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Genes in mitochondria and chloroplasts are co-located with their gene products to permit regulation 
of trans-membrane electron transport at the energetic boundary of the cell.
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Genes in the mitochondrion are co-located with their gene products. Membrane-intrinsic cytochrome oxidase, respiratory complex IV, dumps onto oxygen (O2) the electrons 
(e–) it receives from a chain of respiratory electron carriers, almost all of which are proteins intrinsic to the mitochondrial inner membrane. All respiratory electron transport chain 
complexes contain some protein subunits, shown in gold, that are encoded and transcribed in the cell nucleus, translated on ribosomes in the cytosol, and then imported into the 
mitochondrion as precursors.  Respiratory chain complexes I, III and IV and the coupling ATPase also contain a core of protein subunits, shown in red-brown, that are encoded 
and completely synthesized entirely within the mitochondrion, starting with transcription of mitochondrial DNA (mtDNA). Redox regulation is feedback from the redox state of 
respiratory electron carriers and governs mitochondrial transcription.  The composition of the electron transport chain thereby regulates itself in response to variation in the supply 
of electron donors and acceptors.  The terminal respiratory electron acceptor is molecular oxygen, O2.  The rate of synthesis of each whole respiratory complex is determined by 
the rate of synthesis of its mitochondrially-encoded subunits.  The stoichiometry of subunits can be changed to match prevailing redox conditions determined by metabolism, by 
available electron sources and sinks, and by rate of ATP synthesis. | JFA thanks The Leverhulme Trust for research support.


