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Comparative study of mitochondrial and soluble rat liver protein kinase 

The presence of a protein kinase which transfers the terminal phosphate from 
ATP to phosphoproteins in mitoehondria has been described by several authors 1-*. 

In a previous paper from this laboratory 7, it was reported that two forms of 
protein kinase are present in liver mitochondria preparations: (I) a fraction tightly 
bound to the mitochondrial structure, and (2) a form readily soluble in water upon 
sonication of mitochondria. 

I t  was suggested that the latter enzyme activity could be accounted for by 
cytoplasmic contamination, since a very active protein kinase was found to be present 
in soluble liver cytoplasm. 

The present paper deals with a comparison between liver cytoplasmic and 
mitochondrial protein kinases under comparable conditions, made possible by remov- 
ing, almost quantitatively, ATPase activity from both fractions. The low ATPase 
activity still present in both fractions does not interfere critically with the rate of 
protein kinase reaction, since ATP breakdown at the end of incubation was never 
found to exceed lO%. 

As can be seen in Table I, the protein kinase activity, tested both with phosvitin 
and with casein, is much higher (up to 8o-fold) in the soluble cytoplasm than in the 
mitochondria. 

The relatively low protein kinase activity in mitochondria cannot be completely 
released by sonication and several washings with water 7. However, the activity can 
be extracted by ionic solutions without any previous disorganization of the lipid- 
protein structure of mitochondrial membranes (Table II). 

Biochim. Biophys. Acta, 159 (1968) 563-566 



564 SHORT COMMUNICATIONS 

T A B L E  I 

P R O T E I N  K I N A S E  A C T I V I T I E S  I N  R A T  L I V E R  M I T O C H O N D R I A  A N D  C Y T O P L A S M  

Mitochondr ia  were p repared  fol lowing the  SCHNEIDER s procedure,  and  t h e y  were washed  tw ice  
in 0.25 M sucrose before ex t rac t ion .  E x t r a c t i o n  was  carr ied out  ove rn igh t  on the  acetone powder s  
of m i tochondr i a  wi th  o. i  M phospha t e  buffer, p H  6.8, con ta in ing  o. i  mM E D T A  (io ml  buffer 
per 0.5 g acetone powders).  More t h a n  90% of the  p h o s v i t i n  k inase  a c t i v i t y  becomes soluble  
under  these condit ions.  Soluble c y t o p l a s m  was p repared  by  cent r i fuging  the  25 ooo × g pos t -  
mi tochondr i a l  s u p e r n a t a n t  a t  lO 5 ooo × g for i h. Bo th  mi tochondr i a l  ex t r ac t s  and  c y t o p l a s m  
were d ia lyzed  in o.o 5 M Tris con ta in ing  o . i  mM EDTA,  pH 7.00, as described by  Ic{ODNIGHT AND 
LAVlN 9. P ro te in  k inase  a c t i v i t y  was t es ted  by  i ncuba t ing  i mg of phosphopro te in  (phosv i t in  
f rom Sigma, " H a m m a r s t e n  case in"  f rom Merck and Co.) for I h in i ml  of a m e d i u m  con ta in ing :  
MgCl v I 2 # m o l e s ;  Tris-HC1 buffer, pH  7.5, ioo/~moles ;  ATP,  i /~mole  con ta in ing  I - 2 / , C  as 
[T-a2PJATP, p repared  according to  the  me thod  of GLYNN AND CHAPPEL 10 and I m g  of enzyme  
protein.  I n c u b a t i o n  was s topped  by  add i t i on  of 0. 3 ml  t r ich loroace t ic  acid 5 ° % and the  p r ec i p i t a t e  
washed  4 t imes  wi th  5 ml of lO% t r ich loroace t ic  acid. F i na l l y  the  p rec ip i t a t e  was t rans fe r red  in 
a s ta inless  steel  p l anche t  and  counted  in a th in -window Geiger counter .  ATPase  a c t i v i t y  was 
e s t ima ted  by  measur ing  the  inorganic  and  organic  a2p presen t  a t  the  end of the i ncuba t ion  in the 
t r ich loroaee t ic  acid s u p e r n a t a n t s  fol lowing the  procedure  descr ibed by  WADKINS AND LEH- 
N I N G E R  11 , 

Protein kinase activity 

mllmoles 32p tranfferred 
per mg enzyme protein 
per h 

m/~moles ~2p transferred 
per g tissue per h 

Phosvitin Casein Phosvitin Casein 

Mitochondr ia l  e x t r a c t  1.47 0.56 14.56 5.61 
Cytop lasm 32.64 9.60 1376.6o 4o3.21 

T A B L E  I I  

SOLUBILIZATION OF PHOSVITIN KINASE FROM RAT LIVER MITOCHONDRIA 

Mi tochondr ia  f rom 5 r a t  l ivers  were s u b m i t t e d  to the  fol lowing ex t r ac t ions :  (i) w i t h  i o ml  d is t i l led  
wa te r ;  (2) again  wi th  io  ml  dis t i l led  w a t e r  ;(3) w i th  IO ml 0. 7 M NaC1; (4~ aga in  wi th  i o  ml  
0. 7 M NaC1. E x t r a c t i o n s  were carr ied out  for i h a t  1-2 °. Af ter  each e x t r a c t i o n  m i t o c h o n d r i a  
were recovered by  cen t r i f l tga t ion  and s u b m i t t e d  to the  successive ex t rac t ion .  Af ter  the  4 th  ex- 
t r a c t i o n  mi tochondr i a  suspended in the min ima l  vo lume  of o. i  M NaCl were qu i ck l y  dr ied in a 
ioo  t imes  larger  vo lume  of - -20  ° cold acetone.  The acetone powders  were s u b m i t t e d  to a 5 th  
e x t r a c t i o n  wi th  8 ml of o . i  M phospha te ,  p H  6.8, for 6 h. All  the  e x t r a c t s  were d ia lyzed  in 3 
changes  of 0.05 M Tris plus o. i  mM EDTA,  p H  7.00, and  the i r  phosv i t i n  k inase  ac t iv i t i e s  were 
t es ted  as descr ibed in Table  I. 

