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ABSTRACT 
An endogenous protein kinase at the surface of Ehrlich cells 
has been studied. Using exogenous (Y~~P)ATP as a phos- 
phoryl group donator, a transfer was demonstrated into 
endogenous acceptor protein(s) as well as to exogenous 
phosvitin. Seryl- and threonyl-residues isolated from the 
endogenous and exogenous acceptor protein were found to 
be labeled. The ratio between the labeled phosphorylserine 
and phosphorylthreonine was about 3.5 : 1 for both the 
endogenous acceptor of the intact cells and the exogenous 
acceptor. In similar experiments with a membrane prepara- 
tion from Ehrlich cells, this ratio increased to about 7 : 1 
provided the exogenous acceptor protein was absent. The 
results were independent of whether l ~ l O - ~  M dibutyryl 
cyclic AMP was used or not with intact cells and a mem- 
brane fraction mainly consisting of vesicles. Whether the 
regulatory subunit of the membrane-associated protein 
kinase was in cis- or trans-disposition to the catalytic sub- 
unit no binding and dependence of the cyclic nucleotide was 
observed. Since the purified membrane fraction was con- 
sidered free from endogenous cyclic AMP, it was concluded 
that the membrane-associated protein kinase of Ehrlich 
cells is not dependent on cyclic AMP. The critical role of 
arginine for: the cyclic AMP dependence of the serine- 
containing residue in the catalytic subunit is discussed. 

INTRODUCTION 

A membrane-bound protein kinase which phos- 
phorylates endogenous membrane proteins was 
first found in Ehrlich ascites tumor cells (3, 4, 35). 
Using exogenous ( Y ~ ~ P ) A T P  as substrate it was ap- 
parent that the reaction took place at the outer sur- 
face of intact Ehrlich cells and resulted in phos- 
phorylation of the protein-bound seryl- and 
threonyl-residues of the phosphate acceptor pro- 
tein(s) (3, 4, 35, 36). Endogenous protein kinases 
effecting phosphorylation of endogenous mem- 
brane proteins have since then been found in sev- 
eral tissues including brain membrane fragments 
and synaptic preparations (22, 29, 45, 47, 49), hu- 

man red cell membranes (6, 20, 39, 40, 41), rat liver 
plasma membranes (3 1, 44) and mitochondria1 
membranes (32), bovine anterior pituitary par- 
ticulate fractions including plasma membranes (26, 
27,43), membrane preparations from bovine corpus 
luteum (7, 8) and hamster ovary cells (9), mouse 
mammary gland (30), renal medulla (15), cortex (17) 
and brush border ( l ) ,  toad bladder (13, 14), canine 
heart (51), adrenal gland (48), myelin basic protein 
(lo), HeLa cells (24,' 33), muscle cells (5) and fat 
cells (11, 21). 

The phosphorylation observed in these mem- 
brane systems is with few exceptions (32, 36, 59) 
cyclic AMP-dependent. 

Most protein kinases have been shown to consist 
of two functional subunits, namely a catalytic sub- 
unit and a cyclic AMP binding subunit or regulatory 
subunit. Binding of cyclic AMP to the regulatory 
subunit activates the enzyme thereby releasing the 
fully active subunit which catalyses the phospho- 
transferase reaction (16, 18, 25, 34,46). 

The aim of the present study was to investigate 
further the cyclic AMP independent protein kinase 
associated with the outer surface of Ehrlich cells. 
The steric dispositions of the regulator to the cata- 
lytic subunit have been investigated by means of 
dibutyryl cyclic AMP. The reaction was also 
studied with exogenous acceptor proteins as well as 
with a purified membrane fraction. 

