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Abstract

Tomato fruit (Lycopersicon esculentum Mill. cv. Sun Bright) at three ripening stages (mature green, breaker and turning) were

treated with three different concentrations of methyl salicylate (MeSA) vapor to investigate the impact on ripening and ethylene

production. The tomato ripening process, including the development of red color, ethylene production and respiration rate, was

enhanced by 0.1 mM of MeSA during the mature green stage and 0.01 mM of MeSA during the breaker stage. But in fruit at the

turning stage, even a low concentration of MeSA (0.01 mM) retarded the ripening process. High concentration (0.5 mM) of MeSA

prevented red color development, ethylene production and respiration in all maturity stages. Northern hybridization experiments on

mature green fruit, involving four cDNAs encoding ACC synthase and ACC oxidase, showed that the abundance of LE-ACS2 and

LE-ACS4 mRNAs increased during storage concomitant with a burst in ethylene production. These increases in mRNAs of LE-

ACS2 and LE-ACS4 with ripening were suppressed by treatment with 0.5 mM of MeSA. But in 0.1 mM MeSA treated fruit, the

transcript of LE-ACS2 had a large increase at day 1 and day 3 compared with untreated fruit. The abundance of LE-ACS4 was

undetectable in untreated fruit at day 0, but accumulated with 0.1 mM MeSA treated fruit. Transcripts for the LE-ACS6 gene were

undetectable after day 1 in the mature green stage. The transcripts for the LE-ACO1 gene, which were present at harvest in mature

green fruit, increased greatly during ripening in storage. These increases in LE-ACO1 mRNA with ripening were delayed by

treatment with both 0.1 and 0.5 mM MeSA. The results suggest that increased ethylene production by 0.1 mM MeSA in tomato fruit

is possibly mediated by depressing the negative feedback regulation of the LE-ACS6 genes and increasing the expression of LE-

ACS2 and LE-ACS4 through positive feedback regulation.

Published by Elsevier Science Ireland Ltd.
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1. Introduction

Salicylic acid (SA) is synthesized endogenously and

plays a role in a wide array of plant functions [1,2].

Pathogen attack results in an increase in cellular SA

concentration, either by de novo synthesis or release

from inactive conjugates [3]. The increase in SA in

tomato coincides with the induction of several defense

responses [4]. It has been demonstrated in certain plants

that pre-treatment with SA can increase the activity of

alternative oxidase [5] and that this is likely to be

responsible for increased heat tolerance [6] and chilling

tolerance [7,8]. It was recently reported [9] that MeSA

could function as an airborne signal, which activates

disease resistance and the expression of defