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Short Communication

A Possible Mechanism for Cell to Cell Interaction
Involving Phosphoryl Group Transfer

at the Cell Surface

GUNNAR RONQUIST and GUNNAR AGREN
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Some of the ATP formation of the cell takes place in
the plasma membrane (10, 11, 14, 15, 17, 18, 19, 22,
23). Part of this membrane-bound activity is
localized to the outer surface of the membrane (1, 2,
3, 16). A prerequisite condition for surface-located
ATP synthesis to occur is the presence of all neces-
sary substrates and cofactors in the external medium
provided albumin is also included in the incubation
medium as a membrane ‘‘stabilizer” (5).

However, we have found that if the albumin con-
centration of the incubation medium is below a criti-
cal concentration or totally omitted, ATP formation
can occur at the cell surface also when one of the
necessary cofactors is excluded from the incubation
medium (9, 23). The critical albumin concentration
in this connection seems to be around 0.1%. Thus,
we have reasons to conclude that an intramembra-
nous metabolic pool exists (9).

Protein kinase (ATP: protein phosphotransferase,
E.C. 2.7.1.37) has also been established to be as-
sociated with the plasma membrane of different cells
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Fig. 1. Possible mechanism of cell to cell interaction by
phosphoryl group transfer. A, The terminal phosphoryl
group of ATP is transferred into the endogenous protein
acceptor at the surface of one cell, C, by means of the
protein kinase at the cell surface of an adjacent cell, C,. B,

4, 6, 8, 12, 13, 20, 21). At least part of this plasma
membrane activity is located at the external surface
of the plasma membrane (20). An endogenous
surface-located acceptor protein for the terminal
phosphoryl group of ATP has also been reported (6,
8, 12).

Furthermore, the endogenous protein kinase of
the membrane surface can catalyse the transfer of
the terminal phosphoryl group of ATP into extrinsic
acceptor proteins (7, 20). The acceptor proteins used
were histone and phosvitin. The molecular weights
of the two proteins are about the same but the former
has a nettopositive charge while the latter has a
nettonegative one. Under the experimental condi-
tions used, histone was a poor acceptor while
phosvitin was readily phosphorylated. The
phosphorylation was not further stimulated by cyclic
AMP.

It is well known that practically all animal cells
have a nettonegative surface charge. These results
suggest a model for cell to cell interaction. Fig. 1
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The reverse situation is pictured. The phosphoryl group of
ATP, which is available at the cell surface or in the intercel-
lular space, is transferred into the endogenous protein of C,
by means of the enzyme at the cell surface of C,.
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illustrates the model. Protein kinase at the surface of
one cell (Fig. 1A) may catalyse the phosphorylation
of the endogenous acceptor protein of the surface
membrane of another cell using the ATP regenerat-
ing capacity of the outer part of the membrane as
phosphoryl group donor (1, 3, 9). The albumin con-
centration in the intercellular space of the brain
parenchyma in vivo and perhaps of other tissues
might be around 0.1% or less, which may make
available at the surface the necessary cofactors from
the endogenous intramembranous metabolic pool
(9). This type of phosphorylation might well repres-
ent a type of regulatory function (8) where two cells
inareciprocal way can influence each other (Fig. 1 A
and B).

We may discern another superior principle for the
overall metabolic regulation of cells constituted in a
multicellular organism. This principle could be ex-
erted at the cell membrane autonomously of the
genome.

REFERENCES

1. Agren,G., Pontén, J., Ronquist, G. & Westermark, B.:
Formation of extra-cellular adenosine triphosphate by
normal and neoplastic human cells in culture. J Cell
Physiol 77: 331, 1971.

2. Agren, G. & Ronquist, G.: Formation of extracellular
adenosine triphosphate by yeast cells. Acta Physiol
Scand 74: 394, 1968.

3. — Formation of extracellular adenosine triphosphate
by tumour cells. Acta Physiol Scand 75: 124, 1969.

4. —Isolation of 3?P-labelled phosphorylserine from Ehr-
lich mouse-ascites tumour cells suspended in an
isotonic medium containing 3?P-labelled adenosine
triphosphate. Acta Physiol Scand 79: 125, 1970.

