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Summary 

Two cyclic nucleotide-independent protein kinases (ATP:protein phospho- 
transferase, EC 2.7.1.37) have been purified to homogeneity from rat liver 
nuclei. While these enzymes have many similar catalytic properties (preference 
for acidic rather than basic proteins), they differ in molecular weight and 
subunit composition. Protein kinase NII will utilize ATP and GTP as phosphate 
donors while protein kinase NI will only effectively use ATP. Both enzymes 
reveal an unusual activation by Fe 2÷. 

Introduction 

Considerable interest in acidic nuclear protein phosphorylaction has been 
evident in the past few years because many of these proteins are phosphorylated 
under conditions which suggest a potential role in the regulation of gene 
transcription [1--8]. In an effort to characterize the enzymes participating in 
this process, numerous reports have appeared describing the enzymic properties 
of protein kinases (ATP:protein phosphotransferase, EC 2.7.1.37) found in rat 
liver nuclei [9--15] and from other sources. Most studies report that these pro- 
tein kinases are not activated by cyclic nucleotides. Most of these previous 
studies have been performed with partially purified preparations; however, 
recently three cyclic nucleotide-independent enzymes have been purified to 
homogeneity [16--18]. In two of these studies, however, whole cells rather 
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than nuclei were employed as the source of the initial extraction. 
This laboratory has recently reported the purification to homogeneity of 

two of these protein kinases from rat liver nuclei [21,22]. Evidence is 
presented in this paper which suggests that although they are very similar in 
many catalytic properties, proteins kinases NI and NII both have unique sub- 
unit structures indicating that these are two distinct enzymes. While it is known 
that both acidic and basic proteins are phosphorylated in the nucleus, it is sug- 
gested that one (or both) of these enzymes are likely to play a major role in the 
phosphorylation of non-histone proteins of rat liver nuclei. 

Methods 

Chemicals and materials. Chemicals were purchased from the following 
sources: hydrolyzed and partially dephosphorylated casein, a-casein, phosvitin, 
histones, protamine sulfate, beef heart cyclic AMP-dependent protein kinase, 
Sigma; ATP, GTP, PL-Biochemicals; [~-32P]ATP and [~/-32P]GTP (10 Ci/mmol), 
New England Nuclear. All other chemicals were purchased in the highest grade 
possible. Cellulose phosphate paper (P-81 chromatography) and 3 MM filter 
paper (2.3 cm) were purchased from Whatman. The synthetic heptapeptide 
kemptide (Leu-Arg-Arg-Ala-Ser-Leu-Gly) was obtained from Vega-Fox Bio- 
chemicals, Tucson, AZ. Heat-stable inhibitory preparations were isolated from 
rat liver by the method of Walsh et al. [23]. 

Protein kinase assay. Variations of the protein kinase assay originally 
described by Desjardins et al. [9] were used. Reactions were started by the 
addition of 50 pl enzyme which was in 0.05 M Tris-HC1 buffer (pH 7.9), 5.0 
mM MgC12, 1.0 mM EDTA, 1.0 mM dithiothreitol and 10% glycerol. Final 
assays (0.1 ml) for protein kinase NI activity contained: 0.1 mM ATP or GTP, 
0.2 M NaC1, 0.05 M Tris (pH 7.2), 5.0 mM MgC12, 0.2 mM EDTA, 0.3 mM 
EGTA, a-casein (12 mg/ml) and 0.1 pCi of labeled nucleoside triphosphate. 
Assays for protein kinase NII activity were identical except they contained 
phosvitin (2 mg/ml) as substrate. 

Protein kinase assays were incubated at 30°C for 30 min. Reactions were 
terminated by two different procedures depending on the substrate employed. 
80-pl aliquots were spotted onto: (1} Whatman 3 MM filters (2.3 cm) which 
were then processed as previously described [9], or (2) cellulose phosphate 
strips (2 × 2 cm) according to the procedure of Witt and Roskoski [24]. For 
assays with histone, the cellulose phosphate papers were washed in water (50 
ml/sample), once for 10 min, three times for 5 min with water followed by 
acetone and ether (2 ml sample). For assays with the synthetic peptide 
kemptide, the cellulose phosphate paper were washed once for 10 min and 
three times for 5 min with 30% (v/v) acetic acid (25 ml/sample) followed by 
acetone and ether (2 ml/sample). 

