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Summary 

Two eychc AMP-independent protem kmases (ATP protem phosphotrans- 
ferase, EC 2.7.1.37) (casein kmase 1 and 2} have been purified from rat hver 
cytosol by a method mvolwng chromatography on phosphocellulose and 
casem-Sepharose 4B. Both kmases were essentially free of endogeneous protein 
substrates and capable of phosphorylatmg casein, phoswtln and I-form glyco- 
gen synthase, but  were machve on h]stone IIA, protamme and phosphorylase 
b. They were neither stimulated by cychc AMP, Ca 2÷ and calmoduhn, nor 
inhibited by the cychc AMP<iependent protein kmase inhibitor protem. The 
casem and glycogen synthase klnase actlvltms of each enzyme decreased at the 
same rate when mcubated at 50 ° C. 

Casem kmase 1 and casem klnase 2 showed differences m molecular weight, 
senslhvlty to KC1, K m for casem and phoswtm and K a for Mg 2÷, whereas their 
Km values for ATP and I-form glycogen synthase were similar. 

The phosphorylat lon of glycogen synthase by these kmases correlated with a 
decrease m the ~ glucose 6-phosphate achvlty ratio (mdependence ratio). How- 
ever, casein kmase 1 catalyzed the mcorporatmn of about  3.6 mol of  iip/ 
85 000 dalton subumt,  decreasing the Independence ratio from 83 to about  15, 
whereas the phosphorylatlon achmved by casein kmase 2 was only about  1.9 
mol of  32P/85 000 dalton.subunlt ,  decreasing the independence ratm to about  
23. The independence ratm decrease was prevented by the presence of  casein 
but  was unaffected by phosphorylase b. 

A b b r e v l a t l o n  EGTA, ethyleneglycol blsQ3-ammoethyl ether)-N,N'-tetraacet~c acld 
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These data indicate that  casem/glycogen synthase kmases 1 and 2 are dif- 
ferent from cyclic AMP-dependent protein klnase and phosphorylase kmase. 

Introduct ion 

The presence of multiple forms of cychc AMP-independent glycogen syn- 
thase kinase has been observed in rabbit  muscle [1,2].  One of  these kmases 
catalyzes a total inactivation of glycogen synthase incorporating up to 4 mol 
phosphate/mol  85 000 dalton subunlt  [3--5] .  Such a value is comparable to the 
alkaline labile phosphate content  of purified D-form from rabbit  muscle [6,7]. 
However, there is a discrepancy regarding the extent  of phosphorylat ion and 
degree of  inactivation described in other  reports [8--11].  In addition, it has 
been recently demonstrated that  glycogen synthase can be phosphorylated by 
muscle phosphorylase klnase in a reactmn that is stimulated by Ca 2. and pro- 
ceeds much faster at pH 8 2 than at pH 6.8 [12--15] Nevertheless, the stolchl- 
ometry  of  32p incorporation by phosphorylase kinase was about  1 mol/mol  
85 000 dalton subumt or less, which promoted only a partial inactivation of 
glycogen synthase 

Cyclic AMP-independent kinase activity has also been found to account  for 
most  of the glycogen synthase kinase activity present in other mammalian 
tissues [ 16] The presence of  cyclic AMP-independent casein kinase(s) is known 
m a variety of mammalian tissues mcludmg rat liver [17--19] ,  calf brmn [20] ,  
human erythrocytes  [21] and rabbit  ret iculocytes and erythrocytes  [23].  Two 
casem klnases were detected in rat liver by means of  gel filtration [18,24] .  
However,  the physiological role of these kmases was unknown.  

In a recent  report  [25] we have demonstrated the presence in rat liver 
cytosol  of a cyclic AMP-mdependent  casem kinase (casein kinase 1) able to 
mcorporate  up to 3.6 mol phosphate/mol  85 000 dalton subunit  of glycogen 
synthase, which resulted in a great mactlvahon of the synthase. 

In the present s tudy we describe the presence m rat liver cytosol  of another 
casein/glycogen synthase kinase (casem kmase 2) dlffenng from casem kinase 1. 
We also report  the punfmat ion of  both kmases as well as some of their molec- 
ular and kinetic properties. 

Experimental procedures 

Materials 
The sources of  the materials used are those previously reported [25].  
Rabbi t  muscle I-form glycogen synthase [26] ,  phosphorylase b [27] and 

phosphorylase kmase [28] were purified to homogenei ty  by standard proce- 
dures. The cyclic AMP~lependent protein klnase inhibitor protein was purified 
up to the trlchloroacetlc acid precipitation step by the method of  Walsh et al. 
[29].  Calmodulm was prepared from phosphorylase klnase accordmg to 
Shenohkar et  al. [30].  

