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Effect of Antimalarial Drugs on Plasmodia Cell-Free Protein
Synthesis
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A cell-free system frofAlasmodium falciparurable to translate endogenous mRNA was used to determine the
effect of artemisinin, chloroquine and primaquine on the protein synthesis mechanism of the parasite. The antima-
larial drugs did not inhibit the incorporation ofiff] methionine into parasite proteins even at concentrations
higher than the ones found to strongly inhibit the parasite growth. Results clearly indicate that these compounds do
not have a direct effect on protein synthesis activityPdfalciparuncoded by endogenous mRNA
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Several drugs are widely used alone or in combinatiddadmanaban 1991) concomitantly with the phosphoryla-
for the treatment dfalciparummalaria (Fivelman et al. tion of the parasite initiation factor 2 (elF-2).
1999, Brockman et al. 2000, Nosten et al. 2000). The site of Recently, we developedrafalciparumcell-free sys-
action of the majority of them is still not understood altem that contains polyribosomes, tRNA, aminoacyl-tRNA
though this is a crucial information for the study of thesynthetases and factors that allow the system to com-
mechanism of resistance Bfasmodium falciparunto  plete the steps of elongation and termination of the pro-
these compounds (Warhurst 1999). tein synthesis mechanism (Ferreras et al. 2000). Using this
There are several targets for antimalarials: the digesystem we could determine that the translation of endog-
tive vacuole, enzymes involved in membrane processesous mRNA is not the target for artemisinin, primaquine
and signalling and those responsible for macromoleculand chloroquine which were highly effective inhibiting
and metabolite synthesis. Some of the processes takingtures ofP. falciparum
place in the diggstive vacuolle are: haemoglobin diges- MATERIALS AND METHODS
tion, redox reactions, free radical synthesis, and haemre- ) _ _
lease followed by its polymerization into haemozoin. It Maintenance of the malarial parasité. falciparum
has been reported that chloroquine (Fitch 1998, Bray et BCB1 strain, a local isolate from Colombia, was cultured in
1998) and artemisinin act by interfering with the hem#itro according to the candle jar method (Trager & Jensen
metabolism of the parasite (Pandey et al. 1999, PadmanaBfr). _ _ _
& Rangarajan 2000). The digestive vacuole may also be Isolation of malaria parasites from infected bloed
involved in the mechanism of chloroquine resistancBarasites were synchronized using 5% D-sorbitol (Free-
(Saliba et al. 1998). Other roles have been suggested fdan & Holder 1983) and the cultures were pooled at late
artemisinin: alteration of membrane protein export frorifophozoite stage with 6-10% parasitaemia. The erythro-
the vacuolar-network d?. falciparum(Akompong et al. Cytes were isolated and the parasites released from them
1999), alkylation of one or more essential malaria proteir®s described by Ferreras et al. (2000).
(Meshnick 1998) and inhibition of the protein synthetic Preparation of the parasite cell-free systerihis
machinery of the parasite (Gu et al. 1983, Ellis et al. 1983yas performed as described by Ferreras et al. (2000).
This last effect has also been reported for other Preparation of drug solutionsArtemisinin stock so-
antimalarials. Chloroquine, quinine, artemisinin, and sdution (8 mM) was prepared in a mixture of water and N,N-
dium artelinate had an inhibitory effect on th#{] dimethyl formamide (Gu etal. 1983). Chloroquine and pri-
hypoxantine and3H] isoleucine uptake of culturéd  maquine were dissolved in water. Then the solutions were
falciparum (ter Kuile et al. 1993). The effect of chloro-aliquoted and stored frozen (-20°C) for no longer than
quine may be mediated through the inhibition of the heméne month. To establish the effect of all the drugs on

dependent protein synthesisRnfalciparum(Surolia & parasite growth in vitro, dilutions of these compounds
(0.02-200 pM) were made in complete culture medium.

