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Abstract--The activation of plant protein kinase C by phosphatidylserine is dependent on whether the enzyme has 
been isolated from the cytosol of plant cells (extracted in a buffer containing EDTA and EGTA), or eluted from a 
membrane preparation isolated in the presence of calcium. Both preparations of the enzyme react with antiserum 
directed against animal protein kinase C, although with some differences in the relative amounts of the immunoreac- 
tive species. 

INTRODUCTION 

There is now sufficient evidence to suggest that a calcium 
second messenger system operates in plants in membrane 
transduction processes involving primary signals by hor- 
mones, light and other environmental stimuli [1 6]. Our 
aim has been to see if a Ca 2 ÷-dependent/phosphatidyl- 
serine-activated protein kinase C is a part of this signal 
transduction pathway for plant hormones, as it is for 
animal growth factors and neurotransmitters [7]. 

Diacylglycerol and calcium act synergistically in the 
cytokinin-dependent betacyanin response in Amaranthus 
tricolor seedlings [5]. This synergism is characteristic of 
the dual signal pathway in the animal hormone model 
[7]. For this reason we have used this plant material for 
our investigations. Among the purification procedures 
tried in isolating a Ca 2 +-dependent/phosphatidylserine- 
activated protein kinase from Amaranthus seedlings [8] 
was the calcium-dependent binding to inside-out erythro- 
cyte vesicles, followed by elution with a calcium chelator 
[9]. The partial success of this method suggested that the 
same binding might be achieved using endogenous plant 
membranes. This proved to be so and is the basis of an 
improved method of isolation for the enzyme. 

In this paper a comparison is made between the 
previously purified cytosol-derived enzyme [8] and the 
membrane-derived kinase, especially with regard to their 
phospholipid requirements and their antigenic relation- 
ship to animal protein kinase C. The cytosol enzyme has 
already been shown to cross-react with antiserum raised 
against a sequence from bovine brain protein kinase C 
regulatory sub-unit [10]. The antiserum used in the 
present work was raised against protein kinase C purified 
from rat brain [11]. 

RESULTS 

The interaction of plant Ca2+/PS-dependent protein 
kinase with erythrocyte vesicles has already been de- 
scribed [8] and shown to be a promising step in the 
purification of the enzyme from A. tricolor half-seedlings. 
In Table 1 the efficacy of using plant membranes themsel- 

ves as the carrying vehicle in the first extraction step is 
demonstrated. Seedling tissues were homogenised in a 
CaZ+-containing buffer, and the enzyme was released 
from the particulate fraction in the presence of EDTA and 
EGTA (membrane-derived enzyme). By comparison with 
an enzyme preparation obtained by homogenising the 
seedlings directly in a buffer containing EDTA and 
EGTA (cytosol-derived enzyme) it is clear that the elution 
of the protein off Ca2+-precipitated membranes has 
resulted in a preparation of higher specific activity, higher 
yield and with a lower contamination of calcium-inde- 
pendent kinase (Table 1). Ca2÷-independent activity is 
only ~ 7% of the total in the membrane-derived activity, 
whereas it is 50% of the total in cytosol-derived activity. 

The resulting membrane-derived soluble enzyme frac- 
tion was further purified by sequential chromatography 
on a DEAE-Sephacel column and then using FPLC 
anion-exchange chromatography (Mono Q). The separ- 
ation on DEAE-Sephacel was similar to that previously 
obtained with the cytosol enzyme [8], that is it partially 
separates the Ca2+-dependent and Ca2+-independent 
activities. This separation reveals the extent to which the 
method has succeeded in lowering the content of Ca 2 ÷- 
independent kinase. The profile in Fig. lc shows only a 
small Ca 2 ~-independent peak compared with that pre- 
viously obtained for the cytosol enzyme (Fig. la  and d, 
ref. [8]). 

The profile on the Mono Q column in almost all cases 
(13 out of 14 preparations) was marked by a double peak, 
the first at fraction 14-16 and the second at fraction 
20-22, with the latter sometimes having a trace of Ca 2 ÷- 
independent activity. The specific activity of the first peak 
in recent preparations has been 1.87 ___ 0.25 nmol/min/mg 
protein (n = 6). The further resolution of this preparation 
using affinity chromatography and gel filtration [8] is 
now in progress. Comparison of the profiles from the 
DEAE-Sephacel and Mono Q columns with profiles of 
rat brain membrane-derived protein kinase C is shown in 
Fig. 1. The plant enzyme elutes from DEAE at a slightly 
higher salt concentration than the rat brain kinase. The 
main difference is that there is 100% recovery of the plant 
enzyme from the Mono Q step, while the animal kinase 
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free calcium concentrations [33]. Generally calcium was added 

at the following total concentration (free calcium in parenthesis): 

2 mM EDTA/S mM EGTA extract, 1.6 mM (100 PM); 0.5 mM 
EDTA/O.S mM EGTA fractions from DEAE-Sephacel, 1.6 mM 

(1.36 mM); 2 mM EGTA fractions from Mono Q, 1.0 mM (0.5 
mM). Incubation was for 10 min at 30”. Reactions were termin- 

ated and assayed by the P81 (Whatman) paper method [33]. 

Autophosphorylation, gel electrophoresis and immunoblot tech- 
nique. Peak fractions were pooled, phosphorylated with [y- 

32P]ATP (5 PM; sp.act. _ 5000 cpm/pmol) in the presence of 2 

mM free Ca ‘+, 4Opg/ml phosphatidylserine, 5 mM MgCl,. After 

10 min incubation at 30”, the mixture was concentrated, using an 

Amicon microfiltration unit (YM membrane with 30000 M, cut- 

ofl). Proteins were analysed by SDS-PAGE using 12% resolving 
gel and 3% stacking gel [34]. For autoradiography gels were 
dried and exposed to Kodak Royal X-Omat film in the presence 

of a fluorescent intensifying screen. For immunoblotting [35], 

proteins separated by gel electrophoresis were transferred elec- 

trophoretically to nitrocellulose membranes (pore size 0.2 pm, 

Bio-Rad) using a Bio-Rad Transblot cell. Membranes were 

preincubated for 1 hr at 37” in phosphate-buffered saline con- 
taining 5% bovine serum albumin to saturate non-specific 

binding sites. Sheep antiserum directed against rat brain protein 

kinase C [I l] was used with appropriate controls carried out in 

parallel with pre-immune sheep serum. Detection was carried 

out using rabbit anti-sheep immunoblobulins, followed by a 

sheep anti-rabbit antibody coupled to horseradish pcroxidase. 
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