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Abstractt  We have previously demonstrated that the yeast 
Krebss cycle enzyme NAD"-dependent isocitrate dehydrogenase 
(Idh)) binds specifically and with high affinit y to the 5'-
untranslatedd leader  sequences of mitochondrial mRNAs in vitr o 
andd have proposed a role for  the enzyme in the regulation of 
mitochondriall  translation |FJzinga, S.D.J. et al. (2000) Curr . 
Genet.,, in press). Although our  studies initiall y failed to reveal 
anyy consistent correlation between idh disruption and mitochon-
driall  translational activity, it is now apparent that compensatory 
exx tragen ic suppressor  mutations readily accumulate in idh 
disruptionn strains thereby masking mutant behaviour. Now, 
pulse-chasee protein labelling of isolated mitochondria from an 
Idhh disruption mutant lacking suppressor  mutations reveals a 
strongg (2-3-fold) increase in the synthesis of mitochondrial 
translationn products. Strikingly , the newly synthesised proteins 
aree more short-lived than in mitochondria from wild-type cells, 
theirr  degradation occurring with a 2-3-fold reduced half-life. 
Enhancedd degradation of translation products is also a feature of 
yeastt  mutants in which tethering/docking of mitochondrial 
mRNAss is disturbed. We therefore suggest that binding of Idh 
too mitochondrial mRNAs may suppress inappropriat e translation 
off  mitochondrial mRNAs. €> 2000 Federation of European 
Biochemicall  Societies. Published by Elsevier  Science B.V. All 
right ss reserved. 

Ki'vKi'v irordx; RNA binding; Mitochondrial translation: 
Respiratoryy chain; Sacchiironiyi.es cereviskw 

1.. Introductio n 

Inn the yeast Succharonnres ceri'vislcw. seven components of 
thee respiratory complexes are encoded by mitochondrial 
genes:: subunits I. 2 and 3 of cytochrome c oxidase (Coxlp, 
Cox2pp and Cox3p, Complex IV} . cytochrome h of the bc\ 
complexx iC\\b: Complex III ) and subunits 6. 8 and 9 of the 
F(ii  portion of ATP synthase (Alp6p. Atp8p and Atp9p; Com-
plexx V). The mechanism of translation initiation and start site 
selectionn of the mRNAs coding for these subunils is obscure. 
Thee 5'-untrans!ated leader sequences are long {ti p to several 

hundredd nucleotides). AU-rich and contain GC-rich clusters 
ablee to form stable secondary structures. In addition, these 
leaderss can contain numerous AUG codons. Synthesis of all 
sevenn proteins depends on subunit-specific translational acti-
vators.. Those required for Coxlp (Pct309p. Mss51p). Cox2p 
(Pelll  l ip) . Cox3p (Pet54p. Pell22p. Pet494p) and Cylh 
(Cbslp.. Cbs2p) are the best characterised [2]. All but 
MssSlpp depend for their action on the 5'-LTR of their target 
mRNA.. In addition. Peil22p [3.4] has been shown to interact 
withh the small ribosomal subunit. All translational activators 
studiedd so far are associated with the inner membrane, leading 
too the proposal [5] that a mRNA can be translated only after 
beingg tethered to the matrix-facing surface of the inner mem-
brane.. Tethering is proposed to facilitate the co-translational 
insertionn of newly synthesised proteins into the membrane to 
alloww assembly with nuclear encoded proteins. However, the 
questionn how synthesis oT nuclear and mitochondrially en-
codedd subunits is balanced is still open. 

Althoughh genetic evidence suggests that translational acti-
vatorss specifically recognise the 5'-UTR of their target 
mRNA.. in no case has RNA-binding activity been demon-
stratedd directly. In contrast, a search for RNA-binding pro-
teinss in yeast mitochondria] extracts led to the discovery that 
NA DD -dependent isocitrate dehydrogenase (Idh) is an RNA-
bindingg protein. Idh. one of the eight enzymes of the Krebs 
cycle,, is an octamer composed of Idhlp and Idh2p (encoded 
byy IDH! and IDH2. respectively) [6]. We have previously 
shownn that Idh function is not limited to catalytic activity 
inn the TCA cycle. Idh also binds specifically and with high 
affinityy to the 5'-UTR of all mitochondrial mRNAs in vitro 
[77 9].' 

