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SL%~ARY: The biosynthesis of two mitochondrial membrsne 
proteins - subunit IV of cytochroi~e oxidese and ADP/ATP 
translocator protein was studied in intact ascites hepetome 
cells. Using pulse-chase labeling and rapid cell fractionation 
it was possible to identify the precursoric forms of these 
inner mitochondrial membrane proteins. It was found that the 
subunit IV of cytochrome oxidase is synthesized in the cytoplasm 
of mammalian cells in the form of s larger precursor while 
ADP/ATP translocator protein is synthesized in the form that 
is electrophoretically undistinguishable from the msture 
membrane integrated form. 

The major part of mitochondrial proteins is synthesized on 

the cytoplasmic ribosomes end consequently transported to the 

mitochondris /i/. With few exceptions these impozted proteins 

are initially synthesized in the form of larger precursors 

/2,3/. The characterization of these precursors and the events 

involved in their posttrsnslationsl fate have been extensively 

studied in yesst and fungi /2-7/. Most of the corresponding 

studies with msmmalisn cells ~ere performed using heterologous 

cell-free protein synthesizing systems /8-11/. Physiologically 

more relevant systems hsve been employed only in s limited extent. 

Consequently, the information on the intrscelluler synthesis, 

transport and processing of mitochondriel proteins in intact 

mammalian cells are restrained to two soluble mitochondrial 
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enzymes - ornithine trsnscsrbamylsse snd csrbsmoyl-phosphste 

synthetsse /12-15/. One of the main technical obstscles in 

experiments with whole msmmalisn cells resides in relatively 

low rates of protein synthesis resulting in s low labeling of 

the proteins examined. In the present study we took sdvantage of 

the high rate of protein synthesis in rapidly growing rat 

hepatoma for the study of biosynthesis of two mitochondrial 

membrane proteins - subunit IV of cytochrome oxidase and ADP/ATP 

trsnslocstor protein in whole msmmslisn cells. The precursoric 

forms of these proteins in whole cells were identified, and their 

behavior in pulse-chsse lsbeling experiments was established. 

METHODS 

The msintenance, propagation and harvesting of Zejdela 
ascites cells /16/ ss well as the conditions for incubation of 
isolated cells /17/ were ss described. In pulse-chsse experiments 
the density of the cells in the incubstion medium was increased 
to 9xlO cells per ml (about 30 mg protein/ml) And the chase was 
initiated by sddition of sn equsl volume of 37 ~C warm incubation 
medium supplemented with 15 mM unlsbeled methionine. 

For immunosdsorption of mitochondrisl me~r@ne proteins the 
cytosolic snd particulate fraction from the [i S]methionine 
labeled cells were prepared according to /18/ wit~ some modifi- 
cations /15/. 0.i ml of cell suspension (sbout l0 t cells) were 
mixed with 0.4 ml of solution contsining 0.25 M sucrose, 3 mM 
EDTA, 20 mM HEPES, 5 mM o-phenantroline, 200 units/n~l Trasylol 
(Bayer) snd 1 mg/ ml digitonine (final pH 7.#7. After 2 min st 
0 ~C, the mixture was centrifuged 1 min st 12 O00g. The super- 
natsnt and the pellet were rapidly removed and precipitated in 
cold by 15% trichloroacetic acid. After centrifugstion the 
precipitates were washed with cold water, solubilized with 2% 
SDS snd diluted lO times with 2% Triton X-100, phosphate- 
-buffered ssline, 5 mM EDTA, 1 mM phenylmethylsulfonyl fluoride 
~pH 7.4). The lysates were clarified by centrifugstion snd used 
for immunosdsorption with sntisera sgsinst rst mitochondrisl 
proteins and Sephsrose-protein A as described /17/. In some 
experiments whole labeled cells were precipitsted by 15% tri- 
chloroacetic acid snd then processed ss shove. Holo-cytochrome 
oxidas~ was immunoadsorbed from Triton X-100 solubilized lsbeled 
cells ss described previously /17/. 

Raising of sntisera in rabbits /17,19/, solubilization of 
the immunosdsorbed materisl /20/, electrophoresis in SDS poly- 
scrylsmide /21/ snd fluorogrephy of gel slabs ~2/ were 
performed according to published procedures. [22S]methionine 
/~1000 Ci/immol/ wss from Amersham ~England/. 

