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lntroduction 

Jasmonie acid (JA), mcthyl jasmonate (JA-Me) and their related com
pounds which are designated as jasmonates, are widely distributed in the plant 
kingdom and show various important biologica) activities in the regulation of 
plant growth and development, resulting in a consideration that they are putative 
new plant hormones [UEDA, KATO 1980; KODA 1992; SEMBDNER, PARTHIER 1993; 
CREELMAN, MULLET 1995, 1997; MUROFUSHI et al. 1999; SANIEWSKI, CZAPSKI 1999]. 
Endogenous levcls of jasmonates, mainly JA, increase rapidly and transiently in 
plants or their organs under both abiotic stress conditions, such as mechanical 
wounding, osmotic stress, water dcficit, dessication stress, heavy metals (Cu++, 
Cd++, Ag+) and touching, as well as biotic stress ones, such as pathogen infec
tion and an inscct attack, and by different natura) elicitors-systemin, oligogalactu
ronide fragmcnts of pectic polysaccharidcs (i.e. cell wall of yeast or pathogens), 
chitosan and chitin [CREELMAN, MULLET 1995; SANIEWSKI 1997]. Jasmonatcs also 
consist of an integral part of the signal transduction chain between stress sig
nal( s) and stress response(s). Cooperative cross-talk among jasmonates and 
various hormonal signals, espccially ethylene occurs in regulation of growth and 
developmcnt and in defensc responses against a wide variety of abiotic and biotic 
agents. In this paper, we focused on and reviewed interactions of jasmonates 
with ethylene under stress conditions. 

Possible role of jasmonatcs in ethylcne biosynthcsis in intact plants 

Jasmonatcs havc bcen reported to control cthylene biosynthesis in intact 
plants and their organs by stimulating activities of ACC synthase and ACC oxi
dasc [SANIEWSKI 1995, 1997; SANIEWSKI et al. 1995]. Exogenously applied JA-Me 
stimulates cthylenc production in tomatoes at different stages of ripening and in 
preclimactcric applcs. FAN et al. [ 1998] suggested that jasmonates together with 
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cthylene are involved in regulating ripcning at an early growth stage of climac
teric fruits such as tomatoes and apples. 

Treatment of JA-Me at the concentration of 1 mM to broccoli (Brassica 
oleracea L. cv. Italica) florets significantly promoted ethylene production and 
ACC oxidase activity during senescencc. These results suggcst that jasmonates 
arc substańtially associated with promoting senescence by enhancing ethylenc 
production [WATANABE et al. 2000]. GARCIA-PINEDA and L0Z0YA-GLORIA [1999] sho
wed that JA-Me induced gene expression of 1-aminocyclopropane-1-carboxylic 
acid (ACC) oxidase in pepper (Capsicum annuum). 

On the other hand, we have recently suggestcd that ethylene exogenously 
applied affects endogenous levels of jasmonates and/or their sensitivities in plant 
tissues [SANIEWSKI et al. 1999]. As shown in Fig. 1, similar considcrations have 
been reported in relation to gene expressions after pathogen infection. We would 
like to described the details in what follows. 

Jasmonates and ethylene biosynthesis, 
as well as reactive oxygen species (ROS) 

generation under stress conditions 

Plants arc always exposed to biotic and abiotic cnvironmental stresscs that 
influence their growth and productivity. 

Mechanical wounding and other abiotic and biotic strcsses (pathogen infec
tion and insect invasion) arc well known to be common factors inducing biosyn
thesis of ethylene and jasmonates in plants. lt is still open question what is a role 
of JA in controlling ethylene biosynthesis in mechanically wounded tissucs, and 
plants infected and attacked by pathogens and insects, respectivcly [SANIEWSKI 

1997]. 
Adaptation to abiotic and biotic strcsses is crucial for growth and survival 

of plants. Reactive oxygen species (ROS) generation, including singlet oxygen, 
superoxide anion radical (02 · -), hydrogen peroxide and hydroxyl radical, is usu
ally a rapid plant response to pathogen infection and/or herbivore attack and to 
other abiotic and environmental stresscs as well . Recent evidence indicatcs two 
very distinct roles for ROS during pathogen attacks and abiotic strcsses: they can 
either servc as destructive moleculcs or as defensive factors [KużNIAK, UR13ANEK 

2000; DAT et al. 2000; OR0ZCO-CARDENAS et al. 2001]. 
ROS arc unavoidablc, transient products of norma! cellular metabolisms. 