Heree we show that cells disrupted for the IDH genes display 
aa strong increase in mitochondria) translation activity. The 
newlyy synthesised products are also more rapidly degraded. 
Despitee increased synthesis, steady-state levels of Coxlp. 
Cox2pp and Co\3p and oC Cylh are reduced in the absence 
off  Idh and hlh" cells also display reduced steady-state levels 
off  fully assembled Complexes II I  and IV. Surprisingly, levels 
off  FiFo-ATP synthase (Complex V) were found not to be 
affected. . 

"Correspondingg auihor. h a t: (31 J-;<I-66N5!>S6. 
E-mail:: speku bio.uvii.nl 

Abbreviations.Abbreviations. BNF_, blue native electrophoresis: OXPi lOS. oxida-
tivee phosphorylation 

2.. Material s and methods 

2.12.1 Strains and grunth conditions 
Thee S. ccrevtsiae strain W303-1A <ade2-l: his.1-11.-15: leu2-3.-H2: 
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ura3-I:ura3-I: trpl-1: canl-IOO: MATa) was used. In this strain Will and 
11)11211)112 have been disrupted using Z.£l'2 and ///.S'.f. respectively [6.10], 

2.2.2.2. Isolation <>l  mitochondria 
Cellss were grown in rich medium containing 2' galactose and 

harvestedd at mid-log phase. Isolation of mitochondria and subsequent 
inn vitro translation were carried out as described by McKce and 
Poytonn with a leu minor adjustments [ I I ] : spheroplasts were Ivscd 
byy Potter homogenisation and mitochondria were resuspended in 0.6 
\ ll  mannitol to a final concentration of 3 ins protein per ml. 

2.3.2.3. In organello pulse-chase labelling and imimmoblotting 
Forr efficient translation, isolated mitochondria were incubated in 

optimisedd protein-synthesising medium D in the presence of S ul/ml 
TRAN55S-LABEL* 33 (1175 Ci/mmol; 10.5 mCi/ml: containing 70 i-
("SJmethioninee and 15'. L-(35S)cysteine: ICN Biomedicals. Inc.). La-
bellingg was allowed to continue for 30 min and 25(1 ul samples were 
takenn al KI min and 30 min. An excess o\' cold methionine (final 
concentrationn 0.2 Ml was added after 30 min to start the chase. 
Sampless were taken at 3(1 min and 60 mm chase. 

Sampless were recovered by centrifugation for 2 min at 15ODD'',' 
andd the resulting pellet was prepared for SDS PAGP in LSB (2% 
SDS:: 5' P-mercaptoethanol: 5.8% glycerol; ('2.5 niM Iri s HCI pi I 
6.8:: 100 ug/ml bromphenol blue). Protein gels (both SDS PAGE and 
bluee native electrophoresis IBM.I ) were blotted on XISI MicronSep 
nitrocellulosee disc filters. 

2.4.2.4. BXE and 211 gel electrophoresis 
Analysiss of intact mitochondrial oxidative phosphorylation (OX-

1'IIOS)) complexes was done b\ BNE [12]. l o r these experiments a 
66 16'! polyacrylamide gradient was used. 

Forr 2D electrophoretic analysis of pulse-chased mitochondria, mi-
tochondriaa were solubilised bv treatment with 2". lauryl-maltoside 
andd the extracts separated in the first dimension bv BNE as described 
above. . 

WT T AIDH1 AIDH1 

-- Atp8/9 

300 60 

pulse e 

60 0 30 0 600 60 

chasee pulse chase 

Fig.. I. Synthesis and turnover ol'mitochondrial encoded proteins in 
mitochondriaa isolated from a wild-type and an id/il"  strain. Mito-
chondriall  translation products were labelled with 35S-methionine 
duringg 60 min. followed In the addition of an excess (20 mMi of 
unlabelledd methionine and a 60 mm chase. Samples were taken after 
3oo and 60 min labelling and after 60 min chase and were analysed 
byy SDS PAGE and phosphoimaging (for details see Section 2). 
Newly,, synthesised proteins are indicated: the ribosomal protein 
Varlp,, cytochrome c oxidase subunits Coxlp. Cox2p and Cox3p, 
Complexx III subunit cytochrome /  (Cyt/>) and ATP synthase sub-
unitss Alp6p, Atp8p and Atp9p. 
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WTT AIDH1 
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Cox3 3 
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Fig.. 2. Reduced steady-state levels of Cox2p. Cox3p and Cox4p in 
mitochondriaa from an idltl"  strain compared to wild-type. Mito-
chondriall  proteins (15 tig) were separated b> SDS PAGE and blot-
tedd on membrane (Section 2). Co\2p. Cox3p and Cox4p were de-
tectedd with monoclonal antibodies. As a control, the blot was 
incubatedd with an antibody against Tim44p. showing equal amounts 
inn both strains. 

