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Annotation:

This work addresses various aspects of iron-sulfur cluster assembly in
Trypanosoma brucel, a causative agents of African sleeping sickness. RNAi-
mediated reverse genetics and heterologous expression of proteins were used
extensively throughout this work. Frataxin appears not to be an iron storage
protein in this early branching protist, but it functions primarily in iron-sulfur
cluster assembly and protection from reactive oxygen species. Frataxin has to be
confined to the mitochondrion for its function. Moreover, T. brucei exhibited
remarkable conservation in the mechanisms of frataxin import and processing,
since its deficiency was rescued by human frataxin, as well as by orthologues
from other non-related eukaryotes. Finally, Isal and Isa2 were shown to function
only for a subset of mitochondrial Fe-S cluster proteins in the procyclic stage,
while these proteins are dispensable for the bloodstream stage of T. brucei.

Financial support: This work was supported by grants from the Grant Agency
of the Czech Academy of Sciences, the Grant Agency of the Czech Republic, the
Ministry of Education of the Czech Republic and finally from the Praemium
Academiae of the Czech Academy of Sciences.

Prohlasuji, Ze v souladu s § 47b zdkona ¢. 111/1998 Sb. v platném znéni souhlasim se
zvetejnénim své disertacni prace, a to v tpraveé vzniklé vypusténim vyznacenych casti
archivovanych Pfirodovédeckou fakultou elektronickou cestou ve vetejné pristupné ¢asti
databaze STAG provozované Jiho¢eskou univerzitou v Ceskych Bud&jovicich na jejich
internetovych strankach.

| hereby declare that | did all work summarized in this thesis, on my own or in
collaboration with the co-anthours of the presented papers and manuscripts,
and only using the cited literature.

Ceske Budejovice, November 20, 2009 Shaojun Long



Acknowledgements

Firstly, I would like to thank my supervisor, Jula Lukes, a real happy and
encouraging man, who gave me this opportunity and who has influenced my life
a lot since my arrival to the Czech Republic. His energy and scientific passion
has inspired me to think and work hard and to achieve my current scientific
research knowledge. Hereby, I would like to say that I have really learned from
him a lot not only in sciences, thanks to a true, encouraging and contagious
personal spirit of happiness. Thank you for your scientific guidance, overall
support, and also your tolerance in the first year of my graduate life.

I would like to give thanks to Prof. Zhao-Rong Lun for your recommendation
of this PhD study opportunity, and also scientific guidance and support during
these years. You have helped me a lot to put my career path in the right
direction.

Many thanks to collaborators especially to those, with who I have worked
together on some projects in the lab - Milan Jirkli, Zuzana Vavrova, Yan-Zi
Wen, Zden¢k Paris, Pavel Poliak, Jiti Ty¢, Piya Changmai and also Si-Jia Lun. I
also would like to thank all former and present members, especially to Hassan
Hashimi, Alena Zikova, Brian Panicucci, Zdenék Verner, De-Hua Lai, Eva
Kriegova, Lucie Novotnd, Drahomira Faktorova, Eva Chocholova, Lenka
Richterova, Zdetika Ci¢ova, Lucie Hanzalkova, Gabriela Cifreundova, for your
help and advice. I am grateful to Prof. Libor Grubhoffer and Prof. Tomas Scholz
for the opportunity to work at the Institute of Parasitology and for their moral
and financial support.

I would like to thank members of the Faculty and people from outside the
laboratory for always willing to lend me valuable advice and materials, in
particular Marek Jindra, Masako Asahina-Jindrova, Nagagireesh Bojanala, Ivo
Sauman, Jan Tachezy, Ondfej Smid, Jan Mach and Achim Schnaufer.

Great thanks go to the reviewers of this thesis, Janneke Balk, Jan Tachezy
and Huangen Ding. I am honored that you took the time from your busy

schedules to do this.

Special thanks to my parents for years of support and patience.