5. — On the nature of the synthesis of adenosine tri-
phosphate at the surface of intact tumour cells. Acta
Physiol Scand 81: 431, 1971.

6. — Isolation of 32P-labelled phosphorylserine and
phosphorylthreonine from Ehrlich mouse ascites
tumour cells, suspended in an isotonic medium, con-
taining 3?P-labelled nucleoside triphosphate or inor-
ganic pyrophosphate. Acta Chem Scand 25:2931,
1971.

7. — (®P)Phosphoryl transfer by endogenous protein
kinase at the glia and glioma cell surface into extrinsic
acceptor proteins. Acta Physiol Scand 92: 1974.

8. — Isolation of 32P-labeled phosphorylserine and
phosphroylthreonine from Ehrlich mouse ascites
tumor cells suspended in different isotonic media,
containing %?P-labeled adenosine triphosphate. Acta
Chem Scand. Accepted for publication.

9. — On the availability of certain metabolites at the outer
surface of normal and malignant cells for the
membranous de novo synthesis of ATP and other
nucleotides. Upsala J Med Sci 80: 1975.

Upsala J Med Sci 80

10.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cecci, X., Canessa-Fischer, M., Maturama, A. &
Fischer, S.: The molecular organisation of nerve
membranes I1. Glycolytic enzymes and ATP $ynthesis
by plasma membranes of squid retinal axons. Arch
Biochem Biophys 145: 240, 1971.

. Green, D. E., Murer, E., Hultin, H. O., Richardson,

S. H., Salmon, B., Brierly, G. P. & Baum, H.: Associa-
tion of integrated metabolic pathway with membranes
1. Glycolytic enzymes of the red blood corpuscle and
yeast. Arch Biochem Biophys //2: 635, 1965.

. Kinzel, H. & Mueller, G. C.: Phosphorylation of

surface proteins of Hela cells using an exogenous-
protein kinase and (y*?P)ATP. Biochim Biophys Acta
322337, 1973.

. Lemay, A.N., Deschenes, S., Lematre, S., Poirer, G.,

Poulin, G. & Labrie, F.: Phosphorylation of
adenohypophyseal plasma membranes and properties
of associated protein kinase. J Biol Chem 249:323,
1974.

Parker, J. C. & Hoffman, J. F.: The role of
phosphoglycerate kinase in the control of glycolytic
rate by active cation transport in the human red blood
cells. J Gen Physiol 50: 893, 1967.

Ronquist, G.: Formation of adenosine triphosphate by
a membrane fraction from human erythrocytes. Acta
Chem Scand 2/: 1454, 1967.

— Formation of extracellular adenosine triphosphate
by human erythrocytes. Acta Physiol Scand 74: 594,
1968.

Ronquist, G. & Agren, G.: The 32P-labelling of
nucleotides from a soluble erythrocyte membrane frac-
tion free from haemoglobin. Biochem J 92: 29P, 1964,
— 32P.abelling of nucleotides from a soluble
erythrocyte-membrane fraction devoid of haemoglo-
bin. Nature 205: 1021, 1965.

— Formation of adenosine triphosphate by human
erythrocyte ghosts. Nature 209: 1090, 1966.

— (**P)Phosphoryl transfer by endogenous protein
kinase at the Ehrlich cell surface into extrinsic ac-
ceptor proteins. Upsala J Med Sci 79: 138, 1974.
Schlatz, L. & Marinetti, G. W.: Protein kinase
mediated phosphorylation of the rat liver plasma
membrane. Biochim Biophys Res Commun 45:51,
1971.

Schrier, L. S.: ATP synthesis in human erythrocyte
membranes. Biochim Biophys Acta 135: 591, 1967.
Wernstedt, C., Agren, G. & Ronquist, G.: Enzyme
activities at the surface of the intact Ehrlich mouse
ascites tumor cells with albumin in the isotonic assay
medium (submitted for publication).

Received October 10, 1974

Address for reprints:

K. G. Agren, M.D.

Institute of Medical and Physiological Chemistry
Biomedical Center

University of Uppsala

Box 575

S-75122 Uppsala

Sweden