RESULTS 

Zajdels hepatoma cells incubated under the conditions found 

to be optimal for protein synthesis in isolated hepatocytes /17/ 
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Fig.l. [55S]methionine labeled peptides of rat hepetoms cells 
immunosdsorbed with antiser8 against rat mitochondrisl proteins. 
/A/ -ADP/ATP trsnslocator protein; /B/ -holo-cytochrome 
oxidsse (1), and ~bunit IV of the enzyme (2~. Cells were labeled 
for 60 min with [ SJmethionine (O.1 mCi/ml) snd then lO min 
chased with 7.5 mM unlabeled methionine. The labeled cells were 
processed ss described in Methods and subjected to immuno- 
adsorption with corresponding sntisers. The immunosdsorbed 
radioactive proteins were electrophoresed and vizuslized by 
fluorogrsphy. 

incorporated 5 to I0 times more [59S]methionine than did the 

isolated hepatocytes. Newly synthesized [35S]methionine labeled 

mitochondrisl membrane proteins in whole hepatoma cells were 

identified using sntisera raised against the proteins studied. 

ADP/ATP trsnslocator protein, cytochrome oxidsse snd its subunit 

IV immunoadsorbed from hepatoms cells labeled continuously for 

I hour with [35S]methionine are shown in Fig.l. All subunits of 

cytochrome oxidase as well as ADP/ATP transloeator protein became 

iotensively labeled during this incubation period. Fig.l slso 

shows that the sntisera used were of sstisfactory specificity. 

In orde~ to detect the form in which subunit IV of cytochrome 

oxidase and ADP/ATP transloeator protein are synthesized on the 
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Fig.2. Cytochrome oxidose subunit IV and ADP/ATP tronslocotor 
~ n  immunosdsorbed fmom the cells labeled for different time. 
Cells were pulsed with [DgS]methlonine (0.5 mCi/mll for 7.5 min 
/lsnes 1 and l'/ snd 15 min /lsne 2/ or were pulsed for 15 min 
snd then chssed for 15 min in the presence of on excess of 
unlabeled methionine /lone 3/. In lone 2' the cells were labeled 
ss described under Fig.1. At the times indicsted sliquots of 
labeled cells were precipitsted with 15% trichloroacetic acid 
and treated os described in Methods before addition of onti- 
-subunit IV /A/ or onti-ADP/ATP tronslocotor sets /B/. Only the 
relevant port of the gel fluorogrsm is shown. 

cytoplasmic ribosomes in intact hepotomo cells [35S]methionine 

lsbeled peptides immunosdsorbed from pulse lsbeled cells and those 

ir~aunoadsorbed from continuously or pulse-chose labeled cells were 

compared. Besides the mature subunit IV (Mr 16 500), s labeled 

peptide with molecular weight 18 000 was immunosdsorbed with 

anti-subunit IV serum.' from pulse labeled cells /Fig.2 A/. 

The radioactivity incorporated into subunit IV evidently increased 

during the pulse while that incorporated into the larger peptide 

remained virtually unchanged. Following 15 min chase with un- 

labeled methionine the radioactivity in the mature subunit IV 

showed further increase. At the same time the label in the larger 

molecular weight component disappeared completely. Using snti- 

-ADP/ATP translocator serum a single labeled peptide was immunoad- 

sorbed from both pulse and pulse-chase labeled cells with molecular 

weight corresponding to that of the isolated enzyme /Fig.2 B/. 

In order to determine the intr~cellular distribution of the 

newly synthesized mitochondriel membrane proteins [35S]methionine 

pulse or pulse-chose labeled hepatoma cells were fractionated to 

cytosol and particulate fraction. Both fractions were further 

subjected to immunosdsorption with the antisera and the immuno- 

adsorbed radioactivity was analysed by SDS polyscrylamide gel 
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Fig.3. Subunit IV immunoadsorbed from the cellulsr fractions of 
pu-'~snd pulse-chase lsbeled hepstoms cells. Hepstoma cells were 
lsbeled ss described under Fig.2. At the times iodicsted sliquots 
of labeled cells were removed and frsctionsted ss described in 
Methods. Both the cytosolic snd the psrticulste fraction subjected 
to immunoadsorption followed by electrophoresis snd fluorogrsphy. 
Lanes 1,2,3, - 5, lO snd 15 min pulse lsbeled perticulste 
frsctions; lsnes 5,7,8, - labeled peptides immunoadsorbed from 
the 5, lO snd 15 Bin pulse lsbeled cytosol; lanes ~,6,9, - 
labeled peptides from psrticulste frsction of cells labeled for 
5, lO and 15 min and chased for lO min. No rsdiosctivity wss 
immunosdsorbed from the pulse-chsse labeled cytosol frsctions 
/lane i0/. 