Assays 
Protem kmase act iwty was measured as described previously [3],  except  that  
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mcubatmn was at 30°C In general, the reactmn mixture (50 pl) contamed 25 
mM ~-glycerol phosphate, pH 7 0/1 mM dlthmthreltol/0.5 mM EDTA/0 3 mM 
EGTA/8 mM magnesmm acetate/0.125 mM [7-32P]ATP {50--200 cpm/pmol)/4 
mg/ml casem or the mdmated amount  of other protem substrate. At timed 
mtervals, samples were removed and assayed for 3:P-labeled protein by the 
mstant thm layer chromatography (ITLC) method [31] 1 umt  of kmase activ- 
ity Is defined as the amount  catalyzing the transfer of 1 nmol phosphate from 
[7-32P]ATP to casein per mm at 30°C. 

Glycogen synthase actlwty was determmed m both the absence and the pres- 
ence of 7.2 mM glucose 6-phosphate as described prewously [32]. Glycogen 
synthase independence ratto is defined as the actlwty m the absence of glucose 
6-phosphate diwded by the actlwty m its presence, the result being multlphed 
by 100 as m Ref 3 Protein concentratmn was determined by the modffmd 
method [33]of  Lowry et al. [34] m order to avoid the effects of mterfermg 
substances 

Phosphoryla tton o f  glycogen syn thase 
Glycogen synthase phosphorylatmn was carrmd out under the standard assay 

condltmns m 0.2 ml reactmn mixture contammg 0.1 mg/ml I-form glycogen 
synthase/0 02 mg/ml rabbit hver glycogen/0 7 umts/ml kmase. At timed inter- 
vals, 20 pl ahquots were removed m order to measure 32p mcorporatmn as 
described earher [31]. A similar assay, m whmh non-radmactlve ATP was used, 
was carrmd out for the determmatmn of glycogen synthase mdependence ratm 
change along the phosphorylatmn. 

Purtflcatlon casein kmases 1 and 2 
(a) Imttal steps The punfmatlon steps were performed at 4°C. Male Wlstar 

rats (200--300 g) fed ad hbltum were decapitated and, after bleeding, the hvers 
(about 100 g) were removed, washed m 0.9% NaC1 and homogemzed m 200 ml 
10 mM phosphate buffer, pH 7 5/1 mM EDTA using a homogemzer fitted with 
a Teflon pestle. The homogenate was centrifuged at 10 000 × g for 30 mm and 
the supernatant was filtered through glass wool and then centmfuged at 
100 000 × g for 90 mm The supernatant was adjusted to 60% saturation with 
sohd (NH4)2SO4, and after stirring for 30 mm, the precipitate was collected by 
centnfugatlon at 25 000 X g for 30 mm, resuspended m 90 ml of 50 mM Tns- 
HC1 buffer, pH 7 5/1 mM dlthlothreltol/5% glycerol/0.1 mM phenylmethyl- 
sulphonyl fluoride (Buffer A), and extensively dmlyzed agamst the same buffer. 

(b) First chromatography on phosphocellulose The dialyzed maternal was 
apphed to a 4 × 8 cm phosphocellulose column equilibrated with buffer A The 
column was washed with 150 ml of buffer A followed by 150 ml 0.2 M KCI, 
225 ml 0.35 M KC1, a 300 ml lmear gradmnt of 0.35--1.0 M KCI and finally 75 
ml 1 0 M KC1, all m buffer A Fractmns (5 ml) number 150--165 corresponded 
to casein kmase 1, and number 175--190 to casein kmase 2 

(c) Further purlftcatlon o f  casein kmase 1 and 2. (I) Pooled fractmns corre- 
sponding to casein kinase 1 were dialyzed agmnst buffer A and apphed to a 
4 X 8 cm casem-Sepharose 4B column equilibrated w~th the same buffer. The 
column was washed with 150 ml buffer A, and then with a 500 ml lmear gra- 
dmnt of 0--1 M KC1 m buffer A. Fractmns (5 ml) number 110--135 were 
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pooled, diluted with 2 vol buffer A and applied to a 1.1 × 4 cm phospho- 
cellulose column equilibrated with the same buffer. The column was washed 
with 10 ml 0.2 M KC1 in buffer A, and the klnase eluted with 10 ml 1 M KCI m 
the same buffer 1-ml fractions were collected dunng the washing and elutlon 
steps, and those with casem klnase actlwty were pooled. 