3.. Results 

Despi tee the fact that Iclh could readi ly be shown to bind 

specificallyy [7 9] and with high affinity (calculated A'd of 2 5 

n M :: VI . Siep, unpubl ished results) to 5 ' - U T Rs of all m i to-

chondr iall  m R N As in yeast, it tu rned out to be mo re difficul t 

thann we expected to assess the relevance of these findings in 

termss of mi tochondr ial t rans la t ion. 

Basedd on the observat ions that ( I ) m R N As apparent ly lack-

ingg an Idh-b inding site in their 5 ' - U TR are t rans la tab le [13], 

(2)) our idh mu tant (and that ob ta ined from Dr. L. McAl ister-

Hennn [6]) was capab le of g rowth on g lycero l -conta in ing me-

dia,, we concluded that Idh is not essential for t rans la t ion and 

proposedd a role as a t rans la t ional repressor. For the exten-

sivelvv character ised COX2 m R N A. such a role is a lso consis-

tentt wi th the finding that (11 Idh b inds to a folded form of the 

5 ' -UTRR in which the in i t iator A U G is likelv to be masked. 

W TT AIDH1 

ATPP synthase 

bc\bc\ complex 

Cytt c oxidase 

Fig.. 3. Steady-state levels o\~ respiratory complexes in mitochondria 
fromm wild-type and idh J" cells. Mitochondria were solubilised in 2"
lauryl-maltosidee (Section 2) and electrophoresed in the presence of 
Servaa Blue Ci on a 6 l<Y non-denaturing polyacrylamide gel as de-
scribedd bv Schagger and von Jagow [12]. The separated proteins 
weree analysed bv immunoblotting with polyclonal antibodies against 
F ib.. Fl(i o( A l l ' synthase, ('ore II of />( and cytochrome c oxi-
dase. . 
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Tig.. 4. Synthesis and assembly of mitochondrial!}  encoded proteins 
inn mitochondria isolated from a wild-type and an idhl" strain. Mito-
chondrial!)) encoded proteins of wild-type (panels A and B) and idh" 
(panelss C and D) were pulse labelled with '5S-methionine for 60 
minn (panels A and C) and chased with an excess oi' unlabelled me-
thioninee (panels B and D). Proteins were analysed in a 2D BNF. 
(firstt dimensionl-SDS (second dimension) gel system (for details see 
Sectionn 2). Individual subunils are indicated in the margin of panel 
D.. The migration pattern of the cytochrome c oxidase complex in 
(hee first dimension is indicated by open triangles. Closed triangles 
indicatee (he high molecular weight position al which proteins accu-
mulatee |see Section 4). 

andd (2) an overlap of Idh- and Pet 1 lip-binding sites within 
thee 5'-LJTR suggests that translational activation by the latter 
mightt be modulatable by Idh [14], 

Apartt from an initially intriguing observation of increased 
translationall  activity in strains disrupted for either or both 
Idhh subunits [15]. subsequent experimentation failed to reveal 
aa consistent correlation between idh disruption and transla-
tionall  activity. Considering that our failure to establish such a 
correlationn might be the consequence of complex and possibly 
compensatoryy effects of idh disruption on translation via 
changess in mitochondrial energy and redox balance in combi-
nationn with loss of RNA binding, we turned our attention to 
thee identification and construction of variant and mutant Idhs 
inn which catalytic activity was retained, but RNA binding was 
reducedd or lost [1]. In the course of this work, however, re-
portss by McCammon and co-workers [10.16] provided new 
andd alternative insights into our failure to demonstrate a clear 
effectt on translational activity. Przybyla-Zawislak el al. show 
thatt strains disrupted for cither IDHI or 11)112 are in fact 
stronglyy impaired in respirator}  growth. However, when 
suchh /(//(-disrupted strains are plated on glycerol-conlaining 
medium,, accumulation of exlragenic suppressor mutations 
eventuallyy allows varying degrees of growth. We therefore 
re-examinedd our idh disruption strains for the presence of 
extragenicc suppressor mutations by crossing the idh2° haploid 
strainn with a W303 wild-type haploid. After sporulation, 16 
tetradss were dissected and analysed (see Tabic I). The high 
numberss of tetrads showing an aberrant segregation pattern 
off  the glycerol phenotype (4:0 and 3:1. 2 and II tetrads, 
respectively)) clearly indicate the presence of an extragenic 
suppressorr mutation. This mutation, when combined with 
thee idl\2" allele, restores respiratory growth. The HIS3 
marker,, which was used to disrupt the IDH2 gene, shows 
thee expected 2:2 segregation pattern in all tetrads. 

