View metadata, citation and similar papers at core.ac.uk

L=
brought to you by .{ CORE

provided by Elsevier - Publisher Connector

Volume 221, number 1, 33-36 FEB 05043 August 1987

Activation of wheat embryo calcium-regulated protein
kinase by unsaturated fatty acids in the presence and
absence of calcium
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Unsaturated fatty acids (oleic, linoleic and arachidonic acids) markedly activate extensively purified wheat

embryo Ca?*-regulated protein kinase in the absence of Ca?* or at very low free Ca? ™ levels (<0.4 uM).

While oleic and linoleic acids also activate in the presence of Ca2* (10°-10* M), arachidonic acid inhibits

at free Ca2* greater than 10~ M. Phosphatidylserine does not substantially activate in the absence of Ca? *

or the presence of high Ca?*. Stearic and arachidic acids are less effective than the unsaturated fatty acids

as activators in the absence of Ca2? ™. This type of plant protein kinase may be regulated in vivo independent-
ly of Ca2* through release of unsaturated fatty acids.

Protein kinase, Unsaturated fatty acid; Ca?*

1. INTRODUCTION

Calcium has a second messenger function in
plants [1] as in animal systems [2,3]. Cytosolic free
calcium levels are elevated by electrical stimulation
[4] or by a light to dark transition {5]. Elevation of
cytosolic free calcium can alter plant cellular pro-
cesses via enzymes regulated by Ca®*-calmodulin
and by activation of Ca’*-dependent protein
kinases [1]. Soluble and membrane-bound
Ca’*-dependent protein kinases are present in
higher plants [1], including enzymes that are ac-
tivated by phospholipids such as phosphatidyl-
serine [6-9]. Thus plants contain protein kinases
showing similarities in Ca®*- and phospholipid-
activation properties to animal protein kinase C
[2].

We have resolved soluble Ca**-dependent pro-
tein kinases from wheat embryo that are similar to

Correspondence address: G.M. Polya, Department of
Biochemistry, La Trobe University, Bundoora, Victoria
3083, Australia

Published by Elsevier Science Publishers B.V. (Biomedical Division)

protein kinase C in molecular size and in inhibition
by a range of calmodulin antagonists [10-12].
However these soluble Ca’*-dependent protein
kinase preparations are not phospholipid-activated
[10,11]. Animal protein kinase C can be activated
by unsaturated fatty acids in the absence of phos-
pholipids and Ca2* [13]. The present report dem-
onstrates that extensively purified, soluble
Ca’*-dependent protein kinase from wheat em-
bryo is markedly activated by unsaturated fatty
acids in the absence as well as in the presence of
Ca’*.

2. EXPERIMENTAL

2.1. Materials

Oleic acid, arachidonic acid, linoleic acid,
arachidic acid, stearic acid, phosphatidylserine,
diolein, ATP and dithiothreitol were obtained
from Sigma (St. Louis, USA). [y-**P]ATP was ob-
tained from the Radiochemical Centre, Amersham
(England). DEAE-Sephacel, Sepharose CL-6B and
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phenyl-Sepharose CL-4B were obtained from
Pharmacia and DE-52 from Whatman. Cibacron
F3GA-Sepharose CL-6B was prepared by the
method of Heyns and De Moor [14]. Lysine-rich
histone was isolated from calf thymus [15],
precipitated as described by Johns [16] and exten-
sively dialysed against H,O.

2.2. Isolation of wheat embryo protein kinase

All operations were conducted at 0-4°C. The
purification procedure will be reported in detail
elsewhere. In brief, the protein kinase was isolated
from 500 g wheat germ by batchwise elution from
DEAE-cellulose (DE-52) and Ca**-dependent
chromatography on phenyl-Sepharose CL-4B [11].
Subsequent purification steps included elution
from DEAE-Sephacel by a NaCl gradient in buffer
A (50 mM Tris (Cl™, pH 8.0)/10 mM 2-mercapto-
ethanol), batchwise elution from Cibacron F3GA-
Sepharose CL-6B by 0.2-1.0 M NaCl in buffer
A/10% (v/v) ethanediol and gel filtration on
Sephacryl S-200 in buffer A/1 mM EGTA. The
Ca’*-dependent protein kinase was purified
~ 10%-fold by this procedure to a specific activity
of 0.2 gmol-min~'- (mg protein)~'.

