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Fig. 1. Structure of N-4-~ido-2-nitrophenyl~'ninobutyryl-ADP. 

1. Arylazido analogs of ADP and ATP (N-4-azido-2-nitrophenyl-aminobuty- 
ryl-ADP and N-4-azido-2-nitrophenylaminobutyryl-ATP) have been prepared in 
radioactive form and used in photolabeling experiments to identify the adenine 
nucleotide carrier in mitochondria and sonic submitochondrial particles. 

2. When added in the dark to beef heart mitochondria,  azidonitrophenyl- 
aminobutyryl-ADP binds to the adenine-nucleotide carrier. It is not  transported 
across the membrane to the matrix space, but it inhibits ADP transport in mito- 
chondria. The inhibition is of a mixed type with a K i value of about 10 ~M. 
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3. The nitrene derivative formed upon photoirradiation of tritiated azidoni- 
t rophenylaminobutyryl-ADP or -ATP binds to a polypept ide of apparent molec- 
ular weight 30 000 in beef  heart  mitochondria  and 37 000 in Saccharomyces 
cerevisiae mitochondria.  The photolabeling is prevented by preincubation of  
the mitochondria  with atractyloside or carboxyatractyloside.  

4. Photoirradiation of  sonic submitochondrial  particles from beef  heart 
(inside-out particles) with tritiated azidonitrophenylaminobutyryl-ADP or 
-ATP results in the labeling of the 30 000-dalton polypept ide and also in the 
labeling of  higher molecular weight peptides (50 000--55 000) probably 
belonging to F1-ATPase. Addition of  bongkrekic acid specifically decreases the 
photolabeling of  the 30 000-dalton polypeptide.  

5. An arylazido derivative of atractyloside (N-4-azido-2-nitrophenylamino- 
butyryl  atractyloside) binds upon photoirradiation to the 30 000-dalton poly- 
peptide in beef  heart  mitochondria and to the 37 000-dalton polypept ide in 
S. cerevisiae mitochondria.  

6. Since the adenine nucleotide carrier is readily damaged by ultraviolet 
light, nitro-arylazido analogs of  ADP and ATP or of atractyloside, which are 
photoact ivated in visible light, were used in preference to other  azido analogs, 
which require ultraviolet light for photoactivation.  

7. Data presented in this paper support  the view that the same mitochondrial  
protein belonging to the adenine nucleotide transport  system is able to bind 
ADP (or ATP) and atractyloside. 

Introduct ion 

Photoaff ini ty labels are useful reagents to probe substrate or inhibitor sites 
in enzymes and membrane receptors [1]. Their molecule contains the ligand 
which interacts with the specific site in the enzyme or in the receptor  and a 
photoactivable group which is able to bind covalently and unspecifically at or 
in the neighbourhood of  the specific site upon photoirradiation. Azido deriva- 
tives are currently used as photoactivable groups. Upon photoirradiation, they 
yield a very reactive nitrene which is capable of insertion into carbon-hydrogen 
bonds in proteins. Because the adenine nucleotide carrier is very susceptible to 
photodecomposi t ion  by short wavelength irradiation (unpublished data), we 
have chosen to label the carrier protein by derivatives of  ADP and of ATP, 
which are photoact ivated at long wavelengths [2] rather than to use 8-azido- 
ADP and 8-azido-ATP which are photoact ivated by ultraviolet irradiation 
[3--5].  

In this paper, we show that N-4-azido-2-nitrophenylaminobutyryl-ADP 
(Fig. 1) and N-4-azido-2-nitrophenylaminobutyryl-ATP can bind covalently 
upon photoirradiation to the mitochondrial  adenine nucleotide carrier. The 
binding specificity is assessed by the fact that  atractyloside and bongkrekic 
acid, when preincubated with mitochondria,  decrease the extent  of  the photo- 
labeling. The protein which is photolabeled has a molecular weight of  30 000 in 
beef  heart  mitochondria  and 37 000 in Saccharomyces cerevisiae mitochondria.  
Protein with molecular weights close to 30 000, characterized by high affinity 
for carboxyatractyloside or atractyloside, have been recently purified from 
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beef heart mitochondria [6] and from rat liver mitochondria  [7--9].  An atrac- 
tyloside binding protein with a molecular weight of  37 000 has also been puri- 
fied from S. cerevisiae mitochondria (unpublished data). These proteins are 
most  likely the same as those which bind the arylazido analogs of ADP and 
ATP. 