55 5 

Wee repealed our initial mitochondrial protein labelling ex-
perimentss using idhl" and idh2° strains constructed in the 
McCammonn laboratory [6.10]. Both mutants had been 
checkedd for the absence of extragenic suppressor mutations 
andd both were unable to grow on non-fermentable carbon 
sources. . 

Too assess the effect of loss of Idh on mitochondrial trans-
lation,, we compared pulse labelling of newly synthesised pro-
teinss in mitochondria isolated from the wild-type and idhl 
strainn (Fig. 1). Time samples were taken after 30 min and 60 
minn labelling and after 60 min chase in the presence of unla-
belledd methionine. Equal amounts of mitochondrial protein 
weree separated by SDS PAGE and then blotted to nitrocellu-
losee filters. Labelled translation products were analysed by 
phosphoimagerr scanning and quantified with ImageQuant®. 

Thee results presented in Fig. 1 show that in the absence of 
Idhl,, the synthesis of ATP synthase subunil Atp6p. bc\ sub-
unitt Cyt/> and cytochrome c oxidase subunits Cox I p. Cox2p 
andd Cox3p is strongly increased (Fig. I : compare lanes 30/60 
minn pulse of W303 and idh"). Quantitation shows that the 
increasee is between 1.5-fold (for Co.\3p) and 3-fold (for 
Coxlp)) the wild-type level. 

Strikingly,, the increase of newly synthesised proteins in the 
idhl"idhl"  strain is accompanied by an enhanced turnover (Fig. 1: 
comparee lanes 60 min chase of both strains). Quantitation of 
thee radioactivity in the gel indicates that, during the time 
coursee of the chase, about 20% of the labelled protein is 
degradedd in mitochondria from the wild-type cells compared 
too 50'%) in mitochondria from the idhl" strain. The effect is 
mostt pronounced with Cox3p: 25% is degraded in wild-type 
mitochondriaa compared to 55% in the mitochondria lacking 
Idh.. This increase in protein synthesis and enhanced turnover 
ass observed in an idhl" strain is not observed when other 
geness coding for Krebs cycle enzymes like citrate synthase 
((777)) or malate dehydrogenase (MDH1) are disrupted 
(dataa not shown). 

Sincee both synthesis and turnover of mitochondrial proteins 
aree increased in mitochondria lacking Idh. we next investi-
gatedd the effect on steady-stale levels of cytochrome c oxidase 
subunilss using immunodetection. The increased synthesis of 
thee mitochondrial̂  encoded subunits of cytochrome c oxidase 
inn the absence of Idh is nol reflected in the steady-state levels 
off  the proteins (Fig. 2). Indeed, despite the 3-fold higher syn-
thesiss rate. Coxlp is undetectable. Cox3p is hardly detectable 
andd Cox2p and Cytè are reduced (Fig. 2: compare left and 
rightt panels: Coxlp and Cyt/> data not shown). Interestingly. 
thee level of the nuclear encoded Cox4p subunil is reduced to 
thee same extent as Cox2p and Cox3p. In sharp contrast to 
thesee differences, levels of Tim44p (an inner membrane pro-
teinn involved in mitochondrial protein import) appear to be 
thee same in both strains. 

Thee effect on Cox4p implies that levels of fully assembled 
respiratoryy chain complexes should be reduced in the idhl" 

Tablee I 
Tetradd analysis of a cross between a wild-type strain (W303) and an 
idhfidhf strain (W303: idh2::HIS3) 

Phenotype e 

gly/gly y 
his"/his s 

Segregation n 

4:00 3:1 

22 II 
00 0 

2:2 2 

3 3 
16 6 

FEBSS 24194 27-9-00 
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strain.. That this is indeed the case was confirmed by blue 
nativee gel electrophorctic separation of mitochondrial ex-
tracts.. Three OXPHOS enzyme complexes contain mitochon-
driallyy encoded subunits: F |Fi r AT P synthase (Complex V), 
cytochromee c oxidase (Complex IV) and the ht\ complex 
(Complexx III) . To detect these complexes in a native gel. anti-
bodiess against ATP synthase subunit F,p\ subunit II of Com-
plexx II I and cytochrome c oxidase (holoenzyme) were used 
(Fig.. 3). As expected from the results shown (Fig. 2). cyto-
chromee c oxidase and hi] levels are significantly reduced (by 
aboutt 80%) in mitochondria lacking Idh. Surprisingly, and in 
contrastt to the effect on respiratory enzymes, the level of ATP 
synthasee appears not to be affected in the mutant strain. 

