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Abstract—Some differences were found between Mg®*- and Ca®*-stimulated phosphatase secretion in cultured
tobacco cells. The effect of Mg®* ions was greater than that of Ca®* ions, and Ca’* ions at below 1 mM rather
depressed the secretion. Upon the addition of Mg®* ions plus Ca®* ions, a synergistic stimulation of the
secretion occurred. Different influences on the effects of Mg”* and Ca®" ions on the secretion were exerted by
treating cells with metabolic inhibitors that reduced the level of cellular metabolic energy. Phosphate (Pi) and

arsenate did not depress the secretion in the presence

of Mg** ions, but did depress it in the presence of Ca**

ions. These results strongly suggested that the secretion of phosphatase involved at least two different steps

affected by divalent cations.

INTRODUCTION

In cultured tobacco XD-6 cells, the synthesis and
release of phosphatase into the culture medium are
enhanced by Pi deficiency [1-3]. The rate-limiting
step of the enzyme release is the transport of the
enzyme from the cytoplasm to the outside of the cell
membrane (secretion in the narrow sense) [3].
Divalent cations enhance the enzyme release not only
by stimulating the transport process, but also by
liberating the enzyme retained exterior to the cell
membrane, e.g. in the cell wall [4].

It is known that Ca®* ions are required for tip
growth in pollen tubes [5,6]. Reiss and Herth [7]
suggested that Ca®" ions are required for the exocy-
tosis of pollen wall materials. In animal secretory
cells [8-10], Ca*" ions specifically act as a mediator of
the stimulus-secretion coupling event. This infor-
mation as to the role of Ca>" ions in plant and animal
cells prompted me to investigate whether or not in
XD-6 cells Ca** ions and other divalent cations acted
on phosphatase transport in a common way.

In the present study, the effects of Mg®* and Ca**
ions on phosphatase transport in XD-6 cells were
compared with each other.

RESULTS AND DISCUSSION

As shown in Fig. 1, enzyme transport was more
efficiently stimulated by Mg®* ions than by Ca®* ions,
and it was slightly depressed by Ca®>’ ions below
1 mM. The depression by Ca®* ions did not occur, and
transport of the enzyme was synergistically stimu-
lated, when Ca®* ions were added concomitantly with
Mg** ions at low concentration. The effect of 1 mM
Mg** ions plus 2.5mM Ca®* ions was equivalent to
that of either 10 mM Mg** or 10 mM Ca** (Fig. 3). If
Mg** and Ca®* ions affected transport of the enzyme
in a common way, the effect of Mg®* ions plus Ca**
ions should be at most equivalent to the sum of the
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Fig. 1. Synergistic stimulation of phosphatase transport by

Mg?* and Ca®* ijons. Transport rates in the presence of

MgCl, (O—0), CaCl, (@—@), or MgCl, (1 mM) plus CaCl,

(A—A) are expressed as relative values taking the transport

rate in the absence of divalent cations as 1. Averages of 2-4

replicate experiments are presented: the bars show the range
of values in replicate experiments.

individual effects of the cations. Thus, the synergistic
effect of Mg**, ions plus Ca®* ions suggested that
these cations may have different roles in the transport
process.

Different influences on the effects of Mg®* and Ca>*
ions on the transport of the enzyme were exerted by
treating cells with low concentrations of metabolic
inhibitors which reduce the level of cellular metabolic
energy. In 0.1 mM NaNs-treated cells (Fig. 2), the
maximum level of transport in the presence of Mg**
jons was reduced to only about 1.8 times that of the
control (without divalent cations) and the concen-
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Fig. 2. Effects of Mg?* and Ca®* ions on phosphatase trans-
port in NaNs-treated cells. After 40 min pre-incubation with
or without 0.1 mM NaN,, various concns of MgCl, (a) or
CaCl, (b) with or without NaN; were added and the trans-
port rates measured. Averages of 24 replicate experiments
are expressed as relative values taking the transport rate in
the absence of divalent cations as 1: the bars show the range
of values in replicate experiments. NaN; treatment had no
effect in the absence of divalent cations. O—O, without
NaN, treatment; @—@®, with NaN; treatment; A—A. with
NaN, treatment in the presence of 2.5 mM MgCl,.

