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Summary 

Two soluble cychc nucleotlde independent  protem kmase (ATP" protein- 
phosphotransferase,  EC 2.7.1.37) actlvitms have been purified from bovine 
adrenal cortex cytosol.  Both pumfmd enzymes exhibit  the best affmlty for 
acldm substrates such as casem and can use GTP as well as ATP as phosphoryl  
donor.  They can thus be classified as casein kmase of  the G type  as previously 
proposed (Cochet C. et al., {1980) Endocrinology 106, 750--757).  Whereas the 
two momtms could be separated usmg their different affmltms toward a phos- 
phoceUulose resin, both  purified enzymes appeared indlstmgmshable on the 
basra of  several molecular and catalytic properties. Both G type casein kinase 
moieties have an ldentmal sedimentation behavior (5.5 S m the presence of  
0.5 M NaC1), yield similar patterns upon electrophoresis under denaturing con- 
dltmns with three major pro tem components  (42 000, 38 000 and 27 000), and 
show an ability to undergo self-phosphorylatlon mostly on the 27 000 compo- 
nent. Both enzymes have the same protein and nucleotlde (ATP and GTP) sub- 
strate specificity, show s~mllar mcreases m activity m the presence of  poly- 
amines and Mg 2÷ (opt imum at 50 mM) and similar inhibition by NaC1 above 
0.2 M. The only difference between the two forms of  casem kmase (i.e., affmlty 
for phosphocellulose) could not  be explained by  a different degree of  self- 
phosphorylat lon nor by a hmlted proteolytm process during handling and purl- 
fmatlon. These results suggest that  the two active moieties may represent too- 
enzymatic forms of  the G type  casein kmase activity m bovine adrenal cortex 
cytosol.  

* To whom correspondence should be addressed at Laboratoire  d 'Hormonologte°  Centre Hospitalier 
R~glonal et Umvermtatre de Grenoble ,  3 8 7 0 0  La Tronche, France 
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Introduction 

Various types of  ATP (or GTP) protein phosphotransferase (EC 2.7.1.37) 
activities have been characterized in mammalian tissues and criteria for thetr 
classification have been proposed [1,2].  In addition to cyclic GMP and cyclic 
AMP (protein kmase I and protem kmase II lsoenzymes)-dependent enzymes, 
protein kmases mdependent  of  cychc nucleotlde (type III) have been described 
[1] and obtained m homogeneous form by several research groups [3--10].  
Due to different substrate specificity, these various classes of protem kmases 
may have different physlologmal significance, and partmlpate m possible 
cascade [ 11 ] or complementary reactmns [ 12] leading to phosphorylatmn of a 
given speclfm substrate and subsequent activatmn-deactlvatmn process. 

The adrenal cortex is an example of hormonally<tependent dffferentmted 
tissue in which specific effectors (e.g., adrenocortmotrophm hormone ACTH) 
trigger a complex set of lntracellular events leadmg to acute effects (e.g., 
steroldogenesls stlmulatmn) as well as long range effects upon trophmIty and 
growth [13].  The currently accepted mechanism of actmn of ACTH on adre- 
nocortIcal cells hes m the concept of cychc AMP as mtracellular messenger and 
subsequent actlvatmn of cychc AMP-dependent protein kmase actlwties 
[13,14].  However, the search for correspondmg speclfm lntracellular phos- 
phorylatable substrates of key metabohc slgnffmance has proved rather incon- 
clusive [15,16] 

On the other hand, cychc nucleotlde mdependent  protein kmases represent 
quantitatively important alternative phosphorylatlon systems [1].  We have 
prewously described m bovine adrenal cortex cytosol the presence of  a type  III 
protem kinase activity [ 17 ]. Subsequently,  this actlwty was separated into four 
active momtms, respectively named PC1 to PC4 protem kmases, accordmg to 
thetr elution sequence from a phosphocellulose matrLx [18,19] .  These four 
actlwtms were all characterized as cyclic AMP mdependent  casem kmases. 
However, PC1 uses only ATP as the phosphoryl donor  (A type),  whereas PC2-4 
enzymes can functmn with GTP as well as ATP (G type)  [18,19].  The possible 
different bmlogmal slgnifmance of these two types of  casem klnase was further 
strengthened by the lsolatmn m the same tissue of  an inhibitory factor, specific 
of  the G type casein kmase [20].  In this paper, we report  the purification of  
two bovme adrenal cortex casem kmases of  the G type and some of their cata- 
lytm as well as physmo,chemlcal properties. 

