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Protein kinase C in cytosol and cell membranes 
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In concanavalin A-treated thymus cells and phytohemagglutinin-treated spleen cells, the distribution of pro- 
tein kinase C is changed. Shortly after addition of plant &tins, the activity of protein kinase C increased 
in the cytosol and decreased in the particulate fraction. 2 h later, the activity of protein kinase C decreased 
in the cytosol and increased in the particulate fraction. Membrane binding of protein kinase C and tion 
of DNA synthesis showed the same dependency on concanavalin A concentration. A long-term membrane 

binding of protein kinase C seems to be essential for lymphocyte stimulation. 

Protein kinase C Concanavalin A Phytohemagglutinin Thymocyte Membrane binding 

1. INTRODUCTION 

Polyclonal plant mitogens such as Con A 
stimulate lymphocytes to blast transformation and 
cell division. The mitogen binds to cell membrane 
receptors and initiates and maintains a complex 
program of biochemical and morphological 
events. The mechanisms of signal transmission 
have not yet been defined [l]. Activation of 
phospholipase C and liberation of diacylglycerol 
may occur, which in turn can activate PK-C by in- 
creasing its Ca2+ affinity [2,3]. 

Protein phosphorylation by undefined protein 
kinase [4] or by PK-C either without [5] or with an 
increase in [Ca’+]i [6] was found to be essential for 
producing cell proliferation. Thus, it has been pro- 
posed that phorbol ester - one of its actions is 
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binding of PK-C to the cell membrane [7,8] - and 
the Ca2+ ionophore A23187 together may replace 
plant lectins to stimulate DNA synthesis in lym- 
phocytes. However, with macrophage-depleted 
peripheral lymphocytes for the long-term cellular 
response a low concentration of PHA was still 
needed in addition to phorbol ester and Ca2+ 
ionophore [6]. We therefore studied the long-term 
effects of plant lectins on the distribution of PK-C 
in lymphocytes. 

2. MATERIALS AND METHODS 

Thymocytes and spleen cells were prepared by 
sieving the tissues of 4-6-week-old Wistar rats in 
RPM1 1640 medium. Thymocytes (l-2 x lo6 
cells/ml) were incubated in RPM1 1640 medium 
containing 10% fetal calf serum without or with 
4 pg/ml Con A (Seromed, Munich) for 12 h. 
Thereafter, the cells were washed 3 times in RPM1 
1640 medium by centrifuging. According to Kraft 
et al. [9,10], the cells (3 x lo8 cells as a total) were 
ruptured in buffer A (20 mM Tris-HCl, pH 7.5, 
2 mM EDTA, 0.5 mM EGTA and 2 mM PMSF) 
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with 0.33 M sucrose by homogenisation with 20 
strokes in a Potter-Elvehjem homogenisator. After 
centrifugation at 1500 x g for 5 min, the cytosolic 
fraction was obtained by centrifugation at 
150000 x g for 60 min. The 150000 x g pellet was 
taken as the membrane fraction. For preparation 
of cytosolic PK-C, cytosolic fraction, containing 
25 mg protein, was applied to columns (0.9 x 
5 cm, Pharmacia) filled with DE52-cellulose 
(Whatman), equilibrated with buffer A, washed 
with 20 ml buffer A and eluted with a linear 
(O-O.15 M) NaCl gradient in buffer A. Fractions 
of 1 ml were collected. For preparation of 
membrane-associated PK-C, the 150000 x g pellet 
was homogenized in 5 ml buffer A containing 1% 
NP 40 (30 strokes), shaken for 30 min at 4”C, and 
centrifuged at 50000 x g for 60 min. The 
detergent-solubilized supernatant fraction was ap- 
plied to DESZcellulose columns, washed and 
eluted as described for the cytosolic fraction. 
When studying the time and dose dependency of 
Con A action, the columns were eluted with 
0.06 M NaCl. 

Protein kinase C was assayed by incubation for 
3 min at 30°C in 250 /cl reaction buffer B contain- 
ing 20 mM Tris-HCl, pH 7.5, 5 mM CaC12, 
75 mM MgC12, 1OOpg histone Hl, 1 &i 
[T-~~P]ATP (Amersham) and 1OOpM ATP 
(Boehringer). The protein content of the assays 
amounted to 50-lOOpg, measured according to 
Lowry et al. [ll]. Phospholipid-dependent PK-C 
activity was determined by adding 2Opg 
phosphatidylserine and 0.8 pg diolein (Sigma). 