MATERIALS AND METHODS 
Materials. All chemicals were of analytical grade, 
(y2P)ATP was purchased from NEN chemicals, GmbH, 
Frankfurt am Main, Germany. Unlabeled ATP (sodium 
form), cyclic and dibutyryl cyclic AMP and phosvitin 
were all obtained from Sigma Chemical Company, St 
Louis, Mo., USA. 
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Fig. I. Elution cume from a partial hydro- 
lysate of the Schneider protein of exog- 
enous phosvitin incubated with intact 
Ehrlich cells in the presence of 1 X M 
dibutyryl cyclic AMP. Chromatography 
was performed on a 50 ml Dowex 50 (8% 
DVB) column with 0.01 M HCl as eluent. 
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Preparation of tumor cells. The Ehrlich ascites tumor 
cells were grown for 7-8 days in five-week-old male Swiss 
albino mice obtained from the Anticimex Breeding Farm, 
Norrviken, Stockholm. The tumor cells were separated 
by centrifugation of the ascitic fluid, which had been 
diluted without delay 10-fold with ice-cold Krebs-Ringer 
bicarbonate medium, in order to diminish the tendency 
of cell agglutination. The cells were then washed twice in 
the Krebs-Ringer bicarbonate medium. Final washing was 
performed with a medium of 130 mM NaCl and 25 mM 
KCl for experiments with intact cells. For the preparation 
of a membrane fraction the cells were finally washed in a 
sucrose-(0.250 M)-tris-glycyl-glycine (0.016 M) buffer, 
pH 8.0, also containing 2 mM CaCI,, followed by centri- 
fugation. This was carried out in the International Re- 
frigerated Centrifuge by acceleration for 10-15 sec up to at 
most 5700 rpm followed by retardation for about 2 min. 
All preparatory steps were carried out at 4°C. 

Preparation of plasma membrane fraction. The proce- 
dure described by Ronquist and Christensen (38) was fol- 
lowed exactly. The final membrane fraction was suspend- 
ed in 130 mM NaCl and 25 mM KCl in a concentration 
corresponding to about 20 mg membrane protein per ml. 

Incubation procedure. Incubations were performed 
directly after the preparation of the cells and the mem- 
brane fraction. About 1 x 10" cells or a membrane fraction 
corresponding to 20 mg membrane protein were sus- 
pended in an incubation volume of 9.5 ml consisting of 
130 mM NaCl and 25 mM KCI. It contained in addition 
350 pmoles of Tris-acetic-acid buffer, pH 7.5, 20 pmoles 
of MgCI,, 10 pmoles of Na,HPO, (unlabeled), 5 pmoles of 
glutathione (reduced form) and 0.5 pmoles of (Y~~P)ATP. 
In some experiments, 2.5 pmoles of phosvitin were also 
included, either with or without dibutyryl cyclic AMP 
(final concentration 1 x loT5 M). The commercial phosvitin 
preparation was free from protein kinase activity (37). In- 
cubation was performed at 37°C and terminated after 1 min 
by a rapid centrifugation. The entire centrifugation pro- 
cedure did not exceed 30 sec. The supernatant repre- 
senting the external medium including the acceptor pro- 

tein in most experiments was immediately precipitated 
with trichloro-acetic acid (10% final concentration). In 
order to completely precipitate the low molecular weight 
acceptor protein, 50 mg of bovine albumin were added 
to the precipitating agent and the cell pellets were pre- 
cipitated with trichloroacetic acid. The precipitation was 
allowed to proceed for at least 24 h. The precipitates 
were washed once with 10% trichloroacetic acid con- 
taining 7 pmoles of unlabeled orthophosphate and 2 
pmoles of ATP. 

In order to remove nucleic acid and phospholipids, the 
precipitate was treated according to Schneider (42). Par- 
tial hydrolysis of the Schneider protein was performed 
using the method of Lipmann (28). Labeled phosphoryl- 
serine and phosphorylthreonine and phosphopeptides 
were isolated by ion exchange chromatography as de- 
scribed previously (4). 

A radiometric determination of the different fractions 
from column chromatography was carried out in a Nu- 
clear Chicago Scintillation Counter by measuring the 
Cerenkov radiation. 

