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Soluble mitochondrial ATPase (F1) isolated from Neurospora crassa is resolved by dodecyl
sulfate-gel electrophoresis into five polypeptide bands with apparent molecular weights of 59000, 
55000, 36000, 15000 and 12000. 

At least nine further polypeptides remain associated with ATPase after disintegration of mito
chondria with Triton X-100 as shown by the analysis of an immunoprecipitate obtained with anti
serum to F 1 A TPase. 

Two of the associated polypeptides with apparent molecular weights of 19000 and 11000 are 
translated on mitochondrial ribosomes, as demonstrated by incorporation in vivo of radioactive 
leueine in the presence of specific inhibitors of mitochondrial (chloramphenicol) and extramitochon
drial ( cycloheximide) protein synthesis. 

The appearance of mitochondrial translation products in the immunoprecipitated A TPase complex 
is inhibited by' cycloheximide. The same applies for some of the extramitochondrial translation 
products in the presence of chloramphenicol. This suggests that both types of polypeptides are neces
sary for the assembly of the A TPase complex. 

Up to now four products ofmitochondrial protein 
synthesis have been detected in functional membrane 
proteins isolated from mitochondria of Neuraspara 
crassa. Three polypeptides present in cytochrome 
oxidase [1- 31 and one present in cytochrome b [4] 
are made on mitochondrial ribosomes. Mitochondrial 
ATPase was investigated in order to identify further 
products of mitochondrial protein synthesis in this 
organism. 

With yeast it has a\ready been shown that mito
chondrial and extramitochondrial protein synthesis 
cooperate in the formation of an oligomycin-sensitive 
ATPase. The mitochondrial contribution is confined 
to a highly insoluble Iipoprotein fraction [5], whereas 
the other constituents of the enzyme, namely F 1 

ATPase [6, 7] and oligomycin-sensitivity-conferring 
protein [8], are synthesized outside the organelle. 
Four mitochondrial translation products have been 
identified in the isolated enzyme by incorporation 

Enzyme. ATP phosphohydrolase or ATPase (EC 3.6.1.3). 
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in viva of radioactive amino acids in the presence of 
cycloheximide [9]. 

The present results obtained with Neurospora 
crassa confirm the existence of mitochondrial transla
tion products associated with ATPase. However, 
only two polypeptides synthesized on mitochondrial 
ribosomes could be detected in an A TPase complex 
isolated from this organism by immunoprecipitation 
with antiserum to F 1 ATPase. This method of isolation 
was originally devised by Tzagoloff and Meagher [1 0]. 

METHODS 

Cultivation and Labelling of Cells 
Neuraspara crassa wild type 74A was grown in 

Vogel's minimal medium und er aeration [1]. Mito
chondrial proteins were Iabelied with P4C]leucine or 
[3H]leucine by growing cells of a 15-h culture for 3 h 
in the presence of the radioactive amino acid. Special 
growth conditions in the presence of inhibitors are 
detailed in the legends to the figures. 
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Preparat ion af A1 itachandria, 
Soluble lvfitochondrial ATPase ( F1) and Antisera 

Mitochondria were prepared after disintegration 
ofthe cells with a grind mill [1]. Soluble mitochondrial 
A TPase (F 1) could be isolated according to the pro
ccdures developed either for the beef heart [11] or for 
the yeast [12, 13] enzyme. ATPase activity was deter
mined using A TP as substrate [13]. 

Antisera against F 1 ATPase wcre obtained from 
rabbits by standard procedures (see [141). 

lmmunoprecipitation 

All operations were performed at 0-4 °C. Mito
chondrial suspensions (20- 30 mg/ml) were diluted 
with buffer (1 ~:-~ Triton X-100, 0.3 M KCl, 10 mM 
Tris-acetate pH 7.5) to a final concentration of2 mg/ 
ml and centrifuged immediatcly in an Eppendorf 
microcentrifuge for 5 min at 12000xg. 95-100% of 
the mitochondrial protein was found in the super
natant. The supernatant was incubated with an amount 
of antiserum sufficient to rcach maximal precipitation. 
The reaction was complete after 2 h and the pre
cipitate was isolated by centrifugation for 2 min 
in the microcentrifuge. The pellcts were washed 
twicc in buffer containing 1% Triton X-100, 0.3 M 
KCI, 10 mM Tris-acetate pH 7.5 and once in 10 mM 
Tris-acetate pH 7.5. 