tration of Mg®* ions, at which the maximum effect
was achieved, shifted to a lower level, i.e. about
2.5mM. On the other hand, Ca®" ions at less than
5mM did not affect transport in the NaN,-treated
cells, and were stimulatory at concentrations greater
than 5 mM. The effect of Ca®* ions did not reach the
maximum level until 40 mM. The effects of various
concentrations of Ca® ions in the presence of 2.5 mM
Mg** ions on transport in the NaN;-treated cells were
also measured (Fig. 2). Although transport in the
NaN;-treated cells reached the maximum level in the
presence of 2.5 mM Mg?* ions alone, it was stimulated
more by the concomitant addition of Ca** ions even
at less than 5mM. However, the maximum level
achieved by Mg> ions plus Ca®* ions with the azide-
treatment was lower than that without the azide-
treatment. L-Ethionine is known to reduce the cel-
lular ATP level by trapping ATP as S-adenosy-
lethionine [11], and in XD-6 cells the ATP level
decreased to about 60% of the control upon treatment
with 0.1 mM L-ethionine (Fig. 3). In the L-ethionine-
treated cells (Fig. 3), the effects of Mg”" ions on the
enzyme transport was conspicuously depressed, but
that of Ca®* ions was not affected, when compared with
those without the L-ethionine treatment. The maximum
level of enzyme transport achieved by Mg** ions was
reduced and the concentration, at which the maximum
effect was achieved, shifted to a lower level, as in the
NaN;-treated cells.
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Fig. 3. Effects of Mg** and Ca® ions on phosphatase trans-
port in L-ethionine-treated cells. Experimental procedure
was the same as described in Fig. 2 except that 0.1 mM
L-ethionine was substituted for 0.1 mM NaN,. Averages of
two replicate experiments are expressed as relative values
taking the transport rate in the absence of divalent cations
as 1: the bars show the range of values in replicate experi-
ments. 1.-Ethionine treatment had no effect in the absence of
divalent cations. (a) Effect of MgCi, with (@—@) or without
(O—0O) L-ethionine treatment. (by Effect of CaCl, with (@—
@) or without (O—C) 1-ethionine treatment.

These results from the treatment with NaN; or
L-ethionine also supported the view that the transport
process involved at least two different steps affected
by divalent cations, a Mg* " -stimulated step and a
Ca*-stimulated step. In addition, the results also
suggested a close relationship between the action of
divalent cations and the energy-requiring step limiting
enzyme transport. If the effect of divalent cations
was directly dependent on the level of cellular
metabolic energy, the maximum effects of the ions
should have been reduced and should have been
achieved at lower concentrations, when the supply of
metabolic energy was reduced by treatment with
metabolic inhibitors. The results indicated that the
effect of Mg®* ions was affected in such a manner by
the treatment with metabolic inhibitors. Thus, it
seemed that at least the Mg*' -stimulated step was
directly dependent on the level of metabolic energy.

In 2,4-dinitrophenol-treated cells, enzyme transport
was depressed in the presence of Mg™* ions, but pot
in the presence of Ca®* ions (Table 1). This result was
compatible with those from the treatments with NaN;
and L-ethionine. A distinction between the effects of
Mg** and Ca® jons was also made by treating cells
with Pi and arsenate. Pi is known to inhibit enzyme
transport even at 1 uM [3]. As shown in Fig. 4, Pi at
50 uM did not affect transport in the presence of
3mM Mg®" ions, but depressed it in the presence of
3mM Ca> ions. The inhibitory effect of Pi was
temporary as had been reported [3]. The time course
of decrease in Pi concentration of the medium with
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Table 1. Effects of Mg?* and Ca®" ions on
phosphatase transport in DNP-treated cells