Materials and Methods 

[,y32p] ATP (20 C1/mmol), [~,32p] GTP (25 C1/mmol) were purchased from the 
Radiochemlcal Centre, Ame~sham. Phosphocellulose (P-11) was from Whatman 
and treated according to Keller et al. [21] before use. Acid phosphatase, type  
III, rabbit  muscle glycogen synthetase, phoswtm, spermlne, poly-L-argmme 
type II B, poly-D,L-ornithme type  I B, trypslnogen, lysozyme and bovine 
serum albumin were obtamed from Sigma. Poly-L-lysme was fror~ Koch Light, 
ovalbumm from Calblochem, glucose oxldase and catalase from Boehrlnger. 
Casem (Merck) was treated accordmg to Ashby and Walsh [22].  Bowne mtlk 
casems as1, as2 and/~ were a generous gift from Dr. Rlbadeau-Dumas (Jouy-en- 
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Josas, France). These caseins were dephosphorylated before use by t reatment  
with acid phosphatase as follows: 4 mg casein were mcubated (2 h at 30°C) 
with acid phosphatase (4 #g) m 2.8 ml 50 mM lmldazole buffer,  pH 6.2 1.5 mM 
MgC12/0.2 mM ZnSO4. The reactmn was stopped upon addition of  4 ml 40% 
tnchloroacetm ac:d and the resultmg pellet collected after centnfugat lon 
(2000 ×g,  10 mm), washed three times with distilled water,  twine with 
ethanol/dmthyl  ether (1 : 4) contammg 0.1 M HC1, twine with ethanol/ether 
(1 : 4) and finally redlssolved m 10 mM Tns-HC1 buffer,  pH 7.5. Calmodulm 
was kmdly supphed by Professor J. DemaLlle (Montpelher, France). Sepharose- 
casem was prepared according to Farron-Furstenthal and Llghtholder [23].  

Bovine adrenal cortex cytosol. This was prepared as previously described 
[24] m me cold 10 mM Tris-HC1 buffer,  pH 7.5/0.5 mM d:thlothre:tol/2% 
glycerol (buffer A) with 0.1 M NaC1. 

Protein kmase actw~ty Measurements were performed followmg the mcuba- 
tmn condltmns of  Corbm and Relman [25] and the trmhloroacetm acid preclp- 
ltatmn procedure of  Sandoval and Cuatrecasas [26].  The standard reaction 
mixture (80 ;ul) contained 0.1 mM [732P]ATP or [732p]GTP (spec. act. 100 
cpm/pmol) /600  pg casem/50 mM MgCl2 unless otherwise mdmated. The reac- 
tmn was mltmted by addition of  the enzymatic preparatmn (50 pl) and run at 
30°C, under lmear condltmns w~th regard to time and enzyme concentratmn.  
1 enzyme umt  was defined as the amount  of enzyme mcorporatmg I pmol 32p/ 
mm into casein under the standard assay condmons.  

Self phosphorylatzon. Phosphorylation of the punfmd enzymatm prepara- 
tmns was examined after mcubatmn (30°C) m the presence of 0.01 mM 
[732p]ATP (30 000 cpm/pmol)  m buffer A/50 mM MgC12/0.1% bowne serum 
albumin, for the mdmated tnne. Recovery of  the labeled protems was carned 
out  as described for protem kmase act lwty measurement.  

Polyacrylamzde slab gel electrophorests. This was performed using 0.1% 
sodmm dodecyl  sulfate (SDS) and 15% polyacrylamlde gels, accordmg to 
Laemmh and Favre [27].  Bovine serum albumin {Mr 68 000), ovalbumm (M r 
45 000),  t rypsmogen (M r 25 000),  calmoduhn (Mr 16 500), and lysozyme (Mr 
14 500) were used as molecular weight cahbratlon standards. 

8edimentatmn stud:es were camed  ou t  m linear (5--20%) sucrose density 
gradmnts prepared m buffer A contammg 0.1 or 0.5 M NaC1 and spun at 
127 000 ×gav m a MSE SW-50 rotor  at 4°C for 16 h. Sedlmentatmn coeffl- 
cmnts were determined according to Martm and Ames [28] usmg glucose 
oxldase (S2o,w = 7.8 S) and bovine serum albumin (S20,w = 4.3 S) as cahbratlon 
standards. 

