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Abstract of Thesis

Chloroplast, found in photosynthetic eukaryotes originated from a result of primary endosymbiosis
whereby, a eukaryote engulfed a cyanobacterium, more than a billion years ago. Instead of being digested
the engulfed cyanobacterium became more reduced and compartmentalized in the eukaryotic cell. Over the
course of millions of years, gene transfers between plastid genome and nucleus occurred resulting in
many proteins needed by plastids being nuclear encoded. Almost 3000 of these proteins needed by plastids
are nuclear encoded, translated in the cytosol, then imported into chloroplast via the TOC (Translocon
at the Outer envelope membrane of Chloroplast) and TIC (Translocon at the Inner envelope membrane of
Chloroplast) complexes linked with Ycf2/FtsHi motor complex which provides ATP-driven pulling forces
[1].

Extensive studies have been done on TOC-TIC and Import motor complex in Arabidopsis thaliana and Pisum
sativum to elucidate the components of the complex. The main components for TOC are Toc75, Toc34 and
Toc159. Toc34 and Toclb59 are pre—protein receptors having the GTPase domains that bind to transit
peptides. Toc75 belonging to the Omp85 family, has N-terminal POTRA domain which is located in the
inter-membrane space interacting with TIC components located at the Inter-Membrane Space [2]. The main
components for TIC are Tic20, Tic56, Ticl00, Tic214 (yefl) and Ticl2[3,4]. Tic20 protein which is the
channel protein, has four homologous isoforms in Arabidopsis thaliana, in which Tic20-1 and Tic20-1IV
play a role in the import complex. The core channel protein for the main TIC complex has Tic20-1 as an
essential component, whereas Tic20-1V is non—essential and found in the alternative TIC system for non—
photosynthetic plastids in Arabidopsis. The Ycf2/FtsHi motor complex is a 2MD complex that has ycf2
encoded protein and FtsH-like proteins, which are FtsHil, FtsHi2, FtsHi4, FtsHi5, and FtsH12 with NAD-
malate dehydrogenase [5]. Four additional components for import motor has been recently identified using
cryo—electron microscopy. Recent studies in Chlamydomonas reinhardtii showed that components of

TOC, Main TIC complex and Ycf2/FtsHi are well conserved with land plants. Molecular studies conducted
thus far shows all components of TOC, main TIC system and the import motor are crucial for chloroplast
biogenesis and viability in Arabidopsis. 1t is also well conserved in the green lineage including green
alga and land plants. However some species of land plants shows exception to this, especially for main
TIC system and import motor. In the genus Passiflora, recent genomic evidences show loss of functional
genes like yefl and yefZ2 found in the plastid genome. These two are the largest open reading frame found
in the plastid genome that encode two large proteins found in main TIC complex (Tic214) and ATP—-driven
import motor protein (Ycf2) implying a possible alternate import system. It opens the question to whether
they have retained the components of TOC system if they are utilizing alternate TIC and import motor
system. It also challenges the question whether the alternate TIC system is composed of the homolog
TIC20-1V as identified in Arabidopsis thaliana. In this study

I aimed to elucidate the TOC components of Passiflora edulis as my model plant which belong to the group

of plants that has lost function to yecfl and ycfZ.




My data reveals that model plant Passiflora edulis has conserved TOC complex while TIC and YCF2/FtsHi
complex has been lost. The TOC complex is around IMD with its two large constituents TOC159 and TOC75
to have well conserved regions and interact with each other in pull-down experiments. TIC20-IV forms a
cluster with the rest of the TIC20-1V homologs which utilizes the main TIC system. My research has just
scratched the surface on studying dicot plants which are using conserved TOC and alternate TIC and
import motor system. More research on other dicot plants would be interesting to do has lost yefl and

yef2 gene function.
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