(II) The same procedure described in I was applied to the pooled fractions 
from phosphocellulose corresponding to casein kmase 2. Fractions 90--100 
from casem-Sepharose 4B were pooled in this case. 

The pooled fractions of each klnase were extensively dialyzed against 
buffer A and stored at --40°C 

Molecular weight de termmatzon 
The charactemzatlon of the kmases was carried out with the highly purified 

preparations. Molecular weight determmation by gel filtration was carried out 
in a Blo-Gel A 1.5 m column using yeast alcohol dehydrogenase (Mr 150 000), 
bovine serum albumin (Mr 68000),  ovalbumm (Mr 43 000) and chymotryp-  
smogen A (Mr 25 700) as standard proteins. Electrophoresls was carried out  in 
slabs of 10% polyacrylamide gels containing 0.1% sodium dodecyl sulphate 
(SDS) as described [35] 

Results 

Punfzcat~on. Protein kmase activity present m the rat hver preparations up to 
the 60% (NH4)~SO4 precipitate was composed of about one-third casem kmase 
and two-thirds hLstone kmase 

Several peaks of protein kmase activity were separated by chromatography 
on phosphocellulose (Fig. 1). The first one, which corresponded to the flow- 
through fraction, contained the cychc AMP-stimulated hlstone kmase activity. 
The second one also contamed a hlstone kmase but it was different from the 
first one m that  it was not  stimulated by cychc AMP. A more detailed study of 
these kmases will be described elsewhere. The third and fourth peaks were two 
clearly separated cychc AMP-independent casein kmases which had poor 
hlstone kmase actlwty. These peaks have been designated as casem klnase 1 and 
2, respectively, according to their order of elutlon. 

A greater punfmatlon of both casein klnase 1 and casein klnase 2 was 
achieved by chromatography on casem-Sepharose 4B (Fig 2). This step also 
served to eliminate cross-contamination between the two kmases smce they 
showed different elutlon patterns We do not  know whether the unbound com- 
ponent  from casem klnase 2 is an altered form of the enzyme or a separate 
casein klnase. Only the fractions corresponding to the mare bound component  
were pooled in each case. After this chromatography casein klnase 1 and casein 
klnase 2 were well separated from their endogenous protein substrates, but 
they were unstable. 

In order to stabilize their activity, both kmases were concentrated by rechro- 
matography on phosphocellulose. This step brought about a further purifica- 
tion of each enzyme, elutmg both casein klnase 1 and casein kinase 2 as sharp 
peaks in a total volume of 2--3 ml. 

A typical punfmatlon of casein klnase 1 and casein kinase 2 is summarized in 
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Fig 1 FLrst c h r o m a t o g r a p h y  on  phosphoce l lu lose  F rac t ions  were  assayed  for  ( .  , )  Ins tone  k m a s e  
ac t iv i ty  m the  p r e sence  of  2 10 -S M cychc  AMP, (A A) casein k m a s e  ac t tv l ty  m the absence  of  
cychc  AMP, (n ~)  p ro t e in ,  as a b s o r b a n c e  at  280 n m ,  and  (x x )  KCI c o n c e n t r a t i o n  (M) Pro te in  
iunase  a c t l w t y  is g iven  as n m o l  o f  32 p i n c o r p o r a t e d  u n d e r  s t a n d a r d  assay c o n d i t i o n s  

Table  I. I t  should  be n o t e d  t ha t  the  pu r l f l c a tmn  and r ecove ry  achmved for  each 
kmase  m a y  be u n d e r e s t i m a t e d  smce all the  da ta  refer  to  the  to ta l  casein klnase 
act ivi ty  p resen t  in the  c rude  ex t rac t ,  in which  m o r e  than  one  kmase  is p resen t  

