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Summary 
Iodination of intact mitochondria with 1251 results in the 
labeling of essentially one polypeptide with an approximate 
MW of 30 000. This polypeptide seems to be a component of the 
inner boundary membrane as it can not be removed from the mi- 
tochondria by procedures which destroy the outer membrane 
(e.g. incubation with digitonin). The amount of the radio- 
active label which can be bound to this polypeptide is de- 
termined by ADP, atractylate, and bongkrekate, components 
which act on the functional state and the position of the 
ADP/ATP carrier in the membrane. [1,2) 

Recently it was shown that the inner boundary membrane of 

mitochondria differs from the crista membrane in protein 

and phospholipid composition which suggests a different 

function of this part of the inner membrane. 3,4 Some [ I 
of these specific protein and (or) phospholipid components 

may perform the contacts between the outer and inner bounda- 

ry membranes as described by Hackenbrock 

In this paper we describe a protein which is suggested to be 

located within the contact sites. It can be labeled at the 

periphery of intact mitochondria and it seems to be connected 

in some way to the proteins of the inner membrane because of 

two properties: 1.) it can not be removed from the mftochon- 

dria by digftonin; 2.) the amount of label which can be bound 

to the protein depends on the orientation of the ATP/ADP car- 
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rier within the inner membrane as described in the reorienta- 

tion mechanism by Klingenberg 1,2 . r 3 

METHODS 
Mitochondria from rat liver were isolated in a buffered su- 
crose medfum (0.3 M sucrose,,1 
pH 7.4) as described 
na pyriformis (strain CL were isolated from lo- 

arithmically growing cells by a modified method of Kobayashi 

Iodination of mitochondrial membranes 
Iodination of intact mitochondria and fragments of mitochon- 

in the presence of atractylate 5 pmol, bongkrekate 10pmol 
and ADP 20 rmol per g mitochondrial protein. After incubation 
for 10 min at room temperature the reaction mixture was dilu- 
ted ten fold with cold 0.3 M sucrose and the mitochondria or 
fragments of mitochondrial membranes were collected by centri- 
fugation. 
Treatment with digitonin 
In order to separate inner and outer membranes the iodinated 
mitochondria were suspended in sucrose medium to a concentra- 
tion of 10 mg 

le 
rotein per ml. This suspension was incubated 

for 20 min at oC with 0.12 mg digitonin per mg mitochondrial 
protein. The reaction was stopped by a 10 fold dilution with 
sucrose medium. Mitoblasts were collected by centrlfugation 
for 10 min at 5 000 xg. The supernatant was centrifuged for 
20 min at 27 000 xg. The resulting pellet was discarded and 
the supernatant subjected to a high speed centrifugation to 
sediment the outer membrane fragments (90 min at 300 000 xg). 
The mitoblast fraction was again incubated with 0.5 mg digi- 
tonin in order to separate remnants of the outer membrane and 
was collected as described above. Soluble proteins and non- 
convalently bound radioactive label were removed from mito- 
chondria, mitoblasts and outer membrane by the following pro- 
cedure: the sediments were washed twice in 10 ml 0.01 rn.M KI 
buffered with triethanolamine 10 mM, pH 7.6. Subsequently 
they were sonicated with a Branson sonifier B12 for 40 set at 
50 watt output in 0.15 M KC1 and dialysed against the same 
medium overnight. After dialysis the suspensions were sub- 
jected to a high speed centrifugation as mentioned above. The 
pellets were subjected to electrophoresis and autoradiogra- 
phy . 
Acrylamide gel electrophoresis 
Sodium dodecylsulphate gels contained 12.5 % and 3 % acryl- 
amide in the separating and stacking gel, respectively, and 
were prepared and run as described by Laemmli [9]. The gels 
were stained with coomassie brilliant blue, scanned in a spec- 
trophotometer at 620 nm and subsequently cut into slices which 
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Fig. 1 
Electrophoretic pattern of coomassie blue stained membrane 
proteins from rat livef mitochondria (A) and mitoblasts (B) 
after iodination with 
(C: autoradiogram of B, 

251 and corresponding autoradiograms 
D: autoradiogram of A). *he gels were 

loaded with equal amounts of radioactivity (Gel A loadtd with 
five times more protein than gel B). E: autoradiography of 
gel elcctrophoresis from intact tetrahymena mitochondria. 
F: enz es of known MU, phosphofructokinase (93 000), aldo- 
lase ( 0 000), lactate dehydro enase r 
(21 000), cytochrome C (13 000 7 

