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2,4-Dinitrophenol (DNF) (5 x 10 -4  M), ol igomycin (10 pg /ml ) ,  rotenone 00  -5 M), cyanide 
(10 -3 M), and azide (2 x 10 -3 M), inhibitors of energy metabol ism, completely suppress  
the synthesis  of mitochondrial  RNA in whole cells  of an asci tes  tumor  of the rat  ovary.  
In a sys tem in vi tro ol igomycin and rotenone had no effect on RNA synthesis in the mi-  
tochondria,  whereas  DNP, cyanide, and azide inhibited it only 15 min after  their  addition 
to the incubation medium. 
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P r o c e s s e s  of RNA metabol ism in animal cells  have been shown to depend on the integri ty of the mech-  
anisms of energy  metabol ism [10]. The mitochondria  are organel les  whose chief function is to supply the 
cell  with energy.  However, the mitochondria  contain DNA and can synthesize RNA and protein indepen- 
dently [4, 9]. The p roces se s  of biosynthesis  of DNA, RNA, and protein in the mitochondria  are localized 
on the mitochondrial  membrane  [2], i.e., in the immediate vicinity of the enzyme sys tems  of the r e sp i r a -  
tory chain. 

In the investigation descr ibed below the effect of inhibitors of energy metabol ism, completely sup- 
p ress ing  the synthesis  of total cell  RNA, on RNA synthesis  in the mitochondria  was studied. 

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

Exper iments  were ca r r i ed  out on cells  of an asci tes  tumor of the rat  ovary  (ATO) and on rat  l iver .  
The ATO cells  were isolated on the 8th-10th day after  inoculation and were incubated as d e s c r i b e d e a r l i e r  
[10]. Mitochondria of the ATO cells were isolated by Dounce's  method [5], and f rom rat  l iver  by the meth-  
od of Schneider and Hogeboom [14] with cer ta in  modifications:  1 mM EDTA was added to the solution for  
isolating the mitochondria .  RNA synthesis  in the cells  was determined f rom the incorporat ion ofur id ine-  
C 14 in a dose of 1 ~zCi/ml (specific activity 40 #Ci /mmole )  and RNA synthesis  in the mitochondria  was 
determined in a sys t em in vi tro [11] f rom the incorporat ion of ur idine-C 14 (1 pCi/ml) or  UTP-5 -H 3 in a 
dose of l /~Ci /ml  (specific a e t i ~ t y  1 Ci /mmole)  into the acid-insoluble fraction.  The mitochondria  were 
incubated for  1 h with constant s t i r r ing  at 30~ The react ion was stopped by the addition of cold 5%TCA 
and the mixture applied to AUFS membrane  f i l ters .  The f i l ters  were washed with 5% TCA and 70% ethanol. 
Radioactivity was measured  in a scinti l lation counter  (Intertechnique SL-30, Franch).  The media for  isola-  
tion and incubation of the mitochondria,  the apparatus,  and the instruments  were all s ter i le .  Prote in  was 
determined by Lowry ' s  method [8]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The effect  of inhibitors of energy metabol i sm on the synthesis  of total and mitochondrial  RNA in 
rat  ATO cells was studied. The resul ts  given in Table 1 show that oligomycin, rotenone, azide, and 2,4- 
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TABLE 1. Effect of Energy Inhibitors on 
Synthesis of Total and Mitochondrial RNA 
of Rat ATe  (mean resul ts  of 10 exper i -  
ments) 
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Fig. 1. Effect of inhibitors of energy  
metabol i sm on RNA synthesis by rat  
l iver  mitochondria  in a sys tem invi t ro:  
1) control;  2) oligomycin; 3)rotenone; 
4) cyanide; 5) DNP; 6) azide. Mean re -  
sults of 10 exper iments  shown. Ab- 
sc issa ,  t ime (in rain); ordinate, specific 
radioactivi ty (pulses/rain/rag protein 
x 102). 

Dinitrophenol (DNP), in the concentrat ions used, when acting 
on the whole cell completely suppressed the synthesis  of 
both total and mitochondrial  RNA. 

The action of the above inhibitors was then studied on 
RNA synthesis in mitochondria  of the rat  l iver  and ATe  
cells  in a sys tem in vitro. Identical resul ts  were obtained 
with the two objects,  and for  that reason the data obtained 
for  rat  l iver  mitochondria  are given. 

