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Outline e 

Introduction n 

Livingg organisms need energy to grow and reproduce, and to maintain a healthy 

physiologicall state. Since the introduction of oxygen into our atmosphere, molecular 

respirationn has become a widely used strategy to produce the required energy in the form 

off ATP. In eukaryotic cells, the underlying chemical process, oxidative phosphorylation, 

takess place in double membrane-bounded compartments called mitochondria. In these 

specialisedd organelles, fatty acids and sugars are completely oxidised to CO; to produce 

thee reducing equivalents FADH; and NADH. Electron transfer through the respiratory 

chainn produces and maintains a proton gradient that drives oxidative phosphorylation. 

Mitochondriaa have evolved from free-living prokaryotes and although they lost most of 

theirr genetic content to the nucleus, a handful of genes have been retained, which are 

expressedd in the organelle itself. Mitochondrial genes invariably code for components of 

thee mitochondrial translation machinery and core subunits of the respiratory chain. As a 

result,, the respiratory enzymes and ATP synthase consist of subunits that originate from 

twoo separate genomes. Maintenance of two separate genomes (nuclear and mitochondrial) 

seemss unfavourable, and various ideas have been put forward to explain this 

phenomenon.. One states that the persistence of mitochondrial genes may allow accurate 

adjustmentt of respiratory function in response to mitochondrial changes. 

Scopee of this thesis 

Thiss thesis focuses on general regulatory mechanisms that conduct the fine-tuning of the 

levelss of mitochondrial translation products available for assembly. Mitochondrial gene 

expressionn is regulated at many stages, including transcriptional and post-transcriptional 

events,, but protein levels are most directly regulated via modulation of synthesis and 

proteolysis.. This thesis deals with factors that play a crucial role in these important 

controll steps in mitochondrial biogenesis. 

First,, it is demonstrated that the TCA cycle enzyme isocitrate dehydrogenase (Idh). which 

hass previously been shown to bind mitochondrial mRNAs, affects mitochondrial 

translationn rate, and may therefore provide a direct link between metabolism and 

mitochondriall biogenesis. Second, the prohibitin (Phb) complex is proposed to function 

ass an holdase for mitochondrial translation in case of an imbalance between subunits 

encodedd by the nuclear and the mitochondrial genome. Last, the proteolytic control of 



mitochondriall translation products is addressed. In the mitochondrial inner membrane, 

twoo ATP-dependent proteases are present that expose their catalytic sites to opposite 

membranee surfaces: the /-AAA protease, which is active in the inter-membrane space, 

andd the m-AAA protease, which is composed of Afg3p and Rcalp and has its catalytic 

sitess in the matrix. Both proteases are capable of degrading integral membrane proteins. 

butt the m-AAA protease is thought to play a predominant role in the proteolytic control of 

mitochondriall translation products and its role in mitochondrial biogenesis will be 

discussedd in the light of experimental findings. 


