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The scientist has a lot of experience with ignorance and doubt and uncertainty,
and this experience is of very great importance, I think.

1t is scientific only to say what is more likely and what less likely, and not to be
proving all the time the possible and impossible.

Our imagination is stretched to the utmost, not, as in fiction, to imagine things
which are not really there, but just to comprehend those things which are there.

Richard Feynman

What is science in the last analysis but the study and the love of Nature, displayed
not in the form of abstract worship but in the practical form of seeking to
understand Nature?

... the principal requisite for success in scientific research is not the maturity of
knowledge associated with age and experience, but the freshness of outlook which
is the natural attribute of youth.

Sir C.V.Raman

“...what a long strange trip it’s been”

The Grateful Dead
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Abstract

This PhD study aimed to characterise the pathophysiology of a novel
mitochondrial mutation in a patient with a mitochondrial myopathy. This
mutation, an adenine insertion at nucleotide (nt) position 3230 of the human
mitochondrial genome (RefSeq NC 012920), was shown to significantly disrupt
transcription termination, leading to increases in the levels of both the genome-
length mitochondrial DNA (mtDNA) polycistronic transcript and selected
mRNAs encoding subunits of the respiratory chain complexes. A corresponding
increase in the levels of two subunits of Cytochrome ¢ oxidase (COX, Complex
IV) was observed; however, there was no increase in the levels of any of the
respiratory chain holocomplexes. Complex I and Complex IV activities were
elevated in the proband’s tissues. No evidence of DNA damage through apoptosis
or necrosis was found and the proband’s cells did not show elevated levels of 8-
hydroxy-2-deoxyguanosine, a biomarker of oxidative stress. Attenuation of
transcription termination in human mitochondria appears to be a novel mechanism

of mitochondrial disease.
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Preface

This thesis is divided into six chapters. Chapter I provides a comprehensive
review of pertinent literature in the field of human mitochondrial disease. It covers
the biogenesis of mitochondria, mitochondrial function and dysfunction and
explores the approaches commonly used in the study of mitochondrial disease. It
ends with the background to this project, including the clinical case study, and

outlines the aims of the project.

Chapter II details the biological samples used in this study, which included
lymphoblasts, cytoplasmic hybrids (cybrids) and skeletal muscle biopsy samples
obtained from the proband and six controls and the experimental procedures used

to obtain the results described.

In Chapter III, the initial molecular genetic analysis of the mutation is described.
Using a PCR-RFLP assay, the pedigree and tissue distribution of the mutation and
its load in different samples was studied. Mitochondrial mass and number were
assayed using a mitochondrion-selective fluorophore, MitoTracker Green. The

effect of this mutation on tRNA™"V"® folding was analysed using mFOLD.

Chapter IV describes the study of the effects of the mutation on mtDNA
transcription and translation. The levels of the polycistronic transcript and three
mtDNA mature transcripts (ND1, ND2 and COX 1) were measured by Real-time
RT-PCR and Northern blotting. Respiratory chain holocomplex levels were

analysed by Blue-Native PAGE and mass spectrometry. The levels of COX sub-
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units I, IT and IV were measured by immunoblotting with monoclonal antibodies

against each subunit.

The penultimate Chapter (V) details the study of the effects of this mutation on
mitochondrial function. Standardised spectrophotometric assays were used to
measure respiratory chain activity. DNA damage was analysed by gel
electrophoresis to look for the typical DNA laddering associated with apoptosis. A

commercial ELISA kit was used to measure 8-OHdG levels.

Chapter VI presents an in-depth discussion of the overall findings and looks at

their implication in a novel mechanism of mitochondrial disease in humans. This

project has paved the way for interesting future projects, some of which are

introduced in this chapter.

Note: unless otherwise mentioned, all artwork presented in this thesis is original.
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