Under norma! environmental conditions they arc rapidly metabolized. Howevcr, 
when plants arc subjected to environmental stresses, cxcess ROS arc gcncratcd . 
Unless these ROS arc efficiently metabolized, they oxidize and damage mem
brane Iipids, proteins and nucicie acids. That leads to cellular disfunction and 
can ultimately cause cell death . So, their generation is frequently considcrcd 
dcleterious and harmful. To protcct themselves against toxic ROS, plants employ 
the antioxidant enzymes and metabolites that catalyze scavenging ROS, in which 
superoxide dismutase, catalase, ascorbate peroxidase, glutathione peroxidase, 
ascorbate, glutathione and tocopherols arc involved. 

On the other hand, recent studies have demonstrated that ROS may be 
implicated in plant defcnsc systems. Evidence for defensive rolcs of ROS comes 
from the observation: 1) Different environmental stress factors such as herbi-
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vores, pathogens, ozone, cold, high light intensity, mechanical wounding, salinity, 
drought and UV radiation stimulate the production of ROS; 2) Severa! factors 
stimulating oxidative burst and ROS generation induce gene expressions of the 
same defense proteins such as glutathione transferase, glutathione peroxidasc, 
ascorbate peroxidase and somc PR-proteins induced by 0 2 • - or H20 2 treatment 
alone as well. As defensive factors, they can directly inhibit pathogen growth, 
limit the spread of pathogen infection by strengthening plant cell wali, activate 
defense genes acting as signaling molecules and be involved in hypersensitive 
response (HR) [HEATH 2000). The HR, a well-known resistance mechanism, is 
characterized by rapid, localized cell death around the site of infection and so it 
can play efficacious role in limiting the spread of pathogen. HR also has been 
suggested to release signals that activate variety of defense-related genes and 
systemie resistance. Some data suggest that HR may function more by releasing 
signaling molecules involved in the induction of defense genes than as a direct 
defense mechanism. KENT0N et al. [1999) documented the accumulation of JA in 
hypersensitive response tissues of tobacco plants. ROS have been implicated as a 
part of the signal systems responsible for inducing the responses of plants to 
both biotic and abiotic stresses. Especially Hz02 and 0 2 · - have been suggested 
to be diffusible signals that activate genes in loca! and systemie acquired resis
tance. 

The defensive role of ROS requires their cellular concentration to be care
fully controllcd. Preventing the high, Iethal concentration of ROS generated in 
response to stress is a promoting way to counteract their damaging action. To 
avoid deleterious accumulation of ROS, they are kept under control by various 
antioxidant enzymes and metabolites. 

Evidencc coming from various observations shows that JA and JA-Me arc 
bclieved to play an important role in influencing plant resistance to biotic and 
abiotic stresses [REYM0ND, FARMER 1998]. Environmental stresses increase endo
gcnous lcvcls of JA, and cxogenous application of JA stimulates the exprcssion 
of defcnsive rcsponses. A burst of ROS generation may be involved in mem
brane depolarization which activatcs octadccanoid pathway, leading to JA bio
synthesis. Gencrated or applied JA further enhances ROS accumulation in 
various plant spccies. There is evidence that H20 2 production in wound 
responses requires a functional JA-mediated signaling pathway. 

Under various strcsses jasmonates as signaling molecules have been 
rcportcd to inducc gcnes encoding antimicrobial secondary metabolites - phyto
alcxin, terpcnoids, phenylpropanoids, alkaloids; antimicrobial proteins - thionins, 
defcnsins, osmotin; proteinase inhibitors; antioxidant enzymes - glutathionc 
transferasc, ascorbatc pcroxidase, chalcone synthase, phenylalanine ammonia 
lyase and other PR-protcins [RAKWAL et al. 1999; ORozco-CARDENAS et al. 2001]. 