Fromm our results it is clear that despite increased mitochon-
driall  translation in the absence of Idhlp, steady-state levels of 
thee respiratory enzymes are low. suggesting impaired assembly 
eitherr in addition to, or as a consequence of increased turn-
over.. To investigate this further, newly synthesised proteins 
weree subjected to 2D gel electrophoresis (Section 2), to allow 
thee analysis of their assembly state. In the first dimension 
proteinn complexes are separated on a non-denaturing gel. In 
thee second, denaturing dimension (SDS PAGE), the individ-
uall  subunits of these complexes are resolved. 2D BNE-SDS 
separationss of pulse-chased wild-type and UihP mitochondria 
aree shown in Fig. 4. In wild-type mitochondria (pulse: panel 
A.. chase; panel B), newly synthesised Coxlp. Cox2p and 
Cox3pp migrate at a number of discrete positions, which are 
likelyy to represent distinct intermediates in the assembly of 
cytochromee c oxidase [17,18], After 60 min labelling, a sub-
stantiall  portion of newly synthesised Cox3p co-migrates in the 
firstfirst dimension with fully assembled cytochrome i oxidase and 
thiss portion continues to increase during the chase, indicating 
thatt even under in vitro conditions, in which only limited 
amountss of nuclear encoded subunits are available, assembly 
cann still occur (Fig. 4A and B, open triangles). The absence of 
Idhlpp results in enhanced Cox3p synthesis (as already shown 
inn Fig. 1), but only a small fraction of the newly synthesised 
proteinn is assembled into cytochrome c oxidase (Fig. 4C, open 
triangle).. This amount increases only slightly during the chase 
(Fig.. 4D, open triangle). Unlike the situation in the wild-type 
cells,, the bulk of the newly synthesised Cox3p visualised after 
600 min of labelling accumulates at a position corresponding to 
ann approximate molecular weight of 1 MDa (compare Fig. 4A 
andd C. closed triangles). In contrast to normally assembled 
Cox3p,, this material is rapidly degraded during the chase (Fig. 
4D,, closed triangle). Thus, despite high Cox3p synthesis, only 
aa small fraction of the newly produced protein is assembled 
intoo Complex IV, a picture consistent with our observation of 
aa reduced steady-state level of cytochrome <• oxidase (Fig. 2). 

Takenn together, these results both support our initial hy-
pothesiss that Idh functions as a negative regulator of trans-
lationn of mitochondrial mRNAs and suggest additional roles 
forr RNA binding by Idh in terms of stabilisation of mitochon-
driall  translation products and their subsequent assembly into 
functionall  respiratory complexes. 

4.. Discussion 

Earlierr work performed in our group identified the NAD -
dependentt Krebs cycle enzyme Idh as an RNA-binding pro-
tein.. It was shown that Idh could bind specifically and with 
highh affinity to the 5'-untranslated leader sequences of all 
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mitochondriall  mRNAs in vitro. Idh is an octameric enzyme 
consistingg of two subunits. Idhlp and Idhlp. Disruption of 
thee gene for either subunit leads to a loss of enzyme activity 
andd RNA binding, indicating that the native enzyme is neces-
saryy for both activities. We have previously suggested that the 
enzymee may modulate translation, thereby in some way link-
ingg the need for Krebs cycle function and respiratory chain 
activityy to the rate of mitochondrial biogenesis. However, 
apartt from some initial results using strains disrupted for ei-
therr Idh subunit which lent support to the view that the en-
zymee can act as a repressor of translation, we were in later 
experimentss unable to reproducibiy confirm a repressive effect 
onn mitochondrial translation activity. More recent observa-
tionss made by McCammon and co-workers now provide an 
explanationn for this behaviour of Idh disruptants in terms of 
theirr ability to accumulate extragenic suppressor mutations. 
Ass shown by Przybyla-Zawistak el al. [16], disruptants of 
IDlilIDlil and/or IDH2 are respiratory deficient, exhibiting 
stronglyy reduced growth on glycerol. Isolates of these strains 
readilyy accumulate colonies which display normal respiratory-
growthh and which on subsequent genetic characterisation turn 
outt to contain suppressor mutations in (primarily) CITl and 
MDHIMDHI genes. Neither of these classes of suppressors restores 
Krebss cycle activity and the basis of their suppressive effect is 
nott understood. Nevertheless, these findings prompted us to 
examinee the possibility that our Idhn strains may contain sim-
ilarr extragenic suppressor mutations. First, in contrast lo Idh 
disruptantt strains constructed by Przybyla-Zawislak et al. 
[16],, both Idh disruptants constructed by us display growth 
onn glycerol. Crossing of our /rf/i" strain with a wild-type 
strain,, followed by sporulation and tetrad dissection indeed 
showedd the presence of an extragenic suppressor mutation. 

