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Extreme complexity of the kinetoplastid mitochondrion

Diversity of life styles — novel endosymbiotic relationship
of a kinetoplastid with an amoeba

Novel endosymbiotic bacterium in kinetoplastids

An early-branching trypanosome and solution to a 100
year-old debate

Diversity of trypanosomatids — what does it say?
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A. Catalogued species B. Environmental OTUs
(Ntot= 2 million) (1430 18S V4 rDNA 97%)
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Morphological versus genetic views of total eukaryotic diversity. (A) Relative

numbers of described species per eukaryotic supergroup. (B) Relative number of V4
18S rDNA Operational Taxonomic Units (97%) per eukaryotic supergroup, based on 59
rDNA clone library surveys of marine, fresh-water, and terrestrial total eukaryotic

biodiversity.
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Emblematic Trypanosoma brucei in blood




TriTryps

Trypanosoma brucei Trypanosoma cruzi Leishmania

extracellular parasite intracellular parasite intracellular parasite

Sleeping sickness Chagas disease Leishmaniases



The scourge of trypanosomiases

Sleeping sickness

» 66 000 deaths per year
» 60 million people are at risk of contracting
sleeping sickness

Leishmaniasis

» 350 million people in 88 countries
around the world are threatened

» 1.5 — 2 million new cases of leishmaniasis
estimated to occur annually

Chagas’ disease

» 55 000 deaths per year
» 14-16 million people are infected each

year




Trypanosomes have many unusual properties,
but nothing beats what they do In thelr
mitochondrion =

e antigenic variation

* glycosomes

* trans/splicing

* polycistronic transcription

* base J .
« mt DNA network 2 .
« RNA editing in mt mRNASs <.
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Nuclear genes are arranged in large, co-transcribed,
tandem arrays

~1 Mbp
36 genes 72 genes
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7 genes 154 genes

The production of a monocistronic mRNA is dependent on trans splicing of a capped
mini-exon to the 5’ end of the mRNA in a process is linked to the cleavage and
polyadenylation of the 3’ end of the upstream RNA

The selective advantage in such a strategy is unclear but it has several downstream
consequences for genome structure and the regulation of gene expression



Mitochondrial genome (kinetoplast DNA)
of kinetoplastids

A Isolated Network
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The kinetoplast DNA replication model
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Central Dogma of Molecular Biology

Replication




In T. brucei, extensive RNA editing is the rule: 9 of 18 mMRNAs
are extensively edited

12S 9S ND8 ND7 cox3 cytb ATP6 G3 cox2 MURF2 ND4 RPS12 ND5

mms

ND9 MURF5 MURF1 ND1 coxl G4 ND3

B cdited mRNAs



Most edited mMRNASs encode subunits
of the OxPhos system
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Editing is complex but accurate

*Editing employs a series of coordinated enzyme steps
*Each enzyme contributes to the accuracy of editing
*gRNAs specify number and sites of U insertion/deletion

*Precisely edited and translatable mRNA are produced



The Editosome

~1.6 MDa, 20S

Contains 20 proteins, many exist in pairs

Catalyzes insertion and deletion editing (endonuclease,
exoUase, TUTase, ligase)

Some catalysts are identical (TUTase, ligase, helicase)
Likely accessory and regulatory proteins (RNA binding,

RNA translocation, protein interactions, cofactor binding)

Assembly and activity do not need mRNA or gRNA



Editosome Model

Insertion editing

Deletion editing

upstream
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RNA edltlng

20S Editosome (Editing complex. L-complex)
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Stuart et al., Trends Genet. 2005
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Both KMAPSs are incorporated
In equivalent ribonuclear particles
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Crystal structure of the MRP1/MRP2 complex

Ribbon diagram with MRPL1 in red (subunits A and C)
and MRP2 in cyan (subunits B and D)

Schumacher et al., Cell 2006



Proposed ,,advantages” of editing

1. Extralevel of regulation — why not if it is already there, but as a reason for its
iInvention not very convincing

2. Counteracting mutations that accumulated during periods when the genome was
inactive — no evidence

3. Efficient defense against viruses and transposons — their RNA would be made
harmless by editing; pure speculation - no evidence