Dodecylsulfate-Gel Electrophoresis 

The washed immunoprccipitates were suspended 
in 10-20 )..ll of 10 mM Tris-acetate buffer pH 7.5, 
dissolved by addition of dodecylsulfate buffer (final 
concentrations: 2% dodecylsulfate, 5 /'~ mercapto
cthanol, 0.1 M Tris- acetate pH 8.5) and incubated 
over night at 0- 4 °C. Immunoprecipitates obtained 
with some antisera could not be completely dissociated 
by this proccdurc, and it was necessary to preincubate 
in 0.2 M NaOH for 10 min at room temperature 
beforc addition of dodecylsulfate buffer [9]. 20 )..ll 
of solution containing 20- 50 )..lg of mitochondrial 
protein were separated on 12.5% gels [3]. Described 
methods have been used for measurement of radio
activity in gel slices and for calibration ofthe molecular 
weights [3]. Protein was cstimated by the procedure 
of Lowry et al. [15]. 

RESULTS 

Subunit Composition 
o.f Soluble M ilachondrial A TPase (F1) 

F 1 ATPase from Neuraspara crassa is separated 
by dodecylsulfate-gel electrophoresis into five poly-
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Fig.t. Suhunit composition of soluble miro(·hondrial A TPase (F1 }. 

The densitometric trace was recorded after separation of the enzyme 
by dodecylsulfate-gel electrophoresis and staining with Coomassie 
brilliant blue 

15~----------------------~ 

0 

~~o--------o 

/0 
0 

c: 
'§ 10 
0 

a 

l I .B 
.E 5 ° 

f,..-·--r -•--•- ---- -o----- ,------! 

OT----.--~--~,---~--"_J 

0 0.1 0.2 
Antiserum (ml) 

Fig.2. Titration of Triton X-JVV solubili::ed mitvchondrial profeins 
with antiserum to 1-"1 A TPase. Mitochondrial protcins wcre Iahelied 
as described in the legend to Table 2 (column 8). 0.25-ml samplcs 
of the solubilized proteins were incubatcd with equal volum~::s of 
rabbit serum. Thc amounts of antiserum to F 1 ATPase indicated 
on the abs<..:issa were brought to 0.25 ml by the addition of control 
serum. The ordinate documents the precipitated Iahelied proLein 
as a perccntagc of total milochondrial protein. (o---o") 14C 
control ]abel; (e- · --e) 3 H cycloheximidc-resistanl Iahe! 

peptide bands with apparent molecular weights of 
59000, 56000, 36000, 15000 and 12000 (Fig.l). The 
isolated enzyme is rapidly inactivated at 0 oc and it 
is not inhibited by oligomycin. Enzymic activities 
between 60 and 100 units/mg protein were measured 
with different preparations. Similar subunit com
positions and propertics have been reported for F 1 

Eur. J. Biochem. 54 ( 1975) 
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Fig. 3. Coe/ectrophoresis of f~ ATPase (e_.) and ofmitochon
drial pro Ieins precipitated with antiserum to F1 ATPase (0---- -0). 
The immunoprecipitatc was obtained from cells labellcd with 
P4 C]leucine (see Methods). F 1 ATPase was isolated from cells 
Iabelied with [3 H]Ieucinc. Both proteins wcrc dissolved in dodecyl-

ATPase isolated from beef heart [11, 16, 17], rat liver 
[18, 19] and Schizosaccharomyces pombe [20]. 

lmmunoprecipitate Obtained with Antiserum 
to F1 ATPase from Mitochondria 
Solubilized with Triton X-10 

Antiserum to F 1 ATPase at optimal concentra
tions precipitates 13% to 15% ofwhole mitochondrial 
protein (Fig. 2). The precipitation is caused by specific 
antibodies, since control serum gives only minimal 
reaction. 