Gel ftltratzon. Gel filtration for apparent molecular weight de termmatmn 
was performed usmg a 1.6 × 92.5 cm Sephacryl S-300 column equilibrated and 
eluted with buffer A/0.4 M NaC1/250 pg/ml bovme serum albumin. Glucose 
oxldase, bovme serum albumin, ovalbumm and trypsmogen were used as cah- 
bratmn standards. 

Protein measurement was performed usmg the method of  Lowry et al. [29] 
usmg bovine serum albumm as the standard and the technique of  Kalckar [30] 
for low protem levels. 

Radioactivity was counted m Bray's solutmn [31] with a Nuclear Chmago 
hqmd scmtfllatmn spectrometer.  Conductivity measurements were performed 
with a Radmmeter  instrument. 
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Punf~catzon of  PC3 and PC4 casein kmases Two different protocols were 
followed in the course of this work. All procedures were carried out  between 
0--4°C. Adrenal cortex cytosol (500 ml) was brought to 70% saturation by 
addition of  (NH4)~SO4 under continuous stirring. After overmght preclpltatmn, 
the pellet was collected after centrffugatlon (20 000 X g, 30 mm), redlssolved in 
200 ml buffer A/0.5 M NaC1 and dialysed agamst 50 vol. of the same buffer 

Protocol 1. The extract was applied onto a ftrst (2 × 11 cm) phosphoceUu- 
lose column prewously equilibrated with buffer A. After a 15 vol. wash with 
the same buffer contmmng 0.5 M NaC1, the enzymatm activltms were eluted 
with 2.5 col. vol. buffer A/0.9 M NaC1. The eluate was lmmedmtely brought to 
0.4 M NaC1 and 0.1% bowne serum albumin and transferred onto a second 
(2 × 5.5 cm) phosphocellulose column prewously equilibrated with bufferA/0.4 
M NaC1 After a 5 col. vol. wash with buffer A/0.6 M NaC1, a 0.6--1 M hnear 
NaC1 gradmnt in buffer A/0.025% bovine serum albumin was apphed to the 
column (15 vol.). Fractmns contammg PC3 (0.70--0.78 M NaC1) and PC4 
(0.78--0.85 M NaC1) were separately pooled and concentrated.  Each prepara- 
tmn was dlalysed overnight against buffer A/20% glycerol. The flocculate 
occurring in the dialysis bag was recovered after centrffugatmn (20 000 × g, 10 
mln) and dissolved m 1 ml buffer A/0.5 M NaC1. MgC12 concentratmn was 
adjusted to 50 mM and the mLxture was immediately transferred onto  a 
0.5 × 4.7 cm casem-Sepharose column previously equilibrated In buffer A/0.1 
M NaC1. After 1 h standing at 4°C the column was washed with 5 col. vol. 
buffer A/0.2 M NaC1 and eluted with buffer A/0.7 M NaC1. The preparatmn 
was either used lmmedmtely or brought to 0.1% bowne serum albumin and 
10% glycerol, frozen and stored for further study. 

Protocol 2 was identical to protocol  1 up to the loading and washmg of the 
first phosphocellulose column. PC3 and PC4 enzymes were then separately 
recovered from thin column upon elutmn with the 0.6--1 M linear NaC1 
gradient. Each active fractmn was carried through the second phosphocellulose 
step of  protocol  1 except  that the column was washed with 15 vol. buffer 
A/0.6 M NaC1 before elutlon with the hnear NaC1 gradmnt. After dialysis, 
durmg whmh no flocculation occurred, further steps including casem-Sepharose 
chromatography were the same as m protocol  1. 