Materials and Methods 

1. Synthesis o f  tritiated N-4-azido-2-nitrophenylaminobutyryl-ADP and-ATP 
Tritium-labeled 4-aminobutyric acid (25 Ci/mmol) was obtained from the 

Commissariat ~ l'Energie Atomique (Saclay, France) and diluted before use 
with unlabeled 4-aminobutyric acid to about  5 .1011 dpm/mmol.  [3H]azido- 
ni t rophenylaminobutyr ic  acid was synthesized by the method of Fleet et al. 
[10].  Its purity was assessed by cellulose thin layer chromatography in butanol 
saturated with water. [3H]Azidonitrophenylaminobutyryl-ADP was synthesized 
from [3H]azidonitrophenylaminobutyric  acid and ADP using the same method 
as that described by Jeng and Guillory [2,11] for the synthesis of unlabeled 
azidonitrophenylpropionyl-ATP. It was purified by cellulose thin layer chroma- 
tography in butanol/water/acet ic  acid (5 : 3 : 2 v/v) and identified with the 
orange band moving with an RF of about  0.6. The material, after elution with 
water, was characterized by ultraviolet spectrum (peak at 260 nm) and visible 
spectrum (peak at 460 nm). The same procedure was used for the preparation 
of tritiated N-4-azido-2-nitrophenylaminobutyryl-ATP. Radiolabeling of the 
ADP and ATP analogs in the butyryl  group was prefered to labeling of the 
adenine nucleotide moiety.  This choice was dictated by the fact that  after cova- 
lent binding of  the photoaff ini ty  reagent to mitochondria upon photoirradia- 
tion, the heat  t reatment  which is used to digest the mitochondria by sodium 
dodecylsulfate prior to gel electrophoresis damages the nucleotide moiety,  but  
not  the azidoni t rophenylaminobutyryl  port ion of the molecule. 

Tritiated N-4-azido-2-nitrophenylaminobutyryl-atractyloside was prepared as 
described in [9]. 

2. Biological assays 
Mitochondria from rat heart were prepared by the method of Tyler and 

Gonze [12],  mitochondria  from beef  heart according to the method  of  Smith 
[13] and mitochondria  from yeast  according to the method of Balcavage and 
Mattoon [14].  The yeast  strain used in this s tudy was a diploid of S. cerevisiae 
JB 65 (P9/P9) obtained from Dr. J. Mattoon. Beef heart submitochondrial  
particles were prepared by sonication of  beef  heart  mitochondria  in the pres- 
ence of ATP and MgC12 [15].  Adenine nucleotide transport  was assayed as 
described in [16].  In photolabeling experiments, irradiation was carried out  
with an Osram lamp 250 W (Halogen Reflector  lamp) equipped with a filter to 
cut  off  radiation below 300 nm. 5 ml of the mitochondrial  suspension in 
sucrose/mannitol medium (0.5--1 mg protein/ml) was introduced together with 
the photoreagent  in a 50 ml flask which was rotated horizontally at 200 rev./ 
min in an ice bath. The mean distance between the lamp and the mitochondrial  
suspension was 10 cm. 
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3. Gel electrophoresis 
Polyacrylamide gel electrophoresis in the presence of sodium dodecylsul- 