To compare the polypeptidc composition of the 
immunoprecipitate with that of the F 1 A TPase both 
proteins were mixed and submitted to dodecylsulfate-
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sulfate butfer, mixcd and thcn submitted to gel clcctrophoresis. 
The upper part of the figure shows a gel-electrophoretic separation 
of immunoprecipitated ATPase after staining with Coomassie 
brilliant hlue. In this particular experiment no mercaptoethano\ 
was prescnt during the solubilization of lhe proteins 

gel clectrophoresis (Fig. 3). The immunoprecipitate 
bad been obtained from cells Iabelied with [14C]
leucine, and the F 1 A TPase had been isolated from 
cells Iabelied with [3H]leucine. As demonstrated in 
Fig. 3, not only the five subunits of F 1 ATPase are 
precipitated but also numerous additional polypep· 
tides. The distribution of the 14C Iabel shows seven 
main peaks containing the amounts of radioactivity 
compiled in Table 1. Shoulders which are more or 
less pronounced in different separations (e.g. Fig. 4-7) 
indicate that some of these peaks contain more than 
one polypeptide. A better resolution is observed after 
staining the gels with Coomassie blue (Fig. 3). Those 
stained bands which can be correlated with the label
ling pattern have been numbered from 1 to 14. (The 
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Fig.4. Distriburion of lzomogeneous { 14C}leuc:ine (o--- O) and 
eHJhisridine {e--e) over the electrophoretic fractions of 
immunoprectjJitated ATPase. Cclls were Iabelied by a simultaneous 

Table I. Ammmts o( homo~:eneous e4 Cjleucine present in electro
phorl!tic}/"acrions of immunoprecipiwted ATPase 
The pen.:entuge ~ontents were evaluated from electrophorctic 
Separations of immunoprecipitated ATPase as shown in Fig. 3-7. 
The values represent the average of 12 separations. The proteins 
were Iabeiied \Vith (14C]Ieucine as des{;.ribed tmder Methods 

Components of A TPase 

1, 2, 3. 4 
5, 6 
7, 8 
9 
10, 11 
12, 13 
14 

Homogeneaus [14C]leucine 

~~ or total 

52.4 ± 5.1 
10 ± 1.5 

l) ± 1.1 
6.7 ± 0.8 
3.8 ± 0.8 
4.8 ± 1 

13.1 ± 2.6 

heavy band near the origin can be attributed to the 
rabbit gammaglobulins. They exhibit a high molec
ular weight, since disulfide bridges have not been 
reduced with mercaptoethanol in this particular ex
periment.) The subunits of F 1 ATPase exhibit the 
same electrophoretic mobility as components 2, 3, 6, 

incorporat.ion of P4 CJ1cucine and [3 H]hislidine for 3 h. The isolated 
immunoprecipitate was separated by dodecylsulfate-gel electro
phoresis 

11 and 12. The additional polypeptides show apparent 
molecular weights of 65000 (1), 48 000 (4), 38 000 (5), 
22000 (7), 21000 (8), 19000 (9), 16000 (10), 11000 (13) 
and lcss than 8000 (14). 

In order to confirm the polypeptide composition 
described above, an immunoprecipitate labelled simul
taneously with [3 H]histidine and [14C]leucine was 
separated by gel electrophoresis (Fig.4). Components 
1, 2, 3 and 4 can be distinguished by their individua 1 

Fig. 5. Cyc/oheximide-resistant Iabel in immunopreci'pitated ATPase 
afterdifferent /abelling procedures. (A) Cclls were Iabeiied according 
to the protocol detailed in Tahle 2 (column A). A 3Hrc ratio of 
2.4 and a specific 14C radio-activity of 180000 counts x min- 1 x mg -t 
was determined in the whole mitochondrial protcin in this partic..:ular 
experiment. The isolated immunoprecipilate was separated by 
dodecylsulfate-gel electrophoresis. (0·----0) 14C control Iabel; 
(e--e) 3H radioactivity incorporated during 60 min in the pres
ence of cyclohcximide. (B,C) The immunoprecipitates described 
in Table 2 (columns B and C) werc separated hy dodttylsulfale-gel 
electrophoresis. (o----o) 14C controllabel; (e---·•) 3 H radio
activity incorporated aftcr a transitory incubation with chloram
phenicol in the presencc of cycloheximide during (B) 60 min and 
(C) 2 min plus 60-min chase 

