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DNA synthesis in mitochondria of heart  muscle cells was studied by electron autoradiography.  
After  a functional load (swimming for 2.5 h) the number of grains of s i lver  above the changed 
mitochondria was increased,  ref lect ing of DNA synthesis in the mitochondria, i.e., r egene ra -  
t ive p rocesses  in these organelles.  

It has now been proved that hyperplasia  of th.e mitochondria in the cardiac myocytes  can take place in 
principle and that the process  is influenced by the pat tern of physical  exertion [1]. However, many aspects  
of the molecular  mechanism of physiological and reparat ive  regenerat ion of the mitochondria still remain  
unexplained. One such aspect is the synthesis of mitochondrial  DNA (M-DNA). Experiments  in vi tro [5, 6, 
7] have shown that M-DNA synthesis can be demonstrated by electron autoradiography.  The synthesis of 
M-DNA under pathological conditions has been studied by Green and Bahr [3]. In an e lec t ron-autoradio-  
graphic investigation of the mitochondrial  fraction of l iver  (the exact nature of the cells f rom which the 
mitochondria came is not clear) they found no changes in M-DNA synthesis 48 h after par t ia l  hepatectomy 
in rats .  So far  no e lect ron-autoradiographic  s tudy has been made of t i ssue sections f rom animals exposed 
to various factors ,  despite the obvious importance of such work, especial ly in relation to the heart  and brain, 
organs in which the effects of injury are  compensated by intracel lular  regenerat ion of the u l t ras t ruc tures .  

The object of the present  investigation was to determine the dynamics of M-DNA synthesis in the 
myocytes of the heart  after a single physical  exertion. 

EXPERIMENTAL METHOD 

Mice weighing 26-28 g swam in water  at 32~ for  2.5 h. Thymidine-H 3 (specific activity 4.9 Ci/mmole) 
was injected into the animals (two mice at each time) 24, 48, and 72 h after  the end of swimming. The total 
dose of thymidine (18~Ci/g) was given in four intraperi toneal  injections at intervals of 1 h. The heart  was 
fixed in 1% OsO 4 solution 1.5 h after  the fourth injection, dehydrated in alcohols, and embedded in Araldite.  
Sections about 1000 A thick were  stained with lead ci trate and uranyl acetate, a carbon film was applied, 
and they were covered with a monolayer  of type M emulsion. After  exposure for 3 months the preparat ions  
were developed in D-19 developer and examined in the IEM-100B microscope.  M-DNA synthesis was shown 
by the distribution of s i lver  gra ins  above the mitochondria, ff a grain lay completely or par t ly  above a 
mitochondrion, the latter was taken as labeled. T h e  number of labeled mitochondria in an a rea  of 80,000 
~2 was determined for each animal. 

EXPERIMENTAL RESULTS 

A feature which distinguished the structure of the myoeytes of the experimental animals from that of 
the myocytes of the control animals (which did not swim) was the swelling of the mitochondria and damage 
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Fig. 1 Fig. 2 

Fig. 1. Mitoehondria of mouse heart muscle cells 24 h after physi- 
cal exertion. Grains of silver can be seen above changed mitochon- 
dria. Electron autoradiograph, 20,000 x. 

Fig. 2. Two grains of silver above a mitochondrion with clear 
matrix and deformed cristae. Electron autoradiograph, 30,000 x. 

T A B L E  1. 
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Distribution of Grains of Silver in Autoradiographs 
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to  t h e i r  i n t e r n a l  s t r u c t u r e :  d i s t u r b a n c e  of the  r e g u l a r  a r r a n g e m e n t  of the  c r i s t a e ,  an i n c r e a s e  in t he  d i s -  
t a n c e  b e t w e e n  t h e m ,  r u p t u r e  and d e f o r m a t i o n  of t he  c r i s t a e ,  and the  a p p e a r a n c e  o f  l a r g e  s p a c e ,  not f i l l e d  
wi th  c r i s t a e ,  i n s i d e  t he  m i t o c h o n d r i a  (F ig .  1). T h i s  t y p e  of s t r u c t u r e  of t he  m i t o c h o n d r i a  was  o b s e r v e d  in  
the  a n i m a l s  s a c r i f i c e d  24 h a f t e r  s w i m m i n g .  No a p p r e c i a b l e  d i s t u r b a n c e s  of the  s t r u c t u r e  of t h e  m i t o -  
c h o n d r i a  cou ld  be  o b s e r v e d  in m a t e r i a l  f ixed  on the  2nd and 3 r d  days  a f t e r  p h y s i c a l  exe r t i on .  