fate was performed according to Weber and Osborn [17]. The cylindrical sepa- 
rating gels (length 12 cm, diameter 0.6 cm) contained 10.3% acrylamide. After 
photolabeling as described above, mitochondria were sedimented by centrifuga- 
tion and resuspended in 0.225 M mannitol  and 0.075 M sucrose to a final con- 
centration of 10 mg/ml and then lysed by addition of sodium dodecyl sulfate 
and mercaptoethanol to a final concentration of 2% each. After heating at 
100°C for 10 min, glycerol was added to a final concentration of 20% as well as 
traces of Bromophenol Blue as a tracking dye. An aliquot fraction of mitochon- 
drial protein (100--150 pg) was loaded on each gel. Electrophoresis was carried 
out  at 5 mA/gel for 16--18 h unless otherwise indicated. The gels were stained 
with 0.25% Coomassie Blue in acetic acid/methanol/water  (1 : 4 : 5 v/v) and 
then destained in acetic acid/methanol/water  (1 : 2 : 7 : v/v). After scanning 
with a Chromoscan gel scanner they were sliced with a Gilson slicer. Each slice 
(0.5 or 1 mm) was digested overnight by 1 ml of 10% H202 at 65°C. The radio- 
activity of each digest was measured by liquid scintillation. The following pro- 
teins were used as molecular weight standards : bovine serum albumin (68 000), 
ovalbumin (42 000), triose phosphate isomerase (27 500), trypsin inhibitor 
(20 000) and cytochrome c (12 400). 

Results 

Binding and transport o f  [3H]azidonitrophenylaminobutyryl-ADP in rat heart 
mitochondria (dark reactions) 

To measure the amount  of [3H]azidonitrophenylaminobutyryl-ADP bound 
to the adenine-nucleotide carrier after incubation with mitochondria in a dim 
light, we have used the same method [18,19] as that  described for specific ADP 
or ATP binding, which was based on displacement of  bound ADP or ATP by 
atractyloside, a specific and competitive inhibitor of adenine nucleotide trans- 
port. In the same experiment, we have measured the amount  of arylazido-ADP 
analog transported into mitochondria via the adenine-nucleotide carrier. All 
incubations were performed at 2°C. The suspension of rat heart mitochondria 
was divided into three fractions. The first one was incubated with [3H]azido- 
ni trophenylaminobutyryl-ADP for 4 min. After centrifugation, the radioactiv- 
ity of the pellet was measured by liquid scintillation (Pellet A). The second 
mitochondrial  fraction was incubated as described for the first one with [3H]- 
azidonitrophenylaminobutyryl-ADP, and at the end of the 4-min incubation 
period atractyloside was added at a sufficiently high concentration (40 pM), 
and left in contact  for 2 min to remove the ADP analog bound to the adenine- 
nucleotide carrier. The mitochondria were then sedimented and the pellet was 
assayed for radioactivity (pellet B). The third mitochondrial fraction was pre- 
incubated with 40 pM atractyloside for 2 min prior to incubation with [3H]- 
azidonitrophenylaminobutyryl-ADP, followed by centrifugation as described 
for the first fraction. The radioactivity found in the pellet (pellet C) was due 
to unspecific binding of the ADP analog. 

The difference in radioactivity found in pellets A and B corresponded to 
[3H]azidonitrophenylaminobutyryl-ADP specifically bound to the adenine 
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nucleotide carrier (bound radioactivity removable by atractyloside). The differ- 
ence in radioactivity found in pellets B and C corresponded to [3H]azidonitro- 
phenylaminobutyryl-ADP transported into the matrix space of mitochondria 
by the adenine nucleotide carrier. From previous experiments [20],  it is known 
that there is about  0.8--1.0 nmol of ADP/ATP carrier sites per mg of protein in 
rat heart mitochondria.  Data in Table I show that [3H]azidonitrophenylamino- 
butyryl-ADP binds to a significant extent  to the adenine-nucleotide carrier in 
rat heart mitochondria (up to 0.31 nmol/mg protein) when added to a concen- 
tration of 8.6 pM. However it is transported across the mitochondrial mem- 
brane at a rate which is negligible. 

