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Isolation and properties of a protein kinase from rat liver microsomes 

In a previous paper the isolation from rat liver cytosol of a protein kinase was 
reported 1. In the present note the isolation of a protein kinase from rat liver micro- 
somes is described whose properties, after partial purification, appear to be different 
from those of the cytosol enzyme. 

The data reported in Table I clearly show that a saline extract from acetonic 
powders of twice-washed rat liver microsomes was able to catalyze the incorporation 
of 32p from [y-32plATP into phosvitin. No incorporation was observed from 32P 1. 

T A B L E  I 

PROTEIN KINASE ACTIVITY IN MICROSOMES AND IN MICROSOMAL SUBFRACTIONS 

R a t  l iver  microsomes  were p repared  by  cen t r i fug ing  the  25 ooo × g p o s t m i t o c h o n d r i a l  s u p e r n a t a n t  
of the  0.25 M sucrose l iver  homogena te  a t  lO 5 ooo × g for I h. The p rec ip i t a t ed  microsomes were 
washed  twice  in 20 t imes  the i r  vo lume  of 0.25 M sucrose. Sub f r ac t iona t ion  of microsomes  was  
ach ieved  by  l aye r ing  the  0.25 M sucrose suspension of microsomes  over  IO t imes  i ts  vo lume  of 
1. 3 M sucrose and by  cen t r i fug ing  a t  lO 5 ooo × g for 12o min. A wel l -packed  pe l le t  and  a b a n d  
not  p e n e t r a t i n g  the  1. 3 M sucrose were ob ta ined  and  are referred to  as the  " h e a v y "  and " l i g h t "  
mic rosomal  fract ions,  respect ively .  P ro te in  k inase  was  solubi l ized by  e x t r a c t i n g  the  mic rosomal  
sub t rac t ions  or the i r  ace tonic  pow~lers wi th  io  t imes  the i r  vo lume  of o. i  M phospha t e  buffer 
(pH 6.8) con ta in ing  o.I mM E D T A  for 5 h a t  2 °. The insoluble  m a t e r i a l  was d iscarded  by  centr i -  
fuga t ion  a t  3 ° ooo × g, and  the  clear  s u p e r n a t a n t  was d ia lyzed  3 t imes  in  ioo  t imes  i ts  v o l u m e  
of 0.05 M Tris-HC1 buffer (pH 7.0) con ta in ing  o.i  mM EDI 'A .  P ro te in  k inase  a c t i v i t y  was t e s t ed  
fol lowing a procedure  ve ry  s imi la r  to  t h a t  a l r e a dy  descr ibed for the  cytosol  enzyme  1 : 0. 5 #mole  
of ATP  con ta in ing  I 2 ¢tC as [y-dzP]ATP prepared  according to  GLYNN AND C H A P P E L  2, and  I mg 
p h o s v i t i n  p repared  accord ing  to MECHAM AND OLCOTT It were presen t  in the  i ncuba t ion  medium.  
I n c u b a t i o n  was  s t a r t e d  by  add i t i on  of 2 mg  of microsomal  e x t r a c t  and  carr ied ou t  for 30 min  a t  
37 °. Controls  w i t h o u t  the  add i t i on  of phosv i t i n  were a lways  carr ied  t h rough  the  whole procedure,  
and  the  resu l t ing  coun t s /min  (never more t h a n  ~_o°//o of the  r a d i o a c t i v i t y  incorpora ted  in to  phos- 
vi t in)  were s u b t r a c t e d  f rom the  coun t s /min  incorpora ted  in  the  presence of phosv i t in .  R N A  was  
d e t e r m i n e d  accord ing  to  MORSE AND CARTER 4. 

Expt. asp incorporated RNA 
into phosvitin (l~g ribose/ 
(counts/rain per rag mg protein) 
protein per h) 

I. Unf rac t iona t ed  microsomes i 15 ° 
2. Subf rac t iona ted  microsomes:  

" l i g h t "  f rac t ion  54 ° 8.43 
" h e a v y "  f rac t ion  1788 27.18 

Moreover the repartition of such a protein kinase activity between the "heavy" and 
"light" microsomal subfractions closely paralleled that  of RNA (Table I), suggesting 
that  this enzyme is associated with the "rough" microsomes containing the ribosomes. 

The microsomal protein kinase has been purified by precipitation at pH 4.7 
followed by extraction of the precipitate with o.i M phosphate buffer (pH 7.0) and 
by fractionation with (NH4)2SO 4. The fraction that precipitated between 0.25 and 
0.55 (NH4)2SOa saturation, retaining over 90% of the total activity, was dissolved in 
the minimal volume of o.o5 M Tris (pH 7.0) containing o.I mM EDTA and dialyzed 
3 times against 50 times its volume of the same buffer. By this procedure the enzyme 
was purified about IO times. 
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Fig. i. P a r t i a l l y  purif ied pro te in  k inase  was p repared  as descr ibed in the  tex t .  The enzyme  
a c t i v i t y  was  t es ted  as p rev ious ly  d e s c r i b e d t  pH  6.o-7. 5 buffers were Tris  a c e t a t e ;  pH  7.5 8.5 
buffers were Tris-HC1. I n c u b a t i o n  was  s t a r t ed  by  the  a d d i t i o n  of the enzymes :  o. I mg of cytosol  
p ro te in  k inase  (I~--O) and o. 5 mg of mic rosomal  p ro te in  k inase  ( A  ~ ) ,  and  las ted  for 3 ° min 
a t  37 ° . 

