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Using bioinformatics and biochemi-
cal methods in the recent past we
have reported the isolation and charac-
terization of the main components of
translation initiation complex elF4F
from malaria parasite Plasmodium fal-
ciparum. We reported that eukaryotic
initiation factor 4A (eIF4A), eukaryotic
initiation factor 4E (eIF4E), eukaryotic
initiation factor 4G (eIF4G) and poly
(A) binding protein (PABP) are structur-
ally and functionally conserved in this
parasite. In the present study we report
further characterization of PfelF4A and
PfelF4E. We report that PfelF4A and
PfeIlF4E are co-localized and predomi-
nantly localized in the cytoplasm. The
parasite cultures treated with co-addi-
tion of PfelF4A and PfelF4E double
stranded RNA showed ~67% growth
inhibition suggesting that inhibition of
two components of the same pathway is
more effective for inhibiting the prolifer-
ation of the malaria parasite Plasmodium
falciparum. These observations suggest
that PfelF4A and PfelF4E are critical for
parasite growth and survival.

Malaria is one of the most widespread dan-
gerous human parasitic diseases. It affects
approximately 300-500 million people
each year worldwide and about 2 million
of infected individuals die every year. The
four main species responsible for malaria
in human are Plasmodium falciparum,
Plasmodium ovale, Plasmodium malariae
and Plasmodium vivax."* Of these four
species of Plasmodium responsible for
malaria, Plasmodium falciparum causes
the most lethal form in humans resulting
in morbidity and mortality.? Plasmodium
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Jalciparum has become drug resistant
to most of the antimalarial drugs in use
and an effective vaccine is not yet avail-
able therefore the eradication of malaria
has failed.** For proper control of cellular
growth and development, the regulation
of gene expression at the level of transla-
tion initiation is important. The eukary-
otic translation initiation complex elF4F
is mainly composed of the cap-binding
protein eukaryotic initiation factor 4E
(eIF4E), the helicase eukaryotic initiation
factor 4A (eIF4A) and the multidomain
scaffold protein eukaryotic initiation fac-
tor 4G (elF4G). In order to understand
the basic biology and mainly the process
of translation initiation in Plasmodium fal-
ciparum we have bioinformatically char-
acterized the main components of eIF4F
such as eIF4E, eIF4A (PfH45), el F4G and
poly (A) binding protein (PABP) from this
parasite.® We have also cloned and func-
tionally characterized an elF4A homo-
logue designated as PfH45 and elF4E,
elFAG and PABP from Plasmodium fal-
ciparum.”® Similar to other systems our
results have shown that PfelF4G is the
scaffold for the cap-binding complex and
it binds to PfeIF4E, PfelF4A (PfH45) and
PfPABP.S In the present study we report
further characterization of PfelF4E and
PfelF4A (PfH45) and show that these
factors colocalize in the cytosol in the
intraerythrocytic developmental stages of
Plasmodium falciparum. We have inves-
tigated the consequences of a decrease in
PfelF4E transcript alone and in combina-
tion with PfelF4A (PfH45) and the results
show that double-stranded RNA (dsRNA)
of PfelF4E and PfelF4A (PfH45) specifi-
cally blocks the growth of the parasite in
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Figure 1. (A-D) Immunofluorescence assay of PfelF4E (B) and PfelF4A (C) respectively in fixed
parasite cultures showing co-localization (D). (E) Effect of dsRNA on in vitro growth of the parasite.
The relative growth of unsynchronized cultures at various time-points after treatment with
dsRNA was measured and plotted. The results are represented as percent inhibition of the growth
compared to control cultures. The bars indicate standard deviation. The curves are as follows: (a)
cultures treated with PfelF4A and PfelF4E dsRNA; (b) cultures treated with PfelF4A dsRNA;

(c) cultures treated with PfelF4E dsRNA; and (d) cultures treated with control GFP dsRNA.

culture. Using RNA interference assay we
show that PfelF4A and PfelF4A (PfH45)
are essentially required for the growth and
survival of the parasite.

The in vivo detection of PfelF4E and
PfelF4A (PfH45) was done by immuno-
fluorescence assay. For this assay smears
of parasitized red blood cells of asynchro-
nous cultures were prepared and fixed by
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paraformaldehyde and glutaraldehyde
method as described previously.”? The
slides were washed with PBS and incu-
bated with purified IgG of anti-PfelF4E
(raised in mice) and anti-PfelF4A
(PfH45) (raised in rabbit) at appropriate
dilutions in PBS containing BSA for over-
night at 4°C. The slides were washed four
times with PBS for 15 min each and then
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incubated for 1 h at 4°C with secondary
antibodies Cy3-conjugated anti-mouse
IgG (Sigma) and fluorescein isothiocya-
nate (FITC)-conjugated anti-rabbit IgG
(Sigma) diluted in PBS containing BSA.
After washing the slides were incubated
in 4',6'-di-amidino-2-phenylindole dihy-
drochloride (DAPI) (2 pg/ml in PBS) for
nuclear staining. The slides were washed
thrice with PBST (PBS, 0.5% Tween 20)
for 10 min each and twice with PBS for
10 min each and mounted with anti-fade
reagent (Fluroguard, BioRad, USA) and
viewed under oil immersion. The images
were collected using a Bio-Rad 2100 laser-
scanning microscope attached to a Nikon
TE 2000U microscope and the figures
were prepared using Adobe Photoshop.

