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Deoxyadenine nucleotides and oxidative phosphorylation 

In 1963 L6w,  VALLIN AN[) ALM 1 denlonstra ted tha t  the specificity of ox ida t ive  

phosphoryla t ion for adenine nucleotides found with intact  mi tochondr ia  does not  

exist in submitochondria l  particles. The specificity of the system in in tact  mito-  

chondria  is caused by a specific t ransport  mechanisnl  for adenine nucleotides, as was 

demons t ra ted  by PFAFF 2 and by BRIERLEY AND O'BRIEX a. PFAFF 2 as well as BRIERLEV 

A~'I) O'BRIE~ a showed tha t  mi tochondr ia  labelled with radioact ive adenine nucleotides 

lost their  rad ioac t iv i ty  on incubation not only with  unlabelled A D P  or ATP, but  also, 

to some extent ,  wi th  d A D P  or dATP. In both cases the d iphosphate  was the more 
effective. 

Since these exper iments  suggest tha t  the deoxy compounds can pass the mito-  

chondrial  membrane  system, while oxidat ive  phosphorylat ion per se is not specific for 
the adenine nucleotides, we examined  the possibili ty tha t  d A D P  can function as phos- 

phate acceptor  in the process of ox ida t ive  phosphorylat ion.  

TABLE I 

S P E C I F I C I T Y  O F  P H O S P H A T E  A C C E P T O R  F O R  O X I D A T I V E  P H O S P H O R Y L A T I O N  I N  I N T A C T  R A T - L I V E R  

M I T O C H O N D R I A  

The reaction medium contained 3 ° mM potassium phosphate buffer (pH 7.4), I mM EDTA, 
t 5 mM KC1, 6 mM MgC12, and 75 ulM sucrose. In Expt. i, io mM glutamate and 6.9 mg mito- 
chondrial protein were used in a volume of 3.o 1111. Temperature, 2o °. In Expt. 2, 2o nlM sueeinate 
and 2. 3 mg mitochondrial protein were used in a volume of 2.o ml. Temperature, 25'. 

J£xpt .  Additions Oxygen uptake 
No. (natoms/min per rag) 

None 7 
ADP (0.33 raM) 52 
dADP (0.33 raM) 15 
dADP (o.33 mM) + ATP (3.7 mM) 56 

None 39 
CDP (o.17 mM) 38 
CDP (o.17 mM) + ATP (2. 5 mM) 62 
UDP (0.22 mM) 45 
UDP (0.22 mM) + ATP (2. 5 mM) 115 
GDP (o.21 inM) 37 
GDP (o.21 inM) + ATP (2. 5 raM) t79 

Table I demonstrates  tha t  the addit ion of d A D P  gives only a slight s t inmlat ion 
of the rate  of oxygen uptake  in a system where phosphate  acceptor  is l imiting, in 
comparison with tha t  obta ined by addit ion of ADP. In the presence of ATP, however,  

d A D P  was effective, half max imal  s t imulat ion being given by 0.13 mM ATP. This 
effect can be explained by the phosphotransferase react ion:  

dADP + ATP ~ / A D P  + dATP 

(cf. ref. I). The increase after addi t ion of d A D P  alone is probably  due to reaction 
wi th  endogenous ATP tha t  has leaked out from the mitochondria.  
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Table I, Expt. 2, shows that other nucleotides can also serve as phosphate 
acceptor in the presence of ATP. This (these) phosphotransferase(s) must then be 
localized outside the specific adenine nucleotide translocase (cf. ref. 4). 

Since, however, the experiments described in Table I did not answer the ques- 
tion whether the inability of dADP on its own to act as phosphate acceptor is due to 
its inability to act as substrate for the translocase or for oxidative phosphorylation, 
the 2,4-dinitrophenol-induced dATPase activity of intact rat-liver mitochondria 
was compared with the activity after sonication. From Fig. I, it is clear that dATP 
(Fig. IB) is very slowly broken down byintact  rat-liver mitochondria. After sonication, 

A Mit, Mit. 
ATP ~ dATP ~ B 
- - ~ 2  Q ~ ~ t  ract. 
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i tract- 

Mit. sonicated Mit. sonicated 
ATP Jq dATP 

~, Atract. 

0.01 pFll "~14 . \ 

-<____ 
Fig. i. ATPase and dATPase activity in intact  and sonicated rat-liver mitochondria.  The reaction 
medium contained 75 mM KC1, io mM Tris HC1 buffer (pH 7.4), 6o mM sucrose, I inM EDTA, 
o.I mM 2,4-dinitrophenol, 3 mM MgCI 2, 3 mM ATP or dATP and I. 5 mg mitochondrial  protein. 
Atractyloside (34 ffg/mg protein) and oligomycin (3.4 fig/rag protein) added where indicated. 
Reaction volume, 2. 5 ml. Temperature ,  25 °. The mitochondria  were sonicated twice for i min a t  
o ° in the Mullard Ultrasonic power un i t  at  maxinlal  output .  The reaction was followed by re- 
gistration of the pH. The numbers  against  the tracings give the rate of ATP breakdown in arbit-  
ra ry  units .  

however, it is as rapidly hydrolysed as ATP (cf. Figs. IC and ID). The hydrolysis of 
ATP by the sonicated particles was inhibited by atractyloside to the extent of 50 %, 
whereas the hydrolysis of dATP was insensitive to atractyloside. The hydrolysis of 
both ATP and dATP is sensitive to oligomycin. The soluble ATPase isolated from 
beef-heart mitochondria, F 1 (ref. 5), hydrolyses dATP equally well as ATE 

The behaviour of dATP is analogous to that of GTP, because with both com- 
pounds the reaction rate increases after disintegration of the mitochondria, as was 
already demonstrated for ITP by KLINGENBERG AND PFAFF ~. It cannot be decided if 
the low rate of hydrolysis of dATP by intact mitochondria is due to a direct hydrolysis 
of dATP or occurs via a reaction with endogenous ADP. 
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In conclusion we can say that with respect to deoxyadenine nucleotides, the 
specificity of the overall process of the oxidative phosphorylation also resides at the 
level of the translocase. The transport of the deoxyadenine nucleotides demonstrated 
previously2, a must be one or two orders of magnitude slower than that of the adenine 
nucleotides. 
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Electron microscopic evidence for volumetric changes in heart mitochondria 

Electron microscopy of mitochondria in various metabolic states has recently 
been reportedi, ~, and changes in contractile states induced by ATP have been ob- 
served3, 4. CHAPPELL AND CROFTS5, a have shown that oxidation of electron transfer 
substrates will cause the contraction of mitochondria swollen with Ca 2+ provided 
the Ca 2+ is previously removed. We have recently reported v that oxidizable sub- 
strates (e.g. succinate) will contract beef heart mitochondria which have been swollen 
by exposure to hypotonic conditions. The substrate-induced contraction is blocked 
by electron transfer inhibitors (antimycin), but is not affected by inhibitors of ter- 
minal phosphorylation (oligomycin), and is prevented by 2,4-dinitrophenol and car- 
bonyl cyanide m-chlorophenylhydrazone s. 

The spectrophotometric and gravimetric evidence for substrate-induced con- 
traction of heart mitochondria is now well documented. This evidence substantiates 
the inclusion or requirement of a "contractile" process in energy transducing functions 
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