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SYNTHESIS OF PYRIMIDIC BASE BY INTRACELLULAR FORMS OF 
TOXOPLASMA GONDII IN CELL CULTURE 

Sakae YONEDA (1), Renato Piza de Souza CARVALHO (2) and Beatriz Ribas CASTELLANI (3) 

SUMMARY 

The Authors have studied the pyrimidine metabolism of intracellular forms 
of Toxoplasma gondii in cell culture. The parasites have exhibited a large incor
poration of uridine and an almost negligible uptake of orotic acid. These data 
suggest that the intracellular form of T. gondii in cell culture has its pyrimidic 
compounds built up preferentially through a "salvation" pathway. 

INTRODUCTION 

ln the last two decades, a fairly large 
number of papers have been published on 
various aspects of T oxoplasma gondii. EYLES 
& CoLEMAN 2 ; FRENKEL & HITCHINGS 5

; 

SILVA 18 ; EBRINGER et al. 1
; Hsu 8, to name 

but a few, have carried out extensive inves
tigations on the action of certain drugs on 
this parasite, a research field to which we 
now offer some experimental contribution. 

According to LYCKE & · LuND 15, in tissue 
culture, the extracellular forms of T. gondii 
apparently utilize p-aminobenzoic acid, folie 
· and folinic acids for coenzyme synthesis, in 
a biochemical pattern suggestive of the co
existence . of more than a single metabolic 
pathway, e. g. : sulphonamide interferes with 
the intracellular synthesis of folie acid and 
pyrimethamine, as well as in the folie acid 
conversion to folinic acid. As shown by 
GREENBERG & }AENICKE 6

, this acid acts par
ticularly on the synthesis of the formil donor 

· coenzyíne, which is especially important for 
the synthesis of purine nucleotides. 

ln this contribution to the biological know
ledge of T. gondii, we have tried to work out 
some further metabolic aspects of the para
site's pyrimidine synthesis. 

MATERIAL AND METHODS 

The sediment obtained by centrifugation 
at 2,500 r. p. m. for 15 minutes, of peritoneal 
washings with saline from mice previously 
infected with T. gondii (*), Rh strain, was 
submitted to two additional washings in 
Hanks-Wallace solution 7 and inoculated into 
HeLa 12 or Sirc 13 cell cultures, and incubated 
at 37°C. The nutrient medium employed 
was Eagle's minimal medium, with 2 % 
inactivated fetal calf serum. On the second 
day, the cells were heavily infected. After 
one washing in Hanks-W allace solution, fresh 
nutrient medium containing tritiated uridi
ne (-lC·*) or tritiated orotic acid c-ic•-ic•+:·) both 

(*) Rh strains, T. gondii was kindly suppli
ed by Dr. Saburo Hyakutake from Divisão de 
Biologia Médica, Instituto Adolfo Lutz, São Paulo, 
Brasil. 

(**) H 3-Uridine, specific activity 25.6 c/mM, 
kindly supplied by Prof. Antonio Sesso from Depto. 
de Histologia, Instituto de Ciências Biomédicas, 
Universidade de São Paulo, São Paulo, Brasil. 

(***) 5-H3-0rotic acid, specific activity 14.1 
c/Mml Schwarz Bioresearch Inc. Orangeburg, 
New York, kindly supplied by Dr. Maria Mitzi 
Brentani and Prof. Ricardo Renzo Brentani from 
Laboratório de Oncologia Experimental, Facul
dade de Medicina da Universidade de São Paulo, 
São Paulo, Brasil. 
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to a íinal conceu lrallon o{ 0.5 µ.e/mi, was 
adcled only Lo thc cxpcrim('ntnl tuhes. 

Radionctive labelling was aUowecl lo occur 
for Lwclvc to twenty hours of incubation at 
3711C. 'l'ho nutrient. meclium wns lhí'n dis
cardctl, thc reli monolnycrs wc1·e woshed 
with hOlancccl ~olt solution, anel Sltb&·(Jutfltly 
trcatcd witl) a O. 1 % Lrypsin soluliOI'• clurâng 
30 minutes at 37•C, for cell d i'50dt1tio11 anel 
rupturc. 

