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Uncoupling agents with dif ferent  chemical  s t ruc tu re ,  such as oxidized oleic acid, cause the 
appearance of adenylate deaminase activity in highly purif ied prepara t ions  of monoamine 
oxidase (MAO) or  in mitochondrial  membranes  of bovine l iver .  Some connection is consid- 
e red  to exis t  between the appearance of (or a sharp  r i se  in) adenylate deaminase activity 
(probably resul t ing  f rom modificat ion of the p roper t i es  of mitochondrial  MAD) and the un- 
coupling action.  

The t r ea tmen t  of highly purif ied monoamine oxidases (MAO) with cer ta in  oxidizing agents (including 
oxidized oleic acid) causes  the appearance of adenylate deaminase act ivi ty in these enzyme prepara t ions  
[1, 10, 11]. This effect  has also been observed  in exper iments  on mitochondria  [4] and in the intact organ- 
ism [5]. 

Oleie acid and other unsaturated fatty acids,  which a re  readi ly  oxidized by peroxides ,  are uncouplers  
of t issue r e sp i r a t i on  and phosphorylat ion [7]. On the basis  of the views [2, 7] that the amino group of the 
adenyl res idue  par t ic ipates  in the binding of inorganic phosphate during the format ion of h igh-energy phos- 
phate bonds it could be assumed that the uncoupling effect  of oleic acid and its abili ty to inc rease  the adeny- 
late deaminase activity of the mitochondria  are  in terconnected.  

To tes t  this hypothesis  the act ion of uncoupling compounds of different  chemical  s t ruc ture  could be 
studied on the adenylate deaminase act ivi ty of mitochondria  and of highly purif ied prepara t ions  of mitochon- 
dr ia l  MAO. 

E X P E R I M E N T A L  M E T H O D  

The methods of isolat ion of the mitochondria  [4] and of MAO prepara t ions  with a degree  of puri ty 250 
t imes  g r e a t e r  than the homogenate [8] were  descr ibed  ea r l i e r  [8]. In the p rocess  of isolat ion the mitochon- 
dr ia  were  f rozen  and thawed and the res idue  of mitochondrial  membranes  was washed with hypotonic buffer  
solution [4]. The content of peroxides  in the prepara t ions  of oxidized oleic acid (OOA) was 1.3-1.5 mmole  
O2/g fatty acid. The solutions of p- t r i f tuoromethoxy-carbonyl -cyanidophenylhydrazone  (FCCP), t e t r ach lo -  
ro t r i f luoromethylbenz imidazole  (TFB) and also the 2 ,4-dini t rophenol  (DNP), rotenone,  p -d i (2 -ch loroe thy l -  
amine)phenylacet ic  (DCPA) and (2-chloroethylamine)phenylacet ic  (CPA) acids were  kindly supplied by V. P. 
Skulachev. One of these uncoupling agents (or thyroxine "Reanal") was added to the sample containing 
e i the r  mitochondria l  membranes  (3-7 nag protein) or  highly purified prepara t ions  of MAO from bovine l iver  
(0.09-0.15 mg protein) .  The volume of the samples  was adjusted to 1.8 ml e i ther  with 0.2 M phosphate buf- 
fe r ,  pH 7.4 (in the exper iments  with mitochondr ia) ,or  with 0.1 M ci t ra te  buffer ,  pH 6.7 (in the exper iments  
with the purified enzyme) .  After preincubation for 20-30 rain at  room t empera tu re ,  one of the ni trogen com- 
pounds was added to the sample in the following optimal ("saturating") final concentrat ions (in mmoles) :  
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T A B L E  1 .  E f f e c t  o f  S o m e  O x i d i z i n g  a n d  U n c o u p l i n g  A g e n t s  

on E n z y m e  A c t i v i t y  and  C o n t e n t  o f  T h i o l  G r o u p s  in  H i g h l y  
P u r i f i e d  MAO P r e p a r a t i o n s  f r o m  M i t o c h o n d r i a  of  B o v i n e  

L i v e r  ( v a l u e s  o f  M �9 m f o r  r e s u l t s  o f  4 - 6  e x p e r i m e n t s )  

Treatment of emzyme 

OOA. 
Oxidized gluta- 

thione . . . . . . .  
Hydrogen peroxide 
DNP 
Rotenone . . . . . .  
DCPA ...... 
DCPA . . . . . . .  

