi with
regard to pyrimidine synthesis.
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MATERIAL AND METHODS

Two different sets of preparations were
used: a) Culture forms of Y strain 7.
cruzi (*} (Sitva & NUSSENSZWEIG '*), were
centrifuged at 3,000 r.p.m. for 15 minutes,
The sediment, after washing with HANKS-
WALLACE ® solution was submitted to a 12
to 24 hour incubation at 37°C in Eagle’s
minimal medium with 2% inactivated fetal
calf serum added of either tritiated orotic
acid (**) or tritiated uridine (**¥)_ both in
final concentration of 0.5 pc/ml.  Further
treatment of this sediment is described

under (¢)}. b) Cell culture forms of T. cruzi

(*) T. cruzi culture, kindly supplied us by
Prof. José Ferreira Fernandes from Departamen-
to de Bioquimica, Instituto de Quimica, Univer-
sidade de Sdo Paule, Sdo Paulo, Brasil.

(¥*) 5-H3-Orotic acid, specific activity 14.1
c¢/Mmol Schwarz Bioresearch Inc. Orangeburg,
New York, kindly supplied by Dr. Maria Mitzi
Brentani and Prof. Ricardec Renzo Brentani, from
Laboratério de Oncologia Experimental, Faculdade
de Medicina da Universidade de Sao Paulo, Sido
Paulo, Brasil.

(**%) H3-Uridine, specific activity, 25.6 ¢/mM,
kindly supplied by Prof. Antonio Sesso, from De-
partamento de Histologia, Instituto de Ciéncias
Biomédicas, Universidade de S&o Paulo, Sio Pau-
lo, Brasil.
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were obtained through previous infection of
HeLa® or Smc? cell monolayer coltures.
These were then incubated for 12 to 24
hours at 37°C with tritiated orotic acid or
tritiated uridine, both added to the Eagle's
minimal nutrient medium in the final con-
centration of 0.5 pe/ml. Herealter the mono-
layers were submitted 1o dissociation and
rupture of the substrate cells, through 0.1%
trypsin treatment for 30 minutes at 37°C.
The resultant suspension of cell residues plus
parasites  was then Ireated as specified
under (). ©) Both sediments, from (a)
and (b)) were centrifuged and twice washed
with Hanks-Wallace =olution ® before beeing
treated as stated under (d),  d) Smears of
(a) and (b), fixed with Bouin solution
for ten minutes were submitted to autographic
processing after Messizr & Lestoxp ™ and

Koesiva & Leeroxp? with K nuclear
emulsion ([lford, Fngland} the exposition
time varying from 45 to 78 days, and stained
with Giemsa,

The minimal number of smears for each
isotope labelling was of ten. Control smears,
made up of unlabelled substrata, were also

prepared.

RESULTS

Group (a) — The culture form parasites,
among which epimastigote forms (crithidiae)
prevailed, were highly positive when treated
by H’-uridine, exhibiting a large amount of
silver granules (Fig. 1), and weakly positive,
with zearce and irrecular number of granu-
les. when treated by H'-orotic acid (Fig. 2}.

Fig. 1 — Eplmastigote forms {crithidiae) of T. crus grown in eualture medium,
IF-uridine uptake; abundant and regular distelbution of silver granules,
Glemea stain, 11600 X,

Fig. 2 — Epimastigote {(crithidiae) forms of T. ecruzi grown in culture mediam.

Fli-orotic acid uptake; scarce and irregular distribution of silver granules.

Glemsa stain, 1,160 X.

Amastignte {leishmania) and eplmastigote (erithidiae) forms of T. erasi

grown im cell cwlture, H-urldine uptake; abundant and regular distribution

of zilver granules, Glemsa staln, 1,160 X.

Flg. 4 — and 5 — Amastigote (lelshmania) and epimastigole (erithidiae) forms of
. erpzi grown In oeell culture, H-orotic acid uptake; scarce and ilrregular
distribation of silver granules. Giemsa stain, 1,160 X,

Fig. 6 — Amastigote (lelshmania) forms of T, crezi grown in cell culture; control
preparation; no slver granules present, Glemsa stain, 1,160 X,

FIg. 8 —
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©*"Group (b) — This group behaved very
‘much like group (a). The intracellular
‘amastigote (leishmania) and epimastigote
forms as well as the extracellular trypomas-
tigotes (trypanosome) showed large numbers
of silver granules with H®-uridine (Fig. 3),
-and scarce and irregular number of granules
‘in the H*-orotic acid group (Figs. 4, 5).