Smears of thc ' "ª~h(•d cuhure scdirnc-t1ts 
were fixed jn Boo in's sol11 1ion foi· 10 minutfi:; 
anel snbmilttd lo routir)C histoloµ'ictd p ro(·t~~.::~ 
ing, be íore raclioautography ahel" l'lESSIER 
& Lun.oNn 10 anel KoP1UVA & LEDLOND 10 

with K• nuclear emulsion (]l(orcl, England) . 
Exposur~ time varyiecl from 45 lo 78 dnys; 

the preparnl ion5 wcrc Hna lly eountcrstaincd 
with Gicmsa. For each C:xpcrjmcntt1l group 
and contl'ol cultures as we11, a minimnm of 
teu sljd<:s were p repared. 

RESULTS 

Tht1 raclioautographic p reparations corres
pondcnl to lhe Hª-orotic ncid t reated group, 
sJ1ow scai:ce ond irregular (l istr ibution of 
silver granules (Fig. 1), while lhe other 
e.xperimcntal group, fl s.o;:aying the int.'Orpo
ration oi H' -uridinc by '/'. gor1dii, exhibits 
a remarkable and regular disLribution pallern 
of the silver granules íFj~. 2}. 

Control cultures are consislcntly negative 
(Fig. 3) . 

2 

F'lg. 1 - C0JJ C\IH U\'C f()l'lll$ of TO:cOJ)lM111a g()u{!H. H~•orottc acld uptake; St'areo Qll(\ 

irrc)(ul~o- <llst i-lbullon ot siJvcr g ranules. G1emsa stn1n, l,.160 X . 
Fig. 2 - ceu C\1H.irc rorms or '.l'o:coplaS?»tt. 11omlfi. Hª•urtcUno uptnke; heavy lncorpO-

nltiOü dcnotec:I by abunda nt. silver granules on U\C p ar-3.5lte,s. Glemsa 
sW.in, 1.160 X . 

Fi«. 3 - CcH éult.ure rorms o r 'J'oxovla~nnci gondii. Contl"(ll g rou1); no slh•er gran u les 
pttscnt. G le:,n.113 sLaln, l ,160 X. 

D I SC U SSION 

Our rcsuhs poinl lo a Cio~ ~milarity 
bctwcen thc T . gonclii metabolic pathway for 
pyrirnidinc:: synthcsis~ and thosc of 1'ryp<1-
uosom(I. cru.zi in its every b iological stuge. 
as rcpotted by Knm HA & FERNANDES~, and 
by YoNEDA 2 1• Thc incorpora1 ion of urfrline 
procct:cls nl a spccdy rate. whc::rcos tbc uJ)take 
oí: orotic acid is 1·alhcr meaning lcss. 

According to \VR!GHT el ai. ui ar1d L1Ku1•:tt-
1'JAN et ai. i.i, orolic acid is a ptccursor o f 
pyrimidic base nuclcotidcs; accordiug to 
KonNnr.rtc u ~ it is au inlcrmcdinry procluc·t 
ln the "ele novo" biosynlhc:ús, ,-.·hiJe uradl 

is an inten nediary h, the "salvnlion" path
way. 

Thus, it can be inferrccl that the intra
cellular ( merozoile) stage of T. go11dii, 
exblhiting beavy uridine uptake and low 
incorporation of orotic: acid. develops the 
synthc$is of its pyr imiclic ha-re nucleotides 
maio ly througl, a "~nlvationº' pathway. 

The ,lata so lar obtained bv us do nol 
a llow any further conclusions · with rcgard 
to the particular pyrimidine meta.bolic pat
tcrns [ollowed by r..a.ch evolutionary stage of 
T. gmulii as already estahlished for T. cruzi 
(KUHJltA & tF.IINAND[S 9 ; YoNEDA ") . Jn lhe 
laucr organl~m, it is known i-ha.t, concerning 
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purines, the preferential biosynthetic pathway 
varies with éach morphological stage (FER
NANDES & CASTELLANI 4 ; REY & FERNAN
DES 17

; and Y 0NEDA 20
). ln tissue culture, 

the amastigote forms (leishmania) exhibit 
the "de novo" biosynthesis of purine as pre
ferential pathway, in opposition to the epi
mastigote ( crithidiae) and trypomastigote 
( trypanosome) stages, which develop a "sal
vation" pattern for the synthesis of its purines 
(YONEDA 20

). On the other hand, FERNANDES 
& CASTELLANI 4 have demonstrated that the 
"salvation" pattern prevails for the different 
evolutive stages grown in artificial media. 

