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1. Introduction 

Starved cells of Dictyostelium discoideum aggregate 
to form multicellular organisms [1 ]. The aggregation 
occurs in response to cAMP which binds to cell 
surface receptors [2,3]. A delay of  approx. I0 h 
occurs between starvation and the beginning of 
aggregation, presumably related partly to the appear- 
ance of cAMP binding sites [3,4]. When starved cells 
are incubated with ATP the delay is reduced by up to 
50% [5] and is accompanied by activation of cAMP 
receptors [4]. Weinstein and Koritz [6] found intact 
cells were able to phosphorylate an exogenous 
protein substrate, while Mato and Konijn showed 
that incubation of cells with extracellular ATP 
resulted in the phosphorylation of two low molecular 
weight proteins [5]. Cyclic AMP had no effect on 
either endogenous or exogenous phosphorylation, 
[4,6]. 

We are currently examining the constituents of the 
plasma membrane and their changes during differen- 
tiation [7 -9] .  In this communication we describe 
the phosphorylation of certain membrane proteins 
following incubation of ceils in [3,-32P] ATP or growth 
in a2p. 

2. Materials and methods 

D. discoideum cells (Ax 3) were grown in HL-5 
medium [10]. Plasma membranes were isolated as 
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previously described [8] except the washing buffer 
(0.1 M Tris-HCl, pH 8.5) contained 0.1 M EDTA. 

Intact cells (8 × 106/ml) or plasma membranes 
were incubated with 0.016 mCi/ml [3,-a2P] ATP 
(3 mCi/mmol; Amersham) in 1% Bonner's Salt 
Solution [11] containing 10 mM MgSO4, 10 mM 
NaF and 2 mM dithiothreotal for 10 min (cf. [4,6] ). 
Cells were washed and plasma membranes isolated. 

Cells (5 × 106/ml) were also incubated with 32p 
(0.06 mCi/ml; 13.6 mCi/mg) in HL-5 medium or PDF 
salt solution [12]. 

The proteins of plasma membranes were separated 
on 10% acrylamide gels by the method of Laemmli 
[ 13]. Gels were stained with amido black or with the 
concanavalin A (con A)-peroxidase method [14] to 
detect glycoproteins. Gels were dried and autoradio- 
graphed. 

3. Results 

3.1. Plasma membrane proteins and glycopro teins 
Figure 1 shows SDS gels of plasma membrane 

preparations stained for proteins (amido black) and 
glycoproteins (con A-peroxidase). A detailed discussion 
of the membrane proteins will be presented else- 
where. The presence of the two myosin heavy chains 
(one band on the gels shown) [15], actin, con A (used 
in the plasma membrane isolation) and a protein 
which migrates with the lectin 'discoidin' [ 16] 
should be noted. The majority of glycoproteins are 
not readily detectable with amido black. 

3.2. Phosphorylation with [ 7-a2p] A TP 
When cells were incubated with [7-a2P]ATP a 
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Fig.2. Autoradiograph of gels of plasma membranes isolated 
from cells incubated with [3,-3aP]ATP. Four experiments are 
shown. Numbering as in rigA. 

Fig.1. SDS polyacrylamide gels of plasma membranes isolated 
from four different batches of cells. (A) Proteins stained with 
amido black. (B) Glycoproteins stained with con A-peroxidase. 
Myosin heavy chains (1), actin (2), con A (3) and a protein 
which may be 'discoidin' (4) indicated. Where these proteins 
are not visible their region on the gel is nevertheless some- 
times numbered. 

number of plasma membrane proteins were phos- 
phorylated. Figure 2 shows four such experiments. 
At least seven proteins are phosphorylated and there 
is some difference between experiments, mainly in 
relative activities of label. The myosin heavy chains, 
or proteins migrating with them, were clearly labelled 
in three experiments, while labelling is less obvious 
in the fourth. A protein corresponding to 'discoidin' 
on gels is also phosphorylated. The two phosphoryl- 
ated proteins immediately below actin and the most 
strongly labelled protein in the upper half of  the gels 
are probably glycoproteins. 

When isolated plasma membranes were incubated 
with [,y.32p] ATP similar phosphorylation patterns 
were observed. No phosphorylation occurred during 
incubation with 32p. 

Cyclic AMP had no effect on phosphorylation of 
plasma membrane proteins. 

3.3. Phosphorylat~on of plasma membrane proteins 
in cells incubated with a2p 

An incubation period of 1 -2  h with 32p in HL-5 
medium or PDF salt solution was necessary before 
label could be detected in plasma membrane proteins. 
Figure 3 shows two different experiments which 
involved incubation in HL-5 medium for 6 h. A large 
number of proteins are phosphorylated including 
the proteins phosphorylated by the surface protein 
kinase (cf. fig.2). However, the majority of strongly 
labelled proteins are not labelled during the [7-a2P] 
ATP experiments. They appear to be glycoproteins. 
The region corresponding to myosin heavy chains 
also showed labelling, the bands being dearly visible 
on autoradiographs exposed for shorter times. 

4. Discussion 

A number of  proteins and glycoproteins of the 
D. discoideum plasma membrane may be phosphoryl- 
ated. Experiments with [7-32P]ATP indicated the 
presence of a surface protein kinase as already suggested 
by other workers [4,6]. Mato and Konijn [4] reported 
that two proteins with tool. wt 20 000 and 15 000 
were preferentially phosphorylated. We found a 
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but also of  ATP. This could lead to local transitory 
phosphorylations of  plasma membrane proteins 
which may be important, for example, in the chemo- 
tactic response or induction of  the refractory period 
when the ceils are insensitive to cAMP. 
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Fig.3. Autoradiog~aphy of gels of plasma membranes isolated 
from cells grown with a2p in HL-5 medium for 6 h. Two 
experiments are shown. Numbering as in fig.1. 

number of  proteins were phosphorylated but none 
had these molecular weights. We are unable to explain 
this discrepancy, although Mate and Konijn ran total 
homogenates and not plasma membranes on SDS gels. 

The role of  phosphorylation in plasma membrane 
function and differentiation is unknown. However, it 
is pertinant that phosphorylation of  a protein corre- 
sponding to 'discoidin' occurs, as 'discoidin' is thought 
to mediate intercellular recognition and adhesion 
during differentiation by interacting with specific 
cell-surface receptors [ 18]. Moreover, if the myosin 
heavy chains are phosphorylated, as the results 
suggest, this may be related to surface movement and 
cell migration. 

The existence of  a surface protein kinase suggests 
substrate may also be available outside the cell. We 
are examining the hypothesis that external cAMP 
pulses induce the release not only of  cAMP (cf. [3] ) 
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