Results 

Isolation o f  two casein kmases from adrenal cortex cytosol 
The purification protocols used In this work make extensive use of  the dif- 

ferential affinity of  various types of  protem kmases for phosphocellulose 
matrix, as previously emphasized by several research groups [4--10].  After 
adsorption of a crude adrenal cortex cytosol onto a phosphoceUulose column it 
has been previously observed that the bulk of cyclic AMP<lependent hlstone 
klnase activity was washed off  at low salt concentrations 0.e., ~< 0.4 M NaC1), 
whereas subsequent elutlon with a 0.4--1 M NaC1 gradient yielded a separation 
between several cyclic AMP independent  casem klnase activities [18,19] .  The 
major active moieties have been previously [19] termed PC1 (eluted at 0.5 M 
NaC1), PC2 (0.6 M NaC1), PC3 (0.75 M NaC1) and PC4 (0.81 M NaC1). The goal 
of  this work was the purification of PC3 and PC4, previously characterized as 
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T A B L E  I 

P U R I F I C A T I O N  SCHEME OF PC3 A N D  PC4 C A S E I N  K I N A S E  A C T I V I T I E S  F O L L O W I N G  P R O T O -  
COL 1 

D u e  to  the  p r e s e n c e  o f  a d d e d  B S A  ( see  M e t h o d s  and  Materials)  at  several  p u n h c a t i o n  s teps ,  p r o t e i n  c o n -  
c e n t r a t l o n  and spec i f i c  ac t iv i ty  w e r e  n o t  d e t e r m i n e d  (n d ) in t h e s e  cases  

Step Protein Casein kmase Speclflc Punflcatlon 

(mg) activity activlty factor 

(umts 1 10 -4) (umts/mg 

protem) 

C y t o s o l  9 500  46 
( N H 4 ) 2 S O  4 prec iP i ta te  4 0 8 0  48 
First p h o s p h o c e l l u l o s e  9 2 24 
S e c o n d  ce l lu lose  

PC3 9 
PC4 21 

F l o c c u l a t e  
PC3 5 
PC4 13 

C a s e m - S e p h a r o s e  
PC3 0 110  6 
PC4 0 250  5 

4 8  1 
1 1 8  2 4 

2 6 0 0 0  537 

nd nd 

nd 

7 nd nd 

nd nd 

6 6 0 0 0 0 0  1 2 5 0 0  
5 2 2 0 0 0 0  4 545 

the major components  of  the G type casein kmase activity. 
The (NH4)2SO4 precipitation step ymlded an approx. 2-fold enrichment m 

enzymatic activity and the f~rst phosphocellulose step increased this enrichment 
factor about 300-fold (Table I). Isolated PC3 and PC4 actlwtms tended to be 
~reverslbly lost upon handlmg and m a dilute form, however, this loss was 
greatly reduced when serum albumin was added to the purifmd preparations. 

In both protocols,  adsorption of  the enzymatm preparations onto  the second 
phosphocellulose column reqmred rather high lomc strength (0.5 M NaC1) as 
already observed in the case of  a retmulocyte casein kmase [7] .  However, 
adsorption under these conditions did not  modify  the subsequent elutlon 
behawor of the enzymes.  This is illustrated in Fig. 1 showing that PC3 and PC4 
isolated by phosphocellulose chromatography and NaC1 gradmnt elutlon could 
be analysed on a second phosphocellulose column without  change m their 
respective elutlon behawor. This also demonstrated that no PC3-PC4 mtercon- 
version occurred under these conditions and suggests that both enzymatm actlv- 
1tins are present m native cytosohc extract and are not  the result of  artifactual 
events during handling and punfmation.  

Durmg dmlysm agmnst buffer A/glycerol buffer preparat|on resultmg from 
protocol  1 led to the occurrence of  a flocculate contammg the bulk of  the 
casem kmase actlwty. This phenomenon was of  practical mterest since it 
resulted m concentrated enzymatic preparations essentmlly devoid of  bowne 
serum albumin wtth an excellent ymld (Table I). 

The Sepharose-casem affmlty chromatography step allowed removal of  the 
remmnmg detectable protein contamments ,  as judged by the absorbance at 280 
nm. The samples were transferred onto the affinity support m the minimum 
buffer volume 0.e. ,  1 ml) m order to optimize the casein-enzyme mteractmn. 