RESULTS 

Figure 1 illustrates a typical elution chromatogram. 
Besides the peaks for phosphorylserine (SerP) and 
phosphorylthreonine (ThrP), three other peaks con- 
taining labeled phosphopeptides are seen. Table I 
shows that the transfer of a phosphoryl group to an 
exogenous acceptor protein as well as to the endo- 
genous acceptor protein(s) is not influenced by the 
presence of 1 x M dibutyryl-cyclic AMP. The 
ratio between labeled phosphorylserine and phos- 
phorylthreonine was about 3.5 : 1 .  The aliphatic 
cyclic nucleotide is assumed to penetrate the plas- 
ma membrane. Thus, providing the cyclic AMP- 
binding subunit is in trans-position to the catalytic 
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Table I. Zncorporation of the terminal phosphoryl group of (y3'P)ATP into phosphorylserine (SerP), phos- 
phorylthreonine (ThrP) and dSfferent phosphopeptides (peaks Z ,  ZZ and ZZZ, respectively, see Fig. 1) of either 
extrinsic or endogenous acceptor protein of intact Ehrlich cells 
Comparison of incorporation with and without 1 x M dibutyryl-3',5'-AMP 

~ - 

SerP ThrP Peak 1 Peak2 Peak3 
~ 

~ 

(a) Phosvitin as exogenous phosphoryl group acceptor 0.515" 0.135 0.0% 0.073 0.012 
(b) As (a) plus 1 X M dibutyryL3',5'-AMP 0.488 0.107 0.089 0.065 0.011 
(c) Endogenous membrane protein as phosphoryl group acceptor 0.134 0.031 0.011 0.021 - 
(d )  As (c) plus 1 X M dibutyryl-3',5'-AMP 0.132 0.026 0.015 0.009 - 

(1 The figures denote the phosphoryl group transfer in nmol/lx lo8 cells per min at 37°C into acceptor protein. 

subunit, it would nevertheless be possible for the 
added cyclic nucleotide to react. 

It is conceivable that the cellular cyclic AMP had 
already reacted with the receptor site of the regula- 
tory subunit on the inner surface of the intact mem- 
brane. In this case, additional cyclic AMP would 
have no effect. Therefore, experiments were per- 
formed on purified membrane vesicles instead of 
the intact cells. It is evident from Table I1 that no 
stimulatory effect by cyclic AMP could be observed 
with the membrane vesicles with or without ex- 
ogenous acceptor protein. In fact, the cyclic nu- 
cleotide had a slight inhibitory effect. The ratio be- 
tween labeled phosphorylserine and phosphoryl- 
threonine was about 3.5 : 1 as in the case of the in- 
tact cells provided that the exogenous acceptor pro- 
tein was present. In the absence of this acceptor 
protein, the ratio increased to about 7 : 1. 

DISCUSSION 

It is suggested that the protein kinase of the plasma 
membrane of Ehrlich cells is not cyclic AMP- 
dependent. Assuming that the catalytic and regula- 

tory subunits are trans-disposed, then it follows 
that the ATP-substrate must be cis-disposed to the 
catalytic subunit whereas the cyclic AMP reacting 
with the regulatory subunit must be trans-disposed 
to the substrate. This hypothetical situation may be 
studied in the present experimental systems which 
involve the outer surface of intact cells and mem- 
brane vesicles, respectively. The ATP substrate 
cannot penetrate the membranes (2, 19) while the 
aliphatic dibutyryl cyclic AMP can. However, no 
effect could be observed neither with intact cells 
nor with membrane vesicles regardless of the pres- 
ence of exogenous acceptor protein. Protein kinases 
associated with membranous structures are usually 
stimulated by cyclic AMP. However, recent reports 
deal with membrane-bound protein kinase ap- 
parently independent of cyclic AMP (5, 9, 32). No 
explanation has so far been given. 

