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ENERGY PRODUCTION BY MITOCHONDRIA

most cells (except red blood cells) contain mitochondria, which convert energy in food to
ATP (adenosine triphosphate) that can be used by the cell for it to function

the process that generates energy in the mitochondria is oxidative phosphorylation

the oxidative part of oxidative phosphorylation involves oxygen consumption by a
pathway called the respiratory chain, which generates energy by pumping protons

the phosphorylation part of oxidative phosphorylation involves the formation of ATP
using the protons pumped by the respiratory chain

besides oxygen, the respiratory chain needs a source of electrons, primarily NADH




MITOCHONDRIAL DNA

= the proteins needed in the respiratory chain depend on mitochondrial DNA to provide the
message for their synthesis

= the four components needed to make DNA are deoxythymidine triphosphate (dTTP),
deoxyguanosine triphosphate (dGTP), deoxyadenosine triphosphate (dATP), and
deoxycytosine triphosphate (dCTP)

= the enzyme thymidine kinase (TK) converts thymidine to thymidine monophosphate
(TMP), which is then further processed to TTP

= the enzyme deoxyguanosine kinase converts deoxyguanosine to deoxyguanosine
monophosphate (d(GMP) , which is then further processed to dGTP
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Figure 1. As discussed in the preceding slide, dTTP, dGTP, dATP, dCTP are needed for the synthesis of DNA (left). The
mitochondrial DNA then provides the message for making proteins of the respiratory chain. In Mitochondrial DNA
Depletion Syndrome, either thymidine kinase or deoxyguanosine kinase is defective leading to much lower amounts of
dTTP (X) or dGTP (X), respectively (right). The result if either compound is decreased is a reduced amount of DNA to be
synthesized. Less DNA means much less respiratory chain proteins are produced leading to decreased ATP production. In
muscle the lack of sufficient energy leads to reduced function and the lack of muscle use results in muscle atrophy. In
liver, the demand for ATP is so high that liver failure is common. Finally, with reduced respiratory chain function there is
accumulation of NADH because it is produced faster than it is used by the respiratory chain. This excess NADH causes
overproduction of lactic acid leading to lactic acidosis.




