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Heparin,  as a fac tor  s tabi l izing the s t ruc tu re  of mitochondrial  membranes ,  helps to p r e s e r v e  
the level  of DNP-ae t iva ted  A T P a s e  of aging mitochondria  of rabbi t  white musc les  and leads 
to a higher  level  of activation of Mg++-ATPase  by 2,4-DNP in intact p repara t ions .  

Invest igat ion of mitochondrial  A T P a s e  is an in teres t ing pa r t  of the study of the b ioenerge t ics  of m u s -  
cle t i ssue .  Data on the effect  of fat ty acids on the act ivi ty of the mitochondria l  A T P a s e  s y s t e m  a re  given 
in the l i t e r a tu re  [6, 7]. 

It was decided to study the effect of heparin,  a phosphorylase  inhibitor,  on the A T P a s e  act ivi ty of the 
mitochondrial  f ract ion of skele ta l  muscles .  

EXPERIMENTAL METHOD 

Adult chinchilla rabbits weighing 2.5-3 kg were used. Mitochondria were isolated from the white 

musc les  of the thigh by the usual  method with the medium of Chappell and P e r r y  [5]: 0.1 M KC1, 0.005 
M MgC12, 0.05 M Tr is -HC1,  0.001 M ATP,  and 0.001 M EDTA (pH 7.4). The isolation medium also con- 
tained 0.5%' heparin.  The f resh ly  isolated mitochondria  were  suspended in 0.25 M sucrose .  

The  integr i ty  of the mi tochondr ia  was de te rmined  by studying the ra t io  between the m a r k e r  enzyme 
c y t o c h r o m e - c - o x i d a s e  (CCO) in the anuclear  homogenate,  the mitochondria l  f ract ion,  and the p o s t - m i t o -  
chondrial  supernatant .  CCO act ivi ty was  measu red  on the SF-4 spec t ropho tomete r  by the method of Po t t e r  
and Albawn in the modification of Coopers te in  and Lazarow [8]. The concentrat ion of oxidized c y t o c h r o m e  
c was calcula ted f rom the di f ference between the coefficients  of mola r  extinction for  reduced  and oxidized 
cy tochrome c at ~ 550 am [10]. Activi ty of the enzyme was de te rmined  in p repa ra t ions  t r e a t e d  with 0.5% 
sodium deoxycholate made up in 0.1 N NaOH solution and exp re s sed  pe r  mi l l i g r am prote in  and p e r  g r a m  
t i s sue  pe r  minute. 

The A T P a s e  act ivi ty was measu red  by the inorganic phosphorus  set  f ree  during incubation for  15 min 
at 37~ in a medium containing 0.075 M KC1, 0.05 M Tr i s -HC1 (pH 7.4), 0.0015 M MgC12, 0.0001 M 2,4-DNP 
0.006 M Na2ATP, and 0.2-0.8 mg mitochondrial  protein;  total  value 1.5 ml. The enzymic  react ion  was 
stopped by the addition of 6 ml 3.3% TCA. The value of Pin was de te rmined  by the method of Lowry and 
Lopez [13] in Skulachev 's  modification [2]. Enzyme act ivi ty  was e x p r e s s e d  in ~moles  P i , / m g  mitochon-  
dr ia l  p r o t e i n / h .  Pro te in  was de te rmined  by Lowry ' s  method [12]. 

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

I ~ r i n g  isolat ion of the mitochondria  11 �9 1.4% of CCO act ivi ty  of the anuclear  homogeaate ,  the ac t iv -  
ity of which was taken as 100%, was found in the pos t -mi tochondr ia l  supernatant ,  indicating that  only slight 
solubilization of the enzyme had occu r r ed  [1]. 