Concen- SHgrou] 
trafion (moles/ 
(raM) 10 g . .  

protein) 

10,0 8 

. I 0 , 0  
0,1 4 4 
0,1 7 
0,01 
0,1 4- 
0,1  - -  

Deamination (amoles/mg pro- 
tern per minute) 
tyramine" ] hista- 

, mine_ 

1141+--23 
120-'t2 

536-.31 
412+-7 
201+-7 
383-.10 
216+-18 

1092-.56 

8904 

0 
42-*4 
31-*+-2 

0 
0 
0 

AMP 

0 
118+-3 

129---5 
73-*4 
70+3 
80-* 7 
86 -~ 2 

0 

T A B L E  2. D e a m i n a t i o n  o f  S o m e  N i t r o g e n  C o m p o u n d s  on 

I n c u b a t i o n  w i t h  P r e p a r a t i o n s  o f  B o v i n e  L i v e r  M i t o c h o n d r i a l  
M e m b r a n e s  T r e a t e d  w i t h  U n c o u p l i n g  A g e n t s  ( v a l u e s  o f  M ~  m 

f o r  r e s u l t s  o f  4 - 6  e x p e r i m e n t s )  

Reagents 
Concell- 
tration 
(mM) 

Deamiaation (nmoles/mg pro- 
tein per minute 

tyramine histamine 

O O A *  . . . . . . . . . .  10,0 
Vitamin I~* . . . . . . .  0,0025 
DNP . . . . . . . . . .  0,1 

0,1 Rotenone . . . . . . . . .  11'0 DCPA* . . . . . . . . .  
CPA . . . . . . . . . .  
Thyroxine . . . . . . . .  0,01 
Amooarmtal . . . . . . .  0,01 
FCCP . . . . . . . . .  0,01 
TFB . . . . . . . . . .  0,01 

13+-  1 ,2  
0,8---+0,1 

0,9---0,1 
2,7--+0,3 
1,2  "+" 1 

12,1+----1,3 
2,0-----0,7 

10,2-.0,2 
4,8-*+-0,7 
8,3-.1,1 

0 
1,9---0,2 
2,0+-0,05 
1,2-+-0 ,5  
0,8---0,2 

0 
0 
0 
0 

2,1--+0,2 
0,8• 

AMP 

0 
13m0,3 
4,5-'- 1 
3,7---+0,1 
4,0-*-0,2 
7,4-*0,9 

0 
4,2 + 1,3 

0 
2,8• 1,0 
2,2----0,2 

* U n c o u p l e r s  w h o s e  a c t i o n  w a s  t e s t e d  in  o p t i m a l  c o n c e n t r a -  

t i o n s  (of 5 - 6  s t u d i e d ) .  

t y r a m i n e  . H C 1  (3.2) ,  c a d a v e r i n e .  2 HC1 (10), h i s t a m i n e .  2 HC1 riO), A M P  (5). The  s a m p l e s  w e r e  i n c u b a t e d  

f o r  45 m i n  a t  37~ in  a n  a t m o s p h e r e  of  o x y g e n .  T h e  m e t h o d s  o f  f i x a t i o n  of  t h e  s a m p l e s ,  o f  m e a s u r i n g  the  

r a t e  o f  d e a m i n a t i o n  o f  t he  n i t r o g e n  c o m p o u n d s ,  a n d  of  d e t e r m i n i n g  the  c o n t e n t  a n d  t h i o l  g r o u p s  w e r e  d e -  

s c r i b e d  b e f o r e  [4, 8] .  

