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SUMMARY
[14CJ 8N_ADP was synthesized from []4CJ 8BrADP. |t shows atrac-
tylate sénsitive specific binding to the adeninnucleotide car~
rier of mitochondria, but is only a weak inhibitor of the
translocator. Via nitrene formation uv-irradiation allows cova-
lent labeling of the carrier protein and induces irreversible
inhibition of transport. The labeled carrier protein can be iso-
lated; the stoichiometry of labeling is 0.5 moles N,ADP/mole
carrier subunit which has a molecularweight of 31008, suggesting
a dimer structure of the carrier in situ. Labeling is specific
for BNBADP; SNBAMP is inactive as an inhibitor or as photola-
bel.
The intracellular compartimentation of adenine nucleotides in
eucariotic cells is achieved by a highiy specific carrier-pro-
tein which has been functionally characterized (1,2) and more
recently purified to a state allowing the induction of antibo-
dies specific to different functional or conformational states
of this protein (3,4,5). For studies of the molecular architec-
ture of the substrate-binding peptide sequence of specific
anion carriers covalent binding substrate-analogues or inhibi-
tors are of ¢reat interest. Especially azido-derivatives ca-
pable of photoaffinity-labeling of the binding site provide a
useful ftool. In a previous investigation (6) we have observed
that 8N3ADP is a weak inhibitor of adenine nucleotide transport
in rat liver mifochondria in the dark. After uv-irradiation,
however, a pronounced and irreversible inhibition occured.

This report describes the covalent incorporation of

D4CJN3ADP and the isolation of the labeled carrier protein
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from beef heart mitochondria providing some new information on

the carrier structure in situ.

METHODS

Beef heart mitochondria were isolated as described elsewhere
(7). Binding experiments were carried out essentially as de-
scribed by Weidemann et al. (8) using atractylate or carboxy-
arractylate for differentiation of specific binding. Mitochon-
dria were separated from the incubation mixture by silicone
layer centrifugation. For photolabeling the mitochondria sus-
pensions were illuminated either in a siowly rofating cylindric
quarz-cuvette horizontally immersed info an ice-bath to one
half of its diameter, or in small portions of incubation mix-
ture in micro-diffusion disks where the layer of the solution
did not exceed 1,5mm; the disks were placed on a cooled alumi-
num-block (0°) a uv-lamp {(fluorotest) with an appropiate cut-
off filter was placed above at an average distance of 10cm.

The buffer contained 0.25M sucrose, 2mM EDTA, 20ug/ml rotenone.
The same buffer was used for washing experiments, supplemented
with 0.2mM ADP. TCA~precipiftates were washed with 7.3% TCA. Mi-
tochondrial pellets and TCA-precipitates were dissolved in 4%
Triton=-X-100 solution or in hyamine, respectively, and aliquots
were used for liquid scintillation counting. Chromatography of
the carrier protein on hydroxyapatite and on sepharose 6B was
performed as described by Riccio et al. (3). Synthesis of cold
and of 14C labeled 8-azido-adenirenucleotides was carrier out
according fo Sch&fer et al. (9) and Penades et al. (107. SDS-
gelelectrophoresis was carried out on 8% polyacrylamide accor-
ding fo Weber and Osborn (11) using a set of calibration pro-
teins. All radiocactivity measurements were done in a TRICARB
liquid szintillation counter,

RESULTS AND DISCUSSION

Together with uv-irradiation 8N3ADP exerts inhibitory effects
on adenine nucleotide transport and respiratory activity of
beef heart mitochondria. Using C4Ci8N3ADP its binding- and
translocation properties were determined, therefore. By means
of the atractylate-differentiation method it was found that
8N3ADP exhibits carrier specific binding. The number of speci-
fic binding sites amounts to 0.85 per mole cytochrome a/a3
which is in the same range as for ADP, suggesting that the ana-
fogue binds fto the same sites. The affinify to fhe carrier is
two orders of magniftude lower with a KS = 68uM. The analogue
is not translocated through the mitochondrial membrane, how-

ever; this is in line with structural considerations, suggesting
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Table 1: Replacement of DAC]8N3ADP from beef heart mitochon-

drial membranes by atractylate (5.8x1075M) or ADP
{9.8x1075M), and protective effect against light-dependent in-
corporation. Mitochondria were incubated 20 min. with 7.1%x1079M
U4CJ8N3ADP, spec. activity 0.303 mCi/mMol, and were separated
by filtration centrifugation.

nMoles 8N3zADP bound/mg protein

uv-irradiation
for 20min., 0Q°C

no additions 1.86 1.94 2.03

- + +

ATracTyIa+? ad- 0.91 1.80
ded after incub.

