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SUMMARY 

Casein kinase TS (Ck-TS), a protein kinase ubiquitous in mamma- 

lian tissues, whose natural substrates are still unknown, can phospho- 
rylate in vitro Troponin T-even more efficiently than casein fractions. 

The phosphorylation site corresponds to the acetylated N terminal seryl 

residue which is also phosphorylated in native Troponin T and which 

actually fulfils the structural requirements of Ck-TS as evidenced with 

model substrates. It is conceivable therefore that Troponin T might be 
comprised among the physiological targets of Ck-TS. 

INTRODUCTION 

"Casein kinase TS" (Ck-TS) is the main cAMP-independent protein 

kinase of rat liver cytosol active on "acidic" phosphoproteins (caseins 

and phosvitin) rather than on histones (1,2). It is also present in 

several other tissues like brain, heart and kidney and in organisms 

other than mammalians, like chicken, frog and possibly yeast (3). Its 

physiological targets are still unknown. On the other hand its site 

specificity, evidenced with model substrates, is fairly well known: 

apparently this protein kinase recognizes the sequences Ser(Thr)-X-Olu 

(Asp) (L,5), which are also recognized by the mammary gland casein 

kinase(s) (reviewed in ref.6); the efficiency of Ck-T5 however is espe- 

cially high whenever two or more acidic residues - rather than only 

one - are clustered on the C terminal side of the amino acid undergo- 

ing phosphorylation. 

* Permanent address: Perm Polytechnic, U.S.S.R. 

Abbreviations: Ck-TS, Casein kinase TS; SDS, Sodium dodecyl sulphate; 
PMSF, Phenylmethyl sulfonyl fluoride; AE, aminoethylated. 
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Interestingly phosphorylated Serines N terminal to very acidic 

clusters are actually present in some proteins undergoing physiological- 

ly meaningful phosphorylations, like Nucleolar Nonhistone phosphopro- 

teins (7) and Troponin T (8). This finding suggested that protein kina- 

ses belonging to the Ck-TS type might be responsible for the phosphory- 

lation of these proteins in vivo. 

In order to obtain additional information about this hypothesis 

the phosphorylation of Troponin T by Ck-TS purified from rat liver and 

heart has been studied. The results obtained provide the clearcut 

demonstration that in vitro troponin T behaves as a very suitable tar- 

get for Ck-TS, undergoing phosphorylation at the same N terminal seryl 

residue which is also phosphorylated in vivo. 

EXPERIMENTAL 

Casein kinase TS (Ck-TS) was purified from rat liver cytosol 

according to tel.l: however the Sepharose 6B and Phosphocellulose steps 

were reversed. 50 pM PMSF was also present throughout the whole prepa- 

ration. Purified Ck-TS (molecular weight 130,000 according to Sephacryl 
S200 gel filtration) constantly displayed only two protein bands of Mr 

38,000 and 36,000 and a faint band of Mr 2&,000 when submitted to 

Polyacrylamide gel electrophoresis in 0.1% SDS (unpublished data). 

Quite similar behaviou~ was observed for rat heart Ck-TS, purified by 

the same procedure. 

Troponin T, isolated from rabbit skeletal muscle and enzymatical- 

ly dephosphorylated (9) was kindly provided by Dr.B.Ousev. 

Protein kinase activity was assayed by incubating for 15 rain at 

370 Ck-TS with the protein substrates (final concentration 2 mg/ml) in 
0.I ml of a reaction mixture also containing: 60 ~M L-~,P] ATP (specific 
radioactivity: 25 ~Ci/pmole), i00 mM Tris-HCl buffer pHi7.5 and 12 mM 

MgCI . The reaction was stopped by addition of trichloroacetic acid to 
10% 2(w:v) final concentration. The precipitated protein was washed 

three times with 3 ml of 10% trichloroacetic acid and dissolved in the 

minimum volume of 0.i M NHgHCO 3. An aliquot was counted in a liquid 
scintillator. The remaining sample was sometimes employed for gel 
efectrophoresis and/or_2 enzymatic digestion. One unit of Ck-TS was 

3 
defined as one pmole P transferred to whole casein in one rain under 

the conditions described above. 