Mitochondria isolated f rom rat  l iver  incorporated 
uridine-C 14 and UTP-5 -H 3 at a constant rate for  I h. The 
degree of incorporat ion was almost  identical when different 
sources  of energy were used: succinate,  glutamic acid, or  
phosphoenolpyruvate +pyruvate kinase.  Preincubat ion for  
30 rain with 0.1 M K-phosphate buffer at30~ the object 
of increas ing the permeabi l i ty  of the mitochondria  [13], like- 
wise did not affect the degree of incorporation.  

Incorporat ion of the labeled p r e c u r s o r  took place into 
mitochondrial  RNA. On the addition of an excess  of non- 
radioactive UTP to the react ion mixture no incorporat ion 
took place. Incorporat ion of the label into isolated mi to-  
chondria was not inhibited by the addition of ribonuclease,  
in agreement  with data in the l i tera ture  [7], evidence that 
incorporat ion took place in a zone res t r i c ted  to the mito-  
chondrial  membrane .  

It will be c l ea r  f rom Fig. ! that ol igomycin (10 pg/ml) 
and rotenone (10 -5 M) had vir tual ly  no effect on RIgA syn-  
thesis  in the mitochondria  in v i t ro .  Also, during the f i rs t  
15 rain af ter  addition of 2,4-DNP (5 x 10-4 M), azide (2 x 10-3 
M), and cyanide (10-3 M), the incorporat ion of the labeled 
p r e c u r s o r  did not depend on the presence  of inhibitors in the 
medium, and during fur ther  incubation RNA synthes i s  was 
quickly suppressed .  

The action of energy inhibitors on the synthesis  of 
mitochondrial  RNA thus depends on whether they act on mi-  

t ochondr i a  in whole cells or  on isolated mitochondria.  The 
f i rs t  conclusion that can be drawn f rom these resul ts  is 
that integri ty of the energy producing sys tem of the cell is 

not n e c e s s a r y  for the normal  course  of biosynthesis ,  and it also follows that a cer ta in  regu la tory  mecha -  
nism may exist  and is dis turbed by isolation of the mitochondria .  

It is  difficult to explain the inhibitory effect  of DNP, for  in addition to its hydrolyt ic  effect on the 
intermediate  unphosphorylated h igh-energy  compound, this inhibitor also st imulates mi tochondr ia lAT Pase .  
The absence of an inhibitory effect  of ol igomycin may point to the po s sible uti l ization of intermediate  h igh-en-  
e rgy  compounds.  Rotenone, cyanide,  and azide are inhibitors of e lec t ron  t r anspor t  along the r e sp i ra to ry  
chain, but with different points of application [15]. Rotenone blocks e lec t ron  t r ans fe r  to coenzyme Q. 
Cyanide and azide block the terminal  site of the r e sp i r a to ry  chain (cytochrome oxidase). By blocking 
e lec t ron  t ranspor t ,  these inhibitors at the same time inhibit oxidative phosphorylation; i.e., inhibition of 
RNA synthesis  might be expected as a resul t  of ATP deficiency, although when the synthesis of total RNA 
in the whole cell is suppressed  the ATP level is known to remain  unchanged [6]. The resul ts  show that 
rotenone had no effect  on the synthesis  of mitochondrial  RNA whereas  azide and cyanide inhibited incor-  
poration only 15 min after  their  addition to the incubation medium. 

Presumably  a cer ta in  r e se rve  of ATP exists  to maintain the incorporat ion of the labeled p r e c u r s o r  
into RIgA during this period of delay o f  inhibition, or  else oxidative phosphorylat ion continues throughout 
this period.  It has recent ly  been shown that there is a small  rapidly metabolized r e se rve  of ATP in the 
cell  membrane  of a culture of f ibroblasts  [12]. Moreover ,  the prepara t ions  of mitochondria  obtained in 
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these experiments were always contaminated by the microsomal fraction, and the possibility of a discharge 
of electrons from the terminal site of the respira tory chain of the endoplasmic reticulum to cytochrome 
oxidase has been shown to exist for  such preparations; i.e., respirat ion of the mitochondria and oxidative 
phosphorylation are totally suppressed by cytochrome oxidase inhibitors, such as azide and cyanide, as 
occurred in the experiments described above. 
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