ADP added after

A , 0.93 1.56 -
incubation

Atractylate ad- _ _ 0.98
ded before inc.

ADP added be- - - 0.75
fore incubation

that the anti-conformation of the nucleotide is a prerequisite
for a mobile carrier-substrate complex (12). This latter con-
formation is very unlikely for SNBADP.

Binding of 8N3ADP is inhibited by ADP, ATP, atractylate or
carboxyatractylate, respectively. Carrier-bound i}4J 8 ,ADP can

3
be replaced by these agents. Replacement is largely abolished
however, after uv-irradiation of mitochondria with the azido-
nucleotide, as shown in table 1. ADP or atractylate added prior
to illumination protect against incorporation and onl!y unspeci-
fic sites become labeled, representing about 50% of the total
binding sites.
The Time course of photo-labeling of mitochondrial membranes is
shown in figure 1, demonstrating that a plateau is reached af-
ter about 20 minutes; again the protective effect of atractyla-

te and ADP becomes obvious. The mitochondrial pellets have been

washed by trichloracetic acid (TCA) several times before solu-
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Figure 1: Time course of photoaffinity labeling of beef heart
mitochondria with [I4C|8N3ADP. Conditions as given .
in methods. Mitochondria were irradiated either with 80uM U4CJ
BN3ADP either in absence o..... o, or in presence of 100uM ADP
Ao A or 10uyM carboxyatractylate o..... o , respectively.

Figure 2: Influence of 8N3AMP on binding of D4C]ADP to beef

heart mitochondria. a..... A control with ADP only;
PR e 1.1x10-4M 8N3AMP added 20min. before incubation; o...0
1.1x10-4M BN3AMP added and 20min. uv-irradiation at 00C before
incubation.

bilization and counting for P4QJradIoac*ivI+y. I'n the dark-
controls the total label could be washed off either with Iso-
tonic solutions or with TCA, or could be removed by prolonged

dialysis.

Regarding the specificity of binding and of labeling the pro-
perties of 8N3ADP and of 8N3AMP were compared. Using concentra-
tions from 2.5 to 95mM [14C]8N3AMP neither carrier-specific
binding, nor atractylate sensitive photolabeling with 8N3AMP
could be detected. In addition it could be shown that regard-
less of uv-illumination 8N3AMP does not interfere with carrier
binding of []4C]ADP, as given in figure 2. From this result
confidence is obtained that the atractylate sensitive photola-
bel BNBADP in fact is a reliably specific marker of The carrier

protein.
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Figure 3: Hydroxyapatite-chromatography of trifton-solubilized

beef heart mitochondrial membrane proteins (3), af-
ter photolabeling with [14CJ8N=zADP; labeling by 20min. irradia-
tion at 0°C as given in methods. Elution by O0.1M NaCl, 0.1M
MOPS pH 7.2, 0.5% Triton; after bufferchange: 0.09M NaCl, imM
EDTA, 110mM NapHPO4 pH 7.2, 0.5% Triton.

After labeling mitochondrial membranes witTh U4C}8N3ADP the car-
rier protein can be isolated by hydroxylapatite chromatography
of Triton~-X=100 extracts. The elution patfern of figure 3 shows
that fThe label appears with the protein fraction containing the
translocator protein which has been shown to be eluted shortly
after the solvent front (3). In dark-controls no radiocactivity
appears with the respective protein fraction. When atractylate

was present to protect the carrier against labeling, the radio-
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Table 2: Purification of U4C]8N3ADP—labeled protfein from beef
heart mitochondria; photolabeling under conditions of

figs. 1 or 3, respectively.