Results 

Studies described in this paper were performed on enzyme which had been 
previously prepared and stored in liquid nitrogen. Although both enzymes 
retain activity after freezing and thawing, the effects of repeated freezing and 
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thawing and long-term freezing are not known. These studies were therefore 
performed using enzymes which had been frozen for only a few weeks. 

Subunit composition 
Determinations of the subunit composition of protein kinases NI and NII 

had previously revealed an apparent similarity of the molecular weights of the 
subunits of protein kinase NII with those of protein kinase NI. Fig. 1 shows 

that when a mixture of the two enzymes is subjected to sodium dodecyl sulfate 
polyacrylamide gel electrophoresis, the low molecular weight subunits of pro- 
tein kinase NII are clearly resolved from those of protein kinase NI. With the 
10% polyacrylamide gel system employed here, the molecular weight of protein 
kinase NI is 28 000 while the fi subunits of protein kinase NII are 23 000 which 
is slightly lower than the previously reported estimate obtained with 7.5% poly- 
acrylamide gels [21]. The ~ and ~', subunits of protein kinase NII are 42 000 
and 39 000 daltons, respectively [ 21]. 

Substrate specificities 
As previously reported, protein kinases NI and NII exhibit maximal activity 

using casein and phosvitin substrates~ respectively. Both enzymes prefer these 

Fig. 1.  S o d i u m  d o d e c y l  su l fa te  p o l y a c r y l a m i d e  gel e lec t rophores i s  of  nucles.r p ro t e in  kinases.  A l iquo t s  o f  
pur i f i ed  p r o t e i n  kinases  NI  a nd  NI I  were  r e m o v e d  f r o m  l iquid  n i t rogen ,  t h a w e d ,  an d  p rec ip i t a t ed  b y  the  
add i t i on  o f  cold  10% t r i ch lo roace t i c  acid.  P ro te in  s t a nda rds  were  also t r e a t e d  in  t h e  same  way .  S t anda rd  
p ro te ins  and  the i r  m o l e c u l a r  we igh t s  were :  s e r u m  a l b u m i n  ( d i m e r  an d  m o n o m e r ) ,  o v a l b u m i n ,  c h y m o -  
t r y p s i n o g e n ,  and  m y o g ] o b i n  w i th  r e spec t ive  m o l e c u l a r  weights  of:  136  000 ,  68  000 ,  43  000 ,  25  700  an d  
17 200 .  T he  p rec ip i t a t es  were  co l l ec ted  b y  c e n t r i f u g a t i o n  ( B r i n k m a n  Microfuge) ,  redissolved in sample  
bu f f e r ,  a n d  app l i ed  to  0.5 X 7 c m  gels consis t ing of  10% p o l y a c r y l a m i d e .  T h e y  were  sub jec t ed  to  e lec t ro-  
phoresis  acco rd ing  to  the  p r o c e d u r e  of  Weber  and  Osborne  [ 2 5 ] .  The  a m o u n t  of  ma te r i a l  a n a l y z e d  
r ep resen t s  (a)  ha l f  o f  a p r e p a r a t i o n  of  p ro t e in  kinase  HI  ( a p p r o x i m a t e l y  1 Dg; (c) 1 / 3 0 t h  o f  a p r e p a r a t i o n  
of  p ro t e i n  kinase  N I l  (4.5 ~g)  or  (b) a m i x t u r e  o f  t he  s ame  sized a l iquots  of  b o t h  e n z y m e s .  
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acidic protein substrates over basic histone substrates. To bet ter  understand the 
types of  proteins phosphorylated by these enzymes, a wide range of  substrates 
was examined. It can be seen in Table I that  protein kinases NI and NII differ 
in substrate preference in addition of  the already observed preference for casein 
and phosvitin. The order of  substrate preference exhibited by protein kinase NI 
is: casein > phosvitin > H I  > H2b > mixed histone > H3, H2a, protamine; 
while that  for protein kinase NII is: phosvitin > casein > H1 > H2b, H2a, H3, 
mixed histone, protamine. The order of  substrate preference exhibited by a 
commercial preparation of  cyclic AMP-dependent protein kinase from bovine 
heart was also determined for comparison with the two cyclic nucleotide- 
independent rat liver nuclear protein kinases. The order of  substrate preference 
for this enzyme was: H1 > mixed histone > H2a > protamine > H3 > H2b, 
casein phosvitin. 