Although azidonitrophenylaminobutyryl-ADP was not  transported in rat 
heart mitochondria,  it inhibited ADP transport  in the dark. The inhibition was 
of a mixed type (competit ive and non-competitive) with a K i value of about  10 
pM (Fig. 2), which is in the same range as the K m for ADP. 

Photolabeling of the adenine nucleotide carrier in beef heart mitochondria 
The mitochondria were incubated under visible light with [3H]azidonitro- 

phenylaminobutyryl-ADP as described in the legend of Fig. 3. After centrifuga- 
tion, the mitochondrial  pellet was lysed with sodium dodecyl  sulfate in the 
presence of  mercaptoethanol,  and the protein extract was analyzed by sodium 
dodecyl  sulfate polyacrylamide gel electrophoresis. The distribution pattern of 
radioactivity showed only one radioactive peak corresponding to a molecular 
weight of  about  30 000. When carboxyatractyloside or atractyloside was added 
to the mitochondria together with the tritiated ADP analog, the radioactive 
peak was markedly decreased. The same pattern was obtained when [3H]azido- 
ni t rophenylaminobutyryl-ADP was replaced by the tritiated ATP analog. In a 
previous paper [9],  it has been shown that a protein from heart mitochondria 
with a molecular weight of  30 000 is specifically labeled in the light with a 
photoactivable azido derivative of  atractyloside. Collectively, this strongly sug- 
gests that the same 30 000-dalton protein in heart mitochondria  carries sites for 
both ADP (or ATP) and atractyloside (or carboxyatractyloside).  

T A B L E  I 

C A R R R I E R  B I N D I N G  A N D  C A R R I E R - M E D I A T E D  T R A N S P O R T  OF [ 3 H ] A Z I D O N I T R O P H E N Y L -  
A M I N O B U T Y R Y L - A D P  IN R A T  H E A R T  M I T O C H O N D R I A  

Ra t -hea r t  m i t o c h o n d r i a  (0.5 m g  p ro t e in )  were  added  to 1 ml  of  a m e d i u m  consist ing of  1 0 0  m M  KC1, 
20  m M  Tris • HC1 buf fe r ,  pH 7.2 a nd  [ 3 H ] a z i d o n i t r o p h e n y l a m i n o b u t y r y l - A D P  (17 5 0 0  d p m / n m o l )  at  t h e  
i n d i c a t e d  c o n c e n t r a t i o n s .  T h e  i n c u b a t i o n  w a s  c a r r i e d  o u t  at  2 ° C  in  a d im l i g h t .  W h e n  a d d e d  a t r a c t y l o s i d e  
was p resen t  at a c o n c e n t r a t i o n  of  40  p M. All o t h e r  e x p e r i m e n t a l  c o n d i t i o n s  are  given in the  Resul ts  Sec- 

t ion.  

A d d e d  [3 H] az idon i t ro -  
p h e n y l a m i n o b u t y r y l -  
ADP 
(pM) 

Car r i e r -bound  [ 3 H ] a z i d o -  
n i t r o p h e n y l a m i n o b u t y r y l -  
ADP 
( n m o l / m g  p ro t e in )  

Rate  of  t r a n s p o r t  of  [ 3 H ] a z i d o -  
n i t r o p h e n y l a m i n o b u t y r y l -  
ADP 
( n m o l / m g  p r o t e i n / m i n )  