Molecular weight The  molecu la r  weights  o f  casein klnase 2 were  e s t ima ted  
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r a p h y  o f  case in  k m a s e  2 In b o t h  cases,  f r a c t i o n s  were  assayed  for  (A A) case in  k lnase  actlv~ty,  
(n ~ )  p ro t e in ,  as a b s o r b a n c e  a t  280  n m  a n d  (x x)  KCI c o n c e n t r a t i o n  (M) Pro te in  k lnase  
act~wty LS g iven  as p m o l  o f  32p  i n c o r p o r a t e d  Lnto case in  m the absence  o f  c y c h c  AMP u n d e r  s t a n d a r d  assay 

concht tons  

Fig 3 Gel f i l t r a t ion  o f  case in  k m a s e  1 (A) a n d  case in  k~nase 2 (B) m Bio-Gel  A-1 5 m 1 ml  o f  casein 
k m a s e  I or  case in  k m a s e  2 f r o m  the s econd  p h o s p h o e e n u l o s e  s tep  w e r e  ch romatogJ raphed  m a (1.5 X 90 
c m )  Blo-Gel A-1.5 m c o l u m n  e q u t h b r a t e d  wl th  b u f f e r  A c o n t a t m n g  0.4  M KCI 1~ractlons o f  2 ml  were  col- 
l ec ted  a n d  assayed  for  case in  k tnase  ac t lv l ty  (o o)  The  e lu t ion  v o l u m e  o f  m a r k e r  p r o t e i n s  IS 
r e p r e s e n t e d  aga ins t  t he  log of  i t s  M r (o o)  P ro te in  l anase  ac t lv l ty  is g iven as u m t s  of  case in  k m a s e  
per  m l  



339 

T A B L E  I 

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

Speczflc a c t l w t y  equals  n m o l  32p  i n c o r p o r a t e d  in to  s u b s t r a t e s / m l n  pe r  m g  p r o t e i n  Casein  lunase  1, CK-1 ,  

case in  k m a s e  2, CK-2 

F r a c t i o n  To ta l  Speczflc a c t lw ty  
p ro t e in  

( m g )  Endogenous Casein Punhca- Yield 

s u b s t r a t e  tlon * * 

Crude  e x t r a c t  15 317  

100  0 0 0  X g s u p e m a t a n t  9 8 8 0  

60% ( N H 4 ) 2 S O  4 p p t  5781 

I st  Phospboce l lu lose  

I st  p e a k  2 5 9 8  
2 nd peak 686  

3 rd p e a k  (CK-1)  24 

4 TM p e a k  (CK-2)  13 

C a s e m - S e p h a r o s e  4B 

CK-I  

CK-2 

2 nd Ph osphocellulose 

CK-I 

CK-2 

0 06  * 0 11 * 1 100  
0 1 0 "  0 1 4 "  1 3  8 2 1  

0 1 5 "  0 1 8 "  1 6  6 1 8  

0 0 5 *  0 0 7 *  0 6  1 0 8  

0 1 3  0 1 5  1 4  6 1  

2 2 16 05  1 4 5 9  22 9 

2 9  22 37 203  4 17 3 

1 3  0 0  9 3 0  8 4 5 0  7 2  

1 6 0 0 36 2 329  0 3 5 

0 12 0 0 198 7 1806  0 1 5 

0 6 0  0 5 58 4 531 0 2 1 

* A 10-fold  dLlutlon o f  the  s amp le s  was  p e r f o r m e d  m h o m o g e m z a t l o n  b u f f e r  b e f o r e  a s s a y m g  the act iv-  
i ty  

** P u n h c a t l o n  and  yie ld  were  ca lcu la ted  re la t ive  to  the  to ta l  a m o u n t  of  case in  kanase a c t lw ty  p r e se n t  in  
the  c rude  e x t r a c t  

at 35 000 and 190 000, respectively, by gel filtration m Blo-Gel A 1.5 m as 
indicated under 'Experimental procedures' (Fig. 3). A single symmetrmal peak 
of casein kmase actlwty was obtained m each case. When the peak fractions 
from each klnase were concentrated in an Amlcon cell fitted with an UM-10 
membrane, then dialyzed agmnst buffer A and assayed for protein substrate 
specificity, the results obtained were similar to those reported in Table II. 

Nevertheless, when casein klnase I and casein klnase 2 were analyzed by 
polyacrylamlde gel electrophoresm m the presence of SDS, several bands were 
observed, especially with casein kmase 2. These results lndmate that  they are 
not  homogeneous, although the posslblhty of their being composed of different 
8ubumts cannot  be ruled out  

Substrate preference, cychc AMP-dependence and the effect of cychc AMP- 
dependent protein kmase inhibitor protein. Purified casein klnase 1 and 2 
preferred casein and phoswtm to hL~tone and protamme as substrate acceptor 
proteins (Table II). They also phosphorylated I-form glycogen synthase and, 
when assayed under the same conditions, the latter was as good a subtrate as 
casein for both kmases. However, phosphorylase b was not  a substrate for these 
kmases under our assay conditions (Table III). When the standard assay condi- 
tions described for phosphorylase klnase were used [28], the peak excluded 
from the fLrst phosphocellulose promoted a conversion of phosphorylase b to a, 
mcreasmg the --AMP/+AMP actlwty ratio from 10 to 33% m 30 mm at either 
pH 6.8 or 8.2, whereas no conversion was observed with either casein kmase 1 
or casein kmase 2. 
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T A B L E  l l I  