Eur. J. Biochem. 54 (1975) 
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Table 2. Enrichment of cycloheximide-resisrant Iabel in cnmponent 9 
of immunoprecipitated ATPase afier diff"erent labe/ling procedures 
Column A and B: Cclls grown for 15 h in a 2-1 culture were Iabelied 
for 3 h with P4 C)Ieucine (0.125 mCijl). Thereafter the culturc was 
dividcd into equal parts. One halfwas incubated with 4 mgchloram
phenicol per ml for 30 min. Then both cultures were washcd 
scparatcly thrcc timcs with fresh culture medium, and aeraled in 1 l 
medium foranother 15 min. To both cultures 0.1 mg cyclohcximide 
pcr ml was added, and 2 min later [3li]Ieucine (2.5 mCi/1). After 
60 min the cclls were harvestcd. Thc specific 14C radioactivity of 
whole mitochondrial proleins was 140000 counts x min _, x mg- 1 

in both preparations. Column C: Cells were Iabelied wilh P4CJ
leucine and preincubated with chloramphcnicol as described abm·e. 
2 min after cycloheximide [3 H]Jeucine (10 mCijl) was added, and 
2 min later unlabelled leueine to a final concentration of 5 mM. 
After 60 min the cells were harvested. The spccific 14C radioactivity 
of wholc mitochondrial proteinwas 150000 counts x min-I x mg- 1 

Protein fractions 

Whole mitochondrial 
protcin 

lmmunoprccipitated 
:\ TPasc 

Component 9 

Specific radioactivity (IH/4 C ratios) 
after labelling in the prcsence 
of cyclohexirnit.le for 

60 min 60min 2 min plus 
60-min 
chase 

after a transitory incuba
tion with 
chloramphenicol 

(A) (B) (C) 

1.64 ( = 1) 2.32 ( = 1) 0.53 (= 1) 

0.2 (0.12) 0.47 (0.2) 0.1 (0.2) 

1.1 (0.7) 5.5 (2.4) 2.0 (3.1~) 

3 H/14C ratios, as can components 5 and 6 and com
ponents 12 and 13. Component 9 exhibits constant 
3H/14C ratios over all peak fractions and may therefore 
represent a single polypeptide. Remarkably, no his
tidinc is present in component 14, and only low levels 
of this amino acid can be detected in components 7 
and 8. 

lt is concluded from these results that the immuno
precipitated ATPase complex contains at least 14 
polypeptides: the five subunits of F 1 ATPase and ninc 
additional polypeptides. The whole polypeptide pat
tern resembles that of oligomycin-sensitive ATPase 
purified from mitochondrial membranes of yeast [10] 
or becf heart [21, 22]. 

A1 itochondriul .S'ynthesis 
of" Polypeptides Associated with ATPase 

A selective labeHing of mitochondrial or extra
mitochondrial translation products can be achieved 
by incorporation in vivo of radioactive amino acids 
in the presencc of specific inhibitors of extramito-

Mitochondrial Translation Products in ATPasc 

Tablc 3. Labelling of immunoprecipirated ATPast' in the presence 
of ch/oramphenicul 
Cclls grown for 15 h in a 2-1 culture were Iabelied for 3 h with [14C)
Icueine (0.125 mCi/1). Thercaftcr 4 mg chloramphenicol per ml was 
added, and 5 min Jater [3 H]leucine (lmCi/1). After 30 min one half 
of the cells was harvested. Thc remaining cells were washed three 
times with fresh culture medium to removc the chloramphenicol 
and grown foranother hour. Whole mitochondrial protcins isolated 
f rorn both cells exhibi ted speci fic 14C radioact i vi t ies of 14 5 000 co unts 
x min- 1 x mg- 1• The immunoprecipitates \Vere separated on 
dodecylsulfate gels as shown in Fig. 7 A and B 

Protein fractions 

Whole mitochondrial protcin 

Immunoprecipitated ATPasc 

Component 9 

Specific radioactivity 
eH/14C ratios) 

before washing after washing 
OLlt of out of 
chloram- chloram-
phenicol phenicol 
(A) (B) 

2.0 (=I) 2.0 ( = I) 

1.64 (0.S5) 1.9 (0.95) 

0.33 (0.15) 0.2 (0. 1) 

chondrial (cycloheximide) or mitochondrial (chloram
phenicol) protein synthesis. In previous studies with 
cytochrome oxidase [2,3], however, it has been shown 
that in the presence of either inhibitor mainly pre
cursor polypeptides are labelled, which can be as
sembled into the functional enzyme only by special 
techniqucs. In the present studies concerning thc site 
of synthesis of the polypeptidcs associated with 
A TPase the same problems were encountercd and 
could be overcome by the same techniques. 