Jasmonates have also been implicated as intermediate signals in elicitor
induccd sccondary mctabolite accumulation and other defense reactions against 
pathogen infcctions and insect attacks. Exogenously applied JA enhances elicitor
induced accumulation of proteins related to pathogenesis [MEMELINK et al. 2001). 
Colonization of the roots of severa! plant species by selected strains of nonpatho
genic Pseudomonas fluorescens, similarly to elicitors treatment, has been demon
strated to induce rcsistancc in uninfected plant parts towards a broad spectrum 
of pathogens [VAN WEES et al. 2000]. Systemie resistance induced by this kind of 
colonization requires JA and is based on the enhance of sensitivity to JA rather 
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than on an increase of its production. 
In studies of the responses of higher plants to wounding, the rclationships 

among gene expression of wound-inducible ACC synthasc, the cffects of JA and 
the roles of ROS have not been clarified yet. 

Gene expression of wound-inducible ACC synthasc (CM-ACSI) in Cucur
bita maxima induced by wounding and the accumulation of the CM-ACSI 
transcript enhanced by wounding have been shown. Initially thcse were induced 
by ROS generating in disks upon wounding. Cooperativc mechanisms by ROS 
and JA were then introduced, in which the level of JA increased at a latcr time 
after wounding [WATANABE, SAKAI 1998; WATANABE et al. 2001a]. 

Recently, WATANABE et al. [2001b] isolated further two new cDNA frag
ments (CM-ACS3 and CM-ACS4) that encode ACC synthases from mesocarp 
tissuc of Cucurbita maxima fruit. The accumulation of specific transcripts for 
CM-ACSJ, CM-ACS3 and CM-ACS4 in tissue disks of C. maxima was induced by 
mechanical wounding. They also demonstrated that the expression of the three 
ACC synthase genes in woundcd mesocarp tissuc of C. maxima arc differentially 
regulated by ethylene and JA, and ROS stimulates the accumulation of all three 
transcripts (Table 1 ). 

Table 1; Tabela 1 

The effect of jasmonie acid (JA), ethylene and an inhibitor of the generation of ROS, 
on the expression of three genes for wound-inducible 

1-aminocyclopropane-1-carboxylate (ACC) synthase in winter 
squash (Cucurbita maxima) 

(Table prepared on the basis of data of WATANABE et al. [200lb]) 

Wpływ kwasu jasmonowego (JA), etylenu i inhibitora wytwarzania 
wolnych rodników (ROS), na ekspresj(, trzech genów syntazy 

kwasu 1-aminocyklopropano-1-karboksylowego, indukowanych 
po uszkodzeniu C11curbita maxima 

(tabela opracowana na podstawie danych z pracy WATANABE i in. [2001b]) 

Gene cncoded Gene expression; Ekspresja genów 
ACC synthase 
Geny kodujące wounding wounding +JA wounding + ethylene wounding + DPI* 
syntazt; ACC uszkodzenie uszkodzenie + JA uszkodzenie + etylen uszkodzenie + DPI 

CM-ACSI 
induction stimulation inhibition inhibition 
indukcja stymulacja hamowanie hamowanie 

CM-ACS3 
induction without effect stimulation inhibition 
indukcja bez wpływu stymulacja hamowanie 

CM-ACS4 
induction inhibition without effect inhibition 
indukcja hamowanie bez wpływu hamowanie 

DPI, diphenylenc iodonium - an inhibitor of the generation of ROS by NAD(P)H oxidase; 
inhibitor wytwarzania wolnych rodników (ROS) przez oksydaz<; NAD(P)H 

On the other hand, the important role of ROS and JA as mcdiators in 
early responses to wounding or attack by pathogcns has also becn reviewcd by 
Low and MERIDA [1996], WASTERNACK and PARTHIER [1997] and KUŹNIAK and URBA
NEK [2000]. 