Dlsregardmg contammatlon by added bovine serum albumm, purifmd PC3 
and PC4 preparatmns obtained by both protocols appeared homogeneous  upon 
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Fig 1 Sepaxat lon  o f  PC3 and  PC4 case in  l~nase  act iv i t ies  b y  c h r o m a t o g r a p h y  on  a p h o s p h o c e l l u l o s e  
c o l u m n  E l u t m n  w a s  c a ~ l e d  o u t  w i t h  a 0 4 - - 1  M NaCI  gracbent0 as descr ibed  under  Materials  and  M e t h o d s  
Hand-trace  PC3 and  PC4 r e s o l u t i o n  by  the  s e c o n d  p h o s p h o c e l l u l o s e  c o l u m n  o f  p r o t o c o l  1 I-land-trace 
the  s a m e  p h o s p h o c e l l u l o s e  s y s t e m  was  t h a n  u s e d  to  analyse  l d e p e n d e n t l y  the  i so la ted  act tv l t les  PC3 ( a )  

and  PC4 (b)  Co l l ec ted  f r a c t m n s  w e r e  cttluted I 5 w i t h  b u f f e r  A / 0 . 1 %  b o v i n e  s e r u m  a l b u m m  b e f o r e  

assay.  

gel filtration through a Sephacryl S-300 column, as judged by absorbance at 
280 nm (with 30--50 #g protein) and exhibited similar composition upon 
denaturatmg polyacrylamlde gel electrophoresls (see below). As shown m 
Table I, the final speclfm activity was higher for PC3 than for PC4, with overall 
purification factors of similar magnitude. 

Molecular properties of purified PC3 and PC4 
Fig. 2 illustrates the results of polyacrylamlde gel electrophoresls analysis In 

the presence of 0.1% sodium dodecyl sulfate (SDS) for PC4 obtamed by proto- 
col 1 (trace a), PC3 (trace b) and PC4 (trace c) resulting from protocol 2. Dis- 
regarding the high bovine serum albumin contamination resulting from proto- 
col 2, the pattern revealed after Coomassie blue stmnmg was similar m all cases. 
Each enzymatic preparation yielded three major components correspondmg to 
protem moieties of Mr 27 000, 38 000 and 42 000, respectively. In all prepara- 
tions, the 38 000 and 42 000 components were obtained as doublet bands 
regardless of the preparation protocol used. 

Determmatlon of an apparent molecular weight by gel filtration through a 
Sephacryl S-300 column using catalase (250 000), glucose oxldase (152 000), 
bovine serum albumin (68 000), ovalbumln (45 000) and trypsin (25 000) as 
protein cahbratlon standards yielded a value of 140 000 for PC3 and PC4, 
regardless of their preparation protocol Together with the aforementioned elec- 
trophoretic pattern under denaturmg conditions (Fig. 3), this suggests that 
both PC3 and PC4 enzymes have a multImerIc molecular structure. Although a 
hmIted number of major components could be detected under denaturing con- 
dltlons (Fig. 2), m both PC3 and PC4, the homogeneity of the preparations 
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Fig 2. SDS-po lyac ry l amtde  gel e lec t rophoreszs  of  pur i f ied PC3 and  PC4 casein kinases.  Lane  a PC3 
o b t a m e d  by p r o t o c o l  1 Lanes  b a nd  c PC3 and  PC4 final p repara taons  resul t ing  f r o m  p r o t o c o l  2 Lanes  d 
and  e a u t o r a c h o g r a p h y  of  PC3 (d) and  PC4 (e) a f t e r  self p h o s p h o r y l a t t o n  The  a r ro w  indica tes  the  pom- 
h o n  of  bov ine  s e rum  a l b u m i n  p re sen t  m the  p r e p a r a t i o n s  f r o m  p r o t o c o l  2 Molecular  weight  scale ob-  
ta ined  b y  analyms of  p ro t e in  m a r k e r s  is given on the  lef t  

Fig. 3. Sucrose  dens i ty  g rad len t  analysaS of  pur t f led  PC3 (a) and  PC4 (b) klnases.  Each e n z y m e  prepaxa- 
t m n  ( 2800  u m t s )  was self p h o s p h o r y l a t e d  a nd  l ayered  on  a h_near 5- -20% sucrose  densitY glradlent 
p r e p a r e d  m bu f f e r  A/0  5 M NaCI /20  m M  MgCI 2 Casein kmase  ae t lv l ty  (e 41) and  c o n t e n t  m 3 2 p  
(o . . . . . .  o)  were  m e a s u r e d  in co l lec ted  f rac t ions  A r r o w s  inchcate the  posl t lons  of  p ro t e in  m a r k e r s  
glucose oxldase  (G) and  bovxne s e rum a l b u m i n  (B) 

remams to be more fully assessed before subumt stomhlometry can be deter- 
mined. 