In ‘PlasmoDB’ (www.plasmodb.org)
the transcriptome along with the pro-
teome data indicate that PfelF4E and
PfelF4A (PfH45) are expressed in all the
intraerythrocytic developmental stages of
Plasmodium falciparum. The purified anti-
bodies to PfelF4E and PfelF4A were used
to study their localization in Plasmodium
Jalciparum by
cal methods. The fluorescence staining
indicated that endogenous PfelF4E and
PfelF4A (PfH45) co-localize and are dis-
tributed mainly in the cytoplasm in the

immunohistochemi-

parasite (Fig. 1B-D respectively). The
nuclei were identified by DAPI staining
(Fig. 1A) and the overlay of all the images
is shown in Figure 1D. It has been reported
that in higher eukaryotes, eIF4E is distrib-
uted primarily in the cytoplasm however
a fraction is present in the nucleus also.!
The cap-binding and scanning of
mRNA by the initiation complex are the
two major points of regulation of trans-
lation. It is well established that RNA
interference (RNAI) causes degradation
of targeted endogenous RNA in many
diverse organisms and several genes were
“knocked down” effectively by RNAI in
malaria parasite.'”'* We have previously
shown that PfelF4A (PfH45) dsRNA
inhibits the growth of the parasite up to
~50% in culture, which is due to specific
downregulation in the synthesis of PfH45
protein.” The localization data described
in the previous section show that PfelF4E
and PfelF4A (PfH45) co-localize in the
cytoplasm. Therefore in order to study the
effect of inhibition of the two components

Volume 3 Issue 6



of the same pathway, the double-stranded
RNA (dsRNAs) corresponding to Pfel F4AE
and PfelF4A (PfH45), either separately or
in combination were used in unsynchro-
nized culcures. RNAs were synthesized in
vitro using RiboMAX Large Scale RNA
Production Systems SP6 and T7 (Promega)
using linearized templates of pGEM-T-
GFP (green fluorescent protein), pGEM-
T-PfelF4E and pGEM-T-PfelF4A. After
the removal of template DNAs, RNAs
were annealed to form (dsRNA).” In these
cultures 10 pg/ml of dsRNA of PfelF4E
or an unrelated gene GFP as control was
added and the parasitemia was determined
by manual counting. Each experiment was
repeated at least three times with triplicate
samples. It was interesting to note that
the parasite growth was inhibited and it
declined to ~45% at 12 h after addition of
specific dsRNA corresponding to PfelF4A
or PfelF4E to the cultures (Fig. 1E, curve
b and c respectively) but the addition of
the control dsRNA had negligible effect
on the parasite growth (Fig. 1E curve d).
It was further noted that the change in the
decline in the growth with longer incuba-
tion time was not very significant (-50%
as opposed to ~45%; Fig. 1E, curve b and
c respectively). These data show clearly
that dsRNA affects the parasite growth.
For studying the effect of co-addition on
parasite growth, the dsRNAs correspond-
ing to PfelF4E and PfelF4A (PfH45) were
added to the same cultures and the effect
was determined as described above. It was
interesting to note that although the inhi-
bition was not additive but the co-addi-
tion of the two RNAs did result in further
inhibition of the parasite growth (-67% as
opposed to ~45%, Fig. 1E curve a). This
decline in growth is most likely due to the
downregulation in the synthesis of endog-
enous PfelF4E and PfelF4A proteins.

In Caenorhabditis elegans it has been
reported that IFE-3, the isoform most
closely related to mammalian eIF4E-1,
is essential for viability.”> We have previ-
ously reported that PfH45 is essential for
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parasite growth and survival.” In the pres-
ent study we have shown that PfelF4E is
required for parasite survival and both
PfeIF4E and PfelF4A dsRNAs further
inhibit the growth of Plasmodium falci-
parum significantly. This inhibition in
growth might be due to RNA interfer-
ence pathway or an antisense effect.!"!
The antisense transcripts are reported to
be present in intraerythrocytic cycle of the
parasite and these might be acting as regu-
latory elements in gene transcription. The
mechanism by which gene expression is
modified by dsRNA in Plasmodium is still
not clearly defined and the homologues of
the genes of the components of the classic
RNA interference pathway have not been
identified in Plasmodium genome there-
fore this effect might be due to antisense
RNA.!" The results reported in this
manuscript are first to demonstrate that
the dsRNA mediated inhibition of the
activity of two components of the same
pathway is more effective as compared
to the inhibition rendered by individual
components.
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