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An e l ec t ron -mic roscop ic  invest igat ion of ul trathin sections of the myocardia l  cell  and of pure 
f ragments  of mitochondria  isolated f rom the myocardium,  together  with the biochemical  anal-  
ysis  of these f rac t ions ,  demonst ra ted  the heterogenei ty  of the organoids,  which could be sub- 
divided into mitochondr ia  of "muscular  type ,"  with numerous  s t r i c t ly  or iented c r i s tae ,  and 
c i r cu la r  mi tochondr ia  of "general  t y p e "  with shor t  c r i s tae .  The mitochondria  of muscular  
type have a higher  level  of r e sp i ra t ion  coupled with phosphorylat ion and a higher  r e sp i r a to ry  
control .  The i r  specif ic  activity of incorporat ion of C14-1abeled amino acids into the i r  p ro-  
teins is twice as high. 

Previous  investigations led to the conclusion that the mitochondrial  f ract ion isolated f rom the dog's 
myocard ium contains two types of organoids descr ibed  as mitochondria  of "muscular"  and "general"  type, 
differing f rom each other  in the i r  u l t r a s t ruc tu re  and some biochemical  p roper t ies  [2]. However,  the follow- 
ing problems remained  unsolved: a) do both types of mitochondria  belong to the myocardia l  cel l  or  a re  the 
mitoehondria  of one type organoids of the connective t issue which is inevitably presen t  in the homogenate 
f rom which the mitochondria  are  isolated?;  b) is the u l t r as t ruc tu ra l  heterogenei ty  of the investigated mito-  
chondria the resu l t  of the method of different ial  centr ifugat ion used ?; c) is there  a connection between the 
u l t r a s t ruc tu ra l  d i f ferences  of the subfract ions of myocard ia l  mitochondria  and the activity of the i r  func-  
tions ? 

To answer  these questions an e l ec t ron -mic roscop ic  study was made of ul trathin sections of myoca r -  
dial t i ssue ,  mi tochondr ia  (after different ial  centrifugation) were investigated in ul trathin sections by the 
negative staining technique, and the degree  of r e s p i r a t o r y  and phosphorylat ing activity and of r e s p i r a t o r y  
control  was compared  with prote in  synthesis  in the morphological ly different  types of myocard ia l  mitochon- 
dria.  

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

Prepara t ion  of the subfract ions of myocardia l  mitochondria  (in vi tro) ,  incorporat ion of radioact ive 
acids into the i r  pro te ins ,  and the methods of e l ec t ron -mic roscop ic  examination have been descr ibed p re -  
viously [2-4]. The intensity of oxygen absorption was determined polarographical ly  by means of a platinum 
elec t rode  [1]. The following incubation medium was used (in pM): sucrose  120; KH2PO 4 23; MgC12 515; KCI 
11.0. The phosphate acceptor  was ADP (0.24 #M). Pyruvate ,  glutamate,  succinate,  and a -ke tog lu ta ra te  
were  used as subs t ra tes .  

EXPERIMENTAL RESULTS AND DISCUSSION 

Electron-microscopic examination of the ultrathin sections of the myocardial cell showed heteroge- 
neity of the mitochondria contained in it. At the periphery of the cell there were as a rule round mitochon- 
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Fig. i. Mitoehondria of the myocardium of dogs: a) mito- 
chondria of general type, located at the periphery of a myo- 
cardial cell, 25,000 • b) mitochondria of muscular type, 
located among myofibrils, 25,000 x; e) section through a 
mitochondrion of general type, 65,000 x; d) cristae of mito- 
ehondria of general type with fungoid subunits; negative 
staining with phosphotungstic acid, 65,000 • e) section 
through mitoehondrion of muscular type, 65,000 x; f) mito- 
ehondria of muscular type, negatively stained with phos- 
photungstic acid, 65,000 • 

dria of general type (Fig. la) with short cristae, giving off few branches, and a transparent matrix. Mito- 
ehondria of muscular type with tightly packed eristae, lying parallel to one another, reaching the opposite 
side of the organoi d and with a dense matrix (Fig. ib) were located in the sareoplasm between the myofi- 
brils. This picture is probably the morphological expression of differences in the functional state of the 
mitochondria [I0]. 

When isolated at 3000 g in a pure fraction, the mitoehondria of general type also had a circular shape, 
relatively short but regularly oriented cristae, and a transparent matrix occupying a comparatively large 
volume (Fig. ic). In negatively stained specimens, because the membranes of these mitoehondria are easily 
broken, free-lyingcristae were found. The fungoid structures typical of these organoids, with heads 80 A in 
diameter and with pedicles 50 A in length, were found on their surface (Fig. id). 