1.8 0 .12  < 0 . 0 2  
8.6 0.31 < 0 . 0 2  
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Fig. 2. I n h i b i t i o n  o f  A D P  t r a n s p o r t  b y  a z i d o n i t r o p h e n y l a m i n o b u t y r y l - A D P  ( N A P 4 - A D P ) .  The  i n c u b a -  
t i o n  m e d i u m  (1 ml )  c o n t a i n e d  1 0 0  m M  KC] ,  2 0  m M  Tris  • HCI,  p H  7.2 ,  2 m M  E D T A  a n d  0 . 4  m g  of  m i t o -  
c h o n d r i a l  p r o t e i n .  A z i d o n i t r o p h e n y l a m i n o b u t y r y l - A D P  ( N A P 4 - A D P )  was  a d d e d  a t  t he  i n d i c a t e d  c o n c e n -  
t r a t i o n s .  The  i n c u b a t i o n  w a s  c a r r i e d  o u t  in  t he  d a r k  a t  0 °C .  A D P  t r a n s p o r t  w a s  i n i t i a t e d  b y  a d d i t i o n  o f  
[ 1 4 C ] A D P  ( 9 2 0  d p m / n m o l )  a n d  s t o p p e d  b y  a d d i t i o n  o f  1 0  #M c a r b o x y a t r a c t y l o s i d e ,  f o l l o w e d  b y  r a p i d  
c e n t r i f u g a t i o n .  T h e  pe l l e t  was  d i s so lved  in  f o r m a m i d e  a t  1 8 0 ° C  a n d  t h e  r a d i o a c t i v i t y  w a s  a s s a y e d  b y  scin-  
t i l l a t i on  c o u n t i n g .  U n s p e c i f i c  b i n d i n g  o f  [ 1 4 C ] A D P  was  assessed f r o m  the  r a d i o a c t i v i t y  i n c o r p o r a t e d  in  
t he  p r e s e n c e  o f  c a r b o x y a t r a c t y l o s i d e  ( 1 0  #M)  a d d e d  b e f o r e  [ 1 4 C ] A D P .  v is g iven in  n m o l / m g  p r o t e i n /  
m i n .  

Fig .  3.  S o d i u m  d o d e c y l  su l fa te  p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  of  p h o t o l a b e l e d  p r o t e i n s  f r o m  h e a r t  
m i t o c h o n d r i a  a n d  son ic  s u b m i t o c h o n d r i a l  p a r t i c l e s  a f t e r  i r r a d i a t i o n  w i t h  [ 3 H ] a z i d o n i t r o p h e n y l a m i n o -  
b u t y r y l - A D P  ( N A P 4 - A D P ) .  M i t o c h o n d r i a  f r o m  b e e f  h e a r t  a n d  the  de r ived  son ic  s u b m i t o c h o n d r i a l  pa r -  
t ic les  w e r e  p h o t o i r r a d i a t e d  f o r  3 0  r a i n  a t  O°C w i t h  1 4  #M [ 3 H ] a z i d o n i t r o p h e n y l a r n i n o b u t y r y l - A D P  
( N A P 4 - A D P ) .  W h e n  p r e s e n t ,  c a r b o x y a t r a c t y l o s i d e  w a s  a d d e d  a t  a f ina l  c o n c e n t r a t i o n  o f  20  pM p r i o r  t o  
i r r a d i a t i o n .  Deta i l s  a re  g iven  in  Mate r i a l s  a n d  M e t h o d s .  The  i n d i c a t e d  m o l e c u l a r  we igh t s  c o r r e s p o n d  t o  
s t a n d a r d  r e f e r e n c e  p r o t e i n s  g iven  in Mate r ia l s  a n d  M e t h o d s .  

Photolabeling of  the adenine nucleotide carrier in sonic submitochondrial par- 
ticles from beef heart 

The polarity of  submitochondrial  particles prepared by sonication of heart 
mitochondria  (sonic particles) is reversed with respect to that  of whole mito- 
chondria [21].  Beef heart  sonic particles were incubated with [3H]azidonitro- 
phenylaminobutyryl-ADP in the light following the same procedure as that  
described for whole mitochondria  (see above section). The analysis of the pro- 
tein extract  by sodium dodecyl  sulfate polyacrylamide gel electrophoresis 
revealed, beside the 30 000-dalton protein, larger peptide(s) corresponding to a 
molecular weight of  50 000--55 000 (Fig. 3). These latter components  are 
probably the larger subunits of  the mitochondrial  F~-ATPase, as suggested by 
photolabeling of isolated FI-ATPase [25]. The photolabeling of the 30 000- 
dalton protein was specifically lowered when the sonic particles were incu- 
bated first with bongkrekic acid, a selective inhibitor of  ADP transport. The 
decrease was abou t  40--50% when bongkrekic acid was added at a final concen- 
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tration of 20 pM. This is in agreement with the fact that bongkrekic acid in 
sonic particles competes with ADP or ATP binding [15]. 

