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Summary 

Two cyclic AMP-independent casein kinases can be isolated from human 
erythrocyte  hemolysate,  one of  which (referred to as 'casein kinase S') phos- 
phorylates only serine residues of whole commercial casein, while the other 
(referred to as 'casein kinase TS') phosphorylates both serine and threonine 
residues of the same substrate. Moreover, the casein kinase S, unlike casein 
kinase TS, is able to phosphorylate the erythrocyte  membrane proteins. 

The present paper deals with the further characterization of  casein kinase S, 
freed from histone kinase activity by DEAE and subsequent phosphoceUulose 
chromatography of the crude hemolysate in the presence of 0.2% Triton 
X-100. In particular, cytosol  casein kinase S exhibits some physico-chemical 
and catalytic properties identical to those of the membrane-bound casein 
kinase, solubilised and purified as previously described. Both casein kinases 
display the same chromatographic behaviour, the same Sepharose elution 
volume, the same optimal pH range, the same Km for casein and ATP, the same 
response to NaC1, MgC12 and CaC12, and the same ability to phosphorylate  
serine but  not  threonine residues of ~-casein. 

The multiple protein kinases of human erythrocytes,  located both in the 
cytosol  and in the membrane structures, are designated casein kinases and 
histone kinases, being assayed o n  exogenous proteins such as casein(s) and 
histones. 

* To whom correspondence should be addressed. 
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A previous paper [1] had shown that the cytosol casein kinases of human 
erythrocytes are resolved by Sepharose 6B gel filtration at high ionic strength 
into two fractions, differing from each other in catalytic properties: i.e., the 
less retarted fraction (referred to as 'TS') phosphorylates both threonine and 
serine residues of whole casein, while the more retarded fraction (referred to as 
'S') phosphorylates only serine residues of casein. Moreover, only this latter 
fraction S, unlike the fraction TS, has been found to be able to phosphorylate 
the membrane proteins [2]. 

Since such inhomogeneous fraction S displayed, in addition to casein kinase, 
cyclic AMP-independent histone kinase activity, the further purification and 
characterization of these enzymes was obviously required in order to gain a 
better knowledge of their relationship with multiple phosphorylatable mem- 
brane proteins. 

Such an objective, however, has been to date hampered by the marked 
instability exhibited by casein kinase when the Sepharose fraction was sub- 
mitted to conventional chromatographic procedures. 

The present paper shows that the addition of 0.2% Triton X-100 to the 
initial crude hemolysate and to the buffered solutions used during the purifica- 
tion steps, allows us to obtain a quite stable and more purified preparation of 
the cytosol casein kinase S, freed from histone kinase and casein kinase TS. 

Cytosol casein kinase S exhibits quite similar properties to those of the 
casein kinase solubilized and purified from the membranes as previously 
described [ 3 ]. 

Methods 

Human erythrocytes were obtained from the hospital blood bank (Padova). 
The erythrocytes, collected by centrifugation, were washed three times with 
isotonic phosphate buffer (pH 8) and then lysed according to the procedure 
of Dodge et al. [4], except that solutions contained 0.05 mM phenylmethyl- 
sulfonyl fluoride (PMSF). 

DEAE-cellulose chromatography. The red hemolysate, after centrifugation 
at 20 000 X g and subsequent addition of 0.2% Triton X-100 (final concentra- 
tion), was dialysed overnight against buffer A (10 mM Tris-HC1 pH 7.2/10 mM 
mercaptoethanol/0.2% Triton), and then applied to DEAE-cellulose column 
(3.5 X 13 cm) previously equilibrated with buffer A. The column was first 
washed free from hemoglobin with 490 ml buffer A and then eluted (80 ml/h) 
with a 800 ml continuous linear gradient ranging from 0 to 0.8 M NaC1 in 
buffer A. 3.7 ml fractions were collected and assayed for protein kinase activity 
under the conditions previously described [3]. 

P-cellulose chromatography. The four DEAE peaks displaying protein kinase 
activity, separately pooled as indicated in Fig. 1, were dialysed against buffer A 
to remove NaC1 and then separately applied to a phosphocellulose column 
(P-cellulose) (2.2 × 17 cm), previously equilibrated with buffer A. The column 
was first washed with 80 ml buffer A and then eluted (60 ml/h) with a linear 
gradient of 400 ml ranging from 0 to 1 M NaC1 in buffer A. 3.7 ml fractions 
were collected and assayed for protein kinase activity as previously described 
[3]. 
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Sepharose gel filtration. Gel filtration of casein kinase fractions resolved by 
P-cellulose chromatography was performed on a Sepharose 6B column (1.6 × 
127 cm) equilibrated and eluted with buffer A containing 0.5 M NaC1 (1.8 ml 
fractions, 6 ml/h). 

