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Abstract

Mitochondria are cytoplasmic organelles fundamental to life and health. In mitochondria, energy from the food we
eat are converted into adenosine triphosphate (ATP), which in turn is used as a source of chemical energy to drive a
multitude of cellular reactions. Owing to its endosymbiotic origin, the mitochondrion contains its own genetic
material, a circular double stranded DNA molecule (mtDNA) of about 16.6 kb. The mitochondrial genome contains
37 genes, which codes for 13 protein components of the oxidative phosphorylation system, 2 ribosomal RNAs that

are required for mitochondrial ribosome biogenesis, and a set of 22 transfer RNAs.

The enzymatic systems needed to replicate and transcribe mtDNA are distinct from those present in the nucleus.
The objective of this thesis is to characterize pathogenic mechanisms affecting mtDNA replication and
transcription in human cells. In collaboration with clinical colleagues, we report that mutations in the gene coding
for mitochondrial RNA polymerase (POLRMT) can cause mitochondrial dysfunction and neurological disease.
Using in vitro biochemistry and cell biology approaches, we find that the identified mutations cause deleterious

effects on mitochondrial transcription, which in turn impair biogenesis of the oxidative phosphorylation system.

Mammalian mitochondria lack systems for ribonucleotide excision repair and mtDNA therefore contains relatively
high levels of embedded ribonucleotides, which can be even higher in patients suffering from genetic disorders
associated with imbalanced nucleotide pools. We demonstrate that embedded ribonucleotides can cause problems
for the transcribing POLRMT, causing premature termination of mitochondrial transcription. We suggest that these

effects can contribute to the phenotypes associated with nucleotide pool disorders.

Others have demonstrated that nucleoside analogues used to treat retroviral infections can cause a progressive
accumulation of somatic mtDNA mutations. We investigated effects of two nucleoside analogues commonly used
to treat childhood cancer, 5-Fluorouracil (5-FU) and 6-Thioguanine (6-TG). Using a reconstituted mtDNA
replication system, with highly purified components, we demonstrate that both 5-FU and 6-TG impair the activity
of mitochondrial DNA polymerase y in vitro. We also find that these compounds can cause mtDNA replication
stalling in cells. Taken together, our data suggest that 5-FU and 6-TG have the potential to cause mutations, but

future studies of mtDNA isolated from patients treated with these compounds are required to validate this idea.
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