When assays are conducted employing the cellulose phosphate papers (P-81) 
rather than 3 MM filters, the substrate preferences of  all three enzymes for 
individual histones and protamine are somewhat  altered. Most notably,  the 
assays with ion-exchange paper reveals a more substantial utilization of  
protamine and histones H1 and H2b by protein kinase NII and cyclic AMP- 
dependent  enzyme. The synthetic heptapeptide kemptide (Leu-Arg-Arg-Ala- 
Ser-Leu-Gly) is a useful model substrate for the cytoplasmic cyclic AMP-- 
dependent  protein kinase [26].  This synthetic peptide becomes the preferred 
substrate of  the cyclic AMP-dependent enzyme under our assay conditions. 
This substrate is phosphorylated at a low level by protein kinase NI; however, it 
is ineffective as a substrate for protein kinase NII. It can also be seen that 
protein kinase NII utilizes GTP as well as ATP in its reactions, and that the 

T A B L E  I 

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

All subs txa tes  were  present  at 1 m g / m l  and  each  se t  of  assays  was  c o r r e c t e d  fo r  b a c k g r o u n d  or  e n d o g e n o u s  
p b o s p h o r y l a t i o n  in  the  absence  o f  substrate .  Rela t ive  ac t iv i t i e s  o f  p r o t e i n  k inases  N I  and  N n  are 
expres sed  as a p e r c e n t a g e  o f  c o n t r o l  o b t a i n e d  u s ing  the  p r e f e r r e d  s u b s t r a t e  a -case in  or  phosv i t i n ,  respec t -  
t ive ly ,  w h e n  a s say ed  us ing  3MM fil ters.  The  cycl ic  A M P - d e p e n d e n t  e n z y m e  act iv i ty  is e x p r e s s e d  re la t ive  to  
the  substrate  H1 fo r  the  3MM assay  p r o c e d u r e  a n d  the  s y n t h e s i s  p e p t i d e  for  the  cel lulose p h o s p h a t e  pro-  
cedure .  Re la t ive  act iv i t ies  l i s ted  in  p a r e n t h e s e s  for  p r o t e i n  k inase  N I I  w e r e  o b t a i n e d  w i t h  the  usua l  sub- 

s t ra te  w i t h  an  ad d i t i o n a l  1 m g / m l  m i x e d  h i s tone .  

A T P  G T P  
3MM 

Pr o t e in  Cycl ic  AMP-  P r o t e i n  k inase  

k inase  NI  d e p e n d e n t  k inase  N I I  

3MM P-81 3MM po81 P-81 3MM 

Phosv i t i n  63 - -  0 - -  - -  100  (55)  100  
~-Casein  100  - -  0 - -  - -  19 (11)  33 
H1 10  4 100  50 8 3 (2)  3 
M i x e d  h i s t o n e  2 0 48  37 3 1 (1)  1 
H 2 a  0 1 21 24 1 1 (1)  1 
H 2 b  3 3 0 13 14 2 (4)  1 
H3  0 0 13 13 1 2 (2)  0 
P r o t a m i n e  0 4 19 75  9 2 (3)  1 

K e m p t i d e  - -  2 2 100  0 - -  - -  
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preference for exogenous substrates is essentially the same whether ATP or 
GTP is utilized as phosphate donor.  

