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Objectives

o identification of mitochondrial outer membrane
import machinery in Dictyostelium discoideum
(and Acathamoeba castellanii)

- verification of the current classification of
D. discoideum and other Amoebozoa on the
eukaryotic phylogenetic tree
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Dictyostelium discoideum

model organism in studies of mitochondria, signal
transduction, cytoskeletal function, endocytosis
morphogenesis and cell division

unique lifestyle (uni- and multicellular stages)

genome - 6 chromosomes, 34 Mb haploid, with 77%
of A+T, codes 12,500 proteins
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Endosymbiotic theory

o Lynn Margulis (1967, 1981) — Alphaproteobacteria

o similar size

o 2 membranes

o small circular DNA
o own ribosomes

o proteins homologous
to bacterial proteins




Mitochondrial import machinery
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Methodology

Identification of mitochondrial outer membrane
import machinery in Dictyostelium

similarity search (BLAST) %BLAST
HMM h (HMMER

| s_earc ( _ )
validation of candidates (PSIPRED, CDD)

Analysis of phylogenetic relationships of eukaryotic
mitochondrial B-barrels (outer membrane channels)

dataset collection
msa
trees construction (NJ, ML)




Results / Mitochondrial import
machinery in D. discoideum

o VDAC, Tom40, Tom7

1 Samb50

396aa, Bacterial surface Antigen domain
similar to mammalian Samm50

7 Mdm1l2
202aa, 1 TMH
similar to yeast Mdm12

o Mmm1l
359aa, DUF2404 domain, 2 TMH
similar to yeast Mmm1

o Metaxin, Tom70



Results / Reductive evolution of

mitochondrial import machinery

o Dictyostelium discoideum - Amoebozoa, Mycetozoa, Dictyosteliida
cytosol TOM complex SAM complex

m

o Entamoeba histolytica - Amoebozoa, Archamoebae, Entamoebidae
(Tovar et al. 1999, Dolezal et al. 2010)

TOM SAM

o Encephalizoon cuniculi - Opisthokonta, Fungi, Microsporidia
(Waller et al. 2009)

outer membrane

intermembrane space

TOM SAM



Results / Dataset for phylogeny

Super-groups  Rank No of species Sam50 Tom40 VDAC
Amoebozoa Eumycetozoa - 2 3 4
Acanthamoebidae 1 1 1 1
Entamoebida 2 2 2 .
7 5 6 5
Ophisthokonta | Metazoa 44 28 43 76
Fungi 41 30 34 31
Mesomycetozoa 2 - 1 2
89 59 79 110
Archeplastida Chloroplastida 30 12 16 48
32 12 16 51
Chromalveolata |Haptophyta 3 1 2 3
Stramenopiles 4 5 4 4
Alveolata 12 1 12 4
Cryptophyceae 1 - 1 -
20 7 19 11
Excavata Malawimonas 2 - - 2
Parabasalia 1 - 1 1
Preaxostyla 1 - 1 -
Heterolobosea 1 1 1 1
Euglenozoa 3 - - 3
8 1 3 7
Rhizaria
1 0 1 0
TOTAL 157 84 124 184




Results / VDAC ML tree
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Results / VDAC ML tree
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Results / Sam50 NJ tree
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Results / Tom40 NJ tree
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Results /

Quality of trees

Oryza sativa indica cultivar group 1

Guillardia theta

11000 e . .
—| 517 Oryza sativa japonica cultivar group 1
312 Witis vinifera - _
1600 Oryza sativa indica cultivar group 2
342 L Oryza sativa japonica cultivar group 2
580 Physcomitrella patens subsp patens
657 Arabidopsis thaliana 1
Arabidopsis thaliana 2
[o-3 Volvox carteri
936 —|543 L Chlamydormonas reinhardtii
707 Scenedesmus obliquus
670 Protatheca wickerhamii
269 512 Chlorella sp _
555 Ostreococcus taun
I]_U[][] Ostreococcus lucimarinus CCE9901
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53 1910 ¥
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504 el Plasmodium falciparum 3D7
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| 255 L Entamoeba histolytica HM 1 IMSS
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| . " -
19 Paramecium tetraurelia strain d4 2



Conclusions

A number of mitochondrial outer membrane import machinery
subunits are missing in D. discoideum

secondary gene loss (?)

less hydrophobic preproteins for import (?)

conserved function and structure but not the sequence (?)
lineage specific counterparts (?)
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secondary gene loss (?)
less hydrophobic preproteins for import (?)
conserved function and structure but not the sequence (?)
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B-barrel proteins of mitochondrial outer membrane present
high evolutionary rate

sequences are too diverged to obtain satisfying quality of
alignment and therefore build well supported phylogenetic trees



Conclusions

A number of mitochondrial outer membrane import machinery
subunits are missing in D. discoideum

secondary gene loss (?)
less hydrophobic preproteins for import (?)
conserved function and structure but not the sequence (?)
lineage specific counterparts (?)
B-barrel proteins of mitochondrial outer membrane present
high evolutionary rate

sequences are too diverged to obtain satisfying quality of
alignment and therefore build well supported phylogenetic trees

The position of D. discoideum on the eukaryotic tree cannot be
verified with a high level of confidence with the usage of
mitochondrial B-barrel outer membrane proteins
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