2.3. Protein kinase assy

Protein kinase was assayed radiochemically as
described [11] in a standard reaction medium con-
taining S0 mM Tris (C1-, pH 8.0), 8 mM MgCl,,
2 mM dithiothreitol, 0.3 mM EGTA, 2.0 mM
2-mercaptoethanol, 25 xuM ATP (specific activity
of [y-**P]ATP was ~ 100 mCi/mmol), 1 mg/ml
lysine-rich histone, protein kinase and further rele-
vant additions (Ca®*, phosphatidylserine or fatty
acids).

3. RESULTS

The soluble wheat embryo protein kinase is
largely dependent on free Ca?* for activity (fig.1).
Linoleic acid activates the protein kinase ~ 10-fold
at free Ca?* concentrations below 107%M (at
which concentrations the protein kinase is other-
wise almost inactive); at a free Ca?* concentration
of about 107® M the protein kinase is activated to
more than 60% of the maximum attained in the
presence of linoleic acid and high Ca** but the pro-
portional activation due to linoleic acid decreases
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Fig.1. Ca*"-dependence of protein kinase activation by
linoleic acid. Protein kinase was assayed in triplicate in
the standard assay containing 0.3 mM EGTA and
various Ca’* concentrations in the presence of 17%
(v/v) DMSO (—0o—) or 0.7 mM linoleic acid and 17%
(v/v) DMSO (—e—). Free Ca?’' concentration was
calculated as described [10]. pCa®* is — logo (free Ca’*
concentration (M)). Error bars indicate standard devia-
tions.

as the Ca?* concentration is further increased
(fig.1). Similarly, oleic acid activates the protein
kinase ~ 10-fold at free Ca** concentrations below
107 M (fig.2). Maximum activity with oleic acid
present is obtained at 107 M Ca®* but at higher
concentrations of Ca”* the proportional effect due
to oleic acid decreases (fig.2). Arachidonic acid ac-
tivates substantially at free Ca®* concentrations
less than 107° M but is inhibitory at higher Ca**
concentrations (fig.3).

In marked contrast to the above effects of un-
saturated fatty acids, in the presence of 0.8 mM
stearic acid, 0.8 mM arachidic acid and 0.4 mM
phosphatidylserine protein kinase is 61, 63 and
101% of control activity, respectively, at 600 M
free Ca’*; 67, 47 and 125% of control at 9.4 xuM
free Ca%* and only 345, 145 and 111% of control
in the presence of 0.2 mM EGTA and no added
CaCl,. The fatty acids and phosphatidylserine
were added dissolved in DMSO to give a final
DMSO concentration of 17-20% (v/v). DMSO has
little effect on the protein kinase activity at 600 xM
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Fig.2. Ca**-dependence of protein kinase activation by

oleic acid. Protein kinase was determined, as described

in the legend to fig.1, in the presence of 17% (v/v})

DMSO (—0—) or 0.3 mM oleic acid and 17% (v/v)
DMSO (—e—).

free Ca®*: activity with 20% (v/v) DMSO present
is 88% of control activity with no DMSO added.

The effects of fatty acids on protein kinase at
free Ca®* concentrations less than 107® M are not
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Fig.3. Ca’*-dependence of protein kinase activation by

arachidonic acid. Protein kinase was determined, as

described in the legend to fig.1, in the presence of 17%

(v/v) DMSO (—0—) or 0.9 mM arachidonic acid and
17% (v/v) DMSO (—e—).
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Fig.4. Protein kinase activation by arachidonic and
arachidic acids in the absence of Ca®*. Protein kinase
was assayed in duplicate in the standard conditions in
the presence of 0.3 mM EGTA, 17% (v/v) DMSO, no
added Ca®* and increasing concentrations of
arachidonic acid (—o—) and arachidic acid (—e—).
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Fig.5. Protein kinase activation by oleic, linoleic and
stearic acids in the absence of Ca®*. Protein kinase was
assayed in duplicate in the standard conditions in the
presence of 0.3 mM EGTA, 17% /v/v) DMSO, no add-
ed Ca’* and increasing concentrations of oleic acid
(—0—), linoleic acid (—e—) and stearic acid (—a—).
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due to contaminating Ca’* in the fatty acid
preparations. Indeed in the experiments shown in
figs 1-3, activation of the protein kinase by Ca2*
in the absence of fatty acid and the presence of
0.3 mM EGTA requires the addition of ~0.3 mM
Ca’*. The oleic acid, arachidonic acid and phos-
phatidylserine preparations used here have been
previously shown to contain no detectable Ca®*
[13]. No free Ca** (<1 nmol/«mol) was detected
by titration with EGTA in any of the fatty acid
preparations employed here.