E F F E C T  OF Ca 2+, C A L M O D U L I N ,  E G T A  A N D  E D T A  ON C A S E I N  K I N A S E  1 A N D  CASEIN K I N A S E  
2 

Prote ln  kLnase ac t iv i ty  was a ~ a y e d  using E D T A  (0 5 raM) and  E G T A  (0 3 raM) m the  assay m l x t u r e  only  
whe re  mdaca t ed ,  Ca 2+ and  c a l m o d u h n  c o n c e n t r a t l o n s  were  0 5 mM and  I 0  mg/ml0 respec t ive ly ,  w h e n  
a d d e d  When  caseln (4 0 m g / m l )  was  t he  subs t ra te ,  the  r eac t l on  was r u n  for  10 r am,  wh e rea s  w h e n  gly- 
cogen  syn thase  (0 1 m g / m l )  and  phos pho ry l a s e  b (4 0 m g / m l )  were  used,  t h e  r e a c t m n  w~S ru n  for  30 m m  

Kinase  Prote in  subs t ra te  Addi t ions  

None  + E D T A  Ca 2+ Cal rnoduhn  Calmo-  
+ E G T A  p m o l / m m  d u h n  

p e r  ml  +Ca 2÷ 
assay 

CK-I  

CK-2 

Casein 242  8 285  7 230 0 210 0 190 6 
G lycogen  synthase  I 21 4 29 6 19 6 20 6 19 9 
Phosphory lase  b 0 0 4 0 0 5 0 2 

Casein 300  5 372  6 251 4 305  4 303 1 
Glycogen  syn thase  ! 65 8 65 6 64 3 65  0 66 3 
Phosphory lase  b 1 5 1 3 0 1 5 0 

None of  the actlvlt,es of casem kmase 1 and casein kmase 2 on any of the 
substrates assayed (Table II) were stimulated by cychc AMP at concentrations 
(2 • 10 -s M) known to produce a 3-fold stimulation of a crude preparation of 
rat hver cychc AMP-dependent protein kmase [25]. Cychc AMP-dependent 
protem klnase mhlbltor protein did not  produce any inhibition of either casein 
kmase 1 or casein kmase 2 when assayed with either casein, phosvltm or I-form 
glycogen synthase as a substrate. The same inhibitor preparation caused over 
90% inhibition of the activity of a crude preparation of rat hver cychc AMP- 
dependent  protein kmase [ 25]. 

Effect o f  Ca 2÷ and calmoduhn The actlwtms of casein kmase 1 and casein 
kmase 2 were not  stimulated by Ca :÷ m either the absence or the presence of 
calmoduhn when casein or glycogen synthase were used as substrates (Table 
III). No phosphorylase b kmase activity was observed even under those con- 
dltmns. The lack of Ca 2÷ stimulation was not  due to the presence of saturating 
endogenous Ca 2÷ levels smce the actlvltms of casein kinase 2 did not  decrease 
when EGTA and EDTA were present m the assay mixture. 

Heat stabd~ty of  casein kmase 1 and 2. Incubation at 50°C has been used as 
a cntemon for the characterlzatmn of the activity of protein kmases against 
different substrates [4,8,11]. When casem kmase 1 and casem kmase 2 were 
incubated at 50°C m buffer A, the actlwtms on casein and glycogen synthase I 
of each enzyme decreased at the same rate to about 10% with casein kmase 1 
and 20% with casein kmase 2 after 20 ram. 

Kmetw properties. Km values of casein kmase 1 and casein kinase 2 for 
casein, phosvltm, glycogen synthase I and ATP, as well as their Ka for Mg 2÷ are 
mdmated m Table IV. For the calculation of Km for the protem substrates 
molecular weights of 23 000, 42 000 and 340 000 were assumed for casein, 
phoswtm and glycogen synthase ( tetramenc form), respectively. It can be 
observed that  casein kmase 1 had a somewhat higher affinity for casein and 
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TABLE IV 