Havingg identified the presence of an extragenic suppressor 
mutationn in our klh" strains, we repeated the pulse-chase la-
bellingg experiments of mitochondrial proteins with freshly 
constructedd iW/i° strains provided by the McCammon labora-
tory.. The results of these experiments are reported here. As 
indicatedd in Fig. 1. the absence of Idh clearly results in an 
increasee of translational activity in isolated mitochondria. The 
samee effect was observed in experiments using cycloheximide-
inhibitedd cells (data not shown). In both cases, synthesis is 
enhanced,, but the newly produced proteins are degraded 
moree rapidly. Additionally, in the absence of Idhlp, a large 
portionn of newly synthesised Cox3p (and to a lesser extent 
Cox2p)) is not assembled into cytochrome c oxidase. Instead, 
itt is found in a high molecular weight complex (approximately 
11 MDa) of unknown identity that is rapidly degraded. The 
identityy of the protease(s) responsible for this degradation is 
att present unknown. However, membrane-bound members of 
thee triple-A metalloprotease family, including Ymelp and 
Afg3p/Rcalpp [19,20] are known to be responsible for the rap-
idd turnover of non-assembled mitochondrial translation prod-
uctss and have been characterised as high molecular weight 
complexes.. Although recently observed in a mutant putatively 
disturbedd in mitochondrial translational fidelity control [21] 
generallyy increased mitochondrial translation activity is not 
aa common feature of other yeast mutants affecting mitochon-
driall  function. Pulse-chase labelling experiments of mitochon-
driall  proteins are routinely performed in our laboratory, using 
aa wide variety of (mutant) strains [20.22.23]. A general in-
creasee in translation activity as seen in the itihl" strain has 
nott been seen. Additionally, disruptants of CITl and MDIH 
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showw translation patterns indistinguishable from wild-type 
(dataa not shown). 

Thee observation that steady-state levels of respiratory chain 
complexess are lower in the iW/r" strain (see Figs. 2 and 3). 
correlatess well with the enhanced degradation seen in Fig. 1, 
Onee could argue that conditions of enhanced production (and 
turnover)) of mitochondrial̂  encoded subunits would at least 
resultt in similar steady-state levels of respiratory chain com-
plexess in wild-type and ;V//i° strains. Recently, studies have 
beenn described on chimeric mRNAs harbouring the COX2 
orr the COX3 coding region under transcriptional and trans-
lationall  control of the VAR1 5'-UTR [5], As a protein of' the 
mitoribosoma!!  small subunit. it is thought that synthesis of 
Varlpp does not depend on co-translational membrane inser-
tion.. In line with a membrane-tethering model for mitochon-
driall  translation, both Cox2p and Cox3p were translated effi-
cientlyy from the chimeric mRNAs. but their incorporation 
intoo active cytochrome c oxidase was found to be severely 
defectivee [5]. The increased turnover observed in Idh-deficieni 
cellss is reminiscent of that observed to take place when the 
mRNAss for Cox2p and Cox3p are prevented from membrane 
tethering/dockingg by the 5'-UTR replacement. Taking these 
dataa into account, we suggest that RNA binding by Idh may-
functionn to prevent translation of mRNAs in the mitochon-
driall  matrix. As recently shown by Anderson el al. [24] and 
ourr lab [1], binding of RNA to Idh results in reduction of 
catalyticc activity, but this effect can be reversed by AM P as 
allostericc effector of the enzyme [24]. This combination of 
functionss in mitochondrial redox balance and translational 
controll  may therefore permit Idh to play a key role in regu-
latingg the rate of mitochondrial assembly to the need for 
mitochondriall  function. 
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