Upsala J Med Sci 86: 137-142, 1981

Autophosphorylation at the Outer Surface of Different
Human Cells in Culture

G. Ronquist, G. Agren and K. Nilsson

From the Department of Clinical Chemistry, University Hospital and Institute of
Medical and Physiological Chemistry, Biomedical Center and Division of
Cell Biology, The Wallenberg Laboratory, University of Uppsala, Uppsala, Sweden

INTRODUCTION

A lot of work has been performed on the various effects of exogenous ATP on
intact animal cells. In most cases these effects are ascribed to changes in per-—
meability induced by ATP. The effects as regards permeability changes are usual-
ly highly specific and are not obtained by nonspecific chelating agents nor
by other nucleoside triphosphates (12, 24). Dramatic effects on efflux and
some times influx of potassium and some other ions were obtained on different
cells when exposing them for short times with low concentrations of external
ATP (8,34). Effects by exogenous ATP on the water and ionic contents of the
cells of kidney tubules have also been reported (32). Among the various effects
of low concentrations of exogenous ATP on the intact cells the inhibition of
the insulin—- stimulated glucose oxidation might also be mentioned (9).

Small concentrations of ATP have been effective in all instances mentioned
above in agreement with the existence of small amounts of ATP in the extracel-
lular space. The question arises whether any of the effects of exogenous ATP
have physiological significance. Several possibilities for providing extra-—
cellular ATP have been advanced. One possibility might be the production of
ATP in the surface membrane, since several cells have shown the capability to
form extracellular ATP in in vitro experimental systems (2,3). Evidence also
exists that ATP may be translocated from the cytosol to the exterior of the
cell (32,34). The existence of nucleotide pyrophosphatases (10), ectoATPase
(1,2,28) and ATP requiring protein kinases (4,27,31) on the surface of animal
cells almost makes it obligatory that some mechanism for providing external
ATP should exist.

Many of the permeability changes induced by low concentrations of extracel-
lular ATP might be attributed to a protein kinase catalyzed phosphorylation of
endogenous acceptors at the outer surface of the cell (15). Plasma membrane
bound protein kinase phosphorylating endogenous membrane proteins at the cell

surface was first described in Ehrlich cells (5,26,31). Using exogenous
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(Y32P) ATP as substrate and sometimes histone and phosvifin as exogenous accep-—
tors (27,29,30), it was apparent that the reaction took place at the outer sur-
face of these cells and resulted in phosphorylation of proteinbound seryl- and
threonyl—- residues. Such reactions were not further stimulated by cyclic AMP or
cyclic GMP (6,30). The cyclic nucleotides were instead inhibitory in case of
using prepared plasma membrane vesicles instead of intact Ehrlich cells for the
incubation experiments (31). Other inhibitors for the reaction were Ca2+ and
adenosine (27,31). Exogenous GIP was as efficient as ATP as a phosphoryl group
donor in the Ehrlich cell experimental system while CTP, UTP and inorganic py-—
rophosphate were practically unable to replace ATP (4).

32P—labeled phosphorylserine and phosphorylthreonine were also isolated from
a plasma membrane fraction recovered from Ehrlich cells that had been prelabe-
led with (32P) orthophosphate (Table V in reference 7). These studies on Ehrlich
cells have now been extended to comprise several human cells in culture such

as glia, glioma cells, peripheral lymphocytes and five different hematopoietic

cell lines.

METHODS

Separation of lymphocytes from peripheral blood and description of cell li-
nes and tissue conditions as well as preparation of cells for incubation expe-
riments have been described elsewhere (1). The incubation procedure and analy-
tical methods in previous reports were followed (1,31). The (Y32P)ATP concentra-
tion in the present work was always 25 UM and incubations were carried out at

37°¢.
RESULTS AND DISCUSSION

Some of the characteristics of the human hematopoietic cell lines are given
in Table 1. All these human cells had the capability to phosphorylate the sur-
face membrane to different degree indicating the presence of endogenous protein
kinase as well as acceptor proteins at the surface of these cells: (32P) phos—
phoryl serine was always in excess of (32P) phosphorylthreonine by a factor of
2.5-5.5 (Table 2). Normal lymphocytes and lymphoblastoid cells displayed low
protein kinase activities at their cell surfaces and comparable to those of
human glia and glioma cells. The myeloma and leukemia cell lines on the contra-
ry displayed high activities. The lymphoblastoid cells, that showed low protein
kinase activity, were not further stimulated by 1 x IO_SM cyclic AMP while a
48.3% stimulation by the cyclic nucleotide was obtained with the lymphocytic

leukemia cells (Table 2).
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Table 2. Autophosphorylation,at the cell surface of different human_fell lgnes.
Resultslgivegzin picomoles (7"P) phosphoryl groups transferred x min ~ x 10

cells . (Y"°P) ATP conc.: 25uM.

Human cell type Phosphorylserine Phosphorylthreonine
glioma cells 0.33 0.06
normal lymphocytes 0.95 0.20
lymphoblastoid

(line U-61M)* 1.10 0.34
glia cells 1.49 0.37
myeloma cells

(line RPMI 8226) 7.40 2.43
leukemia, myeloid

(line K-562) 20.6 6.38
leukemia, lymghocytic

(line U-698M) 55.5 21.9
myeloma cells

(line U-266) 87.1 22.0

Results in the presence of 1x10_5M cyclic AMP in incubation medium:

lymphoblastoid
(line U-61M) 1.05 0.33
leukemia, lymphocytic 82.3 30.2

(line U-698M)

The reason for the rather large differences in protein kinase activity at
the cell surface is not known at present. Since all the cells studied also have
an ecto ATPase activity (1,2) one might argue that the cells with high ATPase
activity would display low protein kinase activities due to concomitant ATP

splitting activity thereby decreasing the substrate concentration. A reciprocal
relationship was indeed discernible for some of the cell lines so that cells
like RPMI 8226 and U 61M with high ectoATPase activities (1) showed relatively
low proteinkinase activities and cells like U 698 with a low ectoATPase activi-
ty showed a rather high protein kinase activity. Exceptional to that rule

was cell line U 266 Bl that showed high activities for both ectoATPase and
endogenous proteinkinase at the cell surface. Other aspects to be considered
are possible steric hindrances at the cell surface for the hydrophilic ATP
molecule preventing a close contact between the active center of the surface-—
located protein kinase and the substrate. Also, a possible phosphoprotein
phosphatase reaction at the cell surface has not been taken into account and
differences between cells can not only be explained by the protein kinase acti-
vity but also by a possible dephosphorylation at the cell surface.

The present findings on several human cell lines imply a more general
significans for phosphorylation reactions at the cell surface. The mode of
regulating membrane protein kinases and the function of such phosphorylated
membrane components pose intriguing questions for future studies on the mecha-—

nism of plasma membrane regulatory functions.
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