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DESCRIPTION
In the mitochondria, during cellular respiration (oxidative
phosphorylation), a number of enzymes catalyse the transfer of
electrons to molecular oxygen and the production of energy-
storing adenosine triphosphate (ATP). Enzyme malfunctions
that affect this pathway reduce cellular respiration and lower the
ATP to ADP (adenosinediphosphate) ratio. Mitochondrial DNA
[mtDNA], which comes from the mother, is unique to
mitochondria. However, nuclear DNA and mtDNA both
contribute to the operation of the mitochondria. Therefore,
mitochondrial diseases can result from both nuclear and
mitochondrial abnormalities. High energy-demanding tissues,
such as the brain, nerves, retina, skeletal, and cardiac muscles,
are particularly susceptible to oxidative phosphorylation
abnormalities.

Seizures, hypertonia, ophthalmoplegia, stroke-like episodes,
muscle weakness, severe constipation, and cardiomyopathy are
the most prevalent clinical symptoms.

In mammalian cells, the electron transport chain is the principal
oxygen consumer. From NADH and FADH2, the electron
transport chain transfers electrons to protein complexes and
mobile electron carriers. In the electron transport chain,
cytochrome c and coenzyme Q are mobile electron carriers, and
oxygen is the final electron acceptor. The malate and glycerol 3-
phosphate shuttles also transfer reducing equivalents to the
mitochondrial electron transport chain in addition to
replenishing cytoplasmic NAD+ for glycolysis. Cellular
respiration is stopped by oxidative phosphorylation inhibitors.
Uncouplers separate oxidation from phosphorylation and assist
animals in producing heat when they acclimate to the cold.

Dysfunction of the respiratory chain is now widely
acknowledged as a significant contributor to organ failure in
human pathology. Due to its dual reliance on genes encoded by
both nuclear and mitochondrial DNA (mtDNA), the biogenesis
of the respiratory chain is unusual. Only 13 of the 100
respiratory chain subunits are encoded by the mtDNA, however

these 13 subunits are crucial parts that are absolutely necessary 
for a functioning respiratory chain. Numerous hereditary 
disorders with respiratory chain malfunction brought on by 
mutations in genes with nuclear or mtDNA coding have been 
documented. Numerous hints point to a connection between 
mitochondrial malfunction and common conditions like heart 
failure, diabetes mellitus, neurodegeneration, and the ageing 
process.

The clinically varied illnesses known as mitochondrial 
encephalomyopathies are grouped together because they are all 
caused by problems with the respiratory chain (oxidative 
phosphorylation [OXPHOS]). The final common metabolic 
process of mitochondrial energy metabolism, called oxidative 
phosphorylation, permits fatty acids, carbohydrates, and amino 
acids to be converted to water and carbon dioxide. Disorders of 
the nervous system and muscles can result from hereditary and 
environmental factors, such as medicines, impairing oxidative 
phosphorylation.

Genetics and biochemistry of the mitochondria

Four multi-subunit enzymes (complexes I to IV), which produce 
a proton gradient across the inner mitochondrial membrane, are 
necessary for the coordinated transport of electrons for 
OXPHOS. Complex V uses the electrochemical gradient to 
create adenosine triphosphate (ATP). While the subunits of 
complex II are only encoded in nuclear DNA, the subunits of 
the other four OXPHOS enzymes (complexes I, III through V) 
contain subunits encoded in both mitochondrial DNA 
(mtDNA) and nuclear DNA (nDNA). Numerous peculiar traits 
of mitochondrial encephalomyopathies are explained by the dual 
genetic origins of the OXPHOS enzymes. Only 37 genes are 
encoded by the tiny (16.6 kilo base [kb]) double-stranded circular 
molecule known as mtDNA. These genes include 13 
polypeptides that serve as OXPHOS enzyme components, 22 
transfer RNAs (tRNAs), and 2 ribosomal RNAs (rRNAs). 
MtDNA is found in hundreds to thousands of copies per cell, 
unlike nDNA, which has paired autosomal and sex
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chromosomes in every cell. Heteroplasmy is a condition in
which part or all of the molecules have altered mtDNA
(homoplasmy).

Heteroplasmic mutations in mtDNA predominate. OXPHOS is
jeopardised when the proportion of an mtDNA mutation rises
to a crucial level (threshold effect). Depending on the organ, a
different amount of mtDNA mutations may be present (tissue
distribution). Due to the high energy demands of the brain and
skeletal muscle, mitochondrial diseases frequently present as

encephalomyopathies. The dispersion of the genomes during
mitosis determines the tissue distribution of mtDNA mutations
(mitotic segregation). Mothers mitochondrial genome pass on to
their offspring (maternal inheritance). As a result, all of a
mother's children inherit mtDNA alterations, but only
daughters and not sons are able to pass the mutations on to
their offspring. Curiously, maternal transmission of single
mtDNA deletions is infrequent and occurs intermittently.
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