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Radioaetive leueine was ineorporated by N eurospora crassa mitoehondria in vivo in the 
presence of cyeloheximide. When the membrane protein of these mitochondria was ehromato
graphieally separated on oleyl polymethaerylie aeid resin, & nurober of fraetions were obtained 
whieh differ with respeet to their eontents of radioaetivity and eytoehromes. The highest speeifie 
radioaetivity was found in the fraction eontaining eytoehrome aa3• This fraetion proved to be 
a pure and enzymatically aetive cytoehrome oxidase. Its ratio of absorbanee at 280 nm (ox)/ 
443 nm (red.) was 2.1. By means of sodium dodeeylsulfate gel-electrophoresis, this enzymewas 
separated into five polypeptides with molecular weights of 30000, 20000, 13000, 10000, and 
8000. Only the polypeptide with the molecular weight 20000 displayed a high specific radio
aetivity. 

It is weil known today, that mitochondria possess 
their own protein synthesizing system [1-3], re
sponsible for the synthesis of part of the proteins of 
the inner mitoehondrial membrane [4-6]. This 
system was shown to be insensitive to cyeloheximide 
[7 -10], an effeetive inhibitor of the eytosolie protein 
synthesis [11]. In the presenee of this inhibitor the 
proteins synthesized inside the mitochondria eould 
be specifically labeled by the ineorporation of radio
active amino acids [9]. However, our knowledge about 
function, size and composition of the products of the 
mitochondrial protein synthesis is still very limited. 
This probably is due to the difficulty of their separa
tion and purification. 

The reeently described polyacrylic acid resin, of 
which earboxylie groups were partially linked with 
oleylamine by amide bonds, is particularly appro
priate for the chromatographic separation of mem
brane protein [12]. In this study such a resin was 
applied to the separation of membrane proteins of 
N eurospora crassa mitochondria, into which radio
active amino acids had been ineorporated in vivo in 
the presence of cycloheximide. 

METHODS 

Preparation of the Radioactively 
Labeled M itochondrial Membrane Protein 

N eurospora crassa, wild type 7 4 A, was cultured 
as described [13]. For labeling of the total hyphae 
protein 0.15 mCi L-[14C]leucine was added to a 41 

Enzyme. Cytochrome oxidaso or ferrocytochrorne c : 0 2 
oxidoreductase (EC 1.9.3.1). 

eulture of 18 h grown hyphae (approximately 2.5 g 
protein) and the eulture was allowed to grow for an 
additional 30 min. Then cycloheximide was added 
(0.1 mgfml) (Carl Roth OHG, Karlsruhe, Germany). 
After 4 min of vigorous shaking 1.0 mCi L-[3H]
leueine was added. Mter 30 min the labeling was 
chased by the addition of unlabeled DL-leucine 
( 1 mM) and 30 m.in later the hyphae were harvested. 
The washed cells were disrupted with a grind mill 
and mitochondria were isolated as described [13]. 
Mitochondria were sonicated in 0.1 M potassium 
phosphate buffer pH 8.0 and membrane proteinwas 
separated from matrix protein by high speed eentri
fugation [12]. 

Ohromatography on Oleyl 
Polymethacrylic Acid Resin 

The procedure for the preparation of the oleyl 
polymethacrylic acid resin and for the chromato
graphie separation of the membrane protein as de
scribed earlier [12], was modified as follows. Poly
methacrylic acid resin (Amberlite, CG 50 III, Serva 
Entwieklungslabor, Heidelberg, Germany) was used 
as commencing resin instead of polyacrylie acid resin. 

The elementary analysis and the cation exchange 
ca pacity of the resins used in this work are summarized 
in Table 1. 