Half-maximal and maximal activation of the
protein kinase in the absence of Ca®* is obtained
at 0.15 mM and 1.0 mM arachidonic acid, respec-
tively (fig.4). The saturated analogue arachidic
acid activates maximally at 0.4 mM but to a much
lesser extent than arachidonic acid (fig.4). Similar-
ly, half-maximal activation of the protein kinase in
the absence of Ca** is obtained at 0.15 mM oleic
acid and ~0.35 mM linoleic acid (fig.5). The
saturated analogue stearic acid activates maximally
at 0.2 mM in these conditions but to a much lesser
extent than the unsaturated fatty acids (fig.5).

4. DISCUSSION

While the wheat embryo Ca’*-dependent pro-
tein kinase is not activated by phosphatidylserine
plus diolein [11] or by phosphatidylserine in the
presence or absence of Ca?*, this enzyme can be
substantially activated by unsaturated fatty acids
in the presence or absence of Ca**. The concentra-
tions of oleic acid and arachidonic acid required
for activation of the wheat protein kinase
(10741073 M) are commensurate with concentra-
tions required for activation of protein kinase C
[13]. We have previously demonstrated that the
soluble Ca*"-dependent protein kinase resolved
from wheat embryo by Ca’*-dependent hydro-
phobic chromatography is dependent for activity
on free Ca®* concentrations of ~ 107 M [11]. The
present data show that this protein kinase can be
further activated by unsaturated fatty acids at free
Ca’' concentrations of 107°-107° M, i.e. similar
to the free Ca’* concentrations found in electrical-
ly excited plant cells [4]. A third means of ac-

36

FEBS LETTERS

August 1987

tivating this type of protein kinase demonstrated
here is activation by unsaturated fatty acids in the
absence of Ca®*. This fatty acid-dependent but
Ca’*-independent activity can be ~ 10% of the ac-
tivity in the presence of high Ca** alone (figs 1-3).
Accordingly, plant Ca®*-dependent protein
kinases may be activated significantly in vivo in the
absence of elevated cytosolic Ca®* by signals
resulting in elevation of unsaturated fatty acid
levels.

ACKNOWLEDGEMENT

This work was supported by the Australian Re-
search Grants Scheme.

REFERENCES

[1] Hepler, P.K. and Wayne, R.O. (1985) Annu. Rev.
Plant Physiol. 36, 397-439.

[2] Nishizuka, Y. (1984) Nature 308, 693-698.

[3]1 Nairn, A.C., Hemmings, H.C. and Greengard, P.
(1985) Annu. Rev. Biochem. 54, 931-976.

[4] Williamson, R.E. and Ashley, C.C. (1982) Nature
296, 647-651.

[5] Miller, A.J. and Sanders, D. (1987) Nature 326,
397-400.

[6] Schafter, A., Bygrave, F., Matzenauer, S. and
Marmé, D. (1985) FEBS Lett. 187, 25-28.

[71 Muto, S. and Shimogawara, K. (1985) FEBS Lett.
193, 88-92.

[8] Olah, Z. and Kiss, Z. (1986) FEBS Lett. 195,
33-37.

[9] Elliott, D.C. and Skinner, J.D. (1986) Phyto-
chemistry 25, 39-44,

[10] Polya, G.M., Davies, J.R. and Micucci, V. (1983)
Biochim. Biophys. Acta 761, 1-12.

[11] Polya, G.M. and Micucci, V. (1984) Biochim. Bio-
phys. Acta 785, 68-74.

[12] Polya, G.M. and Micucci, V. (1985) Plant Physiol.
79, 968-972.

[13] Murakami, K. and Routtenberg, A. (1985) FEBS
Lett. 192, 189-193.

[14] Heyns, W.P. and De Moor, P. (1974) Biochim.
Biophys. Acta 358, 1-13.

[15] De Nooij, E.H. and Westenbrink, H.G.K. (1962)
Biochim. Biophys. Acta 62, 608-609.

[16] Johns, E.W. (1964) Biochem. J. 92, 55-59.



