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he apicoplast is a unique organelle found in obliga-

tory unicellular parasites called Apicomplexa due
to a distinguished complex in their apex (top). The phy-
lum Apicomplexa includes human pathogens, such as
Plasmodium spp. that cause malaria and Toxoplasma spp.
that cause toxoplasmosis, and prevalent veterinary par-
asites, such as Babesia and Eimeria spp.

The apicoplast was first identified in Toxoplasma
parasites as a relict nonphotosynthetic chloroplast, a
plastid, which is a term derived from the Greek plastos,
meaning molded. The biological, evolutionary, and clin-
ical consequences of that discovery were immediately
apparent, and it was given the name apicoplast, a fu-
sion of Apicomplexa and plastid. The name hints at the
organelle’s unique evolutionary past. It was formed via
secondary endosymbiosis, in which a unicellular protist
engulfed another unicellular red alga and its chloroplast.
Most Apicomplexan parasites retained that endosymbi-

ont for metabolic purposes but lost all photosynthetic
abilities. Few, like the genera of Cryptosporidium, lost the
entire organelle. Of note, certain nonparasitic organisms
related to Apicomplexa, like Chromera, still live as ma-
rine phototrophs, due to their photosynthetic plastid.

Regardless of photosynthesis, these plastids share
similar metabolic pathways, have a small circular
remnant genome, and are engulfed by no less than 4
distinct membranes (Figure). Perhaps more than any-
thing, these membranes tell the evolutionary story of
the apicoplast; much like a Russian Matryoshka doll,
one organism is nested within another.

This work was supported by the Israel Science Foundation
(ISF) under The Joint Canada-Israel Health Research Program
(grant No. 3000/22 to A.F.). A.F. is supported by The
Abisch-Frenkel Faculty Development Lectureship.

C

Parasite

Apicoplast
iRBC Pl

Figure. Visualization of the apicoplast organelle inside a malaria parasite. Microscopy image of a Plasmodium falciparum transgenic
parasite expressing a green fluorescent protein (GFP) fused to a transit peptide, which marks the apicoplast. A) Apicoplast visualized
through targeted GFP; B) bright field showing P. falciparum parasite in human RBC; C) merged image of GFP and bright field. Outer
dashed line depicts the membrane of the iRBC. Inner dashed line depicts the cell membrane of the intraerythrocytic parasite. The intricate
green structure is the apicoplast in its elongated phase during the last hours of the intraerythrocytic cell cycle. FV appears as a black sac-
like structure. Image taken using a confocal microscope; scale bar indicates 1.25 ym. FV, food vacuole; iRBC, infected red blood cell.

Sources

1. Fichera ME, Roos DS. A plastid organelle as a drug
target in apicomplexan parasites. Nature. 1997;390:407-9.
https://doi.org/10.1038 /37132

2. Janouskovec J, Hordk A, Obornik M, Lukes ], Keeling PJ.
A common red algal origin of the apicomplexan,
dinoflagellate, and heterokont plastids. Proc Natl Acad
Sci U S A. 2010;107:10949-54. https:/ /doi.org/10.1073/
pnas. 1003335107

3. Kohler S, Delwiche CF, Denny PW, Tilney LG, Webster P,
Wilson RJ, et al. A plastid of probable green algal origin

in Apicomplexan parasites. Science. 1997,275:1485-9.
https://doi.org/10.1126/science.275.5305.1485

4. McFadden GI, Reith ME, Munholland J, Lang-Unnasch N.
Plastid in human parasites. Nature. 1996;381:482.
https://doi.org/10.1038 /381482a0

5. Wilson R], Denny PW, Preiser PR, Rangachari K,
Roberts K, Roy A, et al. Complete gene map of the
plastid-like DNA of the malaria parasite Plasmodium falci-
parum. ] Mol Biol. 1996,261:155-72. https:/ /doi.org/
10.1006/jmbi.1996.0449

Author affiliations: Indian Council of Medical Research, New Delhi, India (H. Shankar); The Kuvin Center for the Study of
Infectious and Tropical Diseases and Department of Microbiology and Molecular Genetics, Faculty of Medicine, The Hebrew
University of Jerusalem, Jerusalem, Israel (H. Shankar, M. Sahar, A. Florentin)

Address for correspondence: Anat Florentin, The Kuvin Center for the Study of Infectious and Tropical Diseases, Department of
Microbiology and Molecular Genetics, Faculty of Medicine, The Hebrew University of Jerusalem, PO Box 12271, Jerusalem 91120,

Israel; email: anat.florentin@mail huji.ac.il
DOI: https://doi.org/10.3201/eid3109.241446

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 31, No. 9, September 2025

1847