30 mg membrane protein was separated on 6 g 
resin (wet weight). The column (16 x 0.8 cm) was 
equilibrated with 0.1 M Tris-acetate buffer, pH 6.0, 
before applying the solubilized protein. The proteins 
were eluted at a rate of 10 mlfh with the series of 
gradients summarized in Table 2. The temperature 
was kept at 2 °0. 
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The fractions with the highest content of cyto
chrome aa3 (gradient VIII) were combined (26 ml) 
and desalted by gel filtration on a column (85 X 2.5 cm) 
of Sephadex G-25 (Pharmacia, Uppsala, Sweden), 
which had been equilibrated with 0.05 M Tris-acetate 
buffer, pH 8.0. 

In order to remove excess Tween 80, to concentrate 
and to further purify the enzyme, the desalted 
solution of cytochrome aa3 (50 ml) was applied to a 
small column ( 1.0 X 0.8 cm) of DEAE-cellulose (Serva 
Entwicklungslabor, Heidelberg, Germany) equili
brated with 0.05 M Tris-acetate, pH 8.0. 

Mter washing the column with 0.05 M Tris
acetate, pH 8.0 (20 ml), cytochrome aa3 was eluted 

Table 1. Elementarganalysis and cation exehange eapat;ity of 
the polymethaerylic acid and of the oleyl polymethaerylic; acid 

reain 
Elementary analysis were generously performed in the Iaba
ratory of E. Wünsch (Max-Pla.nck-Institut für Eiweiß- und 
Lederforschung, München). Cation exchange capacities were 
evaluated from titration curves performed with an automatic 
titrator (Radiometer Copenhagen, Denmark) over a period 

Res in 

Polymethacrylic acid 

Oleyl polymethacrylio 
acid 

of24-35h 

Elementary analysis 

c H N 

Oft •], .,. 
54.8 7.0 

66.3 9.6 2.2 

Cation 
exchange 
capacity 

mequiv./g 
dry wt 

10.1 

3.6 

with a solution of 0.3 M KCI and 0.05 M Tris-acetate, 
pH 8.0 (1.5 ml). While cytochrome aa3 was added to 
and washed on the column the flow rate was 
50 ml/h. The cytochrome aa3 was eluted with a flow 
rate of 10 mlfh. 

Sodium Dodecylsulfate Gel Electrophoresis 

The solution of cytochrome aa3 was dialysed 
against water (10-20 h) and 1yophilized. The protein 
pellet was dissolved in 5°/0 sodium dodecylsulfate, 
5°/0 mercaptoethanol and 0.1 M Tris-Cl, pH 8.0, 
(10 mg proteinfml) by incubation at 37 oc for 4 h. 
Total membrane protein was dissolved directly in 
the same medium. 

Polyacrylamide gels (10°/0) were polymerized 
from two stock solutions containing (a) 8 g acryl
amide, 0.215 g N,N' -methylene bisacrylamide, 0.1 ml 
N,N,N',N'-tetramethyl ethylenediamine, and water 
to 60ml; (b) 0.1 g ammonium peroxodisulfate and 
water to 20 ml. The two stock solutions were mixed 
at a ratio 3 : 1 and allowed to polymerize in horizontal 
molds, 0.2 X 5 X 15 cm. The gels were equilibrated for 
2 days with a solution of 0.5°/0 sodium dodecyl
sulfate, 0.1 M Tris-Cl, pH 8.0 and 0.05 M mercapto
ethanol and stored in the same solution. Before 
electrophoresis, the gels were carefully freed from 
adherent liquid betwen two la.yers of filter paper and 
then placed on a sheet of glass. A 1 cm Iong slit was 
cut in the gel by means of a razor-blade. This slit was 
slightly spread (about 0.5 mm) and filled with 
0.01 m1 of the protein solution. The gel was brought 

Table 2. Butler, salt and detergent concentrationB of the gradient eomponents 
For preparing gradients 11 and V three equal vessels were connected in series by means of two U-tubes. The contents of the 
first and second vessel of each series were stirred. The elutionsolutionwas taken from the first vessel by a LKB-Perpex pump 

(LKB, Stockholm, Sweden). Gradient IV was prepared by means of a series of two equal vessels 

Gradient Vessel Trls acetate Potassium 
no. no. Volume 1>H 8.0 cholate + deoxycholate KCI Tween 80 