(35 OOO), myokinase 
. 

correspond to the different polypeptide bands. Radioactivity 
in the gel sections was determined in a Packard counttr. After 
staining and drying, the gels were autoradiographed on Kodak 
X-ray films. 
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Enzyme determination 

RESULTS AND DISCUSSION 

Iodination of mitochondrial membranes 

Intact mitochondria were labeled with 12'1 using lactoperoxi- 

dase. Autoradiograms (Fig. 1D) of electrophoretically separa- 

ted mitochondrial membrane proteins (Fig. 1A) reveal only one 

band with a high radioactivity. Iodination of mitochondria 

with ruptured outer membranes (by treatment with digitonin) 

leads to five labeled polypeptide bands (Fig. 1B and C). A 

polypeptide with the same MW as in intact crista type mito- 

chondria was found to be labeled when the iodinatfon proce- 

dure was applied to intact Tetrahymena tubular q itochondria 

(Fig. 1E). We assume that this polypeptide has physiologi- 

cally access to the cytosol. Based on standard proteins the 

apparent MW of this polypeptidc is 32 000. 

Localization of the labeled nolvneotide 

We checked whether the 12% labeled membrane proteins could 

be removed from the mitochondria by treatment with digitonin. 

As shown in Table 1 even after exposure of mitochondria to 

digitonin concentrations as high as 0.3 mg per mg protein 

(which remove 90 % of the monoamine oxidase activity) the spe- 

cific radioactivity in the intensively washed mitoblast mem- 

branes increases by a factor of 1.5 as compared to the total 

mitochondria. A similar increase of specific activity is ob- 

served for succinate dehydrogeaase. On the other hand in the 

outer membrane fraction where the specific activity of mono- 

amine oxidase increases by a factor of 6, the specific radio- 
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Table 1 
Specific activity of marker enzymes and specific radioactivi- 
ty of total mitochondrial membranes as well as 
separated outer and inner membrane fractions after labeling of 
intact mitochondria from rat liver with 12%. The outer mem- 
brane fraction was prepared by incubation of the mitochondria 
with 0.12 mg digitonin per mg mitochondrial protein whereas 
the inner membrane fraction was obtained after incubation with 
0.5 mg digitonin per mg. Values are means of three experiments. 

total mitochon- 
drial membranes 

mitochondrial 
membranes la- 
beled in the pre 
sence of atrac- 
tylate + ADP 

outer membrane 

outer membrane 
labeled in the 
presence of 
atractylate + AD 

inner membrane 

inner membrane 
labeled in the 
presence of 
atractylate + AD: 

monoamine 
oxidase 

mu/w % 

19.82 1.3 lO( 

-- -- 

27.0+46 64: 

-- -- 

1.72 0.4 ! 

-- -- 

succinatc 
dehydrogenase 

U/mg % 

L.3520.4 100 

- -  a- 

1.42tO.2 31 

- -  me 

!.2-+0.4 163 

we - -  

radio- 
activity 

cp;/y-3 % 

4.021.7 100 

6.7 100 

13.1i6.8 328 

16.0 238 

6.1+1.g 153 

19.5 291 

activity increases only three fold. The increase in specific 

radioactivity of both membrane fractions may be explained by 

a loss of unlabeled protein through the digitonin treatment 

especially from the outer membrane fraction. 

Quantitative analysis of radioaativity in the electrophoresis 

of intact mitochondria reveals that the radioactive label is 
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Fig. 2 
Densitometric scans of SDS polyacrylamidegelclectrophoresis: 
membranes of intact mitochondria A, the inner membrane frac- 
tion B (after incubation with 0.5 mg digitonin) and the outer 
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mainly concentrated within one band of MW 32 000 (Fig. 2A) as 

already shown by autoradiography (Fig. 1A and D). The radio- 

activity and the intensity of stain increases in the 32 000 

MW region of the gel when proteins of the inner membrane from 

the mitoblast fraction are loaded (Fig. 2B). On the other hand 

the radioactivity and the protein concentration in the 32 000 

MW region of the gel decreases in the polypeptide pattern of 

the outer membrane fraction (Fig. 2C). 