L a b e l e d  m i t o c h o n d r i a  w e r e  c o m p a r a t i v e l y  r a r e  and in mos t  c a s e s  the  l a b e l  c o n s i s t e d  of only  one 
g r a i n  of s i l v e r .  Of c o u r s e  g r a i n s  of s i l v e r  can  a p p e a r  in p h o t o g r a p h i c  e m u l s i o n  not only  b e c a u s e  of r a d i o -  
a c t i v e  e m i s s i o n  f r o m  the  sec t ion ,  but  f o r  many  o t h e r  r e a s o n s  b e s i d e s  (the e m u l s i o n  backg round) .  F o r  i n -  
s t a n c e ,  in t he  a u t o r a d i o g r a p h s  e x a m i n e d  in t h e s e  e x p e r i m e n t s  i s o l a t e d  g r a i n s  of s i l v e r  a l s o  w e r e  found 
above  the  bund le s  of m y o f i b r i l s ,  but t h e y  w e r e  f a r  f e w e r  in n u m b e r  t han  above  the  m i t o c h o n d r i a .  In o r d e r  
to  d e t e r m i n e  w h e t h e r  t h e  a p p e a r a n c e  of g r a i n s  above  the  m i t o c h o n d r i a  was  due to  t h e  p r e s e n c e  of r a d i o -  
ac t ive  m a t e r i a l  ( t h y m i d i n e - H  3) in t h e m  o r  w h e t h e r  the  g r a i n s  r e p r e s e n t e d  the  b a c k g r o u n d  due to  r a n d o m  
c a u s e s ,  two t y p e s  of c o m p a r i s o n s  w e r e  t h e r e f o r e  made :  1) the  n u m b e r  of l a b e l e d  m i t o c h o n d r i a  in s e c t i o n s  
t h rough  t h e  h e a r t  of the  e x p e r i m e n t a l  and c o n t r o l  a n i m a l s  was  c o m p a r e d  with t h e i r  n u m b e r  in s e c t i o n s  of 
the  h e a r t  of a m o u s e  not r e c e i v i n g  t h y m i d i n e ;  2) t he  n u m b e r  of g r a i n s  of s i l v e r  above  the  m i t o c h o n d r i a  was  
c o m p a r e d  wi th  t h e i r  n u m b e r  above  the  o t h e r  s t r u c t u r e s  of the  ce l l  in t he  s a m e  sec t ion .  T h e  r e s u l t s  a r e  
g iven  in T a b l e  1. 

The  fo l lowing  c o n c l u s i o n s  can  be  d r a w n  f r o m  a c o m p a r i s o n  of t he  da ta  g iven  in T a b l e  1: t he  n u m b e r  
of l a b e l e d  m i t o c h o n d r i a  in p r e p a r a t i o n s  ob t a ined  f r o m  the  e x p e r i m e n t a l  and c o n t r o l  a n i m a l s  r e c e i v i n g  
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thymidine-H 3 was appreciably grea te r  than in prepara t ions  obtained f rom an animal not receiving thymidine-  
H3; in the animals receiving thymidine-H 3 the density of the grains above the mitochondria was grea te r  than 
above the remaining t e r r i t o r y  of the cell where, it is now cohsidered, DNA is not synthesized. The inclu- 
sion of the nuclei in this t e r r i t o r y  in the myocytes was based on data in the l i terature  and on the author~' 
observations showing the absence of DNA synthesis in the overwhelming majori ty  of nuclei. However, in 
preparat ions obtained 24 h after exertion very  occasionally it was possible to find nuclei with a few grains 
whose appearance might have been caused by the slow synthesis of nuclear DNA. 

The increase  in the density of distribution of grains of s i lver  observed above the  mitochondria by com-  
par ison with the background (mitochondria of an animal not receiving thymidine-H 3, par ts  of the cell not 
synthesizing DNA) suggests that the autoradiographs studied in fact reflect  the synthesis of M-DNA. Con- 
siderable intensification of M-DNA synthesis was found 24 h af ter  physical  exertion. Later  still the rate 
of M-DNA synthesis was not significantly different f rom the control. The increase  in the rate of M-DNA 
synthesis coincided with the t ime of the severes t  disturbances of s t ructure  of the mitochondria.  It must 
also be noted that not only were more  labeled mitochondria found at that t ime, but mitochondria containing 
not one, but 2 or 3 grains of silver,  also were more  frequent (Fig. 2). Because of the simultaneous r eco rd -  
ing of considerable disturbances of the s t ruc ture  of the mitochondria and the increase  in the rate of M-RNA 
synthesis,  the latter c~n be regarded  as a compensatory reaction reflecting acce lera ted  regenerat ion of the 
mitochondria,  i.e., intracel lular  regenerat ion.  

According to some reports ,  M-DNA codifies the components forming the inner membrane of the mito- 
chondria [2, 4]. Consequently, the increase  in the rate of M-DNA synthesis may be aimed at res tor ing  the 
internal s t ructure  of part ial ly destroyed mitochondria.  The intensification of M-DNA synthesis may also 
provide for the more~rapid formation of mitochondria de novo by division. Most probably both these p ro -  
cesses  take place: the formation of new mitochondria and the res tora t ion of the i r  internal s t ructure .  
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