This apparent order of  substrate preference by protein kinase NII is altered 
when mixed histone is added to assays containing acidic substrates. The pres- 
ence of  histone suppresses the incorporation of  Pi into exogenously added 
acidic proteins while incorporation into exogenously added basic proteins is 
either slightly enhanced or unchanged. 

Kinetic parameters for substrates, nucleoside triphosphates and divalent cations 
The Km values of  protein kinases NI and NII for preferred substrates and 

nucleoside triphosphates were also determined. It can be seen in Table II that  
the Michaelis constants of  protein kinase NI (0.3 mg/ml and 1.02 mg/ml) and 
protein kinase NII (0.86 mg/ml and 1.2 mg/ml) for their preferred substrates, 
phosvitin and casein, are very similar. However, protein kinase NII utilized both  
ATP and GTP as Pi donor,  exhibiting Km values of  20 pM and 30 pM, respec- 
tively; while protein kinase NI also utilized ATP (Kin = 50 #M) efficiently, but  
GTP (Kin = 1 mM) poorly.  The values of  Km and V for Mg 2+ and Fe 2÷ are also 
comparable between the two enzymes. However, the V of protein kinases NI 
and NII are 600-fold and 100-fold greater, respectively, for these two enzymes 
in the presence of  optimal Fe 2÷ over that  in the presence of  optimal Mg 2÷. 

Requirements for Divalent cations 
Table III indicates that  ions other  than Mg 2+ may substi tute partially or fully 

for both  enzymes depending upon the concentrat ion tested. At concentrations 
of  1 mM, substantial substi tution is displayed by Mn 2÷ (26%), Co 2÷ (25%) and 
Fe 2÷ (83%) in reactions of  protein kinase NI. At this level all cations (especially 
Ca 2÷ {85%) and Co 2÷ {62%)) exhibit  some activity with protein kinase NII. At 

T A B L E  I I  

K I N E T I C  P R O P E R T I E S  O F  P R O T E I N  K I N A S E S  N I  A N D  N I I  F O R  P R E F E R R E D  S U B S T R A T E S ,  

N U C L E O S I D E  T R I P H O S P H A T E S ,  A N D  D I V A L E N T  C A T I O N S  

50-~1 a l i quo t s  of  p r o t e i n  k inase  N I  or  N I I  were  assayed  in  the  presence  of  i nc r e a s ing  c o n c e n t r a t i o n s  o f  
pro te i n  substrate  or  nue l eos ide  tr iphosphate .  All  assays w e r e  c o n d u c t e d  at  a f inal  c o n c e n t r a t i o n  o f  0.2 M 

NaC1. Ty p i ca l  Michae l i s -Men ten  s a t u r a t i o n  cu rves  w e r e  t r a n s f o r m e d  b y  p lo t s  of  a/v vs. s and e x t r a p o l a t i o n  
of  va lues  f o r  K m a n d  V. E x p e r i m e n t s  were  p e r f o r m e d  w i t h  e n z y m e  p r e p a r a t i o n s  o f  va r i ous  late  stages  o f  
p u r i f i c a t i o n  w i t h o u t  an a p p a r e n t  e f f e c t  on  k i n e t i c  p rope r t i e s .  M a x i m u m  ve loc i t y  is e x p r e s s e d  as p m o l / 3 0  

m i n .  

Substrate  Pr o t e in  k inase  

NI  NI I  

K m V K m V 

P h o s v i t i n  0 .3  m g l m l  0 .86  m g l m l  
Case in  1 .02 m g l m l  1.2 m g l m l  
A T P  50/~M 65  20/~M 
G T P  1 m M  18 30 ~M 
Mg 2+ 0 .5  m M  5 0.5  m M  
Fe  2+ 5 m M  3 • 103 2 .5  m M  

15 
15  
30  
2 .5  • 103 
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T A B L E  I I I  

D I V A L E N T  C A T I O N  R E Q U I R E M E N T S  OF P R O T E I N  K I N A S E S  NI  A N D  NI I  

50-#1 a l iquots  of  the  pur i f ied  e n z y m e s  were  assayed  in the  p resence  of  e i ther  1 m M  or 10 m M  divalent  
cat ion.  Samples  of  e n z y m e  were  first d ia lyzed  overn ight  ( twice  1 1) against  0 .05  M Tris-HCl, 1.0 m M  
E D T A ,  10% glycerol ,  0 .4 M NaC1. All va lues  are expressed  relat ive to  the  ac t iv i ty  ob ta ined  in the  presence  
of  Mg 2+. Casein and  phosv i t in  subs t ra tes  were  e m p l o y e d  for  assays of  p ro t e in  kinase  NI  and  NII ,  respec- 
t ively.  

