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Plant defense mechanisms respond to diverse environmental factors and play key roles in signaling pathways. The
phospholipidic signaling pathway forms part of the plant response to several phytoregulators, such as salicylic acid (SA)
and methyl jasmonate (MJ), which have been widely used to stimulate secondary metabolite production in cell cultures.!
Furthermore, it has been reported that the levels of such phytoregulators as SA and MJ can increase in response to
stressful conditions.?? The phospholipidic signal transduction system involves the generation of second messengers by
the hydrolysis of phospholipids. In this study, we examined how phospholipidic signaling can be modulated depending
on the growth stage of the culture, and we focused on two key lipases having relevant roles in the signaling cascades in
plants. An evaluation was made of the effects of SA and MJ on the phospholipase activities in Capsicum chinense Jacqg.
suspension cells at different phases of the culture cycle. The treatment with SA differentially modified the phospholipase
C (PLC) (EC: 3.1.4.3) and phospholipase D (PLD) (EC: 3.1.4.4) activities in a dose-dependent manner that also depended
on the day of the culture cycle. In contrast, the treatment with MJ resulted in a biphasic behavior of the PLC and PLD
activities. We conclude that the enzymatic activities in the phospholipidic signaling pathways are modified differentially
depending on the day of the culture’s growth cycle; accordingly, the response capacity to such environmental factors as

phytoregulators is variable at different stages of growth and the physiology of the cells.

Results and Discussion

In the mechanisms of cellular transduction, phospholipid signal
transduction participates as the main pathway leading to the
cascade of phospholipidic signals. The phospholipid system con-
sists of the generation of messengers by several reactions, such
as phospholipid hydrolysis, phosphorylation and dephosphoryla-
tion. After a signal is perceived, several enzymes involved in the
signaling cascades are activated, including PLC, which hydro-
lyzes phosphatidylinositol ~ 4,5-bisphosphate  (PtdIns(4,5)P)),
generating two products: inositol 1,4,5-trisphosphate (Ins(1,4,5)
P,) and diacylglycerol (DAG). Ins(1,4,5)P, is an important sec-
ond messenger that causes the liberation of Ca** ions into the
cytosol* as a consequence of the opening of calcium channels.
Another enzyme, PLD, generates the second messenger phospha-
tidic acid (PA) via the hydrolysis of membrane phospholipids,
such as phosphatidylcholine (PC); PA can also be generated by
the action of diacylglycerol kinase (DGK)® on DAG. PA has a
key function as a second messenger in plants and modulates the
activities of kinases, phosphatases, phospholipases and other pro-
teins involved in membrane trafficking, calcium signaling and
biotic and abiotic stress responses.”

In plants, the regulation of phospholipase activities is closely
related to and plays an important role in the generation of second
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messengers in response to a broad range of biotic of abiotic
stresses. The regulation of several processes during growth and
the PLC activity are modified by the presence of aluminum in
Catharanthus roseus’ and in response to abscisic acid (ABA)"
and auxin."! PLC is associated with increased phytoalexin pro-
duction in cultured carrot cells,'? pisatin accumulation in pea,'
the improvement drought tolerance in maize' and osmotic stress
tolerance in tobacco.” PLD has been linked to a wide range of
cellular processes of biotechnological importance and that medi-
ate signaling and stress responses.'®” The PLD activity also is
involved in elicitor-induced phytoalexin accumulation in rice
cells.’® It has also been reported that phospholipase activities are
involved in responses to other phytoregulators, such as cytoki-
nins,” SA,* ABA,*?? MJ and ethylene.” SA and MJ mediate
cell responses to stress, and these compounds have been used as
elicitors to study secondary metabolite production in suspension
cell cultures of different plants, including Capsicum."*»

The main goal of this work was to investigate the effects of
SA and M] on the activities of two phospholipases (PLC and
PLD) in Capsicum chinense cells on different days of the cul-
ture cycle to complement data reported in.! We used an enzy-
matic in vitro assay with a radiolabeled substrate in both assays,
’[H]-PtdIns(4,5)P, and *[H]-PC, measuring the formation of
Ins(1,4,5) P, for the PLC activity and choline for the PLD activity,
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Figure 1. Effects of increasing concentrations of MJ on day 7 and SA on day 14 of

the cell culture for 30 min on the PLC (A, C) and PLD (B, D) activities, respectively.

The conditions of the treatments and the enzyme activities measurements are as
reported.' The results shown are the means of five separated experiments + SE and
are expressed as a percentage of the phospholipase specific activity in the absence of

in the first stage of the culture cycle (Fig. 1, panel B)
was 2-fold compared with the activity of the cells at
14 d of growth.['] The PLC and PLD enzymes are
involved in the process of cytoskeletal organization,
post-translational modification or defensive metabo-
lite production, and our results demonstrate their

respectively. The experimental procedure was performed as previ-
ously reported.' The results obtained (Fig. 1) show that the PLC
activity in the cells on day 7 of the culture was stimulated at 25
uM and 100 wM M] concentrations (Fig. 1A). In contrast, the
PLD activity on day 7 presented an activation with a biphasic
behavior, showing two points of high levels of activity, stimu-
lated to 250% and 290% above the control, when the cells were
incubated with 25 and 100 pM of MJ, respectively (Fig. 1B).
PLC activity in cultured cells for 14 d was stimulated mainly with
25 pM SA. When using higher SA concentrations, PLC activity
values remained above the control ones (Fig. 1C), whereas the
formation of *H-choline in the cells at 14 d in the presence of 25
M of SA was stimulated by 70%, and then there was a decrease
in the stimulation of PLD activity.

In summary, our data show that the phytoregulator com-
pounds involved in stress responses, including SA and M], can

differential responses to phytoregulators SA and MJ,
which are key in several mechanisms of defense (Fig. 2, bottom
panel). During the growth cycle, constant metabolic changes are
occurring in the cells, and the function of phospholipases could
be an outstanding mode to control those processes. We conclude
that SA and M]J modulate phospholipidic signaling at different
stages of the culture cycle and that these molecules may have
diferentially regulatory effects in the general response to phyto-
regulators in Capsicum chinense J. cells (Fig. 2).
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Figure 2. The effects of phytoregulators (MJ, SA) on phospholipase signaling. The effects of these molecules on the PLC or PLD activities are de-
pendent on the day of the culture and can modulate several downstream processes in C. chinense cells. These effects can include responses at the

biochemical and molecular levels (reference 1 and the present study).
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