The results presented above suggest the existence of a poly- 

peptlde fraction of MU 32 000 which can be labeled in intact 

mitochondria and remain fixed to the mitoblast membrane after 

removal of the outer membrane. Huber and Morrison 10 des- I: 1 
cribed a 33 000 MW polypeptide in rat liver mitochondria with 

the same properties. They argued that this polypeptide frac- 

tion may contain a component located at the contact sites bet- 

ween the two boundary membranes 5 . Hackenbrock reported L:, 
that after treatment of the mitochondria with digitonin rem- 

nants of the outer membrane remain attached to the inner boun- 

dary membrane at their contact sites [11,12]. In addition Boxer 

[13] described the iodination of a MW 29 500 polypeptide at 

the periphery of intact ox heart mitochondria and suggested 

membrane fraction C (after incubation with 0.12 mg digitonin). 
Before separation of the different m 

f@ 
rane fractions the in- 

tact mitochondria were labeled with I. The gels were cut 
into pieces corresponding to the different polypeptide bands. 
Radioactivity within the gel sections was determined and is 
expressed relatively to the mean radioactivity (50 CPM). The 
height of the columns represents relative radioactivity, the 
basis of the columns shows length of the different gel sec- 
tions. D autoradiography of SDS gel electrophoresis separa- 
ting membrane proteins of intact mitochondria labeled with 
1251 in the presence of ADP . . . . . . . . 
and atractylate 

, in the presence of ADP 
and in the absence of any ligand 

------- . The autoradiog&ms are scanned at 720 nm. 
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Table 2 
Specific radioactivity which remains f ia3 

d to the mitochon- 
drial membranes after iodination with I of intact mitochon- 
dria at pH 6.5 in the presence of different ligands of the 
ADP/ATP carrier. Unspecifically bound radioactivity and so- 
luble proteins are removed as described in Methods. Radioac- 
tivity is given in absolute values and in percent of the la- 
bel bound in the presence of ADP. 

without ligands 

+ ADP 

+ADP 
+ atractylate 

+ ADP 
+ bongkrekate 

radioactivity 

CPM/mg x 10e3 

8.0 

5.6 

I of CPM bound 
in the presence 
of ADP 

143 

100 

11.6 207 

2.8 50 

this polypeptide to be a component of the inner boundary mem- 

brane. It seems difficult to decide to which of the two boun- 

dary membranes the labeled compound belongs. However the 

amount of radioactivity which can be bound to intact mitochon- 

dria depends on the presence of substances which affect the 

functional state of the ADP/ATP carrier. 

Function of the labeled polvpeptide 

As shown in Table 2 the amount of radioactivity bound to the 

mitochondrial membranes increases by a factor of two when the 

ADP/ATP carrier is trapped at the outer side of the inner 

membrane by atractylate in the presence of ADP. At pH 6.5 

bongkrekate rapidly enters the mitochondria and in the pre- 

sence of ADP the carrier is trapped at the inner side of the 
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inner membrane 1,2 . c I The radioactivity found in mitochondrial 

membranes under these conditions amounts to only 50 % of that 

found in the presence of ADP. When mitochondria were iodinattd 

in the absence of any ligand more label is bound to the mem- 

branes than in the presence of ADP. This finding aggrees with 

the results of Klingenberg showing that the carrier accumu- 

lates at the outer surface of the membrane when no ligands 

are added [14]. 

The mitochondrial membranes labeled under different states of 

the ADP/ATP carrier are analyzed by clectrophoresis and auto- 

radiography. As shown in Fig. 2D the protein band of MW 32 000 

is labeled to a higher extent when the carrier is trapped at 

the outer side of the inner membrane (e.g. in the presence of 

atractylate and in the absence of any ligand). In agreement 

with this the specific radioactivity of the separated inner 

membrane increases when intact mitochondria are labeled in 

the presence of ADP and atractylate (Table 1). 

It remains to be proven whether the radioactive polypeptide 

is a component of the ADP/ATP transport system or a polypep- 

tide which might be exposed to the iodination system depen- 

ding on the different positions of the ADP/ATP carrier. 

Scherer et al. [ 1 14 have been able to correlate conformatio- 

nal changes of the mitochondria to the location of the carrier 

at different sides of the membrane. On the other hand the 

carboxyatractylate binding protein isolated by Riccio et al. 

has a MW of 30 000 [lo] which is very similar to that of the 

iodinated protein. 

The amount of 12' I applicable to a peripheral membrane pro- 

tein is changed in correlation to the functional state of a 

typical inner membrane component (e.g. the ADP/ATP carrier) 
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and it may thus be suggested that the proteins at the peri- 

phery of intact mitochondria are in some way connected to the 

inner membrane proteins. Most probably these interactions bet- 

ween proteins of the two boundary membranes take place within 

the contact sites described by Hackenbrock [5]. 
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