KINETIC CONSTANTS OF CASEIN KINASE 1 AND CASEIN KINASE 2 

Substrate(s) concentration required for half-maxlmal activity (Km) and concentration of activator neces- 

sary for half-maxlmal actlvatlon (Ka) were obtained from the double-reclprocal plots of duphcated 

measurements using 0 5 umts/ml of casein kmase 1 or casein kmase 2 The appropriate concentration of 

the substrate or effector was vaned The protein concentrations were vaned between 0 1 and 4 0 mg/ml 

for casein and phosvltm, whereas for glycogen synthase they were between 0 01 and 0 18 mg/ml In 

these cases ATP and Mg 2+ concentrations were kept at 0 125 mM and 8 0 raM, respectlvely When Mg 2+ 

was vaned between 0 1 and 8 0 raM, casein and ATP concentratmns were 4 0 mg/ml and 0 125 raM, 

r e s p e c t i v e l y  

Parameter C a s e m  k m a s e  

Casein k m a s e  1 Casein I ~ n a s e  2 

m g / m l  p M  m g / m l  # M  

K m c a s e m  0 3 15  0 6 28  
K m p h o s m t m  0 5 12  0 2 5 
K m g l y c o g e n  s y n t h a s e  0 15  0 4 4  0 13 0 4 0  

K m A T P  16  13 
K a Mg 2+ 8 0 0  2 0 0 0  

Mg 2+ than casein kmase 2, while the affinity of casein kmase 2 for phoswtin 
was higher than that  of  casem kmase 1. The Km for ATP and glycogen 
synthase of  both kmases were very similar 

Effect of salt concentration. The actlwtms of both casein kmase 1 and casem 
kmase 2 were greatly affected by the presence of KCI m the assay (Fig. 4). The 
effect of salt on both enzymes depended upon the protem substrate used. 
Whereas the phosphorylat lon of casem by casein kmase 1 was stimulated by 
salt concentrat tons that  inhibited its phosphorylat lon by casem kmase 2, the 
activity of casein kmase 1 on phosvltm was more sensitive to salt mhlbl tmn 
than that  of casein kmase 2. 

The phosphorylat lon of glycogen synthase by both kmases was always 
inhibited by the presence of salt. Nevertheless, the actlwty of casein kmase 1 
on this substrate was more sensitive to the presence of  salt than that  of casein 
kmase 2. 

Independence ratio change of glycogen synthase by phosphorylat~on The 
phosphoryla tmn of glycogen synthase I by casein kmase 1 and casem kmase 2 
correlated with a decrease in the glycogen synthase independence ratm (Fig 5) 
However, the amount  of 32p mcorpora ted /mol  85 000 dalton subunit of glyco- 
gen synthase averaged 3.6 -+ 0.3 mol when casem kmase 1 was used (see also 
Ref. 25), whereas it was only 1.9 + 0.2 mol with casein kmase 2. Data are mean 
-+ S.D. of sLX experiments usmg two different  preparations of glycogen synthase 
and kmase. 

When compared m terms of  the maximum mdependence ratio change of  the 
synthase p romoted  by the kmases, the differences were less marked. Whereas 
the mdependence ratio of  the synthase decreased to 15 + 3 when phos- 
phorylated by casein kmase 1, it decreased to 23 -+ 3 when casein kmase 2 was 
used. 
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Fig.  4 E f f e c t  o f  KCI on case in  k m a s e  1 (A)  a n d  case in  k m a s e  2 (B). The  act~vlty of  case in  k m a s e  1 and  
case in  kanase 2 was  m e a s u r e d  u n d e r  the  s t a n d a r d  assay  c o n d l t l o n s  us ing  case in  (o o), phosv l t l n  

(~ ~)  or  I - fo rm g l y c o g e n  s y n t h a s e  (o a )  as a s u b s t r a t e  m the  p resence  o f  inc reas ing  c o n c e n t r a -  
t ions  o f  KC1 Pe rcen t ages  are  e x p r e s s e d  re la t ive  to  a c t l w b e s  o b t m n e d  wi th  each  subs t r a t e  m the  absence  o f  
KC1 

Fig 5 Ph o sp h o r y l a t ao n  (A)  a n d  c h a n g e  in  g lucose  6 - p h o s p h a t e  d e p e n d e n c e ,  (B) o f  g l y c o g e n  s y n t h a s e  by  
case in  k m a s e  1 and  case in  k m a s e  2. The  r e a c t l o n s  were  c a m e d  o u t  us ing  case in  k inase  1 (z~ ~)  or  

case in  k lnase  2 (= ~) The  con t ro l  e x p e r i m e n t  was  car r ied  o u t  usang g lycogen  s y n t h a s e  a lone  