(1: 1) 1>H 8.0 

ml :M '/o :M 0/o 

I 40 0.1 (pH 6.0) 

II 1 15 0.10 
2 15 1.00 
3 15 0.01 

III 35 0.01 

IV 1 40 0.01 
2 40 0.01 1 

V 1 40 0.01 1 
2 40 0.20 1 
3 40 0.20 1 2 

VI 130 0.20 1 2 

VII 25 0.20 3 

VIII 50 0.20 3 0.5 
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in conta.ct with the electrode buffer (0.5°/0 sodium 
dodecylsulfa.te, 0.1 M Tris-Cl, pH 8.0) with thick 
filter pa.per. To prevent drying out the gelwas covered 
with a piece ofpolyethylene foil; 20 mA were applied 
to the gel. The electrophoresis was stopped when a. 
sample of cytochrome c (Boehringer, Mannheim 
GmbH, Mannheim, Germany) applied in an additional 
sma.ll slit ha.d migrated exa.ctly 6 cm (about 4 h). For 
staining of the proteins, the gel was incubated with 
5°/0 coomassie brilliant blue R-250 (Serva Entwick
lungslabor, Heidelberg, Germany) in metha.nol
water-acetic acid (5:5:1, vfvfv) for 2 h. The gel 
was destained in this solvent for 24 h and finally stored 
in 10 °/0 acetic acid.For determination of radioactivity, 
the unsta.ined gel was cut in small slices. The slices 
were sha.ken with 0.5 ml 0.5°/0 sodium dodecyl
sulfate, 0.1 M Tris-Cl, pH 8.0, in counting vials at 
60 °0 for 4-5 h. Ra.dioactivity was counted as 
described below. 

Assay of Oytochrome Oxidase Activity 

Cytochrome oxidase activity was measured spec
trophotometrica.lly at 25 °0 by following the decrease 
ofabsorbance at 550 nm offerrocytochrome c (50~) 
in 0.1 M Tris-acetate buffer pH 8.0 [14]. 

Determination of Oytochrome Oontents 

Cytochrome contents were determined from 
difference spectra (reduced minus oxidized) performed 
with a split beam spectrophotometer designed by 
M. Klingenberg or with a Beckman DK 1A Recording 
Spectrophotometer, using the following molar ab
sorption coefficients: for cytochrome aa3 LI c6o5nm = 
24 X 103 M-1 cm-1 [15] and for cytochrome b Llesa1nm 
= 16 x 103 M-1 cm-1 [16]. 

Protein Determination 

Protein was determined with the biuret meth
od [17]. 

Determination of Radioactivity 

Two equal portions of each cell fraction (Table 3) 
were washed three times with 5°/0 trichloroacetic 
acid and twice with acetone and were allowed to 
dry. One portionwas used for protein determination. 
The other one was solubilized with 1°/0 sodium 
dodecylsulfa.te (approximately 0.1 mgfml) by sonica
tion. 0.1 ml of this protein solution was added to 
15 ml scintillation liquid (6 g butyl PBD, CIBA, 
Basel, Switzerland, in 600 ml toluene and 400 ml 
ethylene glycol monomethylether). Radioactivity 
was measured with a scintillation counter (Packa.rd, 
Illinois, U.S.A.). 

RESULTS 

Effect of Cycloheximide on Incorporation of Leueine 
into the Proteins of V arious Gell Fractions 

In a first labeling period, [l4C]leucine was incor
porated into total cell protein. Added cycloheximide 
then stopped the cytosolic protein synthesis. Thus, 
in the second labeling period, [3H]leucine was 
incorpora.ted only into that part of mitochondrial 
membrane protein, which is synthesized by the 
mitochondrial ribosomes. 

The contents of uc and 3H radioactivity of the 
total cell, soluble cytosolic, mitochondrial matrix 
and mitochondrial membrane protein are summarized 
in Table 3. While [14C]leucine is distributed fairly 
equally a.mong the different protein fractions, the 
specific [3H]leucine content of the mitochondrial 
membrane protein greatly exceeds the values of the 
other cell proteins. 