The properties of the partially purified microsomal protein kinase were com- 
pared with those of the cytosol enzyme, purified to approximately the same extent 
by a very similar procedure, which has been already describedt These two enzyme 
preparations have been found to behave significantly differently in several respects: 
(i) Their respective curves of activity as a function of pH, reported in Fig. I, are 
not superimposable, particularly in the range between 6 and 7: in fact the activity 
of cytosol enzyme was practically negligible at pH 6, while that of microsomal 
enzyme remained almost unchanged. (2) While the two apparent Michaelis constants 
with phosvitin for the mierosomal and cytosol enzymes were similar (0.55 and 
0.68 rag/nil, respectively), the two Km values with casein were quite different (4.00 
and 0.66 mg/ml, respectively). (3) Unlabeled GTP, which reduced the labeling of 
phosvitin by [a2PTATP in the presence of the cytosol enzyme, had little or no effect 
in the presence of the microsomal enzyme. Such an inhibition is quite insensitive to 
arsenate which is known to be an inhibitor of nucleosidediphosphate kinase (EC 
2.7.4 .6) reaction'S- (4) The cytosol protein kinase activity was strongly reduced when 
phosphoproteins partially dephosphorylated by spleen protein phosphatase, were 
used as substrate. On the contrary the mierosomal enzyme maintained almost un- 
changed its activity towards the partially dephosphorylated substrates (Table II). 

This latter property of microsomal protein kinase and its localization in the 
ribosomal structures suggest the possibility that the microsomal protein kinase might 
be responsible for the primary input of phosphate into newly synthesized protein 
molecules, while the cytosol enzyme might be only involved in the phosphate turnover 
of already phosphorylated phosphoproteins. 
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T A B L E  I[  PHOSPHORYLAT1ON OF DEPHOSPHORYI.ATED PHOSPHOPROTEINS BY CYTOSOL AND 

MICROSOMAL PROTEINKINASES 

Pro te in  k inase  ac t iv i ty  was  tes ted  unde r  t he  same  condi t ions  of  Fig. i : p H  was  7.5- H a m m a r s t e n  
casein  was  f rom Merck. Pa r t i a l ly  dephosphory l a t ed  casein and  phosv i t i n  were p repared  b y  sub-  
m i t t i n g  these  two pro te ins  to e n z y m a t i c  dephosphory la t ion  by  calf  spleen pro te in  phospha t a se ,  
free o f  pro teo ly t ic  ac t iv i ty ,  p repared  according to SUNDARARAJAN AND SARMA 6. For  t he  p repara -  
t ion  of  d e p h o s p h o r y l a t e d  casein  t he  procedure  was  ve ry  s imilar  to t h a t  descr ibed by  SUNDARA- 
RAJAN AND SARMA 6. I n  the  case of  phosvi t in ,  however ,  since th is  protein,  unl ike  casein, is still 
soluble a t  p H  6 af te r  dephosphory la t ion ,  i t  was recovered a t  the  end  of  i ncuba t ion  by  precipi ta-  
t ion wi th  I o % t r ichloroacet ic  acid, dissolved in wa te r  a t  neu t r a l  p H  and  dia lyzed twice in water .  
The  e x t e n t  of  d e p h o s p h o r y l a t i o n  of  casein  and  phosvi t in ,  de t e rmined  on the  basis  of  thei r  residual  
alkali- labile phospha t e ,  was found  to be 91 and  87 90, respect ively.  The  n u m b e r s  in p a r e n t h e s e s  
indica te  t he  per  cen t  va r i a t ion  of  8~p incorpora t ion  compared  to t h a t  occurr ing wi th  the  phos-  
p h o r y l a t e d  protein.  

Expt. 32p incorporated into phosphoprotein 
(nmoles/mg phosphoprotein) 

Microsomal Cytosol 
protein kinase protein kinase 

I. Phosv i t i n  39.5 51.9 
D e p h o s p h o r y l a t e d  phosv i t i n  42.5 ( + 7 . 5 % )  6.8 ( - -86 .9%)  

2. Casein 17.8 32.9 
D e p h o s p h o r y l a t e d  casein 13.2 ( - -25 .9%)  4.2 ( - -87 .3%)  

Experiments are now in progress in order to obtain evidence about the different 
nature of these two liver protein kinases not only in terms of their biological activity, 
but also of their chemical structure. 
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