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Oxylhipins, s as green leaf volatiles (GLVs) and jasmonic acid {(JA), were lipid-derived
secondary metabolites that are synthesized througn the lipoxygenase (LOX) pathway. Oxylipins

ensive role against herbivore damage, pathogen infection, and so on. LOXs are key

that catalyze an e;.\;\\_‘;:«.-!i;ﬂil;-i’) of  limolenic  acid  or acyl groups

monogalactosyldiacylglycerol (MGDG), abundant in thylakoid membrane, to form

hydroperoxide lyase (HPL) vyields GIVs, or

1

hf{di‘iii)t‘[‘(i};i\ji's. Subsequent  cleavage by

epoxidation/eycliznation by allene oxide synthase (AOS)/allene oxide eyclase (AOC) forms
2 :»:e'ri)n_\'i.milf!r‘.usr: acid (OPDA) as a precursor of JA. Biosynthetic pathway and physiological
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function of oxylipins have been extensively studied so far, but the mechanisms of formation are
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largely unknown. IFor example, substantial amount of Avabidopsis LOXE localizes in <“';1m='~‘=;\l;::-~:i. -
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stroma in intact cell concomitantly with its substrate in thylakoid membrane. Sine ‘Loand AOS

localize on chloroplast envelope, plant should have a potential to il.ai"m (,Iif\-';\a and OPDA
continuously. However, plants hardly form oxyliping before suffering stresses. Cell/tissue
disruption intimately associated with herbivore damage causes rapid formation of oxylipins
(termed as “burst”) in nature. Oxylipin-burst is evident within a few seconds—minutes alte:

damage. Subcellular compartment 1s largely disrupted at the place of damage, and there should be

ag
no time to initiate expression of the genes for (:\.},-li|>éi1 formation. Accordingly, 1t 1s suggested that
LOX undergoes a system to regulate its enzyme .:u‘Et\-'iL.\-' at the protein level, In this study, I posed
a hypothesis that plant LOXs stays at their inactivated forms in intact tissues to suppress
formation of oxylipins and are activated after (i:ma::;ﬁv to promptly initiate oxy 1ig)iJ‘.“'an‘Hl..

[n Chapter 1, T identified a specific LOX isoform involved in GLV-burst of Arabidopsis
leaves, Plants generally have several LOX isozymes and each of them scems to i'm\'f_‘ specific roles,

e.o., GLVs formation, JA formation. So far, a LOX involved in GLVs and/or JA formation has been
identified in tobacco, tomato, potato, and maize. In Arabidopsis, it is already reported that LOX2 is

involved in local formation of JA after tissue disruption. However, the LOX involved in GLVs

formation has not been studied I:l‘:’!:'("!‘\' hecause the ecotype, Col-0, widely used by plant

ant 1;%&)1():_‘;‘%-;1.:«‘
has a natural mutation in HPL. 1 prepared a complete set of knockout mutant of each LOX gene in
Ws-1, which has intact /PL gene and therefore can form GILVs. Volatiles formed aft

treatment of leaves was analyzed with GC-MS. Accordingly, I identified LOX2 as an ess

to form GLVs and five carbon volatiles in Arabidopsis.

ster 2, 1 studied the mechanism to control LOX2 activity. At first, | prepared
recombinant protein with A, coff expression system. | found that the activity of recombinant LOX2

s quite unstable that hindered further characterization. Next, I evaluated ex vive LOXZ2 activity.

1s on the extract prepared from disrupted lmves« of Col-0 revealed formation of |
MGDG-hydroperoxides (MGDG-OOHSs) as products of LOX h conside 'vin-:j' an em;ﬂr.}u'\: with the
mechanism to roe:ul:lt(" i.( ?.\: activity in that regulates

.f‘n'l'(‘;-i.“i!‘d formation
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Study on the mechanisms governing green leaf volatile-burst caused

by tissue-disruption in Arabidopsis thaliana




