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E lec t ron -mic roscop ic  studies show that three fractions of mitochondria isolated from dog hear t  homo- 
genate by centrifugation consis t  of two types of mitochondria.  The mitochondria of the f i rs t  type have a 
high sedimentation coefficient and separate  as fract ion I, while fract ions II and III consist  of sa rcosomes  
and mitochondria of the other  type, differing in their  size and their sedimentation rate in a centrifugal 
field. The concentrat ion of r ibosomal  RNA (calculated per  mitochondrial  protein) in fractions II and III is 
56 and 27% higher respect ively  than in the mitochondria of fraction I. The coefficient of specificity of RNA 
for mitochondria of the f i rs t  type is 1.33• and for mitochondria of the second type 1o18• 

It has previously been shown that dog hear t  muscle t issue contains mitochondria which are  he te ro-  
geneous with respec t  both to their  morphology and to their  concentration of r ibosomal  RNA. It has also been 
shown that the ratio between these two types of mitochondria is not the same in the left and right ventr ic les  
[3]. Bearing in mind the special  functional proper t ies  of the left ventr icle  and the relationship between 
function and the synthesis  of nucleic acids and proteins [4, 8, 10], it was decided to investigate, f i rs t ,  
whether any relat ionship exists between the RNA concentrat ion in the different types of mitochondria and 
their  u l t ras t ruc ture  and, second, how the RNA concentrat ion in these types of mitochondria is related to 
their  distribution in the left and right ventr ic les .  

To examine these problems,  a total mitochondrial  suspension was subjected to graded separat ion 
into subfractions on the basis  of their  sedimentation in a centrifugal field [5, 7, 9, 17, 20]. Ribosomal RNA 
was isolated from the mitochondrial  subfractions thus obtained, and its concentrat ion and composit ion were 
determined.  

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

Mitochondria were isolated f rom the walls of the left and right ventr ic les  of the dog 's  hear t .  Isola-  
tion was ca r r i ed  out in the cold by differential centrifugation in 0.44 M sucrose  solution. The original 
mater ia l  thus obtained was examined in the electron microscope  before fr~ctionation to verify the puri ty of 
isolation.  

The washed initial mitochondrial  residue was suspended in 9 volumes of 0.44 M sucrose  solution and 
again fract ionated in a r e f r ige ra to r  centrifuge at 3000 g for 5 rain ( r e s idue - f r ac t i on  I). The supernatant 
was collected and centrifuged at 6000 g under the same conditions ( r e s idue - f r ac t i on  H), the supernatant 
was again collected and centrifuged at 12,000 g ( r e s i d u e - f r a c t i o n  III), and fract ion IV was obtained by cen-  
trifugation of the last  supernatant  at 18,000 g. The final residue was used only for e lectron microscopy .  

The mitochondrial  res idues  obtained af ter  fraet ionation were suspended in an ice-cold  0.14 M solu- 
tion of NaC1, and homogenized in a glass homogenizer  with a teflon pestle for 20 sec.  A sample was with- 
drawn for testing for protein [18], and the remaining homogenate of the mitochondrial  f ract ions was sub- 
jected to phenol deproteinizat ion and salt  fract ionation [1, 13, 14]. The concentrat ion of r ibosomal  RNA 
was determined by Spir in 's  method [6]. The resul ts  were expressed in #g RNA/mg mitoehondrial  protein.  
The nucleotide composit ion was determined by means of Dowex 5 OH + cat ion-exchange columns [12], 
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TABLE 1. Concent ra t ion  
of R ibosomal  RNA in Sub- 
f r ac t ions  of Mitoehondria  

(M �9 m) 

O "4 

1 

tl 
III 

Conc. of 
ribosomal p 

RNA 

2,27_+0,130 
5,20+--0,450 
3,10+0,349 

PII_I<0,001 
PII--IH <0,001 
Pi_i i i<0,01 

followed by  spec t ropho tome t ry .  To study the s t r u c t u r e  of the mi toehon-  
d r i a  the m a t e r i a l  was fixed in 2% OsO 4 solution; subsequent  t r e a t m e n t  
was  as d e s c r i b e d  p rev ious ly  [3]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Electron-microscopic control examination of the initial mito- 

chondrial fraction showed that it was in fact a pure fraction of these 
organoids consisting of two types of mitoehondria. Further separation 

of the initial mitoehondrial fraction into three subfraetions showed that 

fraction I contained only mitochondria consisting of circular double- 

membrane structures measuring from 1 to 1.5 x 0.5/1(Fig. la). The in- 

ner membrane of the mitochondria formed a number of short eristae, 

their matrix occupying a considerable volume and possessing low dens- 

ity, while the concentration of ribosomal RNA in this fraction was 2.27 • 0.13 (Table i). Mitoehondria with 

densely packed parallel cristae, forming complete partitions (Fig. Ib) were isolated in fraction II. Their 

matrix was less dense than the space between the outer and inner membranes. The mitochondrta of this 

fraction were usually long-from 2.5 to 2.8 # in length, and their width varied from 0.5 to 1 #. The concen- 

tration of ribosomal RNA was 5.2 =~ 0.45, or 56.2% higher than its level in the mitochondria in fraction I. 