(o o). 32p m c o r p o r a t l o n  per  8 5 0 0 0  s u b u m t  o f  g lycogen  s y n t h a s e  and  i n d e p e n d e n c e  ra t lo  were  
d e t e r m i n e d  a t  m c h c a t e d  tames 

Effect  o f  casein and glycogen phosphorylase b on glycogen synthase reacti- 
vation by casem kmase 1 and 2. Smce it has been reported that glycogen 
synthase phosphorylatmn by rabbit  muscle phosphorylase kmase was prevented 

T A B L E  V 

E F F E C T  O F  C A S E I N  A N D  P H O S P H O R Y L A S E  O N  G L Y C O G E N  S Y N T H A S E  I TO D C O N V E R S I O N  

G l y c o g e n  s y n t h a s e  I (0 1 m g / m l )  was  i n c u b a t e d  m the  p resence  and  absence  o f  0 8 u m t s / m l  o f  e i t he r  
case in  k m a s e  1 or  casein kanase 2 s u p p l e m e n t e d  w i t h  4 0 m g / m l  case in  or  4 0 m g / m l  p h o s p h o r y l a s e  b as 

i n d i c a t e d  D a t a  are  m e a n s  o f  t w o  sepa ra t e  e x p e r i m e n t s  w i t h  t w o  d i f f e r e n t  p r e p a r a t i o n s  o f  each  p r o t e i n  
k m a s e  

P ro te in  kanase Adcht lons  I n d e p e n d e n c e  ra t io  

20 m m  40 m m  60 m m  

n o n e  n o n e  77 75 80 

case in  74 78 75 
p h o s p h o r y l a s e  b 76 78 76 

Casein  k m a s e  I n o n e  43 35 22 

case in  74 73 70 
p h o s p h o r y l a s e  b 45  36 24 

Casein  k m a s e  2 n o n e  46 35 29 

case in  61 47 43 
p h o s p h o r y l a s e  b 48  36 31 
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by the addition of phosphorylase b to the reaction mLxture [16], the ability of 
glycogen phosphorylase and casein to mhlblt the mactlvatlon of glycogen 
synthase by casem kmase 1 and casein kmase 2 was tested (Table V). The addl- 
tmn of 4 0 mg/ml of phosphorylase b did not modify the rate of glycogen 
synthase reactivation promoted by either casein klnase 1 or casein kmase 2. On 
the contrary, casem at 4.0 mg/ml prevented the mactlvatmn almost completely 
m the case of casem kmase 1 and partially in the case of casein kinase 2 
Because of the large amount  of 32p incorporated into casein, the phosphoryla- 
tmn of glycogen synthase in the presence of 4.0 mg/ml of casein was not  mea- 
sured. Thus, casem, but not phosphorylase b, could mterfere with the ability of 
glycogen synthase to be modified by either casein kmase 1 or casein kmase 2. 
This would be expected if, in both cases, casein and glycogen synthase kmase 
activities resided in a single klnase, other than phosphorylase b klnase. 

Discussion 

The aim of the work presented here was to characterize the two cychc AMP- 
independent casein/glycogen synthase klnases (casein kmase 1 and casein 
2) purified from rat liver and to compare their propertms with those of cychc 
AMP-dependent protein kmase, phosphorylase klnase and casein kmases whose 
presence in mammalian tissues has been previously described 

Several criteria used to dlstmgulsh between casem klnase 1 and casein kmase 
2 showed that  they were clearly different In molecular weight, response to KC1 
and kinetic parameters for casein, phosvltm and Mg 2÷ Both kmases were able 
to phosphorylate glycogen synthase, however, the total number of phosphates 
incorporated by casein kmase 2 was about one-half of those incorporated by 
casein klnase 1. 

The results obtained m substrate specificity and effect of cyclic AMP-depen- 
dent protein kmase inhibitor protein, summarized m Table III, make it dlffmult 
to conceive that casein klnase 1 or casein kmase 2 could correspond to, or 
derive from, the cychc AMP-dependent protein kmase. 