It stands out as most unusual, the observ
ation that both organisms, T. cruzi and T. 
gondii, displaying intense multiplying acti
vity while thriving intracellularly, should 
resort almost exclusively to a "salvation" 
pathway for the synthesis of its pyrimidic 
base nucleotides, in opposition to the patterns 
followed in the make-up of its purinic base 
nucleotides. 

Recalling on basis of LYCKE & LUND's 15 

experimental results on the different response 
of the intra- and extracellular forms of T. 
gondii to experimental drug therapy, we 
might extrapolate to this sporozoan · a bio
chemical behaviour similar to the T. cruzi. 

RESUMO 

Síntese da base pirimidínica por formas 
intracelulares do Toxoplasma gondii em 

cultura de células 

Os Autores estudaram o metabolismo p1n
mídico das formas intracelulares do Toxo
plasma gondii em cultivo de células. 

Os parasitas mostraram grande incorpora
ção de uridina e quase nula de ácido orótico. 
Estes dados sugerem que as formas intra
celulares ( merozóito) do T. gondii em cul
tivo de células têm a via de biosíntese de 
seus compostos pirimídicos preferentemente 
por via de "salvação". 

ACKNOWLEDGEMENT 

The Authors are grateful to: Dr. Mario 
•;Camargo, Mrs. Vanda Akico Ueda Fick de 
Souza, from the Instituto de Medicina Tro-

. 330 

pical de São Paulo, Universidade de São 
Paulo; Dr. Saburo Hyakutake, Mr. Massami 
Kawarabayashi, Mr. Pedro Zanotto, from the 
Divisão de Biologia Médica, Instituto Adolfo 
Lutz, São Paulo; Prof. Ricardo Renzo Bren
tani and Mrs. Maria Mitzi Brentani, from 
the Laboratório de Oncologia Experimental, 
Faculdade de Medicina da Universidade de 
São Paulo; Dr. Elfried Kirchner from the 
Departamento de Microbiologia, Instituto 
Ciências Biomédicas, Universidade de São 
Paulo; Mrs. Lucia de Castro Moreira Ma
chado, Seção de Fotografia da Faculdade de 
Medicina da Universidade de São Paulo; 
Prof. José Carneiro da Silva Filho, Prof. 
Antonio Sesso, Dr. Nelson Villa, from the 
Departamento de Histologia, Instituto Ciên
cias Biomédicas, Universidade de São Paulo, 
for their invaluable assistance. 

REFERENCES 

1. EBRINGER, L.; BALAN, J.; CATÃR, G.; 
HORAKOVÃ, K. & EBRINGEROVA, J. -
Effect of Trypacidin on Toxoplasma gondii 
in Tissue Culture and in Mice. Exp. Para
sitol. 16:182-189, 1965. 

2. EYLES, D. E. & COLEMAN, N. - Synergetic 
effect of sulfodiazine and Daraprim against 
experimental toxoplasmosis in the mouse. 
Antibiotic. Ohemother. 3:483-489, 1953. 

3. EYLES, D. E. & COLEMAN, N. - The anti
toxoplasmic Activity of Puromycin. Anti
biotic. Ohemother. 4:649-652, 1954. 

4. FERNANDES, J.F. & CASTELLANI, O. 
Nucleotide and Polynucleotide Synthesis in 
Trypanosoma cruzi. I - Precursors of 
Purine Compounds. Exp. Parasitol. 7: 224-235, 
1958. 

5. FRENKEL, J.K. & HITCHINGS, G.H. -
Relative reversar by Vitamin (p-aminoben
zoic, folie and folinic acids) of the effects 
of Sulfadiazine and Pyrimethamine on Toxo
plasma, mouse and man. Antibiotic. Ohemo
ther. 7:630-638, 1957. 