Cycloheximide strongly inhibits amino acid in
corporation into all polypcptides precipitated with 
antiserum to F 1 ATPase (Fig. 5A). Some labet ap
pears in component 9 and 13, but the amounts vary 
from experiment to experiment and no enrichment is 
observed if compared to the label of wholc mito
chondrial protein (Table 2 A). Cycloheximide-resistanl 
Iabel present in further electrophoretic fractions 
cannot bc correlated with any control Iabel. 

As reported earlier [3] and as demonstrated in 
Tablc 2 B, cycloheximide-resistant amino acid in
corporation is stimulated after a transitory incubation 
ofthe celJs with ch1oramphenicol. Afrer this treatment 
Iabel is found to be enhanced in the wholc mito
chondria1 protein (Table 2 B, C) and to a still !arger 
extent in components 9 and 13 of the A TPase complex 
(Fig. 5 B, C). The specific radioactivity of component 9 
is enriched 2.4-fold compared to whole mitochondrial 
protein after a labeHing period of 60 min, and 3.8-fold 
after a pulse chase labelling. Radioactivity appearing 
at higher molecular weights is stilJ present after a 
60-min incorporation, but has nearly disappeared in 
the pulse chase experiment. 

Eur. J. Biochcm. 54 (1975) 



G. Jackl and W. Sebald 103 

6~-------------------------------------------------. 
U) 

0 

·~ 5 
4 
3 

2 A A AA6A 
1·············•••ooooOOooooooooll~ .... ~ ............ 'A/'JI;A ............ ~ .................. i:./),IPti., ................... : .. 

200 

oo 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

~ 
I 
I 

I I 

I I 

I ' 

150 
"2 .E 

' ? I 
lll 

c 
:J I 
0 I 

~ I 
I 

.~ 100 ' 
ti 
~ 
.C::: 

'1-u 

50 

0 10 20 30 

Fig. 6. Cycloheximide-resistant labelling of immunoprecipitated 
ATPase afterwashing out the inhibitor and ftmher growth of the cell.~. 
A 15-h culture of ccl1s was Iabelied for 3 h with [14C]lcucine (0.08 mCi/ 
1). After a transitory incubation for 30 min with chloramphenicol 
(4 mgjml), cyclohex.imide (0.1 mgjml) was added and 2 min later 
[
3H]leucine (1.2 mCi/1). After a labelHng period of 60 min, cells 

were washed three times with fresh cuJture medium and grown 

These results indicate the presence of mitochon
drial translation products in components 9 and 13 
of the A TPase complex. In order to examine wether 
or not further polypeptides are synthesized under 
the action of cycloheximide but not integrated into 
the A TPase complex, the following wash-out experi
ment was performed (Fig. 6). Cycloheximide was 
removed from the cells after the labelling period, 
and the cells were grown in fresh eulture medium for 
another 4 h. Extramitochondrial protein synthesis is 
thus reactivated and the assembly of the ATPase 
complex proeeeds. lt must be considered, however, 
that only a small percentage of the added radioactive 
leueine is utilized in the presenee of cycloheximide. 
Most of the traeer remains in the cellular leueine pool 
and eannot be washed out or ehased [2]. After washing 
out the inhibitor, the residual radioactive leueine 
appears in all cellular proteins. This unspecifie label
ling can be ealculated, sinee it is distributed in the 
same relation over the eomponents of the ATPase 
complex as the control Iabel. Additional radioactivity, 
which must have been ineorporated in the presence 
of cycloheximide, is observed only in the case of 
components 9 and 13. As in the pulse chase experi-

Eur. J. Biochem. 54 (1975) 
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for another 4 h. Thc spccific 14C and 3 H radioactivity of whole 
mitochondrial protein was 120 000 and 240 000 counts x min- 1 

x mg- 1 respectively. The isolated immunoprecipitate was separated 
by dodccylsulfatc-gel clectrophoresis. (0 ---o) 14C controllabel; 
(e--e) 3H radioactivity incorporated during and after the incuba
tion with cycloheximide 

ment no other mitochondrial translation products 
can be detected in the ATPase complex. 