Rabbit muscle phosphorylase kmase may also phosphorylate glycogen 
synthase m a reactmn that  is stimulated by the presence of Ca 2÷ and calmod- 
ulm and inhibited by EGTA [12--15,36]. Much less is known about phos- 
phorylase kmase from liver. However, it has recently been demonstrated that 
Its activity on phosphorylase b was inhibited by 0 05 mM EGTA and stimu- 
lated by 10 -6 M concentratmns of Ca 2÷ [37]. Our results clearly rule out  the 
possibility of glycogen synthase phosphorylatlon by casem klnase 1 and casein 
klnase 2 being due to the presence of contaminating phosphorylase kinase m 
the casein kmase 1 and casein kmase 2 preparations, smce neither 1 nor 2 phos- 
phorylated phosphorylase b or 'promoted any increase in phosphorylase --AMP/ 
+AMP activity ratio under any of the conditions assayed Furthermore,  
synthase phosphorylatlon by casein kmase 1 and casein kmase 2 was not  stimu- 
lated by 0.5 mM Ca2÷/10 pg/ml calmodulm, or a combmatlon of the two, nor 
was it inhibited by 0.3 mM EGTA, showing that  such a phosphorylatlon was 
not  due to contamination of glycogen synthase by phosphorylase kmase 
Similar results were obtained with casein as a substrate, lndmating that  neither 
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casein kmase 1 nor casem kmase 2 actlwty corresponds to calmoduhn-depen- 
dent  protein kmase. 

Soderlmg et al. [9] repor ted the presence in rabbit  muscle of a cychc AMP- 
independent  synthase kmase distinguishable f rom casein kmase by its instabil- 
ity at 50°C, among other  cn t ena  However, two lines of  evidence suggest that  
casein and glycogen synthase klnase activity of casem klnase 1 and casein 
kmase 2 could reside, in each case, m a single protein lunase. 

(1) There Is a parallel decrease in actlwty on both substrates when the 
kmases are mcubated at 50 ° C 

(2) The addition of casein prevents the inactivation of  glycogen synthase by 
casein kmase 1 and casem klnase 2, presumably actmg as an alternate substrate 

The comparison of casein klnase 1 and casein klnase 2 with the phoswtm/  
casein kmases previously reported as present in mammalian tissues is of obwous 
interest. There has been a great diversity m the particular properties studied by 
the various groups and, thus, a general criterion cannot  be established. Never- 
theless, the enzymes from different  sources [22,38,39] can be classified mto 
two types on the basis of their molecular weights and subumt composit ion.  
Type I kmases have a molecular weight of  37 000--42 000 and contain a smgle 
type  of subunit, whereas type  II kmases have a much larger molecular weight 
(123 000--168 000 or even 250 000) contmmng two or three different  types of  
subunits The presence of multiple forms of  casem kmases m rabbit  muscle has 
been repor ted [3,4].  One of these enzymes,  hawng a molecular weight of 
34 000, has been shown to phosphorylate  glycogen synthase incorporating up 
to 4 mol of 32P/mol 85 000 dalton subumt.  Such a phosphoryla t lon leads to a 
decrease m the independence ratio to 5% or less, affecting the kinetic proper- 
ties of  the enzyme [5].  The multiplicity of rabbit  muscle casem/glycogen 
synthase kmases has also been repor ted  by De Paoh-Roach et al. [11] ,  who 
mdmate that  these enzymes are different  f rom phosphorylase kinase and are 
not  affected by Ca2÷/calmodulm. However,  no molecular or kinetic data are 
given by the authors for  comparison. 

Rat liver cytosol  has been shown to contmn two types of casein kmases 
which differ m their catalytic properties [24] .  On the other  hand, a phoswtm/  
casem klnase with a molecular weight of  150 000 has also been described as 
present m this tissue [40].  However,  this last enzyme IS &fferent  f rom casein 
klnase 2 and other  Type I and II casem kmases [22,38,39] m that  it has a much 
higher K m for ATP 

When considering all the data prewously repor ted along with those we 
obtmned with casein kmase 1 and casein kinase 2, it may be conjectured that  
these enzymes correspond to the type  I and II casein kmases present in other  
mammalian tissues 

The fact that  both casein kinase 1 and casein kinase 2 are able to phospho- 
rylate and inactivate glycogen synthase m a cyclic AMP-independent manner,  
suggests that  these enzymes could play a part  in the control  of  hepatic glycogen 
metabolism by a-adrenergic agents which do not  produce changes m the levels 
of  cyclic AMP or m the activity of cyclic AMP-dependent protein kinase 
[42,43].  

Since casein klnase 1 and casem kinase 2 activities on glycogen synthase are 
affected by KC1 concentrat ions in the physiological range, the posslblhty of  K ÷ 
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acting as a modulator of  their achvlties 'in VlVO' cannot be disregarded. Recent 
reports [44,45] indmatmg that changes m the fluxes of K ÷ may play a role m 
the a-adrenerglc stlmulatmn of  hepatm glycogenolysls [44] underhne this pos- 
sibility. 
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