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Faithful copying and maintenance of the mitochondrial genome is fundamental to aerobic
metabolism and therefore life. Many of the factors involved in mitochondrial DNA metabolism
are unknown, or poorly characterized and even the basic mechanism of mitochondrial DNA
replication is not well understood. Nevertheless, considerable progress has been made in recent
years and this is undoubtedly a field that will benefit enormously from the characterization of
the human genome sequence. Current knowledge of the machinery of mtDNA replication is
discussed together with a review of the often-contentious areas of repair and recombination.
Other topics covered here include the organization and segregation of mtDNA, and auxiliary
requirements for mtDNA maintenance, notably nucleotide metabolism.

Introduction

Mitochondrial DNA (mtDNA) in mammals is a closed circular molecule of about 16 kb. The
human and mouse mitochondrial genomes were the first to be completely sequenced 20 years
ago1–3 (Fig. 1.1). Like other animal mitochondrial genomes, they contain 22 transfer RNA and
two ribosomal RNA genes; which are essential to implement translation in mitochondria
(Chapter 2) of 13 genes encoding subunits of the oxidative phosphorylation system (Chapter 4).

Notwithstanding its small size, mtDNA plays an essential part in a cell’s energy metabol-
ism. Although ATP can be produced via glycolysis without the need for respiration, this is
inefficient and cannot sustain complex multicellular organisms, such as humans, flies, or
worms. The importance of mtDNA in humans is evidenced by both hereditary and sporadic
disorders resulting from recessive mtDNA mutations. Defects include point mutations
(Chapters 7 and 8) as well as large-scale partial deletions or duplications (Chapter 6), which
can cause rare multisystem disorders or more common diseases such as diabetes.
Collectively, mtDNA mutations are probably one of the commonest causes of genetic disease.
They may be sporadic, maternally inherited or the indirect result of a nuclear gene mutation.
Despite its importance in cellular metabolism and human disease, mtDNA maintenance has
until recently been widely regarded as an evolutionary curiosity and been paid scant attention.

The machinery of mtDNA replication

Mammalian mitochondrial DNA is wholly reliant on nuclear-encoded proteins for its main-
tenance and faithful propagation. Many of the proteins involved in mtDNA maintenance
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remain to be identified or fully characterized. Purifying and identifying these proteins is prob-
lematic due to the difficulty of separating mitochondrial fractions from nuclear contaminants.
The situation is complicated further by the fact that the nuclear and mitochondrial compart-
ments of the cell share some gene products. For example, a single gene encodes mitochondr-
ial and nuclear DNA ligase III, whereas mitochondrial RNA polymerase has a dedicated gene.
Fortunately, cloning of the gene generally resolves the issue as most, if not all, mitochondr-
ial proteins involved in mtDNA metabolism carry a characteristic canonical presequence that
targets the protein to mitochondria. Another problem in delineating the mitochondrial repli-
cation machinery is that the repertoire of proteins involved in mtDNA replication varies
between species.

So far only four protein components involved in mammalian mtDNA replication have been
well characterized. These are transcription factor A of mitochondria (TFAM, formerly called
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Fig. 1.1 Mammalian mitochondrial DNA. Mammalian mtDNA is a double—stranded, closed, circular
molecule of 16.6 kb(1–3). Single letters indicate the positions of the corresponding tRNA genes. ND,
NADH dehydrogenase genes; cyt b, cytochrome b gene; COX, cytochrome c oxidase genes; A6/8, ATP
synthase genes 6 and 8; 12S/16S, ribosomal RNA genes.
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