Extractant medium Total phosvitin 
kinase activity 
in the extracts 
(counts~rain per h 
incorporated into 
phosvitin) 

I. Water ,  I s t  9 85o 
2. Water ,  2rid 624 
3. o.7 M NaC1, i s t  17 888 
4. 0.7 M NaC1, 2rid 5 922 
5. o . i  M phosphate ,  p H  6.8, 

on acetone-dr ied mito-  
ehondr ia  o 
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Fig. I. p H  dependence of phosvi t in  kinase activity. "Mitochondrial" and "cytoplasmic"  phos- 
vit in kinase were prepared as described in Table I and purified according to the method of ROD- 
NIGHT AND LAVlN 9 unti l  the a m m o n i u m  sulfate precipitation. The activity was tested as de- 
scribed in Table I, by  using 65/~g of "cytoplasmic"  enzyme and 5o0/~g of "mi tochondr ia l"  en- 
zyme. p H  6.5-7. 5 buffers were Tris-acetate,  p H  7.5-9.1, buffers were Tris-HC1. 

This finding suggests the possibility that the protein kinase activity present in 
the usual mitochondrial preparations might be due to the binding of the soluble cyto- 
plasmic enzyme to mitochondrial membranes. This is also supported by the identical 
behaviour of"mitochondrial" and "cytoplasmic" protein kinases toward the inhibitory 

T A B L E  I I I  

B I N D I N G  O F  C Y T O P L A S M  P H O S V I T I N  K I N A S E  B Y  M I T O C H O N D R I A L  M E M B R A N E S  A N D  S T R U C T U R A L  

P R O T E I N  

Mitochondrial membranes  were prepared by  extract ing mitochondria  twice in cold distilled 
water  and twice in o. 7 M NaCL Mitochondrial membranes  so prepared are lacking phosvi t in  
kinase activity. Mitochondrial s t ructural  protein, lacking enzymic activity, was prepared ac- 
cording to R I C H A R D S O N ,  HULTIN AND F L E I S C H E R  l s .  Cytoplasmic protein kinase was prepared and 
purified as described in the legend of Fig. I. ro mg of s t ruc tura l  protein or membranes  were 
incuba ted  at  i ° for 20 min in 2 ml of a medium containing: 7.5 mg of par t ly  purified cytoplasmic 
protein  kinase having a specific activity of Io 4 m#moles P transferred to phosvit in per mg per h; 
I2 mM Tris, p H  7.oo, and o.oi2 mM EDTA.  In  control experiments,  the addition of phosvit in-  
kinase prepara t ion  was omitted.  After incubat ion the insoluble s t ructural  protein or membranes  
were recovered by  centrifugation and washed by  resuspending in io ml water.  A second washing 
wi th  I ml water  and a following extract ion with I ml of o. 7 M NaCI, p H  6.8, were tested for their 
phosvi t in  kinase activities as described in Table I. 

Phosvitin kinase 
activit'y 
(counis/min 
incorporated into 
phosvitin) 

Structura l  protein 

St ructura l  protein pre incubated 
wi th  cytoplasm protein kinase 

Mitochondrial  membranes  

Mitochondrial  membranes  pre- 
incubated with cy toplasm 
protein kinase 

NaC1 extrac t  68 

Water  extract  114 
NaCI ext rac t  I i 688 

NaCI extract  17o 

Wate r  extract  67o 
NaC1 extrac t  6 853 
NaCI extract  (phos- 

vitin omitted) 48 
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effects of 300 mM NaC1 and of unlabelled GTP, and by the fact that they demonstrate 
identical curves of activity as a function of pH (Fig. I). 

Further experimental support for this hypothesis is given by the ability of 
mitochondrial membranes and structural protein to bind the soluble cytoplasmic 
phosvitin kinase. 

As shown in Table III,  when mitochondrial membranes or structural protein 
are previously incubated with soluble cytoplasmic protein kinase, they tightly bind 
the enzyme to give an insoluble complex from which the enzyme can be removed by 
extraction with NaC1 solutions but not with water (see Table III). 

In conclusion, the results reported strongly indicate that the protein kinase 
present in liver mitochondrial, 3-" represents a fraction of the cytoplasmic soluble 
enzyme bound to the membranes, possibly to structural protein, through electrostatic 
forces. Since the liver protein kinase is mainly present in the soluble cytoplasm it is 
very likely that the phosphorylation of cytoplasmic proteins mediated by mitochondria 
in the presence of 32Pi, as reported by LIVANOVA 4, is due to an increased [3~P]ATP 
concentration rather than to a direct supply of protein kinase. 
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