The purlfmd enzymatm preparations were subjected to veloc]ty sedimenta- 
hon  analys]s m 5--20% lmear sucrose denmty gradmnts m buffer A/0 .5  M NaC1. 
As illustrated m Fig. 3, PC3 and PC4 both exhibited a sedlmentat]on coefficmnt 
of  5.5 S under these cond]hons.  At lower ionic strength, both purffmd casein 
kmases showed a propensity to aggregate mto heawer molecular forms, whereas 
salt concentrations higher than 0.5 M NaC1 had no further effect upon the 
enzyme sedlmentatmn. 

Although clearly different by their affinity for phosphocellulose matrix, PC3 
and PC4 thus appeared md~stmgmshable with regard to thetr molecular size and 
major protein components  under denaturing condltmns. Further experiments 
were undertaken to examme m more detail possible functmnal differences 
between the two enzymatm momtms. 

Self phosphory la tzon 
Pumfmd PC3 and PC4 appeared able to incorporate radioactive phosphate 

when mcubated with [732P]ATP m the presence of  Mg :+. This self phosphory- 
lahon process was found to be assoc]ated with the punfmd casem kmase actw- 
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Fig 4 K m e t l c s  of  self p h o s p h o r y l a t l o n  of  p u n h e d  PC3 a nd  PC4 casein kinases PC3 and PC4 (3000  un i t s )  
were  i ncuba t ed  wl th  [ 7 3 2 p ] A T P  as descr ibed u n d e r  Materials and Methods  At  chfferent  t lme  in tervals  
a h q u o t s  were  w i t h d r a w n  for  d e t e r m i n a t i o n  of  32p  i n c o r p o r a t l o n  a f te r  t n c h l o r a c e U c  acld p rec lp l t a t lon  
Each po in t  is the  m e a n  of  four  r e phc a t e s  in the  case of  PC3 (e "-) and  PC4 (c . . . . . .  o)  

Fig 5. Ef fec t  of  Mg 2+ on  pur l f ted  PC3 and  PC4 casein kinase ac t twt tes  Increas lng c o n c e n t r a t i o n s  of  
MgCI 2 were  i n t r o d u c e d  m the  s t anda rd  assay mlx t t t re  Casein kinase actlv~tles a t  var ious  Mg 2+ concen t r a -  
t ions  were  p lo t t ed  wl th  r ega rd  to  the  ac t lv l ty  at  1 m M  Mg 2+, t ak en  as 100% Each po in t  for PC3 
(e "~) and  PC4 (o . . . . . .  o) act ivi t ies  is the  m e a n  of  t r lphca te  d e t e r m i n a t i o n s  

ltms upon gel filtration, phosphocellulose chromatography and density gradmnt 
centrifugatlon (see Fig. 3). Autoradlography of  self phosphorylated PC3 and 
PC4 preparations after electrophoresls under denaturmg conditions is illus- 
trated m Fig. 2. For both enzymes, the radioactivity was found associated 
mostly with the 27 000 component .  A low level of  phosphate incorporation 
was associated with the 38 000 band, although almost neghglble m the case of  
PC4 as compared to PC3. Self phosphorylat lon kinetics of  PC3 and PC4 were 
followed as illustrated m Fig. 4 and revealed a rapid process m both cases. How- 
ever, PC4 incorporated almost twice as much phosphate as PC3 after 30 mm 
incubation. This quantitative difference is m agreement with wsual inspection 
of Figs. 2 and 3. 

The behavior of punfmd PC3 and PC4 on phosphocellulose was compared 
with that of  the same preparations after maximal self phosphorylat lon on one 
hand, and after t reatment  with acid phosphatase on the other hand" these treat- 
ments did not  modify the enzyme affinities for the ion-exchange matrix. Thus, 
a quantitative difference m phosphorylat lon state is not  likely to be the ongm 
of PC3-PC4 separation. SLmilarly, addition of  protease inhibitor (e.g., dnso- 
propyl f luorophosphate) to the cytosol  or incubation (30°C, 30 mm, with or 
wi thout  addition of CaC12) of the cytosol  prior to the purification procedure 
did not  modify the PC3-PC4 quantitative ratio as obtained by phosphocellulose 
chromatography [19].  