EXPERIMENTAL RESULTS 

Uncoupling agents with such widely different chemical structures as DNP, rotenone, and DCPA, in the 
concentrations usually used, like oxidizing agents [I], caused adenylate deaminase activity to appear in 
highly purified preparations of mitochondrial MAO from bovine liver (Table I). 

Deamination of adenylic acid led to the formation of inosinic acid, as was established by several inde- 

pendent methods. CPA, which is not an uncoupling agent [6], did not cause adenylate deaminase activity to 
appear (the rate of deamination of tyramine by the enzyme preparation was not reduced, unlike in the ex- 
periments with the uncouplers) �9 The appearance of histamine deaminase activity and a decrease in the con- 
tent of thiol groups did not always accompany the appearance of adenylate deaminase activity in the enzyme 
preparations treated with uncoupling agents. These results are evidence that the transformation of MAC), 
like that of other enzymes [3], may probably be based on processes of different chemical natures, and not 

only the oxidation of thiol groups [8]. 

The ability of uncouplers to stimulate adenylate deaminase activity is also exhibited in experiments 
on mitechondrial membranes from bovine liver (Table 2). In order of decreasing effectiveness as stimula- 
tors of adenylate deaminase activity the uncoupling agents canbe arrangedas follows: FCCP > DNP > DCPA > 

O O A .  
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This se r i e s  is slightly r emin i scen t  of the re la t ionships  found under totally different  conditions (com- 
posit ion of the samples ,  durat ion of incubation, and so on) when the effects  of uncouplers  were  studied on 
resp i ra t ion  of mitochondria  and also on r econs t ruc ted  complexes of r e s p i r a t o r y  enzymes  and ar t i f ic ia l  
phospholipid membranes  [9]~ These investigations,  like those now descr ibed ,  showed that re la t ive ly  low 
concentrat ions of uncouplers  s t imulate ,  while higher  concentrat ions inhibit, the p roces se s  which were  
studied. 

The resu l t s  a re  in ag reemen t  with the view that uncouplers ,  like OOA, can st imulate adenylate deami-  
nase act ivi ty in mitochondria  (or in highly purif ied MAO preparat ions)  by inducing a qualitative change 
( transformation) in the catalyt ic  p roper t i e s  of the MAO. However,  the chemical  bases  of the MAO t rans -  
format ion induced by OOA are  probably totally di f ferent  f rom those of the t r ans format ion  induced by other  
uncouplers  �9 

L I T E R A T U R E  C I T E D  

1. Zh. I. Akopyan, R. I. Gvozdev, e t  al. ,  Vopr. Med. Khimii,  No. 4 ,456  (1972). 
2. L . A .  Blyumenfel 'd  and M. I. Temkin,  Biofizika,  No. 6, 731 (1962). 
3. V . Z .  Gorkin, Vopr. Med. Khimii,  No. 2 ,118 (1972). 
4. V . Z .  Gorkin, Zh. I. Akopyan, e t  al . ,  Biokhimiya,  No. 1 ,141  (1970). 
5. V . Z .  Gorkin,  Zh. I. Akopyan, e t  al . ,  Byull.  l~ksperim. Biol.  i Med., No. 11, 42 (1971). 
6. V . A .  Koblyakov, in: Mitechondria.  Biochemical  Functions An the System of Cell Organel les  [in Rus- 

sian],  Moscow (1969), p. 220. 
7. V . P .  Skulachev, Accumulation of Energy in the Cell [in Russian], Moscow (1969), pp. 127,217,  and 

356. 
8. Zh. I. Akopyan, L. N. Stesina, and V. Z. Gorkin, J. Biol.  Chem., 246, 4610 (1971). 
9. V . P .  Skulachev, A. A. Sharaf,  et  al . ,  Cur t .  Mod. B i o l . , 2 ,  98 (1968). 

10. L . V .  Tatyanenko, R. I. Gvozdev, et  al . ,  Biochim. Biophys. Acta, 242, 23 (1971). 
11. I . V .  Veryovkina,  M. M. Abdel Samed, and V. Z. Gorkin, Biochim. Biophys. Acta, 250, 56 (1972). 

279 