Among various air pollutants, the tropospheric ozone causes the grcatest 
damage to both natura! and cultivated plants [RAo et al. 2000; Sc11RAUDNER et al. 
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1997]. Damage symptoms in plants range from inhibition of photosynthesis and 
associated growth inhibition, and yield loss to premature senescence and tissue 
necrosis. Ozone entcrs the leaves via stomata, diffuses through intercellular air 
spaces, and in apoplast it may react with water or some cell wal! constituents and 
is immediately converted to ROS. Then 0 3 or ROS alters the physicochemical 
properties of plasmalemma by its dcpolarization and initiate lipid peroxidation. 
The plasma!emma depolarization activates octadecanoid pathways leading to jas
monate biosynthesis. These signaling molecules, in tum, enhance production of 
ROS, induce cell death and influence expression of defense gencs. The phytoto
xicity of 0 3 is likely a result of deleterious actions associated with ROS. Active 
ROS production during 0 3 exposure has been detected (RA0 et al. 2000]. Plant 
antioxidant systems arc thought to be potentia! factors in ozone tolerance. Corre
lations between higher activitics of antixidant enzymes and tolerance to ozone 
were established. 

It has been dcmonstrated that ozone exposure activates HR-Iike cell death 
pathways in plants. A potentia! role of JA as a central molecule modulating 
stress responses is shown by the observation that its application prior to 0 3 expo
sure reduces 0 3-induced concentration of H 20 2 and abolishes 0 3-induced cell 
death in tobacco (ORVAR et al. 1997), poplar [OVERMYER et al. 2000] and high 0 3-

scnsitivc Arahidopsis ecotype [RA0 et al. 2000). Additional evidence implicating 
the role of JA in modulating the magnitude of 0 3 induccd reactions is connectcd 
to harpin, a proteinaccous elicitor of dcfense gene expression, isolated from dif
ferent pathogenic bacteria. It has been rcported that the JA-Me prctrcatment 
inhibits the harpin induced defense responses such as H 20 2 generation, HR and 
gene expression encoding phcnylalanine ammonia lyase in tobacco cell suspen
sion cultures [ANDI et al. 2001 ]. lt is possible that jasmonates as key signal mole
cules controlling defcnsc responses moderate the range of plant reactions to strc
sscs depending on physiological situation of plant tissues cxposed to detrimental 
factors. 

A rcccnt survey of various plant species indicated a relationship between 
0 3 sensitivity and 0 3-induccd stress cthylcne production. 0 3-induced ethylene 
biosynthcsis is believed to induce premature senescence and/or react with cthy
lcnc to form damaging ROS [RAo et al. 2000). It is wcll known that inhibition of 
ethylenc biosynthesis reduccd 0 3-induced damage in tomata (TU0MAINEN et al. 
1997] and treatment of plants with norbornadiene, an inhibitor of ethylene per
ccption, blockcd 0 3-induccd cell death [BAE et al. 1996). Preliminary results indi
catc that ethylcne is a major regulator of 0 3-induced defense responses and cell 
death and that cthylcnc signaling pathways internet with both salicylic acid and 
JA-dependent signaling pathways [RA0 et al. 2000) . 

Intcraction of jasmonatcs with cthylene in regulation 
of somc physiological processes in plants under stress conditions 

a) Syncrgistic intcraction 

Jasmonatcs havc bccn wcll known to inducc strongly gene expressions of 
wound- or dcfcncc-rclatcd oncs whcn plants havc some stresscs from mcchanical 
injury and pathogcn infcction or inscct invasion, resulting in the accumulation of 
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protcinase inhibitors (PI) and other pathogenesis-rclated proteins [O'D0NNELL et 
al. 1996; KOIWA et al. 1977; SEo et al. 1997]. The interaction of jasmonatcs with 
ethylcne has been reported, in which these compounds acted together to regulate 
PI gene expression during wound response. Gene expressions of thesc proteins 
were inhibited by inhibitors of JA and ethylene biosynthesis [O'D0NNELL et al. 
1996]. Wounding has also been reported to be responsible for the regulation of a 
wide variety of other genes: cathepsin D inhibitor, chloramphcnicol acctyltransfe
rase, vegetative storage protein, lipoxygenase, chalconc synthasc and hydrope
roxide lyase. Jasmonates have becn reported to increase an accumulation of 
mRNA encoding these enzymes [DE WALO et al. 1994; Rom et al. 1998]. 

Combinations of jasmonates and ethylene causcd syncrgistic induction of 
pathogencsis-rclated gcne cxprcssion osmotin mRNA in tobacco seedlings [Xu et 
al. 1994]. It remains to be demonstrated whether ethylenc acts upstream or down
stream in conccrt with jasmonates. 