4. Accelerating evolution by increasing the rate of genetic variation — edited
sequences may indeed evolve faster; rather a consequence than the reason for
invention

5. Multiple proteins encoded by one gene — viruses and trypanosomes

6. Advantage of gene fragmentation - protecting them from during life stages of
fierce competition, when the gene products are not needed and would be lost

7. Acquired resistance to certain type of mutations that accummulated
throught time; complexity for complexity



... It Is obviously a rather
cumbersome way to have
the job done

Uncertain origin and maintenance:

Our favorite explanation is “Irremediable complexity”

Gray et al., Science, 2010




Current view at mitochondrial

transcription, editing and I S gl
. . ~ K netoplast LN
processing in Trypanosoma Vi B F00 proteins

brucei

At least ~ 300 proteins are

needed for the production

of just 21 proteins in the procyclic
stage !

And just 1 protein in the
bloodstream stage!!!

Lukes et al., IUBMB Life, 2011



The strange life of the kinetoplastid Perkinsela

Infected fish with Neoparamoeba sp. - amoebic gill disease




Neoparamoeba perurans

an agent of amoebic gill disease of Atlantic salmon (Salmo salar)

Young et al. 1JP 2007



Trophozoites representing clonal cultures of
Neoparamoeba strains

Dykova et al. J.Fish Dis. 2005



Ultrastructure of Neoparamoeba with “its” Perkinsela
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Perkinsela amoebae-like endosymbiont Dykova et al. Europ. Protistol. 2003; J. Fish Dis. 2005




We have sequenced the genomes of Neoparamoeba and
Perkinsela, and assembled its KDNA into contigs
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Exploration of diversity in Ecuador resulted in finding
Novymonas, a new genus of endosymbiont-containing
trypanosomatids closely related to Leishmania
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Phylogenetic position of the E262 isolate
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E262 has amastigotes but even more importantly,
an endosymbionts




Endosymbionts: Giemsa staining

nucleus

nucleus kinetoplas
x kinetoplas t \
Y3

X

bacterium

71
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The number of bacteria in the trypanosomatid cell is inconstant!



Bayesian 16S rRNA-
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The case of Paratrypanosoma
“confusa”

|

o isolated from Culex pipiens in Prague (of all
exotic places...?!?)

o successfully cultured

« unique phylogenetic position!




Paratrypanosoma - phylogenetic analyses

o Limits of out-groups
+ Bodo saltans — not enough genes identified

+ Diplonema — most identified genes are different from those available for Paratrypanosoma
and Bodo

o Perkinsela amoebae (the most early-branching bodonid living as an endosymbiont in the
amoebae on fish gills!) is the most suitable out-group — we are sequencing its whole genome

Analyzing datasets for a growing number of genes available for
enough species (currently 32)

used RaxML program - maximum likelihood, LG substitution model
(WAG and JTT also tried) and rapid bootstrapping



Paratrypanosoma -concatenated tree

« Composed of 16 genes and 16 species

« used Bayesian analysis (Phylobayes) and RAXML and LG model

« maximum parsimony (PAUP) analysis also supports this branching
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Flegontov et al., Curr. Biol. 2013

Perkinsiella amoebae



Basal position of Paratrypanosoma is unambiguous
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From now on every dixenous trypanosomatid
has a monoxenous basal clade

Paratrypanosoma confusa

Blastocrithidia /
Leptomonas jaculum

— e Herpetomonas

———==—""a"] Phytomonas
< Angomonas & Strigomonas

Sergeia podlipaevi
—=———7 [eptomonas collosoma

Slow-evolving
———all (Leishmaniinae)

bodonids

e ——ulll]
— -
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Swimmer stage of Paratrypanosoma

Ay

Classical-looking
promastigotes,
yet with an
extended basal
part of the
flagellum

and a tiny

7 undulating
membrane



Stages that
Internalize their
flagellum

and become

firmly attached
to the surface




Another sessile
stage of
Paratrypanosoma
on agar plates

Stages that become
attached to a soft
surface look yet
different — their end is
tapered and they retain
a very short flagellum
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