The f resh ly  isolated,  intact mi tochondr ia  had low endogenous A T P a s e  activity.  Mg ++ in a concent ra -  
tion of 3 �9 10 -3 M, induced an equal degree  (fourfold) of activation of the mitochondrial  enzyme obtained in 
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TABLE 1. A T P a s e  Activi ty (in moles  P t n / m g  prote in/h)  of Intact 
and Aging Mitochondria of Rabbit  White Muscles  (M �9 m) 

Experimental 
conditions 

No activatorsadded 11 
Ac~vatiort.bsy 2,4- 
' ','DNP (5.10 M)..  11 
Ac~vation byMg ++ 

( 3 . 1 0  -3 M) . . , 9 
Activation 12y bag++: 
~ .  ~6~'r~ a~d %4 

DNP (5 �9 10 -5 ]vl) 9 

Chappell-- Perry medium 

freshly '~ aging 
isolated ~ mito- 
mltochon- ~ chondria 
dria d 

freshly 
! ~, isolated 

1~ [ mitoehon- 
~ a  

2,944-0,40 

11,164-2,14 

10,164- 0,78 

13,044- 0,83 

11 2,944-0,40 

11 [ 4,684-0,42 

19 / 31,104-4,67 

8 ] 23,92 4- 3,53 

Chappell- Perry medium and heparin 

aging 
mito ~ 
chondria 

1,544-0,32 

5,324-0,82 

6,544-1,78 

14,784- 2,78 

7 1,424- 0,52 

7 5 , 7 4 •  

7 I3,264-1,68 

7 13,444-1,94 

the isolation medium in the absence  and in the p r e s e n c e  of 0�9 hepar in  (Table 1). Aging of the mitochon-  
d r ia  at 20~ for  2-2.5 h led to a sharp  i nc rea se  {by 9-10 t imes)  in Mg++-ATPase  activity�9 2 ,4-DNP (5 ~,10 -5 
M) caused act ivat ion (fourfold) of endogenous A T P a s e  in the "hepar in"  and "nonheparin" mitochondria .  

Aging of the "nonheparin" mi tochondr ia  was accompanied,  as might be expected, by a dec r ea se  in 
DNP-aet iva ted  A T P a s e  activity.  Hepar in  helped to maintain the level  of D N P - A T P a s e  in the aging mi to -  
chondria and inc reased  the i r  Mg++-ATPase activity.  The degree  of act ivat ion of the Mg++-ATPase of the 
f resh ly  isola ted mitochondria  by 2,4-DNP was much higher (twice) if  hepar in  was added to the isolation 
medium�9 

Hepar in  had no effect  on the distr ibution of CCO activi ty in the subce l lu la r  f rac t ions ,  but its addi-  
t ion to the isolat ion medium preven ted  the total  l iberat ion of the enzyme f rom mitochondria l  p r epa ra t ions  
t r e a t e d  with deoxycholate .  

The exper imenta l  r e su l t s  suggest  that hepar in  is a fac tor  stabil izing the s t ruc tu re  of the mitochon-  
dr ia l  m e m b r a n e s  of skele ta l  musc les .  

Hepar in  is known to be a compet i t ive  inhibitor of phosphory lase  [4]. Addition of hepar in  to the i so l a -  
t ion medium probably  slows the ra te  of l iberat ion of fat ty acids which inhibit D N P - A T P a s e  [3, 11]. This  is 
a poss ib le  cause  of the p r e s e r v a t i o n  of D N P - A T P a s e  in aging "hepar in"  mitochondria .  

Fat ty  acids a re  known not to affect  Mg++-ATPase act ivi ty of the mi tochondr ia  of skele ta l  musc les  un- 
like the l iver  mi tochondr ia  [9]. It is t h e r e f o r e  in te res t ing  to note the inc reased  activi ty of Mg++-ATPase 
in both the "hepar in"  and the "nonheparin" aging mitochondria  observed  in the p re sen t  exper iments .  How-  
ever ,  in the aging "hepar in"  mitochondria  DNP did not s t imula te  Mg++-ATPase activity.  The r e su l t s  of 
these  exper imen t s  suggest  that  the s tabi l izing action of hepar in  is not universa l .  
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