The reaction was terminated by addition of 1 ml 
25% cold trichloroacetic acid. The precipitate was 
collected on filters (Sartorius, 0.45 pm, 0 2.5 cm) 
and washed 8 times with 2 ml of 5% 
trichloroacetic acid. The filters were dissolved in 
Bray’s scintillant and 32P radioactivity was 
measured in a scintillation counter. All assays were 
made in duplicate. To determine the Na+ gradient, 
the Na+ content of the PK-C fractions was 
measured by flame photometry. 

3. RESULTS 

In unstimulated thymocytes, PK-C was found in 
the cytosol (approx. 70%) and can be solubilized 
from the particulate fraction (approx. 30%) (figs 
1,2). The enzyme of both sources was eluted under 
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Fig. 1. DEAE-cellulose chromatography of cytosolic PK- 
C. Thymus cells were stimulated with 4yg/ml Con A 
for 12 h. The 150000 x g supernatant was applied to a 
column of DESZ-cellulose and eluted with a linear 
gradient of NaCl in buffer A. PK-C activity was 
measured by 32P04 incorporation in histone Hl. (0) 
Con A-stimulated cells, (0) control cells. Mean of 3 
experiments. In fraction 9-16 of unstimulated cells, a 
total amount of 21 mg protein and 375960 cpm were 

measured. 

identical conditions between 0.04 and 0.08 M 
NaCl. After 12 h incubation of thymocytes with 
4 pug/ml Con A, the amount of PK-C was slightly 
increased in the cytosol (by 10%) and increased 
3-times in the particulate fraction (figs 1,2). As 
shown in fig.3, the effect of Con A in increasing 
the particle-bound PK-C was highest at 4pg/ml, 
substantiating the experimental approach. Subse- 
quent [3H]thymidine incorporation into DNA 
resulted in the same bell-shaped curve as in fig.3 
(not shown). 

To gain more insight into the mechanism of PK- 
C changes in cytosol and membranes, the time 
course of cytosolic and particle-bound PK-C was 
determined (fig.4). Up to 90 min after addition of 
Con A, cytosolic PK-C activity increased by 60% 
and particle-bound PK-C activity decreased by 
10%. Between 90 and 120 min particle-bound PK- 
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Fig.2. DEAE-c~ll~ose chromatography of dekrgent- 
solubilized PK-C. Thymus cells were stimulated with 
4pg/ml Con A for 12 h. The 150000 x g pellet was 
treated with NP 40 and fractionated as in fig.]. (e) 
Con A-stimulated cells, (0) control cells. Mean of 3 
experiments. In fraction 9-16 of unstimulated cells a 
total amount of 1 I mg protein and 159960 cpm were 

measured. 

C increased abruptly 3.7-times and remained con- 
stant thereafter up to 48 h. Between 90 and 
120 min after the addition of Con A, the cytosolic 
PK-C decreased to the original value, remained 
constant up to 3 h and increased thereafter by 
50%. The effect of Con A was abolished when 
0.1 mM ~~methylmannoside was added (not 
shown), The presence of 1 /;lg/ml puromycin or 
0.1 pg./ml cycloheximide had no effect on the 
Con A-induced changes in PK-C distribution 
(table 1). Ouabain (0.1 mM), a potent inhibitor of 
lymphocyte activation [ 121, prevented membrane 
binding of IX-C after 1.50 min incubation with 
Con A (table 2). 

When rat spleen cells were stimulated with 
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Fig.3. Effect of Con A on p~icle~binding of PK-C. 
Thymus cells were stjmulated with various Con A 
concentrations for 3 h. Detergent-solubilized PK-C was 
applied to a column of DESZ-cellulose and eluted with 

0.06 M NaCI in buffer A. Mean of 3 experiments. 

Table 1 

Effect of Con A (4 pug/ml) and puromycin (1 .O pg/mI) 
or cycloheximide (0.1 pg/ml) on the distribution of PK- 
C between cytosol and particulate fraction of rat 

thymocytes 

Incuba- Con A Put-o- Cyclo- PK-C activity’ 
tion mycin hexi- (nmollmg protein 
(min) mide per min) 

Cytosol Particulate 
fraction 

0 - 
30 - 
30 i- 
30 + 
30 + 

150 - 
150 + 
150 + 
IS0 + 

- 3.3 5.9 
- 3.4 5.9 
- 4.7 5.3 
- 4.8 5.2 
+ 4.8 5.1 
- 3.5 6.1 
- 3.0 14.2 
- 2.9 14.1 
-I- 3.0 13.9 

a Mean of 3 experiments 
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Table 2 