Fraction III contained small, dense mitochondria, mainly circular in shape and measuring from 0.5 • 1.5 to 

1.5 x 1 p (Fig. ic). The eristae forming partitions, just as in the mitochondria of fraction If, were densely 

packed in the matrix and completely divided the organoid into compartments. The concentration of ribo- 

somal RNA in the mitochondria of fraction III was 3.1 • 0.349. In fraction IV, swollen and severely dam- 

aged mitochondria from fractions I and II were found. No other cell structures could be detected in the 

material examined, demonstrating the high degree of purity of the original mitochondrial material. 

The study of the nueleotide composition of the ribosomal RNA obtained from all three fractions 

showed that the coefficient of specificity of fractions II and HI was much higher than that of fraction I 
(Table 2). 

These results show that the mitochondrta of dog heart muscle are composed of two populations : 

fraction I consists of mitochondria of only one type and fractions II and III contain mitochondria which dif- 

fer in their size and structure. The concentration of ribosomal RNA and its coefficient of specificity in the 
mitochondr ia  of f rac t ions  I1 and III a r e  h igher  than those of the mi tochondr ia  of f rac t ion  I. Bear ing  in mind 
that  the mi toehondr ia  of f r ac t ions  II and III a r e  d i s t r i bu t ed  main ly  in the t i s s u e s  of the left  ve n t r i c l e ,  with 
a h igher  Ievel  of phys io log ica l  ac t iv i ty ,  and compar ing  this with the fact  that  the i r  RNA concent ra t ion  is 
c o n s i d e r a b l y  h igher  than that  in the mi toehondr ia  of f rac t ion  I, it can only be concluded that  the metabo l ic  
p r o c e s s e s  taking p lace  in them,  notably RNA m e t a b o l i s m ,  do so most  in tens ive ly .  The d i f fe rences  between 
the mi tochondr ia  of f rac t ions  II and III in s i ze  and sed imenta t ion  r a t e  in a cen t r i fuga l  f ield can pe rhaps  be 
expla ined  as  fol lows.  S ta r t ing  f rom the fact  that  the mi tochondr ia  p o s s e s s  the ab i l i ty  to syn thes ize  p r o -  
t e in  independent ly  [2, 11, 12, 15, 16, 19], s e l f - r e p r o d u c t i o n  of these  o rgane l l e s  must  take p lace  in the ce l l ,  
in which ease  the mi tochondr ia  in the cel l  mus t  be subdivided into i m m a t u r e  and mature  fo rms ,  d i f fe r ing  
f rom each other  in t he i r  s i ze  and, co r re spond ing ly ,  in t he i r  sed imenta t ion  ra t e .  F r o m  this  point of view 
the s m a l l  mi toehondr ta  of f rac t ion  II a r e  an i n t e r m e d i a t e  s tage  in the fo rmat ion  of the l a rge  mi toehondr ia  
i so la ted  in f rac t ion  II. 

TABLE 2. Nucleot ide Composi t ion  of R ibosomal  RNA of Submito-  
chondr ia l  F r a c t i o n s  I so la ted  f r o m  Dog Hear t  Muscle  (M �9 m) 

o ,= .~ 

I 22,44-0,35 

II I 91,4:t:0,48~ 
III ] 22,54-1,20 

Conc. ofnucleotides (in moles %) 

27,24-0,445 

28,0+1,09 
26,6:1:0,775 

C U 
A .S!.= 5 +C/A 
,~ +U 

26,3+1,21 

29,14-I,04 

28,7-4-0,94 

23,8=t:1,39 

21,6+0,53 

22,2-t-0,91 

0,10:50,014 

0,98+0,039 

0,97:1:0,036 

1,18+0,022 

1,334"0,0082 

1,28:I:0,065 

P ii__i~O,OOl 

PII-- I I I  ~ 0,001 

P iii__i=O,Ol 
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Fig. 1. Mitochondria of dog 's  hea r t  musc le ,  a) F i r s t  type,  
f rac t ion  I; b) second type,  f rac t ion  II; c) second type,  
f rac t ion  III,  30,000 • 
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