Shaojun Long



Nov 21, 2009.
Contents

Abbreviations
Part 1: Introduction

Section 1. Fe-S clusters and Fe-S cluster assembly
1.1.  Fe-S clusters and Fe-S proteins.
1.2.  Fe-S cluster assembly
1.2.1. Introduction.
1.2.2. de novo assembly of Fe-S clusters.
1.2.2.1.  Sulfur donor.
1.2.2.2.  Iron donor.
1.2.2.3.  Electron donor.
1.2.2.4.  Scaffold proteins.
1.2.2.5.  Chaperone proteins.
1.2.2.6.  Proteins with specialized functions.
1.2.3. ISC export machinery.
1.2.4. CIA machinery.
Section 2. Trypanosoma brucei and related researches
2. 1. Trypanosomatida.
2.2. The T. brucei complex and its life cycle.
2. 3. Some unusual features of trypanosomes.
2. 4. Energy metabolism.
2. 5. Dynamics of Fe-S enzymes during life cycle.
2. 6. Iron metabolism in trypanosomes.
2. 7. Fe-S cluster assembly in eukaryotes that lack classical mitochondrion.
2. 8. Proteins involved in Fe-S cluster assembly in T. brucei.

References

Part 2: Publications

1. Ancestral roles of eukaryotic frataxin: mitochondrial frataxin function and
heterologous expression of hydrogenosomal Trichomonas homologues in
trypanosomes (reprint of Mol. Microbiol. 69, 94-109, 2008).

2. Mitochondrial localization of human frataxin is necessary but processing is
not for rescuing frataxin deficiency in Trypanosoma brucei (reprint of Proc.
Natl. Acad. Sci. USA 105, 13468-13473, 2008)

3. The import and function of diatom and plant frataxins in the mitochondrion of
Trypanosoma brucei (reprint of Mol. Biochem. Parasitol. 162, 100-104, 2008)
4. Thiolation controls cytoplasmic tRNA stability and acts as a negative
determinant for tRNA editing in mitochondria (reprint of J. Biol. Chem. 284,
23947-23953, 2009)

5. Stage-specific essentiality of Isal and Isa2, mitochondrial Fe/S cluster
assembly proteins in the excavate protist Trypanosoma brucei (Manuscript in
preparation)



Part 3. Conclusions and perspectives

Abbreviations

ISC

CIA

IRP

IRE

GSH

SAM

XPD
Complex |
Complex II
Complex III
Complex IV
dsRNA
RNAIi
MPP
DAPI
TMRE
ROS

HA

NIF

SUF

DIC

TAO

VSG

MT

EGFP
kDNA
MRP

tet

[ron-Sulfur cluster

Cytosolic iron-sulfur protein assembly
iron regulatory protein
iron-responsive element
glutathione

S-adenosyl-methionine

Xeroderma pigmentosum group D protein
NADH dehydrogenase

Succinate dehydrogenase
cytochrome bc; complex
cytochrom ¢ oxidase

double stranded RNA

RNA interference

mitochondrial processing peptidase
4',6-diamidino-2-phenylindole
tetramethylrodamine ethyl ester
reactive oxygen species
hemagglutinin

nitrogen fixation

sulfur assimilatin

differential interference contrast
trypanosome alternative oxidase
variant surface glycoprotein
mitotracker
enhanced green fluorence protein
kinetoplastid DNA

mitochondrial RNA binding protein
tetracycline



Wohlgamuth-Benedum et al., J. Biol. Chem. 2009

Due to a complete lack of tRNA genes in the mitochondrial genome of
kinetoplastid flagellates, tRNAs are imported into the mitochondrion from the