Assay of drug action on cultures of P. falciparum -
Micro in vitro tests were performed to assess the suscep-

_ _ _ tibility of P. falciparumto artemisinin, chloroquine and
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quine, or primaquine. For each drug and the control six RESULTS
replicates were made. The micro-culture plates were gen- 11,4 susceptibility of cultures & falciparumto chlo-

tly agitated, placed in an airtight candle jar and incubatnguine, primaquine and artemisinin was studied by sub-
for 24 h at 37°C. After incubation, the contents of thrégting them to different concentrations of the drugs (0.02
replicates of each experimental tube and the control wersy, LM) throughout the 48-h erythrocytic life cycle. Fig.
harvested by removal of the supernatant and the red blopdy, ,\ysthat exposure for 24 h of infected erythrocytes to
cells deposited on the flat bottom of the wells were trangp o roquine or primaquine at 10 pM and artemisinin to a
ferred to a microscope slide to form thick films, whichyoncentration of 1 uM caused an inhibition of parasite
were stained for 30 min in Giemsa stain. The number giq\\th of 959, 15% and 90% respectively. The inhibition
parasites was counted twice. Following the 24 h incub@y e ¢4 primaquine increased to 90% following the incuba-
tion, the growth medium was changed with (experimentgh, up to 48 h: while artemisinin and chloroquine pro-
group) or without drug (control group) to the three othej,,ced a 100% érowth inhibition.

group of replicates and incubation continued for 24 hmore. T effects of these compounds were examined in a

Protein synthesisCell-free protein synthesis was car--q_free system fror®. falciparumthat we developed very
ried out in a standard reaction mixture (Ferreras et al. Zo?giently (Ferreras et al. 2000). This system is able to trans-
containing the following components in a volume of 50 U5te endogenous mRNA giving about 25-fold stimulation
20 mM Hepes/KOH pH 7.4; 100 mM KOAC; 5 MM o e the activity at time zero which indicates that the para-
Mg(OAc),; 2 mM DTT; 10% glycerol; 0.5 mM ATP; 0.1 gjte cell-free system contains polyribosomes, tRNA,
mM GTP; 20 mM creatine phosphate; 10 ug of creatingninoacytRNA synthetases and factors that allow the
phosphokinase; 40 UM (%ach) of 19 aminoacids (éxcegfsiem to complete the steps of elongation and termina-
methionine) and 1.7 uM L3jmethionine (77x 18cpm/ o0 of the protein synthesis mechanism.

pmol), 140 pg of protein of S-30 fraction and variable 114 drugs did not inhibit the incorporation GH]

amounts of artemisinin, chloroquine or primaquine as i.ndhﬁethionine into parasite proteins even at concentrations
cated in the legend to the Fig. 2. Reactions were initialgghher than those found to strongly inhibit the parasite
with the addition of the S-30 fraction and incubated at 37°G;o\wth (Fig. 2A). Also, the autoradiograph of the pro-

for 60 min. At the end of the incubation period the fractiong,ing synthesized by the parasite cell-free system clearly

insoluble in hot (90°C) 10% trichloroacetic acid were prespows polypeptides ranging from 66 kDa to 24 kDa (Fig.

parer(]j; the precipitates were _collectgdlltl)n_glass-fiberfiIterﬁB, lane 1). A similar result was observed even in the
washed, dried and counted in a scintillation counter. presence of 10 uM chloroquine in the system (Fig. 2B,

Polyacrylamide gel electrophoresisThe proteins |ane 2) Comparable data were obtained with primaquine
were analyzed by 12.5% SDS/PAGE according to Laemn;jhd artemisinin (data not shown).

(1970). Some incubations for protein synthesis were per-
formed using$®S] methionine (117,5 Ci/mmol). Radioac- DISCUSSION

tively labeled proteins were electrophoresed and visual- The main objective of this work was to ascertain if
ized by autoradiography. o . artemisinin, chloroquine and primaquine could cause an

Protein concentration determinationProtein con- inhibitory effect on the endogenous mRNA translation of
centration was determined as described by Lowry et @he P. falciparumsince it has been reported that some
(1951). antimalarial drugs inhibit parasite protein synthesis (Gu

et al. 1983, Surolia & Padmanaban 1991, ter Kuile et al.
1993). Our strategy was firstly to find the concentrations
of the drugs that inhibit parasite growth drastically. Sec-
Chloroaui Primaqui - ondly, it was determined if these lethal drug concentra-
roquine rimaquine Artemisinin L .. . .
10 uM 10 uM 1M tions could act similarly on the elongatiorRofalciparum
» ' protein synthesis.