Table 3. Distribution of [1'0 ]leucine, incorporated before the 
addition of cycloheximide, and of {3H}leucine, incorporated in 

the presence of cycloheximide 

Radioactivity 
Cell fractlon 

counts x min-1 X ILK 
protein-1 

Total cell 87 7.0 0.08 

100000xg supernatant of 
cytosol 94 1.9 0.02 

Mitochondrial matrix 68 7.5 0.09 

Mitochondrial membrane 59 44 0.73 

Chromatographie Separation of the Labeled 
M itochondrial Membrane Protein on 
Oleyl Polymethacrylic Acid Resin 

The result of the chroma.tographic separation of 
the labeled mitochondria.l membrane protein is shown 
in Fig.1. The profile of 14C ra.dioactivity represents 
total membrane protein, the profile of 3H radio
activity represents those proteins or peptides which 
were synthesized by the cycloheximide insensitive 
system. The other curves show the absolute contents 
of cytochrome aa3 and b and the 3H/14C ratio. The 
efficiency of separation may be looked upon in terms 
of the number of protein peaks {Fig.l A), the appear
ance of cytochromes {Fig.l B), and the differences of 
the 3H/14C ratios of the protein peaks (Fig.1 B). 
These ra.tios may be compared with the corresponding 
ratio of the total membrane protein, also given in 
Fig.l C as a straight horizontalline. 

It is remarkable that the 3H/14C ratio of all frac
tions eluted from the column, is smaller than the 
value of the unfra.ctionated membrane protein or 
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only equal to it. This is also manifested by the yields 
of recovery, which amount to approximately 50°/0 
for ac, but only 250/0 for 3H radioactivity. 

The highest 3Hf14C ratio coincides with the 
appearance of cytochrome aa3• The high value of the 
first fraction which passes the column without being 
bound, may be attributed to unincorporated [3H]
leucine. 
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Fig.1. Elution profiles of the chrorootography oflaheled mito
chondriaJ membrane protein on oleyl polymethacrylic acid 
resin. (A) Profiles of the 14C and 3H radioactivity; (B) profiles 
of cytochrome ~ and b; (C) 3H/14C ratios. •--e, uc 
radioactivity; Q----o, 3H radioactivity; t::"--t::", cyto
chrome aaa; 0--0, cytochrome b; e, 3H/14C ratio. Roman 

numerals indicate the gradients, see Table 2 

3H Label, Heme aa3 Gontent and Enzymatic 
Activity of the Cytochrome Oxidase 

Table 4 presents data of radioactive Iabel, heme 
aa3 content, enzymatic activity, and yield of cyto
chrome oxidase. 

The final preparation proved to represent cyto
chrome oxidase ofhigh purity and enzymatic activity. 
Its heme aa3 content exceeded the value of the un
fractionated membrane 16-fold and its specific acti vity 
14-fold. This cytochrome oxidase contains also a 
remarkable amount of cycloheximide insensitive 
[SH]leucine Iabel. 

The absolute spectra of the oxidized and dithio
nite reduced form of a typical preparation are shown 
in Fig. 2. The wavelengths of and the absorbances at 
the maxima are summarized in Table 5. From these 
data the ratios of absorbance at 280 nm (ox.)/443 nm 
(red.) and at 443 nm (red.)/428 nm (ox.) are 2.1 and 
1.35, respectively. These values fulfil the criteria for 
purity for crystalline cytochrome oxidase from beaf 
heart mitochondria [18]. Remarkably the maximum 
of the oxidized form in the y region is at 428 nm in 
cantrast to 423 nm as reported for the cytochrome 
oxidase isolated from beaf heart or yeast mito
chondria [18, 19]. The other maxima (at 605 nm and 
443 nm) show no differences in wavelength for beaf 
heart, yeast or N euroapora crassa. 