Photolabeling of  the adenine nucleotide carrier in mitochondria from S. cerevi- 
siae JB65 

The same procedure as that described for heart mitochondria was used for 
labeling by photoaff ini ty  the adenine nucleotide carrier in S. cerevisiae mito- 
chondria with [3H]azidonitrophenylaminobutyryl-ADP. A parallel experiment 
was performed with [3H]azidonitrophenylaminobutyryl-atractyloside,  a photo- 
reagent which had been previously used to covalently label the adenine nucleo- 
tide carrier in heart mitochondria [9]. 

Preliminary experiments carried out  with the atractyloside analog have 
shown that the labeled protein in S. cerevisiae mitochondria has a molecular 
weight significantly higher than that found in heart mitochondria (37 000 vs. 
30 000). As the density of  ADP/ATP carrier sites on yeast  mitochondria [22] is 
less than in heart mitochondria (0.2--0.3 nmol/mg protein vs. 0.9--1.0 nmol/ 
mg protein), we have initially preferred to use a partially purified extract of 
mitochondria enriched in ADP/ATP carrier protein to ascertain the molecular 
weight of the atractyloside-protein complex by gel electrophoresis. S. cerevisiae 
mitochondria were incubated with [ 3H] azidonitrophenylaminobutyryl-atractyl-  
oside in the light. The mitochondrial  pellet obtained after centrifugation was 
lysed with Triton X-100 and the lysate was applied to a small column of 
hydroxyapat i te ,  following the procedure described by Riccio et al. for the 
isolation of the beef heart  atractyloside-binding protein [6]. The fraction 
which passed directly through the hydroxyapat i te  column was subjected to 
sodium dodecyl  sulfate polyacrylamide gel electrophoresis. Coloration with 
Coomassie Blue revealed two proteins with molecular weights of 34 000 a n d  

 AsT 
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Fig. 4. Separation by  po lyaery lamide gel e]ectrophoresis in presence of sodium dodecy]  sulfate of  the 
a z i d o n i t r o p h e n y l a m i n o b u t y r y l - a t r a c t y l o s i d e - b i n d i n g  p r o t e i n  in a par t ia l ly  pu r i f i ed  e x t r a c t  o f  S. cerevis iae 