cytoplasm. A single tryptophanyl tRNA (tRNATrp) is encoded in the nucleus of
these organisms and contains a CCA anticodon that can decode the UGG codons
used in cytoplasmic protein synthesis, but cannot decode the mitochondrial
UGA codons. To circumvent this problem, Trypanosoma brucei specifically
edits the CCA anticodon of tRNA"™ to generate a UCA anticodon that can now
decode the predominant mitochondrial UGA tryptophan codons. This tRNA also
undergoes an unusual thiolation at position 33 of the anticodon loop, the only
known modification at Us; in tRNAs in any system. This observation raised
questions about the possible involvement of thiolation as a determinant for
editing of the neighboring position (Cs4). In other organisms, tRNA thiolation is
mediated by the cysteine desulfurase, Nfs1 (IscS). However, T. brucei encodes
two Nfs homologues, one localized to the cytosol and the other to the
mitochondrion. We show by a combination of RNA interference and Northern
analyses that the mitochondria-targeted TbN{fs2 is essential for thiolation of both
cytosolic and mitochondrial tRNAs. We further show that thiolation specifically
affects the stability of thiolated tRNAs in the cells and more surprisingly acts as
a negative determinant for C to U editing in T. brucei. Taken together our
findings indicate that thiolation serves an important role in tRNA processing in
these organisms and provides a first line of evidence about the regulation of
mitochondrial tRNA editing in any system.

Long et al., Mol. Biochem. Parasitol. 2008

Frataxin is a conserved mitochondrial protein, almost universally present in
prokaryotes and eukaryotes, where it is implicated in Fe-S cluster assembly and
several other processes. Here we show that frataxins from the diatom
Thalassiosira pseudonana and the plant Arabidopsis thaliana are efficiently
targeted and processed in the mitochondrion of the evolutionary distant excavate
kinetoplastid flagellate Trypanosoma brucei. Moreover, both heterologous
frataxins are able to rescue a lethal deficiency for T. brucei frataxin.

Long et al., Proc. Natl. Acad. Sci. USA 2008

Trypanosoma brucei is the most genetically tractable representative of the

domain Excavata and also the causative agent of human sleeping sickness and
ruminant nagana. It has a single mitochondrion, for which a number of unique
features is characteristic. We have attempted to rescue the T. brucei cells with



down-regulated frataxin using the human frataxin, the defects of which result in
Friedriech’s ataxia. Despite the evolutionary distance between humans and
trypanosomes, human frataxin was not only efficiently imported into the T.
brucei mitochondrion via its long genuine import signal, but also successfully
rescued the phenotype. The rescue was, however, fully dependent on
mitochondrial localization of human frataxin. Upon import into the
trypanosome organelle, human frataxin was processed by mitochondrial
processing peptidase and this processing could have been blocked by mutations,
in exactly the same manner as in human cells. However, while in human cells
frataxin has to be processed in order to execute its functions, the same protein in
the T. brucei mitochondrion is functional even in the absence of processing.

Long et al., Mol. Microbiol. 2008

Frataxin is a small conserved mitochondrial protein; in humans, mutations
affecting frataxin expression or function result in Friedreich’s ataxia. Much of
the current understanding of frataxin function comes from informative studies
with yeast models, but considerable debates remains with regard to the primary
functions of this ubiquitous protein. We exploit the tractable reverse genetics of
Trypanosoma brucei in order to specifically consider the importance of frataxin
in an early-branching lineage. Using inducible RNA1, we show that frataxin is
essential in T. brucei and that its loss results in reduced activity of the marker
Fe-S cluster-containing enzyme aconitase in both the mitochondrion and
cytosol. Activities of mitochondrial succinate dehydrogenase and fumarase also
decreased, but the concentration of reactive oxygen species increased.
Trypanosomes lacking frataxin also exhibited a low mitochondrial membrane
potential and reduced oxygen consumption. Crucially, however, iron did not
accumulate in frataxin-depleted mitochondria, and since T. brucei frataxin does
not form large complexes, it suggests that it plays no role in iron storage.
Interestingly, RN A1 phenotypes were ameliorated by expression of frataxin
homologues from hydrogenosomes of another divergent protist Trichomonas
vaginalis. Collectively, the data suggest trypanosome frataxin functions
primarily only in Fe-S cluster biogenesis and protection from reactive oxygen
species.