P ro te in  kinases 

NI  NI I  

1 m M  10 m M  1 m M  10 mM 

Mg 2+ 100 100 100  100 
Mn 2+ 26 6 35  4 
Ca 2+ 0 3 85 4 
Zn 2+ 2 2 25 0 
Cu 2+ 0 0 41 0 
Co 2+ 25 6 62  1 
Fe 2+ 83 600 34 1 2 6 0  

A 

200. 

100. 

N II 

,." ~ NH4Cl 

Na2SO4~ " ' - .  

N I  C. Casein . . - o - . .  

NH4C~ , , ' °~f~ '~r~o 
~:~,, , ~ a C I  

t S i 

/ • 

NH4CI/, , ,  B. CMeb 
s '~,, / NaCl ,. 

D. Phosv~ 

.o ."  ~.14Ci " ' - .  
s• -. f ~o 

t '  
s t 

s t 

0 0.05 0.1 0.2 0.3 0.05 0.1 02  G3 

Salt Concentration (M) 
Fig. 2. E f fec t  of  var ious  salts on  nuc lea r  p ro t e in  kinase  activit ies.  Al iquots  of  p ro t e in  kinasc NI  (50 - -100-  
fold pur i f ied)  and  p ro t e in  kinase NI I  (100 - -300 - fo ld  pur i f ied)  were  d ia lyzed  against  0 .05  M Tris-HC1 (pH 
7.9) ,  5.0 mM MgC12, 1 .0  m M  E D T A  a nd  10% glycerol  unt i l  salt was r e m o v e d  as d e t e r m i n e d  by  measure -  
m e n t s  of  conduc t iv i t y .  50-#1 a l iquots  of  p ro t e in  kinase NI I  were  t hen  assayed  using (A) phosvi t in  or  (B) 
casein and  p ro t e i n  kinase NI  using (C) casein or  (D) phosvi t in  in the  presence  of  var ious  c o n c e n t r a t i o n s  
of  salts, o o, NH4C1; • • ,  NaCI; ~ ~, ( N H 4 ) 2 S O 4 ,  an d  D o, Na2SO 4. Reac t ions  
were  t e m i n a t e d  by  p ipe t t ing  80 /~1 on to  W h a t m a n  3 MM papers  an d  washing wi th  t r i eh loroace t ic  acid.  
Values  o b t a i n e d  f r o m  assays con ta in ing  exogenous  subs t ra te  were  c o r r e c t e d  for  e n d o g e n o u s  phosphory l a -  
t ion  by  sub t r ac t i on  of  values  ob t a ined  in the  abscence  of  e xo g en o u s  subs t ra te .  
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10-mM concentrations,  quite different levels of  activity are observed. Most of  
these divalent cations were inhibitory to both  enzymes at this concentration 
with the exception of  Fe 2÷ which produces even higher activity than Mg 2÷. It 
was found that  Fe 3÷ also gives levels of  activity comparable to those with Fe 2÷. 

Effect of salts of monovalent cations 
The activity of  the two enzymes in the presence of  various concentrations of  

salts of  monovalent  cations was also determined. These results are seen in 
Fig. 2. The activity of  both  enzymes is stimulated by 0.1--0.2 M concentrations 
of  NaC1 or NH4C1 followed by inhibition at higher concentrations. This 
behavior was observed for protein kinase NII using either casein or phosvitin 
substrates. However,  using phosvitin as substrate, protein kinase NI was not  
activated by NaC1 Effects of  KC1 and NaC1 on protein kinase NII activity using 
casein substrate were indistinguishable. Both enzymes are inhibited by 
(NH4)2SO4 and Na2SO4 at concentrations greater than 0.1 M. Using their 
preferred substrates, both  enzymes are slightly stimulated by 0.05--0.1 M. 