fraction protein| npoles %of total | nmoles/mg relative

(mg) E4CJ protein enrichment
NzADP

inc.mix. 100 1736 100 1.97 1.00

+ h-

l.wash - 1250 72 - -

2.wash - 270 16 - -

Tritonex-

tract of 54 .1 172 10 3.1 1.57

sediment

UZ-super-

natant 43.0 167 9.6 3.8 1.98

Peak 1

from HA- 4.9 | 67.5 3.9 13.7 6.95

column

activity of the eluted protein was ltargely suppressed. This
supports the conclusion that the labeled protein is identical
with the atractylate-binding protein of the inner membrane. By
rechromatography on sepharose 6B the label stays with a homo-
geneous protein fraction.
The efficiency of the purification of the carrier labeled with
P4Ql8N3ADP is itlustrated in table 2. SDS-gelelectrophoresis
of the purified tabeled protein was performed, following con-
centration by pressure dialysis. The radiocactive protein mi-
grates as a homogeneous band; from it’s relative mobility ver-
sus calibration-proteins a molecular weight of 31000 2 1000 can
be calculated, (figure 4) which is in excellent agreement with
the data reported for the carrier protein by others (3,5).
Based on this molweight the stoichiometry of pho-
tolabeling never exceeded more than 0.5 moles 8N3ADP/mole of

carrier. From this we conclude that the minimum supramolecular
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Figure 4: SDS-polyacrylamide gelelectrophoresis of purified
8NzADP-labeled membrane protein, mobility relative

to calibration proteins indicates a molecularweight of 31000 :
1000 taverage of 5 independent determinations).

structure of the native carrier in the membrane is a dimer.
Since the membrane is impermeable for 8N3ADP, one may assume
that only half of the binding sifes of the intact carrier
system are exposed to the outer surface of the Inner membrane,
thus being accessible to fthe photolabel. The 8N3ADP—loaded car-
rier is immobilized in the membrane preventing reorientation
and exposure of the inner binding sites thereaffer. An alter-
nate assumption would be a model requiring an assembly of at-
feast two subunits, which together form the specific binding
area at the entrance of a pore~type carrier system. Covalent
tagging of the carrier system has also been achieved with the
arylazido-labeled inhibitor atractylate (13). No data are avai-
label, however, wether this latter label binds to the same pep-
tide sequence of the molecule as BNBADP does. Further investi-
gations using nucleotide derivatives carrying an azido-group

in the ribose mojety are in progress. From the comparative use
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of these different labels a mapping of the substrate binding

site and an understanding of the transport mechanism can be ex-
spected. The above approach also shows that by use of appropi-
ate photolabels the molecular identity of anion carrier systems

may be investigated in general.

REFERENCES

1) Klingenberg,M. (1976) in "The Enzymes of biological Mem-
branes" (Plenum Publishing Corp., New York) Vol. 3, 383~

437.
2) Vignais,P.V. (1976) Biochim.Biophys.Acta, 456, 1-38.
3) Riccio,P., Aquila,H., Klingenberg,M. (1975) FEBS-Letters,

56, 129-132, and 56, 133-138.

4) Buchanan,B.B., Eiermann,W., Riccio,P., Aquila,H., Klin-
genberg,M. (1976) Proc.Nat.Acad.Sci., 73, 2280-2284.

5) Bojanowski,D., Schlimme,E., Wang,Ch.S., Alaupovic,P.
(1976) Eur.J.Biochem., 71, 539-548.

6) Schafer,G., Schrader,E., Rowohl=Quisthoudt,G., Penades,S.,
Rimpler,M. (1976) FEBS-Letters, 64, 185-189.

7) Smith,A.L. (1967) Methods Enzymol. 10, 81-86.

8) Weidemann,M.J., Erdelt,H., Klingenberg,M. (1970) Eur.J.
Biochem., 16, 313-335.

9) Schafer,H.J., Scheurich,P., Dose,K. (1976) Hoppe-Seyler’s
Z.Physiol.Chem., 357, 278.

10) Penades,S., Rimpler,M., Schéfer,G. (1976) Vertffentlichun-
gen der Universitadt Innsbruck 108, 112-113.

11) Weber,K., Osborn,M. (1969) J.Biol.Chem., 244, 4406-4412.

12) Schlimme,E., Stahl,K.W. (1974) Hoppe-Seyler’s Z.Physiol.
Chem., 335, 1139-1142.

13) Lauguin,G., Brandolin,G., Vignais,P. (1976) FEBS-Letfters,
67, 306-311.

818