The mitoehondria isolated at 12,000 g differed considerably in their ultrastructural organization from 
those described above and consisted of mitochondria of muscular type (Fig. le). Because of the high resis- 
tance of their outer membrane to hypotonic media these organolds remained in the native state in negatively 
stained specimens (Fig. if). As the result, the macromolecular organization of their cristae could not be 
studied. 
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TABLE 1. Rate of Oxidative Phosphoryla t ion and Resp i r a to ry  Con- 
t ro l  in Myocardia l  Mitochondria (rate of oxygen absorpt ion  in #A 
O2/sec.  g mi tochondr ia l  protein)  

MRochondria 

General type 
Muscular type 

Pyruvate +malate 

v1 

2,76+0,094 
6,18--'-0,142 

v, I resp. cont. 

1,13--0,157 [ 2,55~0,168 
1,55~0,114 4,04~0,79 

ADP/0 

2,52~0,139 
2,75+--0,11 

Table  1. (continued) 

Mitochondria 

General type 
Muscular type 

v1 

3,38--.+0,34 
4,4+0,146 

Glutamate 
V~ 

1,0+-0,139 
1,26• 

malate 
resp. cont. 

2,85• 
4,07~0,276 

ADP/O 

3.0--0.2 
2,7+0.342 

TABLE 2. Incorpo-  
ra t ion  of C 14 -Amino  
Acids into Myo ca r -  
dial  Mitochondrial  
P re te ins  (mean r e -  
s u l t s  of th ree  p a r a l -  
lel  de te rmina t ions  
given) 

Spec. act. (in 
putses/min 

= per mnn~ram 
o mltochoffdrial 

protein) 
'~ mito- mito- 

chondria chondria 
"o ofgeru of musc. 

type type 

1 121,5 244,9 
2 t24,7 284,8 
3 118,4 263,3 
4 118,7 200,9 
5 88,3 298,7 

Biochemical  invest igat ion of these  types of mi tochondr ia  showed that oxi-  
dation of pyruva te  and glutamate  on the addition of phosphate acceptor  (ADP) 
s t imula ted  the ra te  of oxygen absorpt ion by the mi tochondr ia  of genera l  type by 
2.5 t i m es ,  but s t imula ted  its absorpt ion by mi tochondr ia  of "muscu la r  type" by 4 
t imes  (Table 1). When other  subs t r a t e s  were  used a s imu la r  p ic ture  was oberved.  

Consequently,  mi tochondr ia  of muscu l a r  type,  which are  the m o r e  spec ia l -  
ized organoids  in the myoca rd ium,  posses s  a higher  level  of r e sp i r a t i on  coupled 
with phosphoryla t ion  and a much higher r e s p i r a t o r y  control .  Since the biosyn-  
thes i s  of mi tochondr ia l  pro te in  is linked with oxidative phosphoryla t ion [5-9], the 
incorpora t ion  of a mix tu re  of C 14 - l abe led  amino acids* into the prote ins  of the 
invest igated mi tochondr ia l  f rac t ions  was studied. The r e su l t s  showed that  both 
f rac t ions  of mi tochondr ia  act ively  incorpora te  the radioact ive  amino acids ,  but 
that the specif ic  act ivi ty of the mi tochondr ia  of muscu l a r  type was twice as high 
as that of the genera l  type (Table 2). 

The r e su l t s  show that a single myoca rd ia l  cell  contains mi tochondr ia  of 
two morphologica l ly  different  types.  The e l e c t r o n - m i c r o s c o p i c  p ic ture  of these  
types  of mi tochondr ia  in vivo co r re sponds  exact ly  to that obtained in vitro.  The 
mi tochondr ia  of muscu l a r  type p o s s e s s  higher  functional activity.  The exis tence 
of two types  of mi tochondr ia  with different  morphology and function within the 

s a m e  myoca rd i a l  cell  and the fact  that  the i r  s t ruc tu ra l  organizat ion is r e la ted  to the i r  functional act ivi ty,  
may  re f l ec t  the abil i ty of the cell ,  developed in the course  of evolution, to regula te  its energy  me tabo l i sm 
and its b iosynthet ic  activity.  
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* Pro l ine ,  val ine,  arginine,  threonine,  and se r ine .  
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