Sodium Dodecylsulfate Gel Electrophoresis 
of the Gytochrome Oxidase 

For analysis of the protein part of the cytochrome 
oxidase the enzymewas submitted to sodium dodecyl
sulfate electrophoresis. For comparison, the electro
phoresis was performed also with the unfractionated 
mitochondrial membrane protein. The density of the 
absorbance of the stained gels at 546 nm, the distri
bution of the 140 and 3H radioactivity and the 3Hf14.C 
ratio are represented in Fig. 3 and 4. 

The method used separates the polypeptides 
according to their molecular weights [20]. The molec
ular weight scale used in the abscissae of Fig.3 and 4 

Table 4. Y ield of preparation, content of radioactivity, heme aa1 content, and enzymatic activity of the cytochrome oxidase 

10-• x Radloactivlty Heme aa1 EnzymaUe Preparation Volume Protein "HfUC activlty uc •H Total Speclfte 

ml mg counts/min nmoles 
nmoles/mg ,,moles 

Jlroteln x mln-• x mg-1 

Mitochondrial membrane 1.2 30 1750 1320 0.73 9.3 0.31 0.4 

Cytochrome oxidase (from oleyl poly-
methacrylic acid resin) 26 0.83 49 36 0.74 2.5 3.0 5.6 

Cytochrome oxidase (from DEAE-
cellulose) 1.4 0.23 13 10 0.76 1.1 4.8 1.9 

4.6& 

" The enzymatlc activlty of the cytochrome oxldase eluted from the DEAE-cellulose was determlned also in the presence of added Tween 80, ftnal 
concentratlon 0.5 '/0 • 
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Fig.2. Absolute spectra of the purified cytochrome oxidase of Neurospora craBBa. (A) The oxidized (air) form of the cyto
chrome oxidase; (B) 10 min after the addition of dithionite 
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Fig.3. Elutropherogram of the purified cytochrome oxidase. (A} Absorbance of the coomassie brilliant blue stained protein 
bands; (B) uc and 3H radioactivity in the gel slices; (C) 3Hfl'C ratios. --, absorbance at 546 nm; •--•, 1'C radio

activity; Q----o, 3H radioactivity; e, 3Hfl'C ratio 

is calibrated by means of proteins of known molec
ular weigts (albumhl, enolase, triosephosphate iso
merase, Iactalbumin and cytochrome c). 

Mter electrophoretic separation of the cyto
chrome oxidase, 5 protein bands are revealed by 
coomassie brilliant blue staining as weil as by 140 

radioactivity (Fig. 3). Their molecular weights are 
estimated tobe approximately 30000, 20000, 13000, 
10000, and 8000. Thus, the protein part of the cyto
chrome oxidase preparation consists of five relatively 
small polypeptides. The polypeptide with the molec
ular weight 20000 contains an outstandingly high 
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Fig.4. Electropherogram of the mitochondrial memlJrane protein. (A) Absorbance of the coomassie-brilliant blue stained protein 
bands; (B) uc and 3H radioactivity in the gel slices; (C) the 3Hf14C ratios. --, absorbance at 546 nm; •--e, 14C radio

activity; o----o, 3H radioactivity; e, 8HfHC ratios 

Table 5. Absorbance of the oxidized and dithionite reduced cyto
ckrome oxidase 

The protein concentration of the cytochrome oxidase was 
0.32 mg/ml as determined by its radioactivity. The cell 

path length was 1 cm 

Maxima Wavelength Absorbance 

nm 

Oxidized 280 0.700 
428 0.245 
605 0.025 

Reduced 443 0.330 
605 0.060 

content of [3H]leucine, incorporated by the cyclo
heximide insensitive protein synthesis. The only 
maximum of the 3Hfl'C ratio curve coincides with 
this polypeptide peak. Another smaller peak of the 

3H radioactivity curve is present in the protein band 
of the molecular weight 30000. However, this peak, 
as well as the background in protein stain and radio
activity in the higher molecular weight region, 
varies from analysis to analysis, whereas the appear
ance of the 3H peak at the molecular weight 20000 
and of the five 14C peaks is fairly constant. Therefore 
the 3H peak at the molecular weight 30000 and the 
background might be due to aggregation pheno
mena. 