Catalytic actw~tles o f  pur,fwd PC3 and PC4 
Phosphoryl donors. Kmetm parameters of  purified PC3 and PC4 were deter- 

mmed under standard assay conditions using either ATP or GTP as the source 
of  phosphate and casein as substrates. The corresponding valuesa calculated 
from Lmeweaver-Burk plots, are g~ven m Table II. Both casein kmases appeared 
to use ATP and GTP, with a similar apparent Km value. The only notmeable dff- 



199 

T A B L E  II 

K I N E T I C  P A R A M E T E R S  (Kin, V) O F  P U R I F I E D  PC3 A N D  PC4  C A S E I N  K I N A S E  W I T H  A T P  A N D  
G T P  AS T H E  S O U R C E  O F  P H O S P H A T E  

P h o s p h o r y l  d o n o r  K m (pM)  

A T P  G T P  

V 
( p m o l  3 2 p  m c o r p o r a t e d / m m  pe r  m g  prote in )  

A T P  G T P  

PC3 6 3  12 2 9  103 1 8  103 
PC4  7 2 8 9  2 0  103 0 8  103  

ference was found m the ratio V GTP/V ATP which was 40% for PC4 and 
about 60% for PC3. However, both purified PC3 and PC4 were confirmed to be 
casein klnases of the G type (1.e., using GTP as well as ATP) as previously 
defined [18,19]. 

Inhlbztory effect of NaCl. Increasing NaC1 concentration m the assay 
medium progressively inhibited the casem-kmase activity of both PC3 and PC4 
(data not  shown). This observation agrees with the marked inhibitory effect of 
NaC1 above 0.2 M concentration previously reported with crude G type casein 
kinase preparations [18,19]. No significant difference appears between the 
behavior of the isolated PC3 and PC4 with regard to their NaCl sensitivity. 

Effect of magnestum and polycat~ons. Fig. 5 illustrates the effect of 
lncreasmg MgC12 concentrahon upon PC3 and PC4 casein klnase activities. A 
maximal (about 10-fold) stimulation of both enzymatic actlwtles was obtmned 
for about  50 mM MgC12 m the assay medmm and purffmd PC3 and PC4 exhib- 
ited similar behavior in these experiments. Polyammes which have been found 
to be similar potent  activators of crude G type casein klnase [18,19] can also 
be very effective m increasing purified PC3 and PC4 activities (Table III). A 
7--10-fold stimulation was observed for both preparat|ons with 2 mM spermme 
m the assay medmm. As shown m Table III, basic polyammoaclds such as poly- 
lysme and polyornl thme were also potent  activators, whereas polyargmme had 
a clear mhlbltory action. However, PC3 and PC4 were mdistmgulshable with 
regard to thetr polycatlon susceptibility. 

T A B L E  III 

E F F E C T  O F  A D D I T I O N  O F  P O L Y C A T I O N I C  C O M P O U N D S  O N  P U R I F I E D  PC3 A N D  PC4  C A S E I N  
K I N A S E  A C T I V I T I E S  ( 3 2 p  I N C O R P O R A T I O N )  

Va lues  are the  m e a n  ± S D o f  quadruphcate  e x p e r i m e n t s  

E n z y m e  p r e p a r a h o n  
a d d l h o n  

Casein k m a s e  a c t l v l t y  
( p m o l  3 2 p  i n c o r p o r a t e d / r a m )  

PC3 PC4 

N o n e  ( c o n t r o l )  
S p e r m m e  (2  m M )  
P o l y - l y s m e  (2 4 10  -5 M) 
P o l y - a r g m m e  (2  7 10  -$ M) 
P o l y - o r n l t h m e  (8 10  -5 M) 

1 4 8 ± 0 0 3  
1 0 8 6 ± 0 0 8  

3 6 5 + 0 1 1  
0 9 6  + 0 0 1  
6 4 0 ± 0 2 1  

1 61 ± 0 0 3  
11 81 ± 0 0 7  

3 58 + 0 0 5  
1 0 8  ± 0 0 3  
6 5 5 ± 0 0 7  
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T A B L E  IV 

SUBSTRATE SPECIFICITY OF PURIFIED PC3 AND PC4 PREPARATIONS 

Values of 32p mcorporatlon are the mean ± S D of quadruphcate expemments 

E n z y m e  p r e p a r a t i o n ,  

substrate  
C a s e l n  lunase  act lv l ty  
( p m o l  3 2 p  i n c o r p o r a t e d / r a m )  