There was documcntcd syncrgy between jasmonates and ethylcnc for the 
induction of the plant defense genc of PDFl.2 in Arabidopsis thaliana infected by 
Alternaria brassicicola [PENNINCKX et al. 1998]. Conceptually, three different 
models for the interaction bctwecn JA and cthylene arc suggested by PENNINCKX 

et al. [1998] (Scheme 1). 
Scheme 1; Schemat 1 

Three models for the interaction between ethylene and jasmonate 
signals during activation of the PDFJ.2 gene in pathogen-challenged 

Arabidopsis plants [PENNINCKX et al. 1998] 

Trzy modele interakcji między etylenem i kwasem jasmonowym 
w czasie aktywacji genu PDFJ.2 u Arabidopsis w wyniku infekcji 

przez patogena [PENNINCKX i in. 19981 

Model 1 Model2 Model3 
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EIN2 - a component of the ethylene signal transduction palhway; czynnik transdukcji sygnału w 
szlaku etylenowym 
CO[ I - a component of the jasmonatc signal lransduction palhway; czynnik transdukcji sygnału w 
szlaku kwasu jasmonowego 
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Model 1 implies that pathogen infection initially stimulates production of 
ethylene, which subsequently stimulates production of jasmonates, which in tum 
activatcs PDFl.2. Model 2 implies that pathogen infection initially Ieads to 
enhanced production of jasmonates, which subsequently triggers elevated produc
tion of ethylene, which in tum controls PDFJ.2 expression. Model 3 predicts that 
pathogen infection results in simultaneous production of ethylene and jasmona
tes, which are both requircd for induction of PDFl.2. 

As described above, one of the most rapid events observed during plant
pathogen interactions is the production of ROS, which are initially in the form 
of superoxide anion, by NADPH oxidase complex [MEHDY 1994; LAMB, DIXON 

1997]. Activation of PDFl.2 by superoxide anion-generating paraquat (subherbici
dal level) has been shown to require functional ethylene and jasmonates 
response pathways [PENNINCKX et al. 1998]. 

Gum induction is the first example for an important interaction of jasmo
nates and ethylene under stress conditions. Gums are a secretion mainly consis
ting of polysaccharides exuded onto surface of the fruits or the shoots when 
some plants have severa] kind of stresses including physical injury, insect attack 
and pathogen infection. Gum formation in tulip bulbs or stone fruit trees is 
induced by ethylene and ethylcne-releasing compound, ethephon. It has been 
shown that jasmonates have a promoting effect on the induction and/or produc
tion of gums in stone fruit trees and tulips. It has been found that JA-Me causes 
a strong induction of gum formation in the bulb, stem and basa] part of the leaf 
in tulips. It should be mentioned that ethylene did not induce gums in stem and 
Ieaves of tulips. It has been shown, however, that the simultaneous application of 
ACC (l-aminocyclopropane-1-carboxylic acid) with JA-Me greatly accelerates 
gum formation in bulbs, stems and Ieaves of tulip in comparison with JA-Me 
treatment alone [SANIEWSKI et al. 1999; SANIEWSKI et al. 2000]. 

Discase rcsistance is associated with a plant defense rcsponsc that involves 
an integrated set of signal transduction pathways. SCHENK et al. [2000] examined 
changes in the cxprcssion pattems of 2375 selected genes by cDNA microarray 
analysis in Arabidopsis thaliana after inoculation with incompatible fungal patho
gen Alternaria brassicicola or treatment with dcfense-related signaling molecules: 
JA-Me, ethylene and salicylic acid (SA). In leaves inoculatcd with A. brassicicola, 
the transcript lcvcls of 168 genes were increased whereas those of 39 genes were 
decreascd. Similarly, the transcript abundance of 221 genes for JA-Me, 55 genes 
for ethylenc, and 192 for SA was increased as a result of treatment with these 
signal molccules. In contrast, transcript abundance of 96, 16 and 131 gencs was 
reduccd after treatment with JA-Me, ethylene and SA, respectively. Of 168 genes 
that wcre significantly induced by fungal inoculation, 33, 4 and 21 genes (50 
gencs in total) wcre also induced by JA-Me, ethylenc and salicylic acid, respec
tively. JA-Me and cthylene jointly regulate transcription of 36 of 2375 genes 
testcd. In addition, 50% gcncs induccd by ethylene treatment were also induced 
by JA-Me treatment. Thcsc rcsults indicated the existence of a substantial 
network of regulatory intcractions and coordination occurring during plant 
defcnsc among the diffcrcnt dcfcnsc signaling pathways [SCHENK et al. 2000]. 