This suggests that all eomponents except 9 and 13 
are translated on extramitochondrial ribosomes. The 
extramitoehondrial origin of these polypeptides can 
be further demonstrated by labeHing experiments 
after inhibition of mitoehondrial protein synthesis. 
After ineorporation of [3H]leucine for 30 min in the 
presenee of chloramphenicol, labeHing of the A TPase 
eomplex is 15% lower than that ofwhole mitochondrial 
protein (Table 3A). Label is found to be strongly 
reduced in component 9, and also but to a lower 
extent in components 7, 8, 10, 13 and 14 (Fig. 7 A). In 
order to see if the labelling of these components is 
prevented due to an incomplete assembly with the 
A TPase complex or due to an inhibition of synthesis, 
the chloramphenicol was removed after the labeHing 
period and the cells were grown for another hour in 
fresh medium. The labeHing of the whole mitochon
drial protein is not changed by this procedure 
(Table 3 B). The Iabel enhanees, however, in com
ponents 7, 8, 10 and 14 of the ATPase comp1ex 
(Fig. 7B). In components 9 and 13 a 90% and 50% 
inhibition of labeHing persists. It may be mentioned 
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Fig. 7. Chforamphenicol-resistant lahelling pattern of immunopre- 3H radioactivity incorporated (A) during a 30-min labeHing period 
cipitated ATPase be.fore and ajier washing out the inhibitor. The in the presence of chloramphenicol or (B) afterremoval of chloram-
immunoprccipitates described in Table 3 were separated by dodecyl- phenicol and further growth of the cells 
sulfate-gel electrophoresis. (o- ··· · -0) 14C control Iabel; (----..) 

that in the absence of chloramphenicol all components 
reach the same specific radioactivity 30 min after 
addition of the [3H]leucine. 

Comparisan l~f Component 9 af the A TPase Camplex 
with the Mitachandrially Synthesized Subunits 
af Cytachrame Oxidase 

In prcvious studies a mitochondrial site of syn
thesis was demonstrated for subunits I, ll and III of 

cytochrome oxidase purified from Neuraspara crassa 
[3]. These polypeptides wcre compared by coelectro
phoresis with the mitochondriaJ translation products 
associated with ATPase (Fig. 8). The A TPase complex 
bad been labelled with [3H]leucine in the presence of 
cycloheximide, and cytochrome oxidase had been 
Jabelled with [14C]leucine in the abscnce of inhibitor. 
Both proteins were isolated by means of specific 
antisera, mixed and then submitted to dodecylsulfate
gel electrophoresis. Component 9 of the ATPase 

Eur. J. Biochem. 54 (1975) 



G. Jackl and W. Sebald 

c: .E 
-<1) 

c 

300-

! 200-

6 

] 
·= u 100-

;! 

Fig. 8. Coelectrophoresis of cytochrome oxidase and of mitochondrial 
Irans/ation products associated with ATPase. Cytochrome oxidase 
Iabelied homogeneously with (14C]Ieucine was isolated by immuno
precipitation with antiserum to cytochromc oxidase (14] as described 
und er Methods. Immunoprecipitated A TPase was isolated from 
cells labelled with [3H]Ieucine in the presence of cycloheximide as 
detailed in Table 2 (column B). Both proteins were dissolved in 
dodecylsulfate buffer, mixed and then submitted to dodecylsulfate
gel clectrophoresis. (0 ---0) 14C radioactivity representing sub
units of cytochrome oxidase; (e-e) 3H radioactivity represent
ing mitochondrial translation products associated with ATPasc 

complex can be distinguished from subunit lll of 
cytochrome oxidase by a slightly higher electro
phoretic mobility. This result is in accordance with 
earlier studies [3], where the existence of two mito
chondrial translation products with a molecular 
weight of about 20000 was postulated. 