10% Polyacrylamide gel electrophoresis of 32p labeled Troponin T 

was run in the presence of 0.1% SDS on vertical plates prepared 
essentially according to ref.lO. A single radioactive protein band co-mi- 
grating with authentic unlabeled Troponin T and accounting for more 
than 90% of the radioactivity incorporated by either liver or heart 

Ck-TS was constantly detected. 
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T a b l e  I :  P h o s p h o r y l a t i o n  of  T r o p o n i n  T b y  C k - T S .  

G e n e r a l  c o n d i t i o n s  a c e  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n ,  50 u n i t s  

of Ck-TS were  a d d e d  to t h e  r e a c t i o n  m i x t u r e .  

32p incorporated into protein 
(cpm/min) 

Troponin T plus Ck-TS (liver) 
Troponin T plus Ck-TS (heart) 
Troponin T, enzyme omitted 
Ck-TS (liver), Troponin T omitted 

4,619 
3,82& 

107 
45 

Sephadex G50 gel filtration of Troponin T digestion products was 

performed through a 1.8x70 cm column equilibrated with 15% formic acid 

and operated at a flow rate of 12 ml/hr. 3.~ ml fractions were 

collected. The column was calibrated with synthetic hexa and dodecapep- 

tides, glucagon, Salmine AI and ACTH. High voltage paper electrophore- 

sis was run at pH 1.9 (formic acid-acetic acid-H20, 2.5:7,8:89.7) for 

1 hr (200 V/cm). 
Trypsin and pronase digestions of 32p-Troponin T were accomplish- 

ed according to ref.9. 
The isolation and detection of labeled phosphoaminoacids after 6M 

HCI hydrolysis at 105 ° were performed according to ref.5. 

Materials: O~ s and k-caseins were prepared according to ref.ll. Pepsin 
1 

was from Worthington and it was reduced and aminoethylated according 

to ref.12 before being us~ as a substrate for Ck-TS. Trypsin and 

Pronase were from Serva. ~ ~P7 ATP was purchased from The Radiochemi- 

cal Center, Amersham, U.K. All the other chemicals were either from 
Sigma or from Merck. 

RESULTS 

The phosphorylation of Troponin T by Ck-TS purified from either 

liver or heart is shown in Table I. The whole radioactivity incorpo- 

rated actually co-migrates with the Troponin T protein band upon Poly- 

acrylamide gel electrophoresis in 0.1% SDS. After prolonged incubations 

with nearly saturating ATP concentrations the amount of 32p incorporat- 

ed into Troponin T - fully accounted for by Ser-32P- was found to 

approximate 0.8 mole/mole protein. 

In Table II the kinetic constants obtained with Troponin T are 

compared with those of typical model substrates of Ck-TS. It can be 
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Table II: Kinetic constants of some protein substrates of Ck-TS. 

Ck-TS was purified from liver. Apparent Km and Vmax were cMculated 
by the double reciprocal Lineweaver-Burk plot from I0 rain. incubation 
experiments under the conditions described in the experimental section. 

SUBSTRATE Km, app. Vmax Vmax/Km 
pM (pmole 3~p/min) 

Troponin T 39 839 21.5 
-casein 57 ~9 0.8 

sl 
~-casein 60 363 9.3 
AE-pepsin 253 180 0.7 

seen that the phosphorylation efficiency of Troponin T, and hence its 

fitness as a phosphate acceptor, is greater than those of ~sl and ~-ca- 

sein and of pepsin. 