electrophoresis. It was found that the cytosolic fraction from 

pulse lsbeled cells contained the lsrger labeled peptide(Mr 18 00@ 

immunoadsorbed with snti-subunit IV serum but it did not contain 

labeled mature subunit IV /Fig.3, lanes 5,7,8/. The corresponding 

particulate fractions from pulse lsbeled cells contsined the both 

labeled peptides /Fig.3, lsnes 1-3/. Similarly, ss in whole cells 

the rsdioactivity of the larger peptide obtained from the cytosol 

did not change significantly during the pulse period. After short 

chase with unlabeled methionine the only labeled peptide immuno- 

adsorbed with snti-subunit IV serum fro~l psrticulste fraction 

was msture subunit IV /Fig.3, lanes ~,6,9/. No r~diosctivity 

was immunoadsorbed from the corresponding cytosol fractions. 

Anti-trsnslocator serum immunosdsorbed from both pulse 

labeled cytosol and pulse lebeled particulate frsction 8 single 

lebeled peptide with ~]oleculsr weight identical to thst of the 

msture membrsne integrated protein. However, the lsbeled 

peptide from the cytosol and particulate fraction exhibited 

different behavior upon the chase. The rsdiosctivity in the 

peptide immunosdsorbed from the cytosol was rspidly cleared out 

while that from the particulate fraction evidently increased 

IFi~.~l .  

136 



Vol. 110, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

1 2 3 4 5 6 

30 O00-- 

ADP/ATP trsnslocator protein immunoadsorbed from the 
ar fractions of pulse snd pulse-chase labeled hepatoma 

cells. Cells were labeled and frsctionsted es in Fig.5 and the 
fractions were immunoadsorbed with 8nti-ADP/ATP translocator 
serum. Fluorographs of immunosdsorbed material are shown for: 
Cytosol labeled for lO,15 min /lanes 1,5/; cytosol labeled for 
10 min and chssed for lO min /lane 2/; particulate fraction 
labeled for 10 min /lane 3/ and particulste fraction labeled 
for lO, 15 min followed by lO min chase /lanes 4,6/. 

To exclude the possibility thst the cytosolic fraction of 

hepatoms cells obtsined after digitonine treatment might be 

contaminated with mitochondrisl membrane fragments control 

experiments were csrried out with sntisers sgainst intrsmito- 

chondrislly synthesized cytochrome oxidsse subunits II and III. 

The corresponding labeled peptides were found to be present exclu- 

sively in the psrticulste fraction of lsbeled cells /not shown/. 

DISCUSSION 

The experiments described in this work represent an attempt 

to identify the precursoric forms of two inner mitochondrisl 

membrane proteins in whole msntmslisn cells. The following are the 

evidences that the labeled peptides shown in Fig.3 -lanes 5,7,8 

snd Fig.~ -lsnes 1,5 represent the cytoplssmicslly synthesized 

precursors of cytochrome oxidsse subunit IV and ADP/ATP trsns- 

locstor protein: Both lsbeled peptides i/ were locsted in the 

cytosolic frsction of cells pulsed with [35S]methionine, 

ii/ exhibited s very short life-time in the cytosol, snd 

iii/ interacted with sntisers against the respective membrsne 

proteins. Moreover, the rsdiosctivity of the mature integrated 

forms of the peptides increased during the chsse on the expense 

of the lsbel of the corresponding non-integrsted peptides. Our 

results further show that subunit IV of cytochrome oxidsse is 

synthesized in hepstoms cells in the form of s 1 500 molecular 
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weight larger peptide resembling the size found for the same 

protein synthesized in a cell-free system directed with liver 

poly/A/+RNA /8/. These data are inconsistent with a proposal /23/ 

that extrsmitochondrially formed subunits of ma~alisn cytochrome 

oxidase are synthesized ss a polyprotein precursor. 

It appears that in lower eucaryotic cells the ADP/ATP 

translocstor protein is an exception of the rule that integral 

proteins of inner mitochondrisl membrane sre synthesized as 

larger precursors /5/- The results of this work show that this 

holds also for mammalian cells. 

The data presented show that the precursoric forms of 

mitochondrial membrane proteins can be identified in intact 

mammalian cells using pulge-chase labeling complemented with 8 

rapid cell fractionation method. Along with our previous results 

on the characterization of mitochondrial translation products 

/20/ they also demonstrated the suitability of rspidly growing 

tumors for study of mitochondrial biogenesis in whole mammalian 

cells. 
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