Synergistic interaction betwccn jasmonates and ethylene was documentcd 
in induction of basie chitinasc [NORMAN-SEnERBLAD et al. 2000]. 

Jasmonatcs arc required, alone or in combination with ethylenc, for 
dcfensc against insccts and nccrotrophic pathogens [McCoNN et al. 1997; VIJAYAN 
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et al. 1998; THOMMA et al. 2000]. 
Interaction of JA-Me and ethylene and binding models for elicited biosyn

thetic steps of paclitaxel in suspension cultures of Taxus cuspidata and T. Cana
densis were elaborated by MIRJALILI and LINDEN [1996], PHISALAPIIONG and LINDEN 

[1999]. 
HUNG and KAo [1996] suggest that jasmonate-promotcd scncscence is 

mediated through an increase in ethylene sensitivity in detached maize leavcs. 

b) Ethylene suppresses processes induced by jasmonates 

There arc many reports that ethylene substantially suppresses somc physio
logical processes induced by jasmonatcs. In Nicotiana spccies, jasmonates act as 
a signal molecule for the herbivore- and wound-induccd accumulation of nico
tine, an important defense compound in thcse plants [BALDWIN 1999]. It was 
documented that ethylene suppresses jasmonate-induccd gcne expression in nico
tine biosynthesis [IMANISHI et al. 1998; S11on et al. 2000]. It is significant that fee
ding experiment using hawkmoth (Manduca sexta) results in a risc in ethylenc 
biosynthesis that reduces JA-induced nicotine biosynthesis in Nicotiana attenuata, 
thus diminishing plant defenses [KAIIL et al. 2000]. In cthylcnc-inscnsitivc mutants, 
genc expression of the JA-responsive vegctativc storagc proteins (VSP) is also 
reported to increase, suggesting that the signal pathway rcprcsscs the induction 
of VSP [ROJO et al. 1999; NORMAN-SETTERBlAND et al. 2000]. Antagonistic interac
tions between JA and ethylenc arc also reportcd to rcgulate the antifeedant 
plant lcctin GS-II in locally wounded leaves of Griffonia simplicifolia [Z11u-SALZ

MAN et al. 1998]. When Arabidopsis leaves were damaged, severa! jasmonate
inducible genes were repressed in locally wounded tissue through the production 
and perception of ethylene [Rom et al. 1999]. 

c) Jasmonates suppresses processes induced by ethylene 

Contrary to this it has been shown that jasmonates substantially suppress 
the formation of apical hook induced by cthylcnc in Arabidopsis thaliana [ELus, 
TURNER 2001 ]. 

JA carboxyl methyltransferase - a key enzyme 
for jasmonate-regulated plant responses 

SEO et al. [2001] suggested that the S-adenosyl-L-methioninc: JA carboxyl 
methyltransferase (JMT) is a key enzyme for jasmonatc-rcgulatcd plant 
responses. Activation of JMT cxprcssion leads to production of JA-Me. JMT was 
expressed differentially in different organs at particular dcvelopmental stages and 
induced by wounding, and was activated when Arabidopsis tissucs wcrc trcatcd 
with exogenous JA-Me. Thus, JA-Me can amplify JMT expression induccd at the 
developmental stages and by external stimuli including wounding. JA-Me can act 
as an intracellular regulator, a diffusible intercellular signal transducer, or an 
airborne signal mediating intra- and interplant communications. Some signals 
generated during an early evcnt of devclopmental processes or dcfcnsc rcsponscs 
may activate JMT that can sclf-amplify, stimulatc, or rcgulatc its own cxpression, 
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propagating the JA-Me-mediated cellular responses throughout whole plants 
(SEO et al. 2001 ]. 