DISCUSSION 

The A TPase complex described in the present 
communication is isolated by immunoprecipitation 
with antiserum to F 1 ATPase. It is uncertain if the 
immunoprecipitate represents whole oligomycin-sensi
tive ATPase, since it has not yet been possible to 
isolate the functional enzyme from Neuraspara crassa 
in a reasonably pure state. Nevertheless, this A TPase 
complex contains, besides the five subunits · of F 1 

ATPase, a specific pattem of at least nine additional 
poJypeptides. These additional polypeptides apparent
ly are tightly associated with the F 1 ATPase, since 
they arenot split off by the fairly high concentrations 
of Triton X-100 (1 %) and KCI (0.3 M) used for the 
solubilization of the membranes and the isolation of 
the immunoprecipitate. 

Two polypeptides associated with F 1 A TPase are 
synthesized on mitochondrial ribosomes. In double 
labelling experiments the one polypeptide with a 
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molecular weight of 19000 can be clearly correlated 
with component 9 of the ATPase complex. In this 
component, control and cycloheximide-resistant Iabel 
can be superimposed and labelling is inhibited by 
90% in the presence of chloramphenicol. The other 
mitochondrial translation product with a molecular 
weight of 11 000 may be correlated with component 13 
of the A TPase complex. The incomplete separation 
of this component in the gel electrophoresis may 
explain the 1ower enrichment of cycloheximide
resistant Iabel and the lower inhibition of labelling 
by chloramphenicol if compared to component 9. 
Nevertheless, a constant percentage of cycloheximide
resistant Iabel occurs in component 13 under different 
labelling conditions and a 50% inhibition of labeHing 
is observed in the presence of chloramphenicol. This 
indicates that this mitochondrial translation product 
is also a constituent of the ATPase complex and that 
it is present in substantial amounts. 

Component 9 only binds the Coomassie blue 
stain poorly, and its apparent molecular weight is 
found to be higher if the dodecylsulfate-gel electro
phoresis is performed at higher gel concentrations. 
Both properties have also been observed in mito
chondrial translation products present in cytochrome 
oxidase from yeast [23,24] and Neuraspara crassa {3]. 

In yeast, four polypeptides synthesized in the 
presence of cycloheximide could be identified in an 
oligomycin-sensitive ATPase isolated after reconstitu
tion ofthe enzymein vitra. The same four polypeptides 
were detected when the enzyme was isolated by im
munoprecipitation with antiserum to whole oligo
mycin-sensitive ATPase [9,25,26]. Molecular weights 
of 29000, 22000, 12000 and 7500 were determined for 
these mitochondrial translation products. The bulk 
of the cycloheximide-resistant Iabel was found in 
the polypeptide with a molecular weight of 7500. 
This low-molecular-weight product could be isolated 
by extraction with chloroform- methanol and thin
layer chromatography [9, 25, 28]. It contains an unusu
ally high percentage of hydrophobic amino acids. 
The same polypeptide could be isolated starting from 
whole mitochondrial membranes [27,28]. 

No mitochondrial translation product with a 
molecular weight of 7500 can be detected after 
gel-electrophoretic separation of the A TPase complex 
from Neuraspara crassa as described in this paper. 
Extraction of the ATPase complex with chloroform
methanol, treatment with acid (0.2 M) or base 
(0.2 M) and heating in dodecylsulfate buffer does not 
result in the appearance of low-molecular-weight 
material. From whole mitochondrial membranes of 
Neuraspara crassa, however, a polypeptide with a 
molecular weight of approximately 8000 can be 
isolated hy chloroform- methanol extraction and 

r 
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thin-layer chromatography. It is synthesized on mito
chondrial ribosomes and has nearly the same amino 
acid composition as the yeast polypeptide (R. Michel, 
et al., unpublished results). It seems possible that 
this polypeptidc is only wcakly bound to the ATPase 
complex in Neurospora crassa and is therefore not 
isolated with the immunoprecipitate. The same may 
apply to the polypeptide with a molccular wcight of 
29000, which is present in the yeast enzyme and absent 
in the ATPase complex from Neurospora. The two 
mitochondrial translation products identified in the 
Neurospora ATPasc may bc analogaus to the poly
peptides with molecular weights of 22000 and 12000 
prcsent in oligomycin-sensitive ATPase from yeast. 

lt seems unlikcly that a different set of mitochon
drially synthesized polypeptides is necessary for the 
function of ATPase in yeast and Neurospora crassa. 
lt has yet to be clarified whether or not the Iack of two 
polypeptides in Neurospora ATPase is accompanied 
by a loss of functional properties of the enzyme. 
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