As shown in Fig.4, mitochondrial membrane 
protein is composed of at least 20 different poly
peptides [21]. At least 4 of them seem to be syn
thesized by the intrinsic mitochondrial system, as 
indicated by the maxima of the 3H/14C ratio curve 
coinciding with the maxima of the 14C radioactivity 
curve. Interestingly enough, a maximum of the 3H/14C 
ratio curve appears also at the molecular weight 
20000 and with almost equal magnitude to the 
maximum of the 3Hf14C curve of the cytochrome 
oxidase electrophoresis. 
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DISCUSSION 

Due to the choice of a rapidly growing micro
organism, mitochondrial membrane protein with high 
content of radioactivity was obtained by incorpora
tion of labeled amino acids. A small scale preparation 
of pure cytochrome oxidase from this membrane 
protein was possible by chromatography on oleyl 
polymethacrylic acid resin. The protein moiety of 
this cytochrome oxidase could be disaggregated into 
five fractions by sodium dodecylsulfate gel electro
phoreis. One of these fractions which had the 
electrophoretic mobility of a polypeptide chain with 
the molecular weight 20000, bad an exceptionally 
high content of radioactive leucine, incorporated by 
the cycloheximide resistent protein synthesis. 

Two aspects ha ve to be discussed in more detail. 
Firstly, is this fraction a polypeptide synthesized 
by the mitochondrial ribosomes 1 The specific radio
activity (3H/1'C ratio) of this fraction exceeds the 
corresponding value of the whole membrane protein 
only three times. This may be due to the high 14C 
background measured in the gel. On the other band, 
if we assume that this fraction is a pure polypeptide, 
30°/0 of the whole membrane protein would be a 
product of mitochondrial protein synthesis. While 
one group of authors reported a value in this 
range [10], others determined values in the rarige of 
15°/0 [22,23]. Hence a higher enrichment of specific 
radioactivity should be expected of a pure poly
peptide of mitochondrial origin. However, we have 
to consider the possibility, that peptide chains 
synthesized by the intrinsic mitochondrial system 
may not be integrated into functional active Iipo
proteins, when the supply of cytosolic peptides is 
stopped simultaneously. Polypeptides not integrated 
into Iipoproteins may behave differently during the 
applied purification procedure. Thus, the enrichment 
of specific radioactivity (3H/14C ratio) may not be an 
absolute criterium for estimating the degree of purity 
of a peptide of mitochondrial origin. 

Furthermore, the fractions at the molecular 
weight of 20000 show almost equal values of the 
3Hf14C ratio in the electropherograms of both the 
whole membrane protein and the purified cytochrome 
oxidase (Figs.3 and 4). It is unlikely, that a mixture 
of equal sized peptide chains would remain un
changed during the preparation procedure. Never
theless, the possibility cannot be excluded that the 
electrophoretically separated fractions still are aggre
gates of even smaller peptide chains which could be 
preformed in the native membrane. In any case we 
did not get smaller fractions, either after maleylation 
of the protein, by addition of urea, by electrophoresis 
at other pH values or at higher temperatures. There
fore, we suggest the protein fraction at the molecular 
weight of 20000 tobe a pure polypeptide synthesized 
by the mitochondrial ribosomes. 

Recently the purification of a highly radioactive 
protein fraction from mitochondrial membrane pro
tein labeled with radioactive amino acids in the 
presence of cyclohe:ximide was described [38]. After 
gel electrophoresis in phenol-formic acidmedium this 
fraction appeared as a single protein band at the 
molecular weight region of about 120 000. As published 
earlier [8,9,29,39] we also found the Iabel exclusively 
in protein bands at the molecular weight region of 
150000 to 55000 when gel electrophoresis was per
formed in phenol-formic acid. From our earlyer results 
we suggest, that some mitochondrial membrane 
proteins tend to aggregate in phenol-formic acid. 