Fig.l describes the procedure followed for the identification of 

the phosphorylation site of Troponin T affected by Ck-TS. Upon tryptic 

digestion of 32p labeled Troponin T all the radioactivity was recovered 

i,n the largest predicted fragment, corresponding to the N terminal se- 

quence of 40 aminoaeids, which can be readily isolated by Sephadex 

G50 gel chromatography from all the other digestion products. Such a 

fragment includes two seryl residues, at its Ist and 18th positions 

respectively. Upon pronase subdigestion however the whole radioactivity 

was accounted for by a single hexapeptide, not retained by Dowex 50, 

furtherly purified by Sephadex GS0 gel filtration and displaying an 

unusual anodic mobility upon paper electrophoresis at pH 1.9 (see 

Fig.l). Such properties and the aminoacid analysis fully support the 

identification of such a radioactive hexapeptide with the acetylated N 

terminal fragment of Troponin T displaying the sequence: 

AcSer ( P )-Asp-Glu-Glu-Val-Glu (9), 

and rule out any involvement of Serl8 in the protein kinase reaction. 

CONCLUSIONS 

The above results allow the following conclusions: 

i) Troponin T in vitro behaves as a substrate of Ck-TS more efficient 

than are the casein fractions routinely employed for assaying this kind 

of protein kinases. 
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F i g u r e  1: I s o l a t i o n  a n d  i d e n t i f i c a t i o n  of the  r a d i o a c t i v e  f r a g m e n t s  o b t a -  

i n ed  by T r y p s i n  a n d  P r o n a s e  d i g e s t i o n  of T ropon in  T p h o s p h o r y l a t -  
ed by Ck-TS.  

The proce~2ure fol lowed was  s i m i l a r  to t h a t  of r e f . 9 .  200 ]Jg of t r y p s i n  
d i g e s t e d  v - P - l a b e l e d  t r o p o n i n  T were f i r s t l y  s u b m i t t e d  to S e p h a d e x  G50 
ge l  f i l t r a t i o n  (A). The r a d i o a c t i v e  f r a c t i o n  co l l ec t ed  as  i n d i c a t e d  in A 
was  l i o p h y l i s e d  a n d  f u r t h e r l y  d i g e s t e d  wi th  p r o n a s e .  The p r o n a s e  
d i g e s t i o n  p r o d u c t s  were a p p l i e d  to a Dowex 50 (x~,  H + form) 0 .5x8  cm 
co lu m n .  The whole r a d i o a c t i v i t y  was  not  a d s o r b e d  a n d  was  e l u t e d  by 
w a t e r :  once r e s u b m i t t e d  to S e p h a d e x  G50 ge l  f i l t r a t i o n  it g a v e  r i s e  to a 
s i n g l e  r a d i o a c t i v e  p e a k  wi th  m o l e c u l a r  w e igh t  e x p e c t a b l e  for  an  h e x a -  
p e p t i d e  (not shown)  w h i c h ,  upon  h i g h  v o l t a g e  p a p e r  e l e c t r o p h o r e s i s  a t  
pH 1.9 g i v e s  a s i n g l e  anod i c  r a d i o a c t i v e  spot  devo id  of f l u o r e s c a m i n e  
r e a c t i v i t y  ( a u t o r a d i o g r a p h y  in B). Before the  Dowex 50 t r e a t m e n t  the  
same r a d i o a c t i v e  spot  cou ld  be e v i d e n c e d  t o g e t h e r  wi th  s e v e r a l  c a t h o d i c  
f l u o r e s c a m i n e  p o s i t i v e  spo t s  which  d i s a p p e a r e d  a f t e r  Dowex 50. F u r t h e r  
d e t a i l s  a r e  g i v e n  in the  e x p e r i m e n t a l  s e c t i o n .  

2) The residue of Troponin T affected by Ck-TS is the acetylated N 

terminal Ser I exhibiting the structural features actually required for 

the optimal activity of this enzyme. This finding also supports the 
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view that the site recognition by Ck-TS is not dependent on residues 

laying on the N terminal side of the phosphate acceptor aminoacid. 

Considering that the N terminal Set I of Troponin T is also phos- 

phorylated in vivo (8) and that Casein kinase TS is present in several 

tissues, including heart (3) and muscle (A.Donella Deana, personal 

communication) it is conceivable that Ck-TS might behave as a multi- 

functional protein kinase exhibiting in some tissues also Troponin T 

kinase activity. 

In the light of these results the possible relationship between 

Ck-TS and the "Troponin T kinase" reported to affect the same phospho- 

rylation site (9) should be carefully investigated. 
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