The immediate amino acyl sequence of the sites 
of phosphorylation by cyclic AMP dependent pro- 
tein kinases of several different substances has been 
summarized by Daile et al. (12). Provided the 
phosphoryl transfer reaction is cyclic AMP-stimu- 
lated, the non-globular acceptor as well as the 

Table 11. Zncorporation of the terminal phosphoryl group of ( Y ~ ~ P ) A T P  into phosphoryberine (SerP), phos- 
phorylthreonine (ThrP) and different phosphopeptides (peaks Z ,  ZZ and ZZZ, respectively, see Fig. I )  of either 
extrinsic or endogenous acceptor protein from membrane vesicles prepared from Ehrlich cells 
Incubations were performed with or without 1 x M dibutyryl-3',5'-AMP in the medium 

SerP ThrP Peak 1 Peak2 Peak3 

(a) Phosvitin as exogenous phosphoryl group acceptor 0.358" 0.116 0.040 0.050 0.024 
(b) As (a) plus 1 x W5 M dibutyryl-3',5'-AMP 0.293 0.099 0.027 0.043 0.014 
(c) Endogenous membrane protein as phosphoryl group acceptor 0.176 0.025 0.020 0.012 0.007 
(d) As (c )  plus 1 x M dibutyryl3',5'-AMP 0.159 0.025 0.014 0.012 0.006 

" The figures denote the phosphoryl group transfer in nmol/mg Schneider protein of membrane vesicles per min at 37°C 
into acceptor protein. For comparison with Table 1, 1 x lo8 Ehrlich cells correspond to about 15 mg Schneider protein 
from membrane vesicles prepared from Ehrlich cells. 
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globular one contain at least one arginyl residue in 
close vicinity to the active seryl residue. However, 
since the amino acid sequence adjacent to the phos- 
phorylserine position has not been determined for 
the endogenous acceptor protein(s) of Ehrlich cells 
nor for the exogenous acceptor, the phosphoryl- 
serine-containing peptide and other phosphopep- 
tides isolated from the endogenous acceptor of Ehr- 
lich cells were quantitatively analyzed for amino 
acids (36). This study showed that the arginine con- 
tent of the serine-rich phosphopeptide was less than 
2 % of the serine. This result differs strikingly from 
that of Daile et al. (12), and also from recent results 
by Kemp et al. (23). The former indicated an ar- 
gininelserine ratio of at least 1 : 1. 

The relatively constant ratio between labeled 
phosphorylserine and phosphorylthreonine of about 
3.5 : 1 increased markedly to about 7 : 1 in experi- 
ments with membrane vesicles without any ex- 
ogenous phosphoryl group acceptor. This may be 
attributable to the elution of part of the endogenous 
acceptor proteins of the membrane during the 
preparation of the membrane vesicles. We have 
shown previously that membrane-bound proteins 
can be eluted (50). Furthermore, the results of such 
an elution are highly dependent upon the composi- 
tion of the elution medium. However, other pos- 
sibilities may exist, e.g. a conformational change 
during preparation of the acceptor protein resulting 
in another labeling pattern of the protein. 

ACKNOWLEDGEMENTS 
This investigation was supported by a grant from the 
Swedish Medical Research Council (Project B74-13X- 
228-12). We are indebted to Sten Eklund and Christer 
Wernstedt for skilful technical assistance. 

REFERENCES 
Abou-Issa, H., Mendicino, J., Leibach, F. & Pillion, 
D. : Phosphorylation and dephosphorylation of renal 
brush border membranes by protein kinase and phos- 
phoprotein phosphatase. FEBS Lett 50: 121, 1975. 
Agren, G. & Ronquist, G.: Formation of extracellular 
adenosine triphosphate by tumor cells. Acta Physiol 
Scand 75: 124, 1%9. 
- Isolation of "P-labelled phosphorylserine from 
Ehrlich mouse-ascites tumor cells suspended in an 
isotonic medium containing 32P-labelled adenosine tri- 
phosphate. Acta Physiol Scand 79: 125, 1970. 
- Isolation of 3PP-labeled phosphorylserine and phos- 
phorylthreonine from Ehrlich mouse-ascites tumor 
cells, suspended in a medium containing "P-labeled 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