Assay of protein kinase activity. Casein kinase (or histone kinase in the pres- 
ence and absence of  1 ~M cyclic AMP) activity was assayed under conditions 
previously described [ 3]. 

Other methods. The protein content  in the presence of  Triton X-100 was 
determined following the procedure of Lowry et al. [11] modified by Wang 
and Smith [5],  after vacuum drying of the sample for the removal of inter- 
ference by mercaptoethanol [6],  with bovine serum albumin as standard. 
Whole casein was prepared from commercial powder  (Merck) as previously 
described [ 1]. ~-Casein was a generous gift from Dr. B. Ribadeau-Dumas. 

Results and Discussion 

When the crude red hemolysate,  containing 0.2% Triton X-100, is submitted 
to chromatography on a DEAE column equilibrated with buffer A, the hemo- 
globin does not  adhere to the resin and is eluted from the column with the 
washing buffer A, while the adsorbed protein kinases are eluted by the subse- 
quent  linear gradient of NaC1 in buffer A/0.2% Triton X-100. 

As shown by the elution profile (Fig. 1), under these conditions four 
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Fig.  1.  DEAE-ce l lu lo se  c h r o m a t o g r a p h y  p ro f i l e  of  p r o t e i n  k ina se  a c t i v i t y  d i s p l a y e d  b y  the  c r u d e  h e m o -  
l y s a t e  p r e p a r e d  f r o m  3 3  ml  p a c k e d  e r y t h r o c y t e s .  The  c r u d e  h e m o l y s a t e  ( 1 0 0 0  ml ) ,  a f t e r  a d d i t i o n  o f  0 .2% 
T r i t o n  (f inal  c o n c e n t r a t i o n )  a n d  a f t e r  d ia lys is  aga in s t  b u f f e r  A ,  was  s u b m i t t e d  t o  D E A E  c h r o m a t o g r a p h y .  
The  e l u t e d  f r a c t i o n s  ( 1 0 0  ~l)  were  a s s a y e d  f o r  h i s t o n e  k inase  a c t i v i t y  i n  t h e  p r e s e n c e  o f  1 /~M cyc l i c  A M P  
(A . . . . . .  A) a n d  in its a b s e n c e  (~ A) a n d  f o r  case in  k inase  ac t i v i t y  (o o) .  
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inhomogeneous protein kinase peaks are eluted by increasing ionic strength: 
i.e., two major peaks (I and II) eluted by lower ionic strength and displaying 
both casein kinase and cyclic AMP-dependent histone kinase activity, and two 
minor peaks (III and IV) eluted by higher ionic strength and displaying prefer- 
entially casein kinase activity. 

Although the contribution of the different casein kinases to the total activity 
of the crude hemolysate is difficult to determine, from the data in Table I it is 
reasonable to assume that under the above conditions the casein kinase activity 
of the crude initial hemolysate is almost completely recovered into the four 
quite stable DEAE peaks (Table I), while a marked loss of this activity occurs 
when the eluting buffer does not contain Triton. 

When the four DEAE peaks, separately pooled as indicated in the Fig. 1 and 
dialysed against the buffer A to remove NaC1, are separately submitted to 
chromatography on a P-cellulose column equilibrated with buffer A and eluted 
by linearly increasing concentrations of NaC1 in buffer A/0.2% Triton X-100, 
the elution profiles shown in the Fig. 2a, b, c, and d, respectively, are obtained. 

The Fig. 2a shows that histone kinase activity of the major DEAE peak I is 
resolved by P-cellulose chromatography into two peaks, one of which, con- 
taining cyclic AMP-dependent holoenzyme, emerges from the P-cellulose 
column with washing buffer, while the other, containing cyclic AMP-indepen- 
dent activity (catalytic subunit), is eluted with 0.32 M NaC1. Almost all casein 
kinase activity is eluted from the P-cellulose column as a single symmetrical 
peak by 0.67 M NaC1. Only a minor casein kinase fraction is etuted with 0.28 M 
NaC1, accounting for about 5% of the major peak. 

A similar elution profile from P-cellulose column (Fig. 2b) is obtained with 
the casein kinase activity of the DEAE peak II: i.e., it is completely eluted, as a 
single symmetrical peak, with 0.67 M NaC1. 

