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SUMMARY

Plastids (chloroplasts) have been evolved by multiple endosymbiotic events between a non-
photosynthetic protist and a photosynthetic organism. Plants and a part of algae (green and red algae)
acquired plastids from a cyanobacterium through a primary endosymbiosis, and many other algal groups
have more complex plastids originated from green or red algal endosymbionts via secondary
endosymbioses. In these events, many genes residing in the endosymbiont genomes have been
transferred to the host nuclear genomes, and bulk of which encode proteins that are targeted back to
plastids across multiple membranes. Plastid targeting of nucleus-encoded proteins is essential to maintain
and control an endosymbiont as a photosynthetic organelle. Chlorarachniophytes are an algal group
possessing extremely complex plastids acquired by the uptake of green algal endosymbiont. Four
membrane surround the plastids and a relict nucleus, called the nucleomorph, of the endosymbiont exists
in the periplastidal compartment. This review summarizes current studies on protein targeting into
complex plastids of chlorarachniophytes and reductive evolution of the endosymbiotically-derived
nucleomorph genomes.
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Fig. 1. Morphological diversity of chlorarachniophyte cells. (A) Walled coccoid cells of Lotharella globosa. (B) Amoe-
boid cells of Amorphochlora amoebiformis. (C) Flagellate cell with a single flagellum of Lotharella globosa. (D) Trans-
mission electron microscopy image of Bigelowiella natans (the picture was provided by Marika Akiyama, University of

Tsukuba). Nm, nucleomorph; M, mitochondrion; P, plastid.
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Fig. 2. Plastid evolution via endosymbiotic events. Prima-
ry plastids were originated by the uptake of a photosyn-
thetic cyanobacterium, and this event is called primary
endosymbiosis. Chlorarachniophyte algae acquired com-
plex plastids (secondary plastids) by the secondary endo-
symbiosis between a cercozoan protist and a green alga
with primary plastid. Chlorarachniophyte plastids are
surrounded by four membranes and the relict nucleus, the
so-called nucleomorph, of engulfed green alga still exists
in the periplastidal compartment. N, nucleus.
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Fig. 3. Trafficking of nucleus-encoded plastid proteins. In land plants, nucleus-encoded plastid proteins are translated by
cytoplasmic ribosomes as precursors with an N-terminal transit peptide (TP), and these proteins passed through two
plastid membranes via TOC and TIC (Translocon at the Inner/Outer envelope membrane of Chloroplast). Most of TOC
and TIC components are encoded by nuclear genomes except for plastid-encoded TIC214. In contrast, chlorarachnio-
phyte plastid is bounded by four membranes. Nucleus-encoded plastid proteins carry an N-terminal bipartite extension
consisting of a signal peptide (SP) and a transit peptide-like (TPL) sequence. These proteins are cotranslationally targeted
to the endoplasmic reticulum (ER), and transported into the plastid stroma across four membranes. Plant-like TOC and
TIC homologs have been identified as putative translocons for the inner two membranes. TOC75 and TIC20 are encoded
by nucleomorph genomes, and the others are nucleus-encoded proteins. N-terminal extension sequences are cleaved by

peptide processing enzymes.
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