Effect of Con A (4 pg/ml) and ouabain (0.1 mM) on the 
distribution of PK-C between cytosol and particulate 

fraction of rat thymocytes 

Incuba- Con A Ouabain PK-C activitya 
tion (nmol/mg protein 
(min) per min) 

Cytosol Particulate 
fraction 

0 - - 

30 - - 

30 + - 

30 _ + 
30 + + 

150 - _ 

150 + _ 

150 - + 
150 + + 

a Mean of 3 experiments 

3.3 6.0 
3.3 6.0 
4.6 5.4 
4.0 5.5 
4.8 5.2 
3.2 6.5 
3.0 13.3 
4.5 5.4 
5.2 5.9 

Table 3 

Distribution of PK-C of spleen cells between cytosol and 
particulate fraction after stimulation with PHA 

0 30 min 120 min 

Cytosol 2056 2671 600 
Particulate fraction 834 431 1290 

Isolated spleen cells were incubated with 10 gg/ml PHA 
in RPM1 1640 medium with 10% fetal calf serum. 
Before addition of PHA, 30 and 120 min after addition 
of PHA aliquots were taken. Cytosol and detergent- 
solubilized particulate fraction were applied to 
DE52-cellulose columns and eluted with 0.06 M NaCl in 
buffer A. Values in cpm/mg protein. Mean of 2 

experiments 

lO,ug/ml PHA, first some PK-C was transferred 
from the particulate fraction to the cytosol. After 
120 min, more qtosolic PK-C was bound to cell 
particles than before (table 3). 

4. DISCUSSION 

In unstimulated lymphocytes, approx. 30% of 
PK-C was bound to membranes and the rest was 
localized in the cytoplasm. During stimulation of 
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Fig.4. Time course of PK-C distribution between cytosol 
(0) and particulate fraction (0) after addition of 
4,~g/ml Con A to thymus cells. The ratio of PK-C 
activity of stimulated/unstimulated cells was plotted. 
The ratio at zero time was taken to be 1.0. Mean of 3 

experiments. 

thymus and spleen cells with plant lectins, 
characteristic changes in cytosolic and particle- 
bound PK-C activity occurred. Three stages can be 
defined: 

(i) Up to 90 min some PK-C may be transferred 
from membranes to the cytosol. The shift of PK-C 
from the particulate fraction to the cytosol within 
the first 5-10 min indicates that an early alteration 
in phospholipid metabolism by Con A did not 
cause an increase in membrane binding of PK-C, 
at least in the majority of thymocytes. 

(ii) Between 90 and 120 min, there was a transfer 
of PK-C from cytoplasm to membranes and mem- 
brane binding of PK-C. The mechanism remains 
open. A rise in diacylglycerol and [Ca’+]i may play 
a role [ 131. However, the sum of both enzyme frac- 
tions exceeded the original sum, representing a 
gain of PK-C. 

(iii) After 12 h, there was a second increase in 
PK-C activity in cytoplasm at constant particle- 
bound PK-C. Since inhibition of protein synthesis 
had no effect on the Con A-induced translocation 
of PK-C, the late membrane binding of PK-C is 
not secondary to growth response, but seems to be 
a direct event in lymphocyte stimulation. When the 
mitogenic effect of Con A was abolished by oua- 
bain [ 121, there was no late membrane binding of 
PK-C. 



Volume 195, number 1,2 FEBS LETTERS January 1986 

Similar to the result with Con A, in HL60 cells 
an increase in cytosolic PK-C was found up to 90 h 
after the addition of retinoic acid [ 141. The in- 
crease in cytosolic PK-C by retinoic acid also oc- 
curred at constant membrane-bound PK-C. This 
behaviour is in contrast to the effect of phorbol 
ester which only induced a rapid and transient 
membrane binding of PK-C at constant total PK-C 
activity [7,8,15]. A long-term increase in PK-C ac- 
tivity in the 10000 x g supernatant and nuclear 
fraction was also found in peripheral lymphocytes, 
stimulated with PHA [16]. Thus, our results in- 
dicate that a long-term PK-C activation by mem- 
brane binding is involved in the mechanism for 
promoting DNA synthesis in lymphocytes. This 
conclusion would agree with the result that 
stimulation of lymphocytes with phorbol esters, or 
diacylglycerol and Ca2+ ionophore needed a low 
concentration of plant lectin [6]. 
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