m i t o c h o n d r i a .  [ 3 H ] A z i d o n i t r o p h e n y l a m i n o b u t y r y l - a t r a c t y l o s i d e  (NAP4-a t r ac ty los ide )  ( 5 5 0 0 0 0  d p m /  
nmo l )  at  a final c o n c e n t r a t i o n  of  0.5 pM was  i n c u b a t e d  in the  l ight w i th  S. ccrevisiae rn i t ochondr i a  for  30 
rain at 0 ° C .  A f t er  cen tr i fuga t ion  the  rn i tochondr i a l  pe l le t  was  t r e a t e d  w i th  T r i t o n  X-100  and the  adenine-  
n u c l e o t i d e  carr ier  p r o t e i n  was  pur i f ied  by  h y d r o x y a p a t i t e  c h r o m a t o g r a p h y .  The  pro te in  f rac t ion  wh ich  
was n o t  r e t a ined  on  h y d r o x y a p a t i t e  was  h e a t e d  wi th  s o d i u m  d o d e c y l  sulfa te  and m e r c a p t o e t h a n o l .  Detai ls  
are given in Materials  and M e t h o d s  and in Resul ts .  A r r o w s  c o r r e s p o n d  to  the  m o l e c u l a r  w e i g h t  of refer-  
ence  prote ins .  T he  f igure shows  the  s ta ined gel and the  c o r r e sp o n d in g  prof i le  of r ad ioac t iv i ty .  Of the two  
pro te ins  revea led  b y  Coomass ie  Blue s ta in ing,  only the 37 0 0 0 - d a l t o n  p ro t e in  was  rad io labe led .  
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]Fig. 5. Polyacr]lamide gel e[eetrophoresis in presence o f  sodium dodeey! sulfate of a crude extract of 
yeast mitoehondria after photolabellng with [3H]azidonitropbenylazninobutyryl-ADP (NAP4-ADP). S. 
cerevisiae m i t o c h o n d r i a  were  pho to ix rad i a t ed  wi th  2.5 pM [ 3 H ] a z i d o n i t r o p h e n y l a m i n o b u t y r y l - A D P  
( N A P 4 - A D P )  (550  000  d p m / n m o l )  for  30 m i n  a t  0CC. When  p resen t  caxboxya t r ac ty los ide  was at  the final 
c o n c e n t r a t i o n  of 20 pM. E lec t rophores i s  was  car r ied  ou t  for  24 h for  a b e t t e r  r e so lu t ion  of  the 37 O00- 
da l ton  p ro te in .  Detai ls  axe given in Materials  and Methods .  

37 000. Only the 37 000-dalton protein was photolabeled by the atractyloside 
analog. 

Incubation in the light of  S. cerevisiae mitochondria with [ 3H] azidonitrophe- 
nylaminobutyryl-ADP resulted in the labeling of a protein characterized by the 
same molecular weight (37 000) as the atractyloside-binding protein (Fig. 5). 
Photolabeling of the 37 000-dalton protein by the ADP analog was abolished 
by preincubation with carboxyatractyloside or atractyloside in similar fashion 
to the photolabeling of the 30 000-dalton protein in heart  mitochondria (see 
above). The same results were obtained when [3H]azidonitrophenylaminobuty- 
ryl-ADP was replaced by the ATP analog. 

Discussion 

Characterization of the adenine nucleotide carrier in mitochondria has been 
achieved either by labeling with a specific inhibitor (for example atractyloside 
or carboxyatractyloside)  or with the substrates (ADP and ATP) (for review see 
ref. 23). In the latter case, the specific binding of  ADP or ATP to the adenine 
nucleotide carrier was assessed by displacement of  the bound nucleotide by 
atractyloside. Since 1974, a number  of  purification procedures of the adenine 
nucleotide carrier have been reported,  based on differential adsorption to 
hydroxyapat i te  [6] or on the principle of  affinity chromatography [7,8]. Puri- 
fication was followed by the enrichment in bound [3sS] carboxyatractyloside or 
[aH]atractyloside. However, although bound to the carrier with high affinity, 
the radiolabeled inhibitory ligand could be detached under drastic conditions, 
i.e. in sodium dodecyl  sulfate gel electrophoresis. To obviate this difficulty, we 
synthesized a photolabeled derivative of  [3H]atractyloside to tag covalently 
[3H]atractyloside to the carrier. By this means, we have been able to determine 
unambiguously by sodium dodecyl  sulfate polyacrylamide gel electrophoresis 
of  crude mitochondrial  extracts the molecular weight of the atractyloside bind- 
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ing protein (probably the adenine nucleotide carrier). The molecular weight of 
the binding protein is 30 000 in beef  heart  and rat liver mitochondria  [9] and 
37 000 in S. cerevisiae mitochondria (this paper). 