6. GREENBERG, G.R. & JAENICKE, L. 
On the activation of one carbon unit for 
the biosynthesis of purine nucleotid-es. Ciba 
Found. Symp. pg, 204-232, 1957 in SILVA, 
L. H. P. "In vitro" effect of the amino
nucleoside of Stylomycin and dimethyl-ade
nine against Toxoplasma gondii. Rev. Inst. 
Med. tróp. São Paulo 2:161, 1960 . 



YONEDA, S.; CARVALHO, R.P. de S. & CASTELLANI, B.R. - Synthesis of pyrimidic bas.e by 
intracellular forms of Toxoplasma gondii in cell culture. Rev. Inst. Med. trop. São Paulo 16: 
328-331, 1974. 

7. HANKS, J.H. & WALLACE, R.E. - Re
lation of oxygen and temperature in tlie 
pr•eservation of tissues by refrigeration. 
Proc. Soe. Exp. Biol. Med. 71:196-200, 1949. 

8. HSU, K. Y. - Studies on the Tissue Cul ture 
of Toxoplasma gondii with HeLa cells. Tro
pical Medicine 13:73-85, 1971. 

9. KIMURA, E. & FERNANDES, J.F. 
Personnal communication, 1973. 

10. KOPRIVA, B.M. & LEBLOND, C.P. 
Improvements in the coating technique of 
Radioautography, J. Histochem. Cytochem. 
10:269-284, 1962. 

11. KORNBERG, A. - Patlrways of enzymatic 
synthesis of Nucleotides and Polynucleotides. 
ln McELROY and GLASS. The Chemical 
Basis of Heredity pg. 579-608. John Hopkins 
Press, 1957. 

12. KUBICEK, M. T. - Tissue culture studies 
of Proliferative capacity of cervical carci
noma and normal Epithelium. Cancer Res. 
12:264-265, 1952. 

13. LERH~Y, J. - Effect of Rubella virus in 
a Rabbit-cornea cell line. Science 149:633-
634, 1965. 

14. LIEBERMAN, I.; KORNBERG, A. & SIMMS, 
E.S. - Enzymatic synthesis of pyrimidine 
nucleotides. Orotidine-5'-phosphate and uri
dine-5'-phosphate. J. Biol. Chem. 215: 403-
415, 1955. 

15. LYCKE; E. & LUND, E. - Studies on the 
Reproduction of Toxoplasma gondii in a 
cell culture system. Acta Path. Microbial. 
Scandinav. 67: 276-290, 1966. 

16. MESSIER, B. & LEBLOND, C. P. - Pre
paration of coated radioautograph by Dip
ping sections in Fluid Emulsion. Proc. Soe. 
Biol. Med. 96:7-10, 1957. 

17. REY, L. & FERNANDES, J.F. - Nucleotide 
and Polynucleotide synthesis in Trypanosoma 
cruzi. VII - Precursors of the Pyrimidine 
Nucleotide. Exp. Parasitol. 12:55-60, 1962. 

18. SILVA, L.H.P. da - "ln vitro" effect of 
the aminonucleoside of Stylomycin and di
methyl-adenine against Toxoplasma gondii. 
Rev. Inst. Med. trop. São Paulo 2:155-162, 
1960. 

19. WRIGHT, L.D.; MILLER, C.S.; ~KEGGS, 
H.R.; HUFF, J.W.; WEEDS, L.L. & SIL
SON, D. 'W. Biological precursors of the 
pyrimidines. J. Amer. Chem; Soe. 73:1898-
1899, 1951. 

20. YONEDA, S. - Some aspects of the purine 
metabolism of Trypanosoma cruzi in tissue 
culture. Rev. Brasil. Pesquisas Méd. Biol. 
4:205-218, 1971. 

21. YONEDA, S.; CARVALHO, R.P. de S. & 
QUIROGA, M. - Aspects of pyrimidine bio
synthesis of Trypanosoma cruzi. Rev. Inst. 
Med. trop. São Paulo 16:324-327, 1974. 

Recebido para publicação em 21/3/1974. 

331 