nucleoside triphosphate or inorganic pyrophosphate. 
Acta Chem Scand25: 2931, 1971. 
Andrew, C. G., Roses, A. D., Almon, R. R. & Appel, 
S. H.: Phosphorylation of muscle membranes: Identi- 
fication of a membrane-bound protein kinase. Science 
182:927, 1973. 
Avruch, J. & Fairbanks, G.: Phosphorylation of 
endogenous substrates by erythrocyte membrane 
protein kinase. I. A monovalent cation stimulated 
reaction. Biochemistry 13: 5507, 1974. 
Azhar, S. & Menon, K. M. J.: Adenosine 3',5'-cyclic 
monophosphate-dependent and plasma-membrane- 
associated protein kinase(s) from bovine corpus 
luteum. Properties of associated enzyme and phos- 
phorylation of specific plasma-membrane proteins. 
Biochem J 151: 23, 1975. 
- Adenosine-3',5'-monophosphate-dependent and 
plasma-membrane-associated protein kinase from 
bovine corpus luteum, solubilization and properties of 
solubilized enzyme. Eur J Biochem58: 105, 1975. 
Bacalao, J. & Rieber, M.: On the properties of a mem- 
brane-associated protein kinase from Chinese hamster 
ovary cells. FEBS Lett 37: 37, 1973. 
Carnegie, P. R., Kemp, B. E., Dunkley, P. R. & Mur- 
ray, A. W.: Phosphorylation of myelin basic proteins 
by an adenosine 3'3'-cyclic monophosphate-de- 
pendent protein kinase. Biochem J 135: 569, 1973. 
Chang, K. J., Marcus, N. A. & Cuatrecasas, P.: 
Cyclic adenosine monophosphate-dependent phos- 
phorylation of specific fat cell membrane proteins by 
an endogenous membrane-bound protein kinase. J 
Biol Chem249: 6854, 1974. 
Daile, P., Carnegie, P. R. & Young, J. D.: Synthetic 
substrate for cyclic AMP-dependent protein kinase. 
Nature 257: 416, 1975. 
De Lorenzo, R. J. & Greengard, P.: Activation by 
adenosine 3'3'-monophosphate of a membrane- 
bound phosphoprotein phosphatase from toad blad- 
der. Proc Natl Acad Sci USA 70: 1831, 1973. 
De Lorenzo, R. J., Walton, K. G., Curran, P. F. & 
Greengard, P.: Regulation of phosphorylation of a 
specific protein in toad-bladder membrane by anti- 
diuretic hormone and cyclic AMP, and its possible 
relationship to membrane permeability changes. Proc 
Natl Acad Sci USA 70: 880, 1973. 
Dousa, T. P., Sands, H. & Hechter, 0.: Cyclic AMP- 
dependent reversible phosphorylation of renal me- 
dullary plasma membrane protein. Endocrinol91: 757, 
1972. 
Erlichman, J., Hirch, A. H. & Rosen, 0. M.: Inter- 
conversion of cyclic nucleotide-activated and cyclic 
nucleotide-independent forms of a protein kinase 
from beef heart. Proc Natl Acad Sci USA 68:731, 
1971. 
Forte, F. L., Chao, W. T., Walkenbach, R. J. & 
Byington, K. H.: Kidney membrane cyclic AMP 
receptor and cyclic AMP-dependent protein kinase 
activities: Comparison of plasma membrane and cyto- 
plasmic fractions. Biochem Biophys Res Commun 49: 
1510, 1972. 
Gill, G. N. & Garren, L. D.: Role of the receptor in 
the mechanism of action of adenosine 3',5'-cyclic 

Vpsala J Med Sci 81 



Protein kinase and Ehrlich cell membranes 133 

monophosphate. Proc Natl Acad Sci USA 68r786, 
1971. 

19. Glynn, I. M.: Membrane adenosine triphosphatase 
and cation transport. Brit Med Bull24: 165, 1%8. 

20. Guthrow, C. E., Allen, J. E. &Rasmussen, H.: Phos- 
phorylation of an endogenous membrane protein by 
an endogenous, membrane-associated cyclic adeno- 
sine 3’,5‘-monophosphate-dependent protein kinase 
in human erythrocyte ghosts. J Biol Chem 247: 8145, 
1972. 

