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Summary y 

Initiationn of translation in yeast mitochondria is still a poorly understood process. 

Somee of the characteristics of mitochondrial mRNAs suggest another model of 

translationn than the model of cytoplasmic translation described by M. Kozak. 

Mitochondriall  mRNAs are uncapped and predominantly possess extremely long 

untranslatedd leader and trailer sequences of high A+U content (>95%). These leader 

sequencess are likely to be difficult to scan for a ribosome, since they often contain 

shortt open reading frames and short G+C rich clusters capable of forming highly 

stablee secondary structures. Some of the mitochondrial mRNAs require specific 

nuclearlyy encoded activator proteins for their translation. However, to date it is not 

knownn how initiation of translation of all mitochondrial mRNAs is coordinately 

regulated. . 

Inn search for such general RNA-binding proteins in mitochondria, Papadopoulou et 

al.al. set up a mobility shift assay using different mitochondrial mRNA leaders. 

Papadopoulouu and Dekker described the characterization of a 40 kDa RNA-binding 

proteinn (p40) that was able to bind all major mitochondrial mRNA leaders with 

specificityy and high affinity. Identification and further characterization of this 40 kDa 

proteinn is the main topic of the study described in this thesis. 

Thee identification of the RNA-binding protein p40 as N AD~-Isocitrate 

dehydrogenasee (Idh) is described in chapter II. Idh catalyzes a rate-limiting step in 

thee tricarboxylic acid cycle (TCA cycle). It is an allosterically regulated enzyme that 

existss as an octamer composed of two nonidentical subunits, designated Idhlp (Mr 

400 kDa) and Idh2p (Mr 39 kDa). Both enzyme and RNA-binding activities are 

specificallyy lost in cells containing disruptions in either IDH1 or IDH2, the nuclear 

geness encoding the two subunits of the enzyme, thus identifying p40 as Idh and 

showingg that both activities are dependent on the simultaneous presence of both 

subunits. . 

Idhh is thus a new member of a still growing family of enzymes with an additional 

RNA-bindingg property. This family is outlined and reviewed in chapter I. When 

reviewingg these double functioning enzymes, it is striking that some enzymes which 

aree part of important enzymatic processes in the cell, also reform key regulatory roles 

ass RNA-binding in certain pathways (e.g. aconitase and iron homeostasis or 
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thymidylatee synthase and DNA synthesis). Another striking feature which comes to 

mindd is that research on these enzymes is hampered by the fact that mutation 

analysiss of either RNA-binding property or the enzymatic activity of these enzymes 

cann have an unwanted effects on the other activity. This difficulty results in most 

casess in a slow progression in the characterization of the RNA-binding property of a 

duall  functioning enzyme. 

Too characterize the RNA-binding property of Idh, we wanted to analyze RNA-

bindingg mutants which were still enzymatically active. Since no obvious RNA-

bindingg domain was found in Idh, we screened two other yeast species (K. lactis and 

S.S. pombe) for the RNA-binding capacity of their NAD-Idh's (chapter III) . S. pombe 

Idh,, like the S. cerevisiae enzyme, has high affinity for COX2 leaders of S. pombe, K. 

lactislactis and S. cerevisiae. In contrast, Idh purified from K. lactis shows only low affinity 

forr all mRNAs tested. Sequence comparison revealed high levels of similarity 

betweenn the three Idh proteins including regions that contain candidate amino acids 

importantt for the interaction with RNA. 

Too determine which subunit was involved in the binding of RNA, we expressed 

eitherr K. lactis Idhl or Idh2 in an Idhl or Idh2 disruptant of S. cerevisiae, respectively 

(chapterr IV). In this way we obtained heterologous Idh complexes. However, we 

couldd not make a distinction between the subunits since both heterologous 

complexess displayed very low binding capacity. We choose to mutate Idhl. Two 

aminoo acids which differed between S. cerevisiae and K. lactis and were located in the 

cleftt of Idhl were mutated. These mutants displayed very low RNA-binding capacity 

butt retained enzyme activity. 

Chapterr V describes experiments that demonstrate that Idh functions as a repressor 

off  translation. Pulse chase labeling experiments show that in the absence of Idh 

mitochondriall  translation increases. These experiments also show that the elevated 

levelss of mitochondrial products are rapidly degraded, probably by specific 

mitochondriall  proteases. The amount of native complexes of the respiratory chain 

alsoo reveals a lower level, thereby probably causing the glycerol- phenotype of the 

idhh disruptant strain. This chapter contains the evidence that Idh functions as a 

negativee regulator of mitochondrial translation. The regulation of RNA-binding of 

Idhh in response to growth conditions and characterization of initiation of translation 

ass a whole wil l remain subject of future research. 
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Thee last chapter (chapter VI) describes the rapid development of extragenic 

suppressorr mutations in strains deleted for either subunit of Idh and reviews the 

resultss of previous chapters. This provides a framework for a model of Idh 

illustratingg its RNA-binding role together with its metabolic function in the Krebs 

cycle. . 
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