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Mitochondrial Disease and Mitochondrial DNA 
Depletion Syndromes

Chin-Chang Huang1 and Chang-Huang Hsu2

Abstract- Mitochondria is an intracellular double membrane-bound structure and it can provide energy for
intracellular metabolism. The metabolism includes Krebs cycle, β-oxidation and lipid synthesis. The density
of mitochondria is different in various tissues dependent upon the demands of oxidative phosphorylation.
Mitochondrial diseases can occur by defects either in mitochondrial DNA or nuclear DNA. Human mito-
chondrial DNA (mtDNA) encoding for 22 tRNAs, 2 rRNAs and 13 mRNAs that are translated in the mito-
chondria. Mitochondrial genetic diseases are most resulted from defects in the mtDNA which may be point
mutations, deletions, or mitochondrial DNA depletion. These patterns of inheritance in mitochondrial dis-
eases include sporadic, maternally inherited, or of Mendelian inheritance. Mitochondrial DNA depletion is
caused by defects in the nuclear genes that are responsible for maintenance of integrity of mtDNA or
deoxyribonucelotide pools and mtDNA biogenesis. The mtDNA depletion syndrome (MDS) includes the
following categories: progressive external ophthalmoplegia (PEO), predominant myopathy, mitochondrial
neurogastrointestinal encephalomyopathy (MNGIE), sensory-ataxic neuropathy, dysarthria, and ophthalmo-
plegia (SANDO) and hepato-encephalopathy. The most common tissues or organs involved in MDS and
related disorders include the brain, liver and muscles. These involved genes are divided into two groups
including 1) DNA polymerase gamma. (POLG, POLG2) and Twinkle genes whose products function directly
at the mtDNA replication fork, and 2) adenine nucleotide translocator 1, thymidine phosphorylase, thymi-
dine kinase 2, deoxyguanosine kinase, ADP-forming succinyl-CoA synthetase ligase, MPV17 whose prod-
ucts supply the mitochondria with deoxyribonucleotide triphosphate pools needed for mtDNA replication,
and possible mutation in the RRM2B gene. The development has provided new information about the
importance of the biosynthetic pathway of the nucleotides for mtDNA replication. Further investigation on
the understatanding between the nuclear and mitochondrial genomes is expected.
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