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I hrough evolution, plants have

developed a myriad of strategies
to adapt to environmental perturba-
tions. Using 3 Arabidopsis ecotypes in
conjunction with various transgenic and
mutant lines, we provide evidence that
wounding and drought differentially
alter the metabolic signatures derived
from the 2 main competing oxylipin-
pathway branches, namely the JA and
its precursor 12-OPDA produced by
Allene oxide synthase (AOS) branch,
and aldehydes and corresponding alco-
hols generated by Hydroperoxide lyase
(HPL) branch. Specifically, we show
that wounding induces production of
both HPL and AOS-derived metabo-
lites whereas, drought stress only elicits
production of hexenal but suppresses
hexenol, and further uncouples the
conversion of 12-OPDA to JA. This
finding led to uncovering of 12-OPDA
as a functional convergence point of
oxylipin and ABA pathways to control
stomatal aperture in plant adaptive
responses to drought. In addition, using
transgenic lines overexpressing plas-
tidial and extraplastidial HPL enzyme
establish the strong interdependence of
AOS- and HPL-branch pathways, and
the importance of this linkage in tai-
loring plant adaptive responses to the
nature of perturbations.
Polyunsaturated fatty acids (PUFA)
are central to the structural integrity of
biological membranes and serve as pre-
cursors for active metabolites respon-
sible for modulation of a multitude of
signal transduction pathways evoked by
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environmental stimuli. Indeed, a prime
consequence of environmental stresses
is alteration of membrane lipid com-
position and the de novo synthesis of
biologically active compounds called
“oxylipins,” derivatives of oxygenated
PUFAs. Among the oxylipin pathways,
the enzymes allene oxide synthase (AOS)
and hydroperoxidelyase (HPL) are the
two major branches that compete for
the same substrates and are critical plant
stress response pathways.'?

The AOS pathway produces 12-oxo-
phytodienoic acid (12-OPDA) and jas-
monic acid (JA). JA biosynthesis begins
in plastids, and 12-OPDA is the final
product of the plastid-localized part
of the pathway.®> 12-OPDA is then
translocated to the peroxisome where
it is reduced by 12-OPDA reductase 3
(OPR3),
by CoA ester prior to undergoing three
rounds of B-oxidation to form JA.®*
12-OPDA is not only a metabolic inter-
mediate but also a signaling molecule
with both overlapping and distinct func-
tions from JA, best evidenced from stud-
ies on Arabidopsis opr3, a mutant that
accumulates 12-OPDA but is deficient in
JA? For example, JA and 12-OPDA both

induce expression of stress genes, but pro-

and subsequently activated

files of induced genes only partially over-
lap, and many genes are induced only by

one of the two metabolites.”!°

The HPL branch of the oxylipin path-
way produces aldehydes and correspond-
ing alcohols. One or more HPL genes
encode the first enzyme in the pathway,
differing in their substrate specificity
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Figure 1. Simplified model of differential response of oxylipin pathway branches to wounding and drought stress.

and subcellular localization, suggest-
ing their diverse function(s) in tailoring
plant responses to an specific stress.!
Our recent findings lend further support
to this notion by establishing that the
three rice HPLs (HPL1 through HPL3)
have distinct subcellular localization. We
have specifically shown that HPL2 is an
ER associated enzymes whereas HPL3 is
plastid localized.”* Importantly, Col-0
transgenic lines overexpressing HPL2
and HPL3 enzymes independently,
display distinct patterns of AOS- and
HPL-derived metabolites in response to
different stresses.'? In particular, subcel-
lular localization of HPL drastically alters
jasmonates signature in response to spe-
cific stresses. That is, overexpression of
plastidial HPL3 reduces the stress induc-
ible levels of both 12-OPDA and JA as
compared with the WT plants. This sug-
gests that overexpression of the plastidial
HPL leads to channeling of the substrate
pool away from AOS branch pathway. By
contrast, transgenic lines overexpressing
extraplastidial HPL2 or engineered HPL3
that lack a plastidial transit peptide, dis-
play an equal or higher stress-inducible
levels of 12-OPDA and JA as compared
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with the WT plants. These data indi-
cate that the extraplastidial localization
of HPL enhances activation of the AOS-
pathway, directly or indirectly by HPL-
derived metabolite. Moreover, the results
clearly confirm the interdependence of
AOS- and HPL- branch pathways, and
raises the question of the governing bio-
chemical and molecular mechanism(s) by
which extraplastidial HPL enzyme modu-
late jasmonates levels.

Additionally, we have established
the importance of fine turning of HPL
and AOS pathway metabolites in tailor-
ing plant adaptive responses to a diverse
range of perturbations. Using the HPL
overexpressing lines together with various
mutants of AOS pathway genes we have
demonstrated that wounding induces pro-
duction of the HPL-derived metabolites,
hexenal and hexenol, and AOS-derived
compounds, namely 12-OPDA and
JA (Fig. 1). By contrast, drought stress
only induces production of hexenal and
12-OPDA, suppresses hexenol and main-
tains JA at the basal levels (Fig. 1). Further
studies established that drought-mediated
induction of 12-OPDA is accompanied
by a reduction of the stomatal aperture
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independently from the classical drought
responsive hormone ABA, as evidenced by
the regulatory function of 12-OPDA in
ABA-deficient mutant 2ba2—1. Not sur-
prisingly, we also established that higher
12-OPDA levels correlates with lower
stomatal conductance and transpiration
rate, and hence elevated plant drought tol-
erance. Using agricultural crops, tomato
and Brassica napus, confirmed the potency
of 12-OPDA as regulator of stomatal aper-
ture functioning most effectively in coop-
eration with ABA.

In summary, this report not only
recognizes 12-OPDA as a new player in
plant drought tolerance, but ushers in
a new area of research focused on the
mechanism by which drought signaling
uncouples conversion of 12-OPDA to JA.
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