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microbial eukaryotes = protists




diversity of eukaryotes
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The view of a cell by:

a lab manager a med lab technician a microbiologist
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Mitochondria

Intermediate

filament Plasma

membrane
Ribosomes

Rough endoplasmic

Microtubule
reticulum

Centrosome

Microfilament

Lysosome
Golgi
apparatus

Smooth endoplasmic
reticulum

Secretory vesicle
Golgi vesicle

Peroxisome

Cytoplasm Vacuole
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How the eukaryotic cell
complexity evolved?



early evolution of eukaryotes
emergence of nucleus

Proto-eukaryote

Which came first, the nucleus or the mitochondrion?

when?

how?

Nucleus

system

Endomembrane
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symbiosis
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endosymbiotic origin of organelles

mitochondrion

nucleus

o-proteobacteria
Proto-eukaryote

cyanobacterium chloroplast
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endosymbiotic organelles

mitochondrion chloroplast




evolution of endosymbiotic organelles

mitochondrion /
Origin Of ;‘.“ | ' Y @

nucleus

mitochondria

o-proteobacteria

mitochondrial
diversification
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A eukaryotic cell with typical mitochondria

Nucleus Mitochondrion




anaerobic eukaryotes
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An anaerobic eukaryotes with mitochondrion related organelles (MROs)




typical mitochondria

s

Mitochondrial Fe-S cluster
assembly (ISC) system

Nucleus Mitochondric

mitochondrion related organelle

s

Mitochondrial Fe-S cluster
assembly (ISC) system

Karnkowska et al. 2016
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Monocercomonoides




high-throughput genome sequencing & bioinformatics

genome assembly
& annotation

genomic DNA sequencing

reconstruction of the cell systems
& cell metabolism



genome assembly

genome annotation
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2095 scaffolds

75 000 000 base pairs

16 629 genes



Monocercomonoides
searching for mitochondria




Searching for hallmark mitochondrial proteins

Karnkowska et al. 2016



Searching for hallmark mitochondrial proteins

TIM23
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Searching for proteins involved mitochondrial metabolism

b pas et metabolic pathways in cytosol
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Fe-S cluster assembly systems in eukaryotes
nuclear Fe-S '

RIS S , cytosolic Fe-S
proteins
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' Fe-S cluster assembly systems in Monocercomonoides

Nuclear Fe-S

proteins , Cytosolic Fe-S
proteins
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Monocercomonoides an amitochondriate eukaryote
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~ Bacterial sulfur mobilization
(SUF) pathway

Bacteria

Lateral gene transfer (LGT) of bacterial genes encoding sulfur mobilization
pathway (SUF) and loss of reduced mitochondrion

Karnkowska et al. 2016



Loss of a mitochondrial organelle
LGT of SUF system resulted in relocation of the pathway to the cytosol

bacteria

Y

1

14

mitochondrion MRO
LGT of SUF system
Q Loss of ISC system
ISC

Transition to anaerobic metabolism
Loss of cristae
Loss of MRO genome

Endosymbiosis can be undone!

Monocercomonoides .
(Preaxos tyla)

_ Paratrimastix , ‘/
(Preaxostyla) :

Loss of MRO

Trichomonas 1SC
(Parabasalia)
Spironucleus
(Fornicata) ISC
Giardia
(Fornicata) ISC

Transition to mitosomes

Karnkowska et al. 2016



Take home message

(almost all) eukaryotic cells have mitochondria

@

complex eukaryotic cell can live without a mitochondrion

Monocercomonoides can serve as a model for cell biology studies

studies on eukaryotic microbial diversity help to understand evolution of eukaryotes
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Exploring microbial diversity to understand the evolution of eukaryotes
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