PC3 PC4  

W h o l e  case in  12  58  ± 0 11 13 34  ± 0 11 

C~S1 Case in  5 51 ± 0 52 5 91  ± 0 37  
c~$2 Case in  0 8 2  ± 0 0 9  0 6 4  ± 0 0 4  

Case in  8 3 5  ± 0 2 8  5 3 1  ± 0 3 0  

G l y c o g e n  s y n t h a s e  0 4 5  ± 0 0 2  0 54  ± 0 01 

Phos~n tm 5 0 5  ± 0 15 6 0 4  ± 0 21 

H1s tone  II  A 0 2 4  ± 0 0 2  0 19 ± 0 01 

Substrate speclfzc~ty. As shown in Table IV, the casein kmase nature of PC3 
and PC4 [18,19] was conftrmed usmg the purified preparations, whereas 
hlstone phosphorylatmn was negligible. Several casem substrates were used 
with the aim of a detailed comparison of PC3 and PC4 activities. As illustrated 
m Table IV, both purified enzymes exhibited similar patterns of substrate 
specificity. 

Discussion 

Two cychc AMP mdependent  casem kmases purified from bowne adrenal 
cortex cytosol, during this work, could not  be distinguished one from the other 
on the basis of several molecular and functional propertms Based on the present 
results, it could be suggested that  PC3 and PC4 represent two lsoenzyme forms 
of a G type casein kmase m adrenal cortex, as prewously defined [18,19]. 

PC3 and PC4 appear similar to casem-phoswtm kmases described m ascltes 
tumor cells [4], hver nuclei [5], bovine bram [8,9], rat hver chromatm [32] 
and human erythrocyte [10] and they closely resemble the rabbit retlculocyte 
CK II [7] These casem-phosvltm kmases have an apparent molecular weight 
between 100 000 and 200 000 m common,  a propensity to aggregate at low 
lomc strength and are eluted from a phosphocellulose resin above 0.5 M NaCl 
concentration. When purified, these preparations exhtblt a mult lmenc structure 
and demonstrate autophosphorylatlon on a small subumt [4,7--9]. Another 
characteristic feature of this class (G type) of enzymes is the ablhty to use GTP 
as well as ATP as phosphate donor [7,8,10,18,19,33]. The G type casein kmase 
appears similar to the 'TS' casem-phosvltm kmase as described by Meggm et al. 
[32]. These propertms clearly dlstmgmsh G type from the lower molecular 
weight, monomenc  A type (usmg only ATP as phosphate source), as previously 
described m adrenal cortex cytosol [18,19] and resembhng the rabbit retl- 
culocyte CK I [7], and the 'S' type casein kmase of Meggm et al. [32]. How- 
ever, there is a discrepancy with regard to the G type enzyme subumt composi- 
tion, whmh has been reported to be made up of two [9,10] or three [4,7,8] 
momtms, it has been suggested that  a hmlted proteolytm process might be the 
ongm of this phenomenon [8,9]. 
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One of  the characteristm propertms of  our PC3 and PC4 preparations was the 
stmkmg enhancement of  their activity m the presence of  Mg 2÷ and polycahons 
such as polyammes.  These features have been prewously shown to be a char- 
acter of  the adrenal cortex G type casein kmase [18 ,19] .  Similar sensitivity to 
Mg 2÷ has been reported for cychc nucleotlde independent protein kmases from 
other sources [4 ,5 ,9 ,10]  and polyamine stimulation has also been described 
[9] ,  although not  generally examined. However, this d~rect sttmulatmg effect 
of  naturally o c c u m n g  polyamlnes might be of  interest m vmw of  a possible 
regulation of  these casein klnase (G type) actlvitms in the intact cell. In addi- 
tion, it has been shown that polyamines can modulate G type casein kmase 
actlwty m adrenal cortex tissue extracts through release of  the mhlbltmn due 
to the presence of  an endogenous specific G type casein kmase inhibitor 
[20 ,34] .  This working hypothesis  will be examined using purffmd preparations 
of  PC3 and PC4, m order to define the mechanism of  lnteractmn of  the 
enzymes with this mhlbltor and the possible lmphcatmn of  the G type casein 
kmase system m the regulatmn of adrenocortmal cell functmns.  
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