We found that chloroquine and primaquine at 10 uM
and artemisininat 1 pM (Fig. 1) caused a sharp decline in
parasitemia, a drastic inhibition of parasite growth within
a single intraerythrocytic asexual cycle (approximately 48
h). However, the drugs were not effective against the
mechanism of endogenous protein synthesis in the plas-
. modia cell-free system irrespective of the high concentra-
24 48 tions used. Indeed, they did not change the pattern of the

Time (h) proteins synthesized (Fig. 2). These results clearly reveal
Fig. 1: antimalarial activity of chloroquine, primaquine andthatchloroquine, primaquine and artemisinin do not have
artemisinin on the in vitro growth o®lasmodium falciparum. a direct effect on the elongation step of the protein syn-
The sensitivity of the parasite to chloroquine, primaquine anthesis activity ofP. falciparum

artemisinin was examined in vitro in 24 well plates according to ; -
Methods. Cultures were incubated in the absence (grey bars) or the Other reports SUQQGSted that the druQS exert their ef

presence (white bars) of a drug at 37°C for 24 or 48 h and t QCt_S by targetting the prOtein SYntheSiS mechanisi of
degree of parasitaemias was determined at the end of the incubafiaiciparum(Gu et al. 1983, Surolia & Padmanaban 1991,
period. Each datum represents the mean of three replicates. ter Kuile et al. 1993). These findings do not contradict our

Parasitaemia (%)

o\ :
24 48
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Fig. 2: effect of chloroquine, primaquine and artemisinin on the endogenous mRNA translaBtasmbdium falciparumincubations

were carried out for protein synthesis as described under Experimental Procedures. A: 140 pg of S-30 fraction were inbutgdgwi
amounts of the drugs as indicated. Protein synthesis was quantitatéd]imethionine incorporation into hot TCA-insoluble material on

each sample. Disks without sample were subjected to the same TCA treatment and were taken as blanks. Each datum peitheepresent
mean incorporation observed in three different experiments; B: the in vitro incorporatié?Sphé¢thionine into parasite proteins was
carried out by incubating the labeled amino acid with the parasite lysate in the absence (lane 1) or the presence (lHhaquld) of
chloroquine. Products were analyzed on SDS/PAGE followed by autoradiography as described in Materials and Methods. Maekecular ma
markers are indicated on the left.

results since we tested the effect of drugs on the enddgpireras A, Triana L, Correia H, Sanchez E, Herrera F 2000.
enous MRNA translation that mainly represents the elon- An in vitro system fronPlasmodium falciparunactive in
gation step of the protein synthesis mechanism. It still €ndogenous mRNA translatioMem Inst Oswaldo Cruz
remains to be elucitated whether the drugs could inhibit 95: 231-235. . . . .
the initiation event of the process. Another possibility i§"€" CD 1998. Involvement of heme in the antimalarial action
that the earliest action of the drugs may cause other of chloroquineTrans Am Clin Climatol Assoc 1097-105.

. . . velman QL, Walden JC, Smith PJ, Folb PI, Barnes K| 1999.
fects ultimately leading to a decrease in general polypep- the effect of artesunate combined with standard

tide synthesis of the parasite. Thus, this cell-free system antimalarials against chloroguine-sensitive and chloroquine-
can be used as a tool to evaluate the effect of antimalarial resistant strains d?lasmodium falciparurin vitro. Trans
agents in the endogenous mRNA translationPof R Soc Trop Med Hyg 9329-432.
falciparum Freeman RR, Holder AA 1983. Surface antigens of malaria
merozoites. A high molecular weight precursor is pro-
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