Secondly, is this polypeptide of molecular weight 
20 000 an integrated part of the cytochrome oxidase 1 
The purity of the cytochrome oxidase preparations is 
determined most reliably by the ratio of absorbance 
at 280 nm (ox.)/443 nm (red.) which amounts to 2.1. 
This value is in agreement with the value of the 
crystalline cytochrome oxidase of beaf heart mito
chondria [18]. The specific cytochrome aa3 content 
of the cytochrome oxidase preparation was evaluated 
from its spectral absorbance (L1e6o5nm = 24x 103 M-1 

cm-1, reduced minus oxidized) and its content of 
14C radioactivity to be 4.8 fLIDoles cytochrome aa3/g 
protein, or 9.6 fLIDOles heme afg protein. This evalua· 
tion presupposes, that cytochrome oxidase of Neuro. 
spora crassa in the exponential growth phase shows 
no turnover and shows a leueine content equal to the 
average of the whole membrane protein. The best 
preparations reported in the literature all contain 
8-11 fLIDOles heme afg protein [19, 24- 26], if 
sufficient corrections are applied for the measurement 
of heme a content and of the weight of the fat free 
protein [27]. 

From these spectroscopic data it follows that the 
cytochrome oxidase preparation reported in this work 
fulfils the criteria of purity as established in the 
Iiterature up to now. The appearance of a polypeptide 
of mitochondrial origin of an amount comparable to 
the other components of this preparation seems not 
tobe the matter of contamination. 

The conclusion, that at least part of the apopro
tein of the cytochrome oxidase is synthesized by the 
mitochondria themselves, has been drawn also by 
other authors. 

Cytoplasmic inheritant mutants with loss or 
defect of the mitochondrial protein synthesis [28,29] 
are reported from SaccharomycetJ cerevisiae, petite
mutant [30], and of Neurospora crassa, mi-mutants 
[31]. The most remarkable alterations of the pheno
types of these mutants are their complete or 
partial loss of membrane bound mitochondrial cyto. 
chromes. Yeast cells, grown in the presence of chlor
amphenicol, an inhibitor of the mitochondrial protein 
synthesis, also show a loss of membrane bound 
mitochondrial cytochromes. The early suggestions, 
that these cytochromes are synthesized by the 
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mitochondrial system [32] were modified recently, 
when the necessity of both mitochondrial and cyto
solic protein synthesis for the appearance of the 
cytocrome oxidase during derepression of yeast 
was revealed [33,34]. 

Other authors have excluded the participation of 
the mitochondria in the synthesis of the protein moiety 
of the cytochrome oxidase. The isolation of a complete 
apoprotein from mitochondria of the petite-mutant 
was reported, resembling that of the wild-type by its 
molecular weight, electrophoretic behaviour and 
copper content. The conclusion was drawn, that only 
the deficiency of heme causes the absence of spectro
scopically detectable and enzymatically active cyto
chrome oxidase [35]. In labeHing experiments with 
isolated rat liver mitochondria only a very low Iabel 
was found in the cytochrome oxidase preparation 
and was attributed to a contaminating protein [36]. 
The inhibition of the labelling of the cytochrome 
oxidase by both cycloheximide and chloramphenicol 
was reported. However no significant cycloheximide 
insensitive Iabel was found in the cytochrome oxidase 
preparation. Therefore, the effect of chloramphenicol 
was discussed in terms of inhibiting the synthesis of 
a protein necessary for transport or attachment of 
the prosthetic group to the cytochrome oxidase 
apoprotein [37]. 

In contrast to the latter reports, our finding 
that the purified cytochrome oxidase is built up of 
scveral types of polypeptides and that one of them is 
highly labeled under the action of cycloheximide, 
supports the view that part of the apoprotein of the 
cytochrome oxidase is synthesized by the intrinsic 
mitochondrial system. 

This work was supported by the Deutsche Forschungs
gemeinschaft (Schwerpunkt "Biochemie der Morphogenese" 
und Sonderforschungsbereich 51). The authors are grateful 
to A. Dittrich for her technical assistance. 
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