21. Ho, R., Russell, T., Asakawa, T. & Snyder, P.: In- 
fluence on adipocyte plasma membrane bound protein 
kinase by feedback regulator. J Cycl Nucl Res 1: 349, 
1975. 

22. Johnson, E. M., Ueda, T., Maeno, H. & Greengard, 
P.: Adenosine 3’,5’-monophosphate-dependent phos- 
phorylation of a specific protein in synaptic mem- 
brane fractions from rat cerebrum. J Biol Chem 247: 
5650. 1972. 

23. Kemp, B. E., Bylund, D. B., Huang, T.-S. & Krebs, 
E. G.: Substrate specificity of the cyclic AMP- 
dependent protein kinase. R o c  Natl Acad Sci USA 
72: 3448, 1975. 

24. Kinzel, V. & Mueller, G. C.: Phosphorylation of sur- 
face proteins of HeLa cells using an exogenous pro- 
tein kinase and [y32P]ATP. Biochim Biophys Acta 
322: 337, 1973. 

25. Kumon, A., Yamamura, H. & Nishizuka, Y.: Mode 
of action of adenosine 3’,5’-cyclic phosphate on 
protein kinase from rat liver. Biochim Biophys Res 
Commun41: 1290, 1970. 

26. Labrie, F., Lemaire, G. P., Pelletier, G. & Boucher, 
R.: Adenohypophyseal secretory granules. Their 
phosphorylation and association with protein kinase. 
J Biol Chem 246: 73 1 1, 1971. 

27. Lemay, A., Dechenes, M., Lemaire, S., Pokier, G., 
Poulin, L. & Labire, F.: Phosphorylation of adeno- 
hypophyseal plasma membranes and properties of as- 
sociated protein kinase. J Biol Chem 249: 323, 1974. 

28. Lipmann, F.: Uber die Bindung der Phosphosaure in 
Phosphoproteinen. I. Mitteilung: Isolierung einer 
phosphorhaltige Aminosaure (Serinphosphorsaure) 
aus Casein. Biochem 2262: 3, 1933. 

29. Maeno, H., Johnson, E. M. & Greengard, P.: Sub- 
cellular distribution of adenosine 3’,5‘-monophos- 
phate-dependent protein kinase in rat brain. J Biol 
Chem246: 134, 1971. 

30. Majumbder, G. C. & Turkington, R. W.: Hormone- 
dependent phosphorylation of ribosomal and plasma 
membrane proteins in mouse mammary. J Biol Chem 
247: 7207, 1972. 

31. Matsumura, S. & Nishizuka, Y.: Phosphorylation of 
endogenous hepatic proteins by adenosine 3‘ ,5‘-  
monophosphate-dependent protein kinase. J Bio- 
chem 76: 29, 1974. 

32. Moret, V., Clari, G. & Pinna, L. A.: Endogenous 
protein kinase-dependent phosphorylation of rat liver 
mitochondria1 membranes. Biochem Biophys Res 
Commun62: 1011, 1975. 

33. Piras, R. & Piras, M. M.: Changes in microtubule 
phosphorylation during cell cycle of HeLa cells. Proc 
Natl Acad Sci USA 72: 1161, 1975. 

34. Reimann, R. M., Brostrom, C. O., Corbin, Y. D., 
King, C. A. & Krebs, E. G.: Separation of regulatory 
and catalytic subunits of the cyclic 3’,5‘-adenosine 
monophosphate-dependent protein kinase(s) of rabbit 
skeletal muscle. Biochem Biophys Res Commun 42: 
187, 1971. 

35. Ronquist, G. & Agren, G.: Isolation of “P-labelled 
phosphorylthreonine from Ehrlich mouse-ascites 
tumor cells suspended in a isotonic medium con- 
taining ”P-labelled adenosine triphosphate. Acta 
Chem Scand24: 728, 1970. 