The casein kinase activity of the two minor DEAE peaks III and IV is 
resolved into two small peaks (Fig. 2c and 2d, respectively), the major of which 
emerges from the P-cellulose column with equilibrating buffer, while the other 
is eluted from the column by the same ionic strength (0.67 M NaC1) as the 
casein kinase peak obtained with the major DEAE peaks I and II, and may be 

T A B L E  I 

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

Casein kinase  ac t iv i ty  is expressed  as c p m  × 10 -6 t r ans fe r r ed  f r o m  [~f-32p]ATP to  case in  and  referred t o  
the  crUde h e m o l y s a t e  prepared f r o m  33 ml  p a c k e d  e r y t h r o c y t e s  and to  the  to ta l  v o l u m e  of the  four  
D E A E  p o o l e d  frac t ions  (Fig.  1). Both  the  crude  h e m o l y s a t e  and the  four  D E A E  f rac t ions ,  p r io r  to  assay,  
were  ex tens ive ly  d ia lysed  against  b u f f e r  A in order  to  r e m o v e  the  d i f f erent  salts  ( p h o s p h a t e ,  NaC1). Under  
these  c o n d i t i o n s ,  the  ra te  of  casein p h o s p h o r y l a t i o n  by  all d i f f e ren t  f rac t ions  was  l inear  w i th  respec t  t o  
the  increas ing  a m o u n t  of  the  e n z y m e  used  in the  assay.  

Crude h e m o l y s a t e  108 . 0  
D E A E  p e a k  I 5~.0  
D E A E  peak  II  19 .7  
D E A E  p e a k  I I I  25 .6  
D E A E  peak  IV  9 .0  
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Fig.  2 .  P h o s p h o c e n u l o s e  c h r o m a t o g r a p h y  p ro f i l e  of  p r o t e i n  k ina se  ac t i v i t y  d i s p l a y e d  b y  the  p r e v i o u s l y  
r e so lved  D E A E  p e a k s .  (a) D E A E  p e a k  I; (b)  D E A E  p e a k  II;  (c) D E A E  p e a k  III;  (d)  D E A E  p e a k  IV.  The  
f o u r  D E A E  p e a k s ,  s epaza te ly  p o o l e d  as indicated in  t he  Fig .  1 ,  we re  d i a l y s e d  aga in s t  b u f f e r  A a n d  t h e n  
submit ted  t o  P-ce l lu lose  c h r o m a t o g r a p h y .  The  e l u t e d  f r a c t i o n s  ( 1 0 0  pl )  we re  t e s t e d  f o r  h i s t o n e  k i n a s e  
activity in  t he  p re sence  o f  1 p M  cyc l i c  A M P  (A . . . . . .  A) a n d  in  its absence (A A) a n d  f o r  casein 
kinase activity (o- o ) .  

due, at least in the case of  the DEAE peak III, to its contamination by partially 
overlapping DEAE peak II. 

As shown in Table II, the casein kinase activity recovered into the various 
P-cellulose peaks accounts almost completely for the casein kinase activity of  
the corresponding DEAE peaks submitted to the P-cellulose chromatography. 

All four casein kinase fractions eluted from P-cellulose column with 0.67 M 
NaC1 exhibit: 

(1) The same optimal activity between pH 6.8--8.6.  
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T A B L E  II  

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

Casein k inase  ac t iv i ty  is expressed  as c p m  × 10 -6 t r ans fe r r ed  f r o m  [ 7 - 3 2 p ] A T P  to  t h e  casein an d  r e fe r red  
to  the  to t a l  v o l u m e  of t he  d i f f e ren t  peaks  o b t a i n e d  by  P-cellulose c h r o m a t o g r a p h y  f r o m  th e  four  D E A E  
peaks .  All f rac t ions ,  be fo re  be ing  assayed ,  were  dia lysed against  b u f f e r  A. 

