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Stimulation of 1-aminocyclopropane-l-carboxylic acid-dependent 
ethylene production in detached rice leaves by methyl jasmonate 
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Effects of methyl jasmonate (JA-Me) on ethylene production in detached rice leaves were investigated. Without 
1-aminocyclopropane-l-carboxylic acid (ACC) pretreatment, JA-Me had no effect on ethylene production. However, JA-Me marked- 
ly stimulated ethylene production in detached rice leaves pretreated with a saturating concentration of ACC. JA-Me stimulated ACC- 
dependent ethylene production within 2 h of its application, a result suggesting that JA-Me enhances ACC-dependent ethylene pro- 
duction directly. CoCl 2 at 1 mM inhibited ACC-dependent ethylene production stimulated by JA-Me, suggesting that ethylene pro- 
duction from ACC is mediated by the ethylene-forming enzyme. Cycloheximide also inhibited ACC-dependent ethylene production 
induced by JA-Me, indicating that sustained synthesis of the ethylene-forming enzyme is required. JA-Me stimulated ACC-dependent 
ethylene production in detached leaves that had been aged for 1, 2 and 3 days. However, aged leaves were less responsive to JA-Me 
in terms of ACC-dependent ethylene production. Abscisic acid was found to inhibit ACC-dependent ethylene production stimulated 
by JA-Me. 
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Introduction 

Methy l  j a s m o n a t e  ( JA-Me)  and  j a s m o n i c  acid  
are  endogenous  substances  which have been iden-  

t if ied in many  p lan ts  [1-3] .  J A - M e  and  j a s m o n i c  
acid  were found  to be power fu l  p r o m o t e r s  o f  leaf  
senescence [2,4-6] .  E thylene  has  been shown to be 
involved in the regu la t ion  o f  leaf  senescence [7-9] .  

Recent ly ,  Saniewski  et al. [10-11]  r epo r t ed  tha t  
J A - M e  s t imula ted  e thylene b iosynthes is  in t o m a t o  
fruits. However ,  this is the only  p l an t  system so far  

tha t  has been used to examine  the effect o f  J A - M e  
on ethylene biosynthesis .  I t  is no t  k n o w n  whether  
o ther  p lan t  o r  t issue systems also show a s imilar  ef- 
fect o f  J A - M e  on e thylene p roduc t ion .  F o r  this 
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reason we inves t iga ted  the effect o f  J A - M e  on 
ethylene p roduc t ion  in de tached  rice leaves. 

Materials and Methods 

Seedlings o f  rice (Oryza sativa L. cv. Ta ichung  
Nat ive  1) seedlings were grown in hyd ropon i c  
cul ture as descr ibed previous ly  [12]. Unless o ther-  
wise indicated,  A C C - d e p e n d e n t  e thylene p roduc-  

t ion was determined.  F o r  the de t e rmina t ion  o f  
A C C - d e p e n d e n t  ethylene p roduc t ion ,  10 leaf  
segments,  weighing 45 rag, were p re t rea ted  with a 
sa tura t ing  concen t ra t ion  o f  A C C  (10 m M )  in 

water  and  then t rea ted  with var ious  c o m p o u n d s  in 
water  for  var ious  per iods  o f  t ime as ind ica ted  in 
the figure and table  legends. P re t r ea tmen t  and  
t rea tment  were carr ied  out  at  27°C in darkness .  A t  

the t ime indicated,  leaf  segments  were p laced  ver- 
t ically in test tubes which were closed with rubbe r  
s toppers  and  incuba ted  in darkness  at  27°C for 
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1 h. The ethylene in the gas phase of the closed 
tubes was determined by analysis of 1 ml of sample 
withdrawn with a hypodermic syringe as described 
elsewhere [9]. Absolute levels of ethylene varied 
among experiments because of seasonal effects. 
However, the patterns of responses to JA-Me were 
reproducible. Each treatment had 4 replicates. All 
experiments described here were repeated at least 
twice. Similar results and identical trends were ob- 
tained each time. The data reported here were 
from a single experiment. 

Results and Discussion 

The effects of the concentration of JA-Me on 
ACC-dependent ethylene production in detached 
rice leaves in darkness are presented in Fig. 1. JA- 
Me markedly promoted ACC-dependent ethylene 
production in detached rice leaves. Increasing JA- 
Me concentration from 0.45 to 45 #M progressive- 
ly enhanced ACC-dependent ethylene production 
by detached rice leaves. However, ACC-dependent 
ethylene production declined at a JA-Me concen- 
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Fig. 1. Effect of JA-Me concentration on ACC-dependent 
ethylene production in detached rice leaves. Detached rice 
leaves were pretreated with 10 mM ACC in water for 2 h and 
then treated with various concentrations of aqueous JA-Me in 
darkness. Ethylene production was assayed after 6 h of treat- 
ment. Bars indicate standard errors. 
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Fig. 2. Changes with time in rates of basal (upper) and and 
ACC-dependent (lower) ethylene production in detached rice 
leaves treated with JA-Me. For basal ethylene production, 
detached leaves were treated with either water or 45 k~M JA-Me 
in water in darkness. To determine ACC-dependent ethylene 
production, detached rice leaves were pretreated with a 
saturating concentration of ACC (10 raM) in water for 2 h and 
then treated with either water or 45 /~M JA-Me in water in 
darkness. Ethylene production was assayed at the times in- 
dicated. Bars indicate standard errors. 



tration of 450 /~M. The ability of JA-Me to 
stimulate ACC-dependent ethylene production 
was also observed when illumination (16.7 
/~mol/m 2 per s, photosynthetic photon flux, 
provided by Gro-lux fluorescent lamp) was used 
(data not shown). 

Ethylene production was stimulated in tomatoes 
by JA-Me in the absence of exogenous ACC 
[10-11]. However, we could not detect any effect 
of JA-Me on ethylene production without ACC 
pretreatment (Fig. 2, upper). 

JA-Me stimulated ACC-dependent ethylene 
production was detected within 2 h of its applica- 
tion (Fig. 2, lower). Increasing duration of treat- 
ment with JA-Me from 2 to 9 h progressively 
enhanced ACC-dependent ethylene production by 
detached rice leaves. The observation that the 
stimulation of ACC-dependent ethylene produc- 
tion could be detected immediately after applica- 
tion of JA-Me suggests that JA-Me directly 
enhances ACC-dependent ethylene production. 

In order to determine if ethylene production 
from ACC is mediated by ethylene-forming en- 
zyme in detached rice leaves treated with JA-Me, 
the effect of 1 mM COC12, which inhibits the con- 
version of ACC to ethylene [12], was studied 
(Table I). Ethylene formation was inhibited by 
COC12 in detached rice leaves treated with JA-Me, 
indicating that detached rice leaves treated with 
JA-Me formed ethylene from ACC through 
ethylene-forming enzyme. Cycloheximide also in- 
hibited ACC-dependent ethylene production by 
JA-Me (Table I), suggesting that sustained syn- 
thesis of the ethylene-forming enzyme is required 

Table I. Effects of  CoCI 2 and cycloheximide (CHI) on ACC- 
dependent ethylene production induced by methyl jasmonate  
(JA-Me) in detached rice leaves. Detached rice leaves were 
pretreated with ACC (10 mM) in water for 2 h and then treated 
with aqueous JA-Me (45 tzM) in the absence or presence of  
CoC12 (1 mM) or CHI  (50 #M). Ethylene was assayed after 3 
h of  treatment in darkness. Means  ± S.E. are shown. 

Treatment  Ethylene (nl/g per h) 

No Additions 23.0 ± 1.4 
+ JA-Me 93.2 4- 2.3 

+ JA-Me + CoC12 29.1 ~ 2.4 
+ JA-Me + CHI 35.7 4- 0.7 
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Fig. 3. Effect of  aging on methyl jasmonate  (JA-Me)- 
stimulated ACC-dependent  ethylene production in detached 
rice leaves. Detached rice leaves, aged for 1, 2, or 3 days in wa- 
ter in darkness, were pretreated with 10 m M  ACC in water and 
then treated with either water or 45 /xM JA-Me in water in 
darkness. Ethylene production was assayed after 6 h of  treat- 
ment. Bars indicate standard errors. 

for JA-Me-stimulated ACC-dependent ethylene 
production. 

To study the effects of aging, segments of rice 
leaves were incubated in water in darkness for 1, 
2, or 3 days before the start of the experiment. 
Segments of rice leaves aged for I, 2 or 3 days 
all exhibited JA-Me-stimulated ACC-dependent 
ethylene production (Fig. 3). However, aged leaf 
segments were less responsive to JA-Me in terms 
of ACC-dependent ethylene production. Increas- 
ing the duration of aging resulted in a decrease of 
ACC-dependent ethylene production induced by 
JA-Me. Untreated segments of leaves produced 
low levels of ACC-dependent ethylene regardless 
of the duration of aging (Fig. 3). 

Jasmonic acid is similar to ABA both chemically 
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Fig. 4. Effect of methyl jasmonate (JA-Me) in the absence or 
presence of ABA on ACC-dependent ethylene production in 
detached rice leaves. Detached rice leaves were pretreated with 
10 mM ACC in water and then treated with either water, JA- 
Me (45/~M) in water or JA-Me (45/zM) + ABA (45/xM) in 
water in darkness. Ethylene production was assayed at the 
times indicated. Bars indicate standard errors. 

and biologically [13]. Both compounds  are keto- 
acids with similar molecular  weights, solubili ty 
properties and  pKs and  in some tissues, j asmonic  

acid causes an inhib i t ion  of growth that  often 
mimics the effect of  ABA [14]. To determine 
whether JA-Me interacts with ABA in regulat ing 
ACC-dependen t  ethylene product ion ,  the effect of  

JA-Me in the absence or presence of  ABA on 
ACC-dependen t  ethylene produc t ion  was exam- 
ined. ACC-dependen t  ethylene produc t ion  was 
found  to be significantly inhibi ted by ABA (Fig. 

4). This inhib i t ion  is p robably  no t  due to the 
inhibi t ion of JA-Me uptake  by ABA, because 
detached rice leaves pretreated with ABA also 
resulted in an inhib i t ion  of  ACC-dependen t  ethyl- 

ene product ion  st imulated by JA-Me (data no t  
shown). ABA has also been reported to inhibi t  
stress-induced ethylene produc t ion  [15-17]. 

It  has been shown that  ABA levels increase dur-  

ing aging of segments of oat  leaves [18]. I f  A B A  
levels increase similarly in aged rice leaves, then 
the decrease in ACC-dependen t  ethylene produc-  
t ion st imulated by JA-Me in aged rice leaves could 

result from ABA-media ted  inhibi t ion.  
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