36. - Isolation of 32P-labelled phosphorylserine and 
phosphorylthreonine from Ehrlich mouse ascites 
tumor cells suspended in different isotonic media, 
containing (y3*P)-labeUed adenosine triphosphate. 
Acta Chem Scand 28: 1169, 1974. 

37. - (S*P)Phosphoryl transfer by endogenous protein 
kinase at the Ehrlich cell surface into extrinsic ac- 
ceptor proteins. Upsala J Med Sci 79: 138, 1974. 

38. Ronquist, G. & Christensen, H.: Amino acid stimula- 
tion of alkalimetal independent ATP cleavage by an 
Ehrlich cell membrane preparation. Biochim Biophys 
Acta323: 337, 1973. 

39. Roses, A. D. & Appel, S. H.: Erythrocyte protein 
phosphorylation. J Biol Chem 248: 1408, 1973. 

40. Rubin, C. S., Erlichrnan, J. & Rosen, 0. M.: Cyclic 
adenosine 3’,5’-monophosphate-dependent protein 
kinase of human erythrocyte membranes. J Biol 
Chem247: 6135, 1972. 

41. Rubin, C. S. & Rosen, 0. M.: The role of cyclic AMP 
in the phosphorylation of proteins in human erythro- 
cyte membranes. Biochem Biophys Res Commun 50: 
421, 1973. 

42. Schneider, W. C.: Phosphorus compounds in animal 
tissues. 1. Extraction and estimation of desoxy- 
pentose nucleic acid and of pentose nucleic acid. 
J Biol Chem 161: 293, 1945. 

43. Sheterline, P. & Schofield, G.: Endogenous phos- 
phorylation and dephosphorylation of microtubule 
associated proteins isolated from bovine anterior 
pituitary. FEBS Lett56: 297, 1975. 

44. Shlatz, L. & Marinetti, G. V.: Protein kinase me- 
diated phosphorylation of the rat liver plasma mem- 
brane. Biochem Biophys Res Commun 45: 51, 1971. 

45. Sloboda, R. S., Rudolph, S. A., Rosenbaum, J. L. & 
Greengard, P. : Cyclic AMP-dependent endogenous 
phosphorylation of a microtubulin-associated protein. 
Proc Natl Acad Sci USA 72: 177, 1975. 

46. Tao, M., Salas, M. L. & Lipmann, F.: Mechanism of 
activation by adenosine 3’,5’-cyclic monophosphate 
of a protein phosphokinase from rabbit reticulocytes. 
Proc Natl Acad Sci USA 67: 408, 1970. 

47. Ueda, T., Maeno, H. & Greengard, P.: Regulation of 
endogenous phosphorylation of specific proteins in 
synaptic membrane fractions from rat brain by adeno- 
sine 3’,5‘-monophosphate. J Biol Chem 248: 8295, 
1973. 

48. Walton, G. M. & Gill, G. N.: Adenosine 3’,5’-mono- 
phosphate and protein kinase dependent phosphoryla- 
tion of ribosomal protein. Biochemistry 12: 2604, 
1973. 

49. Weller, M. & Rodnight, R.: The state of phosphoryla- 

Upsala J Med Sci 81 



134 G .  &-en and G .  Ronquist 

tion in vivo of membrane-bound phosphoproteins in 
rat brain. Biochem J 133: 387, 1973. 

50. Wernstedt, C., Agren, K. G. & Ronquist, G.: Enzyme 
activities at the surface of intact Ehrlich mouse ascites 
tumor cells with albumin in the isotonic medium. Can- 
cer Res35: 1536, 1975. 

51. Wray, H. L., Gray, R. R. & Olsson, R. A.: Cyclic 
adenosine 3',5'-monophosphate-~timulated protein 
kinase and a substrate associated with cardiac sarco- 
plasmic reticulum. J Biol Chem248: 1496, 1973. 

Received April 28, 1976 

Address for reprints: 
Gunnar Agren, M.D. 
Institute of Medical Chemistry 
Box 575 
S-75123 Uppsala 
Sweden 

Upsala J Med Sci 81 