Photolabeling of the adenine nucleotide carrier in the mitochondrial  mem- 
brane by arylazido derivatives of  ADP and ATP prepared in radioactive form 
has also been achieved. When added to whole mitochondria,  azidonitrophenyl- 
aminobutyryl-ADP does not  enter the matrix space. It binds essentially to the 
outer  face of  the inner mitochondrial  membrane and does not  reach the inner 
face of this membrane where the nucleotide binding sites of FI-ATPase are 
located. This holds also for the ATP analog. In contrast  in submitochondrial  
particles obtained by sonication of beef  heart mitochondria (inside-out patti- 
cles), both ADP and ATP analogs bind not  only to a 30 000-dalton protein, but  
also to other  sites which most  probably belong to FI-ATPase. However the fact 
that  the binding of  the ADP and ATP analogs to the 30 000-dalton protein is 
specifically lowered by preincubation with bongkrekic acid is in agreement 
with the content ion that this protein belongs to the adenine nucleotide carrier. 

The choice of  an azidonitrophenyl derivative of ADP or ATP rather that of 
8-azido-ADP or ATP as photoaff ini ty  label for the adenine nucleotide carrier 
was made following our observation that adenine nucleotide transport  is 
markedly sensitive to ultraviolet irradiation. The nitro group shifts the absorp- 
tion maximum into the visible region and allows photoactivation at wavelengths 
which do not  damage the carrier protein. This is not  the case for other mito- 
chondrial proteins, like FI-ATPase (unpublished data) which has been success- 
fully photolabeled with 8-azido-ATP [5]. Another advantage of azidonitrophe- 
nylaminobutyryl-ADP over 8-azido-ADP is its higher affinity in the dark for the 
adenine nucleotide carrier; the Ki values are 10 pM (this paper) and 400 gM 
[4] respectively. 

The binding specificity of azidonitrophenylaminobutyryl-ADP and of  the 
ATP analog to the adenine nucleotide carrier in whole mitochondria  is inferred 
from the following findings: (1) the ADP analog in the dark inhibits reversibly 
ADP transport;  (2) when exposed to light, the ADP analog reacts irreversibly 
with the same site with which it was reversibly associated in the dark; (3) pho- 
tolabeling of whole mitochondria by the ADP or ATP analogs is abolished by 
preincubation with appropriate concentrations of  atractyloside or carboxy- ,  
atractyloside. 

The nitrene which is generated by photoirradiation of  azidonitrophenylami- 
nobutyryl-ADP and -ATP binds covalently to a mitochondrial  protein charac- 
terized by a molecular weight of  30 000 in heart  mitochondria and 37 000 in 
yeast  mitochondria.  The fact that  the atractyloside-binding proteins from beef 
heart  mitochondria  and S. cerevisiae mitochondria have also molecular weights 
of  30 000 and 37 000 respectively supports the view that the same protein 
belonging to the adenine nucleotide transport  system, is able to bind both ADP 
(or ATP) and atractyloside. Whether ADP (or ATP) and atractyloside bind to 
the same site or to distinct sites remains to be assessed. 

Ruoho et al. [24] have emphasized a complexi ty in the use of photoaff ini ty  
labels in terms of  labeling specificity. They suggest that in order for true photo- 
affinity labeling to occur, the rate of association of the activated photolabel  to 
the receptor  site must  be significantly faster than the rate of dissociation; they 
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have proposed the use of scavengers of nitrene, possibly proteins, to check 
whether  the labeling is a true photoaff ini ty  labeling or a pseudoaffinity label- 
ing. Photoaff ini ty  experiments reported in this paper have been carried out  
with whole mitochondria  or with submitochondrial  particles. In all cases, only 
one discrete protein was covalently labeled in spite of  the large number  of 
membrane proteins which could potentially act as scavengers. The covalent 
labeling of  the adenine nucleotide carrier in the mitochondrial  membrane by 
photoact ivated arylazido derivatives of  ADP, ATP or atractyloside is therefore 
most  likely a true photoaff ini ty  labeling. This is probably related to the fact 
that  the ADP, ATP or atractyloside moieties of the photolabels used have a 
high affinity for the adenine nucleotide carrier. 
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