Effect of inhibitors of cyclic nucleotide-dependent protein kinases 
The cyclic nucleotide-dependent protein kinases are characterized by  inhibi- 

t ion of  activity (of the catalytic subunit) by isolated regulatory subunits or 
preparations of  a heat-stable inhibitor. The data of Table IV indicate that  under 
the conditions of  these assays, the catalytic subunit  of  type  II enzyme from 
skeletal musc le  is inhibited 55% by rat liver heat-stable inhibitor protein and 
completely inhibited by either homologous regulatory subunit. In contrast  the 
preparations of  nuclear protein kinases are only slightly inhibited by the higher 
concentrations of  regulatory subunits. Inhibition of  protein kinases NI and NII 
activity was also obtained with heat-stable inhibitor, although to a lower level 
than that obtained for the cytoplasmic enzyme. 

T A B L E  IV 

E F F E C T  OF I N H I B I T O R S  OF CYCLIC A M P - D E P E N D E N T  P R O T E I N  K I N A S E  

Puri f ied p ro t e i n  k inase  NI ,  NI I  a nd  the  ca ta ly t i c  subun i t  o f  t y p e  I I  cycl ic  A M P - d e p e n d e n t  p r o t e i n  k inase  
(CII)  f r o m  bov ine  skele ta l  musc l e  w e r e  t e s t ed  for  inh ib i t ion  of  t y p e  I or  II r egu l a to ry  subuni t s  o r  a heat- 
stable p ro t e i n  kinase  inh ib i to r  p r e p a r a t i o n  f r o m  ra t  liver. Values  are  expressed  as the percentage of  activ- 
i ty  re la t ive  to  t h a t  o b t a i n e d  in basic assays w i t h o u t  o t h e r  addi t ions .  The  a m o u n t  of  inhib i tors  (/~g) em-  
p l o y e d  in each  assay is i nd i ca t ed  in paren theses .  Da ta  are  p r e sen t ed  f r o m  e x p e r i m e n t s  in wh ich  the  mini-  
real  m o l a r  ra t io  of  RI  or  R I I  a nd  hea t - s tab le  inh ib i to r  to  CII  was 5/1 and  500 /1 ,  respec t ive ly .  Molar  ra t ios  
o f  r e g u l a t o r y  subuni t s  to nuc lea r  p ro t e in  kinases  are  in excess o f  t h a t  u sed  for  CII.  Assays  of  CII  con- 
t a ined  h y d r o l y z e d  and  d e p h o s p h o r y l a t e d  casein (19 .2  m g / m l )  a n d  those  fo r  nuc lea r  p ro t e in  kinases  con-  
t a ined  s -case in  (12  m g / m l ) .  Assays  for  inh ib i t ion  b y  hea t -s tab le  inh ib i to r  also c o n t a i n e d  10 /5  cycl ic  AMP. 

NI  N n  c n  

R e g u l a t o r y  101 (3 .5)  109 (3 .5)  0 (3 .5)  
Subun i t  I 90 (7 .0 )  103 (7 .0)  1 (4 .7)  

R e g u l a t o r y  92  (2 .4)  110 (2 .4)  1 (4 .7)  
Subun i t  I I  77 (4 .7)  85  (4 .7)  

R a t  l iver  112  (25)  86 (25)  83 (25)  
P ro te in  kinase  inh ib i to r  78 (50)  72 (50)  45 (50)  
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Discussion 

This characterization of two cyclic nucleotide-independent protein kinases 
from rat liver nuclei indicates that these enzymes differ from each other in 
many ways. The molecular weights of  the native enzymes are different [21,22] 
as are those of  the constitutive polypeptide subunits which comprise these 
enzymes (Fig. 1). Protein kinase NII will utilize both ATP and GTP as phos- 
phate donor  while protein kinase NI will only utilize ATP (Table II). At low 
concentrations of  divalent cation (1 mM), partial catalysis by protein kinase 
NII is supported by all ions tested (relative to Mg 2÷) while protein kinase NI 
will only utilize some of them. In addition, when phosvitin is used as phosphate 
acceptor, NaC1 stimulates the activity of protein kinase NII while the activity 
of  protein kinase NI is inhibited by this salt. 