Control preparations were consistently ne-

gative (Fig. 6).
DISCUSSION

ReEy & FErNANDES ** have shown the low
‘uptake of orotic acid in the synthesis of
acid soluble nucleotides and nucleic acid
pyrimidines by T'. cruzi cultivated in diphasic
medium. Kimura & FERNANDES ®, on the
other hand, observed that every epimastigote,
blood trypomastigote and metacyclic trypo-
mastigote forms, as well as amastigotes
obtained by cell disruption of infected cell
culture or hemocultures, do uptake uridine
vigorously, while not incorporating any orotic
acid, or incorporating it at very low rates
when the pH is lowered.

As shown by our results, epimastigote,
trypomastigote and amastigote T. cruzi forms
incorporate uridine actively, and orotic acid
in much lower and irregular rates. These
results are in full agreement with those of
Kivmura & FeErRNANDES ©.

It is interesting to notice that the biosyn-
thetic pathways of intra- and extracellular
forms are quite different where, pyrimidine
and purine syntheses are concerned. FERNAN-
pEs & CASTELLANI* working on cultural
forms, and YonEDA *8, studying the bioche-
mical behaviour of cell culture forms, have
demonstrated that the purine biosynthesis is
carried out mainly through the “salvation”
pathway in the trypomastigote stage ol the
parasite, and, according to YONEDA !¢, through
the “de novo” pathway, predominantly, in
the intracellular amastigote stage grown in
cell culture.

However, our present results have proved
that, in T. cruzi, the biosynthetic pathways
involved in the synthesis of the pyrimidine
ring are directed otherwise: in the various
morphological stages of the parasite, an
intense incorporation of uridine, against a
weak and irregular incorporation of orotic
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acid was recorded. This would rather point
to a “salvation” pathway operating for the
‘synthesis of the pyrimidic ring.

ArvipsoN et al.t, working with rats, and
WricHT et al'® ', studying Lactobacillus
bulgaricus 09 have verified a heavy utili-
zation of orotic acid in the organisms studied,
along with the finding by WricHT et al. *®
that Lactobacillus arabinosus, on the other
hand, utilizes uracil. Furthermore, CRAWFORD
et al.® have observed, in the last organism
cited, a pathway in which uridine-5’-phos-
phate and 5’-phosphoribosyl pyrophosphate
are utilized. These same Authors have also
studied a bacteria able to take up both,
uracil and orotic acid, an evidence for the
actual co-operation of both pathways in the
synthesis of pyrimidine.

Moore & BoYLEN'? have investigated a
mutant of Escherichia coli which incorpo-
rates 2-C'*-uracil to uridine-5’-phosphate,
cytidine-5’-phosphate and probably to thymi-
dine deoxyribonucleotide. In this case, uracil
would be a likely precursor of all ribonucleic
acid pyrimidic bases and, probably, of its
deoxyribonucleic acid, where the initial steps
preceding interconversion to nucleoside or
nucleotide stages are concerned.

According to Rey & FERNANDES®® the
enzymatic outfit of T. cruzi would include
a nucleoside phosphorylase which splits uri-
dine and deoxyuridine into uracil plus pen-
tose-1-phosphate, and a uridine phosphoky-
nase which would operate at the pyrimidine
nucleotide synthesis.

This flagellate could, thus, resort to a
“salvation” pathway for building up its pyri-
midine nucleotides, in opposition to the bac-
teria exhibiting preferential and intense
intake of orotic acid with a minimum utili-
zation of uracil as observed by WriGHT &
MiLrer V.

RESUMO

Aspectos da biossintese de pirimidinas no
Trypanosoma cruzi

Os Autores estudaram o metabolismo de
pirimidinas nas formas intra e extracelulares
do Trypanosoma cruzi.

Observaram que em cada uma das suas
formas evolutivas em meio de cultura e em




YONEDA, S.; CARVALHO, R.P. de S. & QUIROGA,M.
panosoma cruzi. Rev. Inst. Med. trop. SGo Pawlo

— Aspects of pyrimidine biosyhthesis o;‘: 'Try-
16:324-327, 1974.

cultivo de células, os parasitas apresentaram
elevada incorporagio de uridina e minima,
quase nula, utilizacdo do dcido orético, mos-
trando preferéncia pela via biosintética de
“salvago” na formacfio de seus compostos
pirimidicos.
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