lt is interesting that ethylene inhibited JMT expression [SEO et al. 2001]. 
The result suggests that the synergistic effect exerted by ethylene on the activa
tion of PDFl.2 is not by the enhancement of JA-Me synthesis but rather by a 
cross-talk between the independent signaling pathways derived from them. 
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Summary 

A relationship between jasmonates and ethylene in regulation of some phy
siological processes in plants under stress conditions is presented. Jasmonates are 
naturally occurring plant hormones showing various important biologica! activi
ties in the regulation of plant growth development and in defense responses aga
inst a wide variety of abiotic and biotic agents. Jasmonates have been reported 
to control ethylene biosynthesis in intact plants and their organs. Mechanical 
wounding and other abiotic (osmotic stress, water deficit, dessication stress, 
heavy metals, to uch, ozone) and biotic stresses (pathogen infection and insect 
invasion) arc well known to be common factors inducing ethylene and jasmona
tes biosynthesis, and reactive oxygen species generation (ROS). Jasmonates have 
been well known to internet with ethylene in regulation of different processes; 
various kinds of interactions were documented: 1) synergistic interaction (i.e 
gene expression of proteinase inhibitors, osmotin, defensin), 2) ethylene sup
presses processes induced by jasmonatcs (i.e. biosynthesis of nicotine, vegetative 
storage proteins and lectins), 3) jasmonates s.uppress processes induced by ethy
lene (i.e. ethylene-induced apical hook) . Jasmonie acid carboxyl methyltransfe
rase (JMT) is a key cnzymc for jasmonate-regulated plant responses. Activation 
of JMT expression lcads to production of methyl jasmonate (JA-Me). JA-Me can 
act as an intracellular regulator, a diffusible intercellular signal transduccr, or an 
airborne signal mcdiating intra- and interplant communications. Jasmonates 
represent an integral part of the signal transduction chain between stress sig
nal(s) and stress responses(s), in most cases of the induction of genc expression 
and the accumulation of defensc specific proteins and secondary metabolites. 
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Streszczenie 

Zależności między jasmonianami i etylenem w regulacji niektórych proce
sów fizjologicznych u roślin w warunkach stresowych są przedmiotem tego prze
glądu. Jasmoniany są naturalną grupą hormonów roślinnych i wykazują wiele 
ważnych funkcji fizjologicznych w regulacji wzrostu i rozwoju roślin i w reakcjach 
obronnych przeciwko różnym czynnikom abiotycznym i biotycznym. 

Wykazano, że jasmoniany odgrywają ważną rolę w regulacji biosyntezy ety
lenu w roślinach nienaruszonych i ich organach. Mechaniczne uszkodzenie i inne 
czynniki abiotyczne (stres osmotyczny, deficyt wodny, stres desykacyjny, metale 
ciężkie, dotyk, ozon) i czynniki biotyczne (infekcja przez patogeny i żerowanie 
owadów) powodują wzmożoną biosyntezę etylenu i jasmonianów oraz generowa
nie reaktywnych form tlenu (ROS). Jasmoniany współdziałają z etylenem w regu
lacji różnych procesów, a interakcje te mają różny charakter: 1) synergistyczne 
współdziałanie (np. ekspresja genów inhibitorów proteinaz, osmotyny, defenzyny), 
2) etylen hamuje procesy indukowane przez jasmoniany (np. biosynteza nikotyny, 
wegetatywnych białek zapasowych, lektyn), 3) jasmoniany hamują procesy indu
kowane przez etylen (np. wygięcia części wierzchołkowych powodowane przez 
etylen). Metylotransferaza karboksylowa kwasu jasmonowego (JMT) jest kluczo
wym enzymem w procesach regulowanych przez jasmoniany w roślinach. Aktywa
cja ekspresji JMT doprowadza do powstawania jasmonianu metylu (JA-Me) z 
kwasu jasmonowego. JA-Me może działać jako regulator w obrębie komórki i 
jako międzykomórkowy sygnał transdukcyjny, a jako lotna substancja stanowi 
przekaźnik informacji między roślinami. Sugeruje się, że endogenne jasmoniany 
stanowią przekaźnik informacji między sygnałem stresowym a reakcją stresową, 
polegającą głównie na indukcji ekspresji genowej i biosyntezie specyficznych bia
łek i metabolitów wtórnych. 
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