Volume 195, number 1,2

FEBS 3281

January 1986

Lysine-sensitive plant aspartate kinase is not regulated by
calcium or calmodulin
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Lysine-sensitive plant aspartate kinase purified from Daucus carota to a specific activity 20-fold higher than

previously reported was not activated by calcium or calmodulin. The calmodulin antagonists calmodazo-

lium and compound 48/80 did not inhibit activity. However, trifluoperazine exhibited an inhibitory effect,

but only at high concentrations. The results do not agree with a previous proposal that calcium and cal-
modulin play a key role in regulating higher plant lysine-sensitive aspartate kinase.

Ca** Calmodulin

1. INTRODUCTION

Calmodulin extractable from plant tissue bears a
number of striking similarities to that from animal
tissue, these similarities include: molecular mass,
amino acid composition and sequence, the affinity
towards calcium and the potency in activating
animal and plant calmodulin-dependent enzymes.
These enzymes include protein kinases, NAD
kinase and calcium ATPase [1]. Recently, it has
been reported that the enzyme aspartate ki-
nase (ATP:aspartate 4-phosphotransferase, EC
2.7.2.4) is activated by calcium and a calmodulin-
like factor from plants {2].

Aspartate kinase is present in both plants and
microbes and catalyses the phosphorylation of
aspartate to aspartyl phosphate. The reaction is the
first step in the biosynthesis of the amino acids
isoleucine, lysine, threonine and methionine. In-
terest in these pathways stems from the fact that all
the previously mentioned amino acids are essential
for simple-stomached animals and that plant pro-
teins are low in lysine (cereals) or methionine plus
cysteine (legumes) {3].

In barley leaves, there are 3 isoenzymes of aspar-
tate kinase: one enzyme is inhibited by threonine,
the other 2 have their inhibition by lysine poten-
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tiated by S-adenosylmethionine [4]. We are
presently purifying the lysine-sensitive forms of
aspartate kinase from a Daucus carota cell suspen-
sion culture and its potential regulation by calcium
and calmodulin has been investigated with enzyme
preparations whose specific activities are over
20-fold higher than previously reported [5].

2. MATERIALS AND METHODS

Aspartate kinase was purified from carrot
(Daucus carota L. D.C.3) cell suspension culture;
100 g of material (stored in liquid N;) was
homogenised in 100 ml of 50 mM K;PO4/NaOH
buffer (pH 7.4) containing 1 mM DTT, 50 mM
KCl and 20% (v/v) ethanediol. After centrifuga-
tion at 20000 X g for 30 min the supernatant was
brought to 60% saturation with ammonium
sulphate and centrifuged at 20000 x g for 30 min.
The precipitate was dissolved in the extraction buf-
fer, applied to a Sephacryl S-200 (Pharmacia) col-
umn (2.6 x 65.0 cm) and equilibrated with 25 mM
Tris/HCI (pH 7.1) containing 50 mM NaCl, 1 mM
DTT and 10% (v/v) ethanediol. Active fractions
were pooled, applied to a DEAE-Sephacel (Phar-
macia) column (2.5 X 8.0 cm) and equilibrated
with 25 mM Tris/HCI (pH 7.1) containing 50 mM
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NaCl, 1 mM DTT and 10% (v/v) ethanediol.
Bound material was eluted with a linear gradient of
50—-300 mM Nacl, and active fractions pooled and
used in the experiments. The activity was measured
by incubating 0.1 ml enzyme at 30°C with 0.1 ml
of 250 mM L-aspartate (pH 7.4), 0.1 ml of 50 mM
K;P0O4/NaOH (pH 7.4) containing 1 mM DTT,
50 mM KClI and 10% (v/v) ethanediol, 0.05 ml of
4 M hydroxylamine (pH 7.4), 0.05 ml of 20 mM
ATP (pH 7.4), 0.05 ml of 250 mM MgSO4 and
0.05 ml H>O. The reaction was terminated by the
addition of 0.5 ml ferric chloride reagent (0.37 M
FeCl3, 0.67 M HCI, 0.2 M trichloroacetic acid)
and the absorbance at 505 nm measured. Addi-
tional plant material from barley and pea seedling
leaves was purified to the ammonium sulphate
stage and desalted on Sephadex G-25 (Pharmacia).
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hibitors of calmodulin-dependent enzymes on the
highly purified preparations of lysine-sensitive
aspartate kinase isolated from D. carota cells.
There was no significant inhibition of enzyme ac-
tivity by calmodazolium, EGTA or compound
48/80 [8]. The only detectable inhibition of en-
zyme activity was observed with trifluoperazine at
the same concentrations used by Sane et al. [2].
Essentially similar results were obtained with the

Table 1

The effect of inhibitors of calmodulin on the activity of
aspartate kinase purified from D. carota cells

Specific % inhibi-
activity tion

One unit of activity is defined as nmol aspartyl (units)
hydroxyamate formed min~!-mg™! protein. Enzyme 329 0
Calmodulin was partially purified from spinach Enzyme + 5 mM lysine 29 91
leaves as described in [6] to the DEAE-cellulose Enzyme + 5 mM threonine 316 4
step, with ammonium sulphate precipitation Enzyme — ATP 0 100
replacing heat denaturation. Using bovine Enzyme + 0.1 mM EGTA 334 0
calmodulin and Ca®*-dependent phosphodiester- Enzyme + 1 mM EGTI’; 329 0
ase (PDE) outlined in [7], 2% of the spinach ~ Enzyme +0.05 mM Ca’™ 334 0
extracted was estimated to be calmodulin. One unit Enzyme + 0.5 mM Ca ) 310 6
of PDE hydrolysed 1 zmol cyclic AMP-min~! at Enzyme + 0.4 4M calmodazolium 329 0
25°C Enzyme + 2 uM cahllodazohum 329 0
’ ) ) Enzyme + 25 zg-ml™!
All chemicals were purchased from Sigma. compound 48/80 278 16
Enzyme + 50 xg-ml™"
compound 48/80 2901 12
3. RESULTS Enzyme + 100 zM trifluoperazine 214 35
Table 1 shows the effect of calcium and in- Enzyme + 500 M trifluoperazine 94 72
Table 2

The effect of bovine and spinach calmodulin on the activity of D. carofa lysine-sensitive aspartate kinase and
Ca®*-bovine heart phosphodiesterase

Specific activity (units)

D. carota aspartate kinase 330
+ 0.5 mM Ca®* + 5 xg-ml™! spinach calmodulin 321
+ 0.5 mM Ca®* + 10 gg-ml™! spinach calmodulin 326
+0.5 mM Ca®* + 12 4g-ml™! bovine calmodulin 308
+ 0.5 mM Ca®** + 12 zg-ml~! bovine calmodulin + 25 zg-ml™' compound 48/80 278

Bovine Ca**-phosphodiesterase
+ 0.2 £g-ml~! bovine calmodulin
+ 5 #g-ml™! spinach calmodulin

Activity (units x 1073
0.52
2.26
1.11
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D. carota enzyme at all stages of purification.
Cruder preparations of aspartate kinase isolated
from Hordeum vulgare and Pisum sativum leaves
were tested with 2 mM EGTA and 25 xg-ml™!
compound 48/80, no inhibition of activity was
observed.

The results in table 2 show that both spinach and
bovine calmodulin activated bovine heart
Ca’*-dependent phosphodiesterase but were
unable to activate D. carota lysine-sensitive aspar-
tate kinase. In addition the lysine-sensitive aspar-
tate kinase did not bind to calmodulin agarose
(Sigma) under conditions which normally bind
calmodulin-dependent enzymes.

4. DISCUSSION

Work on plant aspartate kinase in the past has
been limited due to loss of activity during purifica-
tion. Sane et al. [2] have attributed this loss in ac-
tivity to a removal of calmodulin. However, we
have recently obtained enzyme preparations in
good yield purified > 300-fold from D. carota cell
suspension cultures.

The inhibition of activity by trifluoperazine is
almost identical to that observed by Sane et al. [2]
at the same concentrations. However, trifluoper-
azine has been cited as a non-specific antagonist of
calmodulin and Roufogalis [9] has questioned the
relevance of studies at concentrations above
100 «M.

The majority of the enzymes (including aspar-
tate kinase) of the biosynthetic pathway which
leads to lysine, threonine, isoleucine and
methionine are totally located within the
chloroplasts [10]. Over 90% of plant calmodulin is
located in the cytosol with only 1-2% associated
with the chloroplasts [1]. Recent estimates put the
concentration of calmodulin inside the chloro-
plasts as low as 1—3 xg-ml~! [11,12], thus the con-
centration within the chloroplasts would be lower
than the concentration of bovine calmodulin tested
in table 2. Bearing this in mind we can find no
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evidence at this present time to support a role for
calcium and calmodulin in regulating lysine-
sensitive plant aspartate kinase.
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