D E A E  

peak  I p e a k  II  p e a k  I I I  peak  IV 

Casein k inase  e lu ted  wi th  equi l ibra t ing  b u f f e r  (peak I)  - -  - -  15.8 5.4 
Casein kinase  e lu ted  wi th  0 .28  M NaC1 (peak I I )  2.7 2.8 - -  - -  

Casein k inase  e-luted w i th  0 .67  M NaC1 (peak I I I )  44 .5  16 .8  8.2 3.8 

(2) The same elution profile on Sepharose 6B filtration. 
(3) The same apparent Km for casein (0.16 mg/ml) and for ATP (28 pM). 
(4) The same response to increasing concentrations of NaC1 (Fig. 3a), MgC12 

(Fig. 3b) and CaC12 (Fig. 3c). 
Moreover, all four casein kinases phosphorylate  only serine residues of 

whole casein and fi-casein (Fig. 4a). 
This identical physico-chemical and catalytic behaviour indicates that  the 

four P-cellulose peaks contain the same casein kinase (referred to as 'casein 
kinase S'). The enzyme is eluted from the previous DEAE column into multiple 
peaks, quite likely as a result of  aggregation with different cytosolic compo- 
nents which alter its chromatographic properties. The above physico-chemical 
and catalytic properties of casein kinase S are identical to those of  membrane- 
bound casein kinase, solubilized and purified as previously described [3].  In 
particular, bo th  casein kinases phosphorylate  serine residues of  whole casein 
and fl-casein, but  not  threonine residues of  the same substrates. However, it 
cannot  be ruled out  that  serine residues phosphorylated by the two casein 
kinases may be located in different regions of  the substrate peptide chain. 

The minor casein kinase peak which emerged from the P-cellulose column 
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Fig. 3. E f f ec t  of  increas ing  c o n c e n t r a t i o n s  of  NaCI (a) ,  MgCI 2 (b) an d  CaCI 2 (c) on  the  casein  k inase  act iv-  
i ty d i sp layed  by  each  of  the  four  f rac t ions  e lu ted  f r o m  P-cellulose c o l u m n  wi th  0 .67  M NaCi.  The  e f fec t  
of  increas ing  c o n c e n t r a t i o n s  of  CaCI 2 was  t e s t ed  in the  presence  of  4 m M  MgC12 . 
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Fig. 4. E l e c t r n p h o r e t i c  p a t t e r n  of ac id  h y d r o l y s a t e  of w h o l e  casein 32p- labe led  in  the  presence  of 
[T -32p ]ATP  by :  (a) each of the  four  casein  k inase  peaks  (Fig. 2) e lu t ed  f r o m  the  P-cel lulose c o l u m n  w i t h  
0.67 M NaCI: (b) casein  k inase  p e a k  e m e r g e d  f rom P-cel lulose c o l u m n  w i t h  wash ing  buffer .  Similar  e lec-  
t rophore t i c  p a t t e r n s  were  o b t a i n e d  w h e n  who le  casein  (0.5 mg)  wa s  rep laced  b y  fl-casein (0.5 rag) as phos -  
phory la tab le  substrate .  E x p e r i m e n t a l  c o n d i t i o n s  for ac id  h y d r o l y s i s  and  e l ec t rophores i s  as p rev ious ly  
descr ibed  [1 ] .  

with washing buffer, phosphorylates both serine and threonine residues of 
whole casein and fl-casein (Fig. 4b), indicating that it contains a casein kinase 
(referred to as 'casein kinase TS') which differs from casein kinase S in catalytic 
properties. 

In conclusion, the above results show that the casein kinase activity of 
human erythrocyte hemolysate is due to two different enzyme forms (desig- 
nated S and TS), which can be resolved and completely recovered by DEAE 
and subsequent P-cellulose chromatography in the presence of 0.2% Triton 
X-100, while they undergo a drastic and rapid loss of activity when the 
chromatographic procedures are carried out with buffered solutions which do 
not contain Triton. 

Such extreme instability may account for the very poor yield (4--22%) 
obtained in our and other laboratories [7--8] when the casein kinases were 
purified by usual chromatographic procedures in the absence of Triton. 

At present, our interest is devoted to casein kinase S, since it has been found, 
unlike casein kinase TS, to markedly phosphorylate the crude membrane pro- 
teins [2] and, in particular, isolated spectrin (the major membrane protein) 
[3]. 

By the above purification procedure, cytosolic casein kinase S, besides being 
purified about 5000-fold, is completely freed from the histone kinase activity. 

On the basis of physico-chemical and catalytic properties, casein kinase S of 
human erythrocytes closely resembles the casein kinase I, purified from rabbit 
reticulocytes [9], i.e., both casein kinases display quite similar chroma- 
tographic behaviour, the same optimal pH range and the same ability to phos- 
phorylate preferentially serine residues of fl-casein [ 10]. 
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The casein kinase TS of human erythrocytes appear to resemble the casein 
kinase II of rabbit reticulocytes [9] since both enzymes are found to phos- 
phorylate, in addition to serine residues, also threonine residues of casein [10].  
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