Transport rate

Addition (mU/ml/hr)
MgCl, 2.80
MgCl, + DNP 1.62
CaCl, 2.73
CaCl,+ DNP 273

Experimental procedure was the same as
described in Fig. 2, except that 0.1 mM DNP
was substituted for 0.1 mM NaN,. Averages of
duplicate experiments are presented. Concen-

trations of MgCl, and CaCl, were adjusted to
S mM.
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Fig. 4. Effect of Pi on phosphatase transport in the presence
of \402'* or f‘-nz* ions.
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f‘nz inne did nat

ions Qiad not Siguiucaﬂﬂ" diﬁef from that with
Mgz* ions. Thus, the drﬁ rent effects of Pi on enzyme
transport seemed not to result from the difference in
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of the enzyme was also found to be depressed by
arsenate only in the presence of Ca*" ions (Table 2).
The lmuuuor'y' effect of arsenate was not temporary,
and the enzyme transport remained at a reduced rate
for at least 6 hr of incubation. Arsenate is known to
act as a metabolic inhibitor and thought to reduce the
level of cellular metabolic energy. However, the
effect of arsenate in this study was rather compatibie
PP U [

w1m [Ild.l UI l"l ll bCCmCU I.[ldl arsénaie at 10w Con-
centration acted as an analogue of Pi.

Table 2. Effect of arsenate on phosphatase
transport in the presence of Mg?* or Ca®* ions

Transport rate

Addition (mU/ml/hr)
MgCl, 2.12
MgCl, + NaH,AsO, 2.29
CaCl, 2.44
CaCl, + NaH,AsO, 1.33

Transport rates during the incubations with
or without 50 uM NaH,AsO, in the presence
of 3mM MgCl, or CaCl, are presented. The
values are averages of duplicate experiments.

In conclusion, the present study suggested that the
phosphatase transport process of XD-6 cells involved
at least two different steps susceptible to divalent
cations; a Mg**-stimulated step and Ca®*-stimulated
step. The Mg”*-stimulated step seemed to be directly
dependent on the level of cellular metabolic energy.

In the stimulus-secretion coupling event of animal
cells [8-10], Ca** ions are thought to regulate the
activation of the cytoskeleton system composed of
microfilaments and microtubules, which occurs in
response to specific stimuli and leads the release of
secretory products outward from the cell membrane
by consuming metabolic energy from ATP. It is also
known in plant cells that Ca** ions play a role in
secretory process. Reiss and Herth [7] confirmed
microscopically that the calcium-ionophore A-23187
drastically disturbed the secretion of pollen wall
materials. They suggested that the exocytosis of
pollen wall materials was oriented by an intracellular

gradient of Ca>" ions [7]. Becerra and Lopez- -Saez
[12] also proposed that Mg®* and Ca®" ions parti-

crpated in different manners in the secretory process
in plant cells, by interpreting effects of these ions on

cytokinesis in onion root meristems. Sticher et al[13]

recently showed that the peroxidase release in
spinach cell suspension culture required Ca®" ions. It

is of interest whether in nlant secretory svstems (‘a
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ions play a similar role to that in ammal systems.

EXPERIMENTAL

Cells. Tobacco cell line XD-6 was cultured without Pi, and
was induced to synthesize and release phosphatase as des-
cribed pf%'vu’)dsly [Z, 3]

Measurement of phosphatase transport. Phosphatase
transport was measured according to the procedure des-
cribed previously [4]. Cells (4.8 % 10°) that had been washed
with the basal medium (KNSV medium) were transferred to
100-ml concial flasks, suspended in 10ml of the basal
medium with or without inhibitors, and pre-incubated for
30-40 min at 25° on a reciprocal shaker. After the pre-
incubation, 10 ml of the basal medium containing Mgz* or
Ca®" ions with or without metabolic inhibitors was added to
the flasks, and the incubation at 25° continued. The rate of
phosphatase transport (transport rate) was defined as the
increase in the extracellular phosphatase activity per hr
(mU/ml/hr), and was calculated from the linear increase in
the extracellular enzyme activity for at least 3 hr.

Enzyme assay. Phosphatase activity was measured at 30°
using SmM p-nitrophenylphosphate as the substrate in
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100 mM NaOAc buffer (pH 5.6) {2]. One unit of enzyme
activity (1U =1000mU) was defined as the activity
hydrolysing 1 umol substrate/min. The enzyme activity was
not affected by divalent cations, Pi, arsenate and metabolic
inhibitors at the concns used in the present study,

Analytical methods. ATP was measured using an ATP-Kit
(Boeringer Mannheim Co.). Pi was measured by a
modification {14] of the method of ref. [15].
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