However, additional data presented suggest that  the two nuclear protein 
kinases also resemble each other in many of their properties even though they 
are clearly different enzymes. These similarities include the majority of  the 
effects of  monovalent cations, Michaelis constants for casein, phosvitin, and 
ATP (Table II), preference for exogenous acidic protein phosvitin and casein 
(Table I) and inhibition at high (10 mM) levels of  divalent cations (Table III). 
The only divalent cations which were not  inhibitory at the higher concentra- 
tion were Mg 2÷ and Fe 2÷. In fact, at 10 mM, Fe 2÷ stimulated protein kinases NI 
and NII six and 12-fold, respectively, above that observed with 10 mM Mg 2÷. 
The calculated V for protein kinases NI and NII are significantly higher than 
those obtained in the presence of Mg 2÷. This result may suggest that Fe 2÷ is a 
preferred cation for the nuclear protein kinases. Stern et al. [27] have 
reported that  a significant amount  of  non-heme iron is present in isolated 
nuclei but  the significance of  this observation is unknown. The polyamines 
spermine and spermidine were also tested for their ability to substi tute for 
Mg 2÷. At 1 mM, these compounds  were equally effective, but  at 10 mM they 
were inhibitors as are most  other divalent cations. Protein kinase NII was 
strongly inhibited (77%) by 10 mM spermidine. 

Evidence is also presented to indicate that  the nuclear protein kinases NI and 
NII are different from the cytoplasmic cyclic nucleotide-dependent protein 
kinases. Protein kinases NI and NII are not  stimulated by cyclic nucleotides 
[21,22] and prefer the acidic substrates casein and phosvitin, respectively. In 
contrast, the cyclic AMP<lependent cytoplasmic enzymes preferentially phos- 
phorylate the basic proteins histones and protamine. While this s tudy does not  
examine the endogenous nuclear proteins as substrates, preliminary studies 
suggest that the preferred endogenous substrates (at least in the case of  protein 
kinase NII) are acidic proteins (Thornburg, W., Kieras, R., and Lindell, T.J., 
unpublished data). 

Although some inhibition of  both protein kinases NI and NII is obtained 
with the pure type I and type II regulatory subunits, the effect  on the activity 
of  the nuclear protein kinases is not  nearly as significant as the inhibition of  the 
skeletal muscle enzyme (Table IV). Partial inhibition of  the nuclear enzymes is 
also seen after addition of  a heat-stable inhibitor prepared from rat liver. How- 
ever, on a weight basis, a large excess of  this preparation (greater than or equal 
to 103 ) is necessary to produce this effect. Therefore, the significance of  this 
effect is questionable. 
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Additional studies, such as pH optima, sedimentation behavior and the 
effects of other agents on nuclear protein kinase activity have been investigated 
by others using impure preparations (see Ref. 9--15 and 19 and 20). During the 
course of this investigation it was observed that the substrate specity can vary 
depending on the degree of enzyme purification, especially at the early stages. 
This is probably due to the presence of addditional protein kinase activities 
which have recently been found to be present in some preparations 
(Thornburg, W. and Lindell, T.J., unpublished results). It is, therefore, possible 
that some earlier studies of impure preparations reflected the behavior of aggre- 
gate mixtures of protein kinase activities. 

While the total number and types of protein kinases within the nucleus 
remain to be elucidated, the present characterization of protein kinases NI 
and NII should be useful as a criterion of comparison when additional enzymes 
are purified to homogeneity. Since many protein kinases are autophos- 
phorylated [28], including protein kinases NI and NII (Thornburg, W. and 
Lindell, T.J., unpublished results), it becomes important to know the ultimate 
subunit structure prior to investigations of the endogenous substrates. 
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