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Jasmonic acid (JA) is a plant hormone that plays a crucial role in various aspects of growth
and developmental, and especially in stress tolerance. Role of lipid signaling in jasmonic acid
action is actively studied in plants. Participation of phospholipase D (PLD) and phosphoinositide-
specific phospholipase C (PI-PLC) as lipid signaling enzymes was proposed forjasmonic acid
action.Rapid activation of PLD by JA was found in potato stolons [1], whereas its activation
during the longer time points in other plants was shown to be independent on its protein level [2-
4]. Rapid activation of PI-PLC [1-4] was also found in plants. However, roles of specific isoforms
of the mentioned enzymes in different JA responses in plants have not been investigated.

In order tostudy the role of specific PLD and PI-PLC in jasmonic acid action, the effect of
the hormone in regulation of growth responses was assessed in various single and double knockout
mutants of their isoforms (pld and plc). It was found that the reduction of hypocotyl and root
growth induced by high concentration of jasmonic acid in single PLD mutantswas the same as in
wild-type plants. However, the reduction of hypocotyls growth was insensitive to high levels of
jasmonic acid in plda3/pldyl, pld{1/pld{2b, and plc9 mutants.Weak reduction of JA effect was
found in hypocotyls of plcl and plc8, and in roots of p/c2 mutants. In order to investigate the role
of PLD isoforms in cellular sensitivity to JA, JA-insensitive mutants (plda3/pldyl, pld(1/pld{2b)
were tested for hypocotyl growth inhibition induced by different JA concentrations. It was found
that hypocotyls sensitivity to JA was partially reduced in the mutants at all JA levels
tested;therestoration of inhibitory action of JA in the mutants needed higher concentrations of JA
and the level of hypocotyls growth reductionwas different in the mutants (Fig. 1). This suggests
that simultaneous activity of PLDa3 and PLDyl isoforms, and, especially, PLD{1 and PLDZ2
isoforms is the regulator of JA sensitivity in plant cells. Analysis of partial hypocotyl growth
inhibition of single and double mutants of PLD genes under low jasmonicacid concentrations
indicates that this response is insensitive to JA in mutants of PLDal, PLDa3, PLDB1, PLDf2,
PLDe, and PLDC2 isoforms suggesting their roles in these JA-regulated growth responses.

Role of specific isoforms of phospholipases was studied in the regulation of plant tolerance
to heavy metal stress. In wild-type plants, low concentrations of JA partially restored hypocotyl
growth inhibition induced by heavy metal stress (copper and cadmium excess). However, mutants
of PLDB1 and PLDy1 isoforms were insensitive to this JA response. At high concentrations of the
hormone, the development of heavy metal tolerance was not observed. Analysis of reactive oxygen
species production suggests that JA-induced reduction of superoxide radical formation initially
stimulated by copper and cadmium excess is blocked in mutants of PLDB1 and PLD2 isoforms,
in comparison to other PLD mutants. In p/c9 mutants, the accumulation of superoxide radical was
significantly increased in response to low level of JA in copper/cadmium stress conditions
suggesting the negative role of PI-PLC9 in heavy metal stress tolerance. Hyposensitivity to JA in
restoration of root growth observed in this mutant supports this conclusion.Analysis of hypocotyl
growth restoration induced by low concentrations of JA suggests that PLDal, PLDa2, PLDf1,
PLDf2 and PLDy1 play a positive role in JA-induced copper and cadmium stress tolerance.

For deeper investigations of the role of phospholipases in JA-induced heavy metal stress
tolerance, endogenous levels of heavy metals and their natural chelators (free proline and
phenolics) were analyzed in intact and mutated plants. It was found that in comparison to high
concentrations, low levels of JA in leaves of wild-type plants induced an additional increase of
free proline levels stimulated by heavy metals, and restored free phenolics levels that were reduced
by the stressors. However, this response was not observed in PLDB1 and PLDy1 mutants. Results
of histochemical localization of heavy metals in Arabidopsis hypocotyls indicates that JA-induced
reduction in copper and cadmium localization was not observed in mutants of PLDB1 and PLDyl1.
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In contrast, the development ofJA-induced heavy metal stress tolerance was weakenedinplc9
mutant. Therefore, PLDB1, PLDy1, and PI-PLC9 can be involved in most studied jasmonic acid
responses in Arabidopsis.
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Fig. 1 Role of PLD in hypocotyl growth sensitivity to JA with application of wild-type (wt)
and transgenic plants, and different hormone concentrations

Analysis in silico and literature data support the role of PLD isoforms in jasmonic acid
action in plants. Prediction of protein-protein interaction by “AraPPINet” Arabidopsis database
suggests the possible interaction of PLDal with JAZ1, JAZ4, JAZS, and JAZI10 proteins —
negative transcription regulators of JA signaling. Moreover, rice database “RicePPINet” predicts
the interaction of rice PLDal with COI — a jasmonic acid receptor. Activation of oleate-dependent
PLD and phosphoinositide-dependent PLD in B. napus leaves [2], and also reduction of JA-
sensitive gene expression in knockout mutants of Arabidopsis PLDB1 [5] support the role of PLDd
and PLDp/y isoforms in primary stages of jasmonic acid action in plants.
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