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Editorial

Some organelle adaptations that support survival
in the malaria parasite, Plasmodium, inside the life cycle
in vertebrates and mosquitoes include the endoplasmic
reticulum, mitochondrion, and apicoplast. This highly
unfolded endoplasmic reticulum supports high protein
synthesis for rapid parasite growth and replication. The
mitochondrion plays a crucial role in this parasite, driving
energy production and regulating metabolism. The apicoplast
is a relict plastid from secondary symbiosis from a red algal-
derived source, essential for lipid synthesis, isoprenoid
production, and fatty acid elongation. Providing metabolites
that are essential and not available from the host. Studies on
these organelles may lead to new therapies against diseases
like malaria and help resolve global health problems.

These apicomplexan parasites, especially Plasmodium,
undergo dynamic transformations of organelles such as the
apicoplast and mitochondria at their critical cycle stage.
These organelles have developed some unique adaptations
necessary for their parasitic way of life. The apicoplast,
secondarily acquired from an ancestral chloroplast, is
associated with various metabolic processes such as fatty
acid synthesis, production of isoprenoid precursors, and
biosynthesis of heme. It is essential for protein targeting
and trafficking, and disruption of the pathways proves fatal
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for the parasite. The apicoplast function makes it a premier
drug target, and the metabolic pathway inhibitors show the
prospect of disrupting the parasite growth (Figure 1) [1,2].

Figure 1: The Plasmodium merozoite. 1-Nucleus.
2- Endoplasmic reticulum. 3- Golgi apparatus. 4-
Mitochondria. 5- Apicoplast. 6- Denses granules. 7-

Rhoptry. 8- Microneme.

The mitochondrion of apicomplexan parasites has
developed some drastic modifications compared to other
eukaryotes to accommodate their parasitic style of life.
Its respiratory chain is essential for energy production,
metabolite synthesis, and redox balance. Unlike typical
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mitochondria, apicomplexan mitochondria have expanded
respiratory complexes and unique electron transport
components that have evolved to meet the parasite’s
metabolic needs. The mitochondrial respiratory chain is a
drug target. Antimalarial drugs such as atovaquone disrupt

ATP synthesis by inhibiting the cytochrome bcl complex, an
action that finally results in parasite death. These adaptations
have helped develop selective therapies that minimize harm
to the host (Figure 2) [3].

Figure 2: Mitchondrial electron transport chain. This image is licensed under creative commons attribution.

The schizont stage underlines the evolutionary
adaptability of apicoplast and mitochondrion organelles in
an apicomplexan parasite. Such adaptations enable insight
into how ancient organelles can be adapted for new functions,
affording a better understanding of organelle biogenesis,
protein trafficking, and the regulation of metabolism in
eukaryotes. The research in this phase will further our
knowledge of the interplay between organelle function and
parasite biology on apicoplast protein import mechanisms,
discovery of new metabolic pathways, and mitochondrial
biogenesis. Such knowledge is bound to assist in developing
therapies targeted at parasitic diseases [4].

In Plasmodium, the apicoplast is a non-photosynthetic
organelle enveloped by four membranes. It is essential for
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metabolic processes such as lipid biosynthesis and the
Type II Fatty Acid Synthase (FAS) pathway. These functions
are features of parasite growth and invasion into the host.
Because the apicoplast is a prokaryotic-like organelle
containing unique metabolic pathways not present in
humans, it is an attractive target for anti-malarial drugs.
Yet, the parasite survives an initial drug exposure since
only completely disabled apicoplast functions result in a
parasite-affecting consequence in later replication cycles.
Recent studies have investigated the apicoplast synthesis of
isoprenoid precursors, essential to major cellular processes
such as glycophosphatidylinositol (GPI) anchor biosynthesis.
Apicoplast disruption blocks merozoite maturation and its
release from erythrocytes. Since then, the interruption has
made the asexual phase of the parasite come to an end. These
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analyses brought forward the importance of an apicoplast
as part of the therapeutic relevance given. Much work is
underway to identify quicker-acting drugs; the apicoplast

inhibitors hold great promise for new advances in malaria
control (Figure 3) [5,6].
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Figure 3: Fatty acid biosynthesis. This image is licensed under creative commons attribution.

The apicoplast is a unique plastid found in apicomplexan
parasites like Plasmodium species. It is essential for parasite
survivalbecauseithosts metabolic pathways. This secondarily
endosymbiotic organelle has a complex, multilayered
membrane system that requires transit peptides to import
proteins critical to its function. Because it affects protein
transport into apicoplast function, disruption of the former
type abrogates biosynthetic function, making apicoplast a
prime target of anti-malarial therapies. Indeed, drugs that
implicate inhibition of isoprenoid precursor biosynthesis,
such as fosmidomycin, show great promise. The delayed-
death phenotype that some parasites die in subsequent
generations following apicoplast disruption underscores the
organelle’s critical role and vulnerability. Continued research
into apicoplast biology provides a basis for the innovative
pathways for effective and selective treatments against
malaria and other diseases caused by apicomplexans [7,8].

Organellar adaptations of the apicoplast and
mitochondrion in Plasmodium underpin the parasite’s
survival and related pathogenicity. These features add
immense knowledge of the biology behind the parasite,
with privileged opportunities for drug development
targeted at them. Additional complexity faces the field of
drug design, such as the phenotypic effect of delay of death
on drugs interfering with the apicoplast and optimization
of mitochondrial inhibitors with higher potency that may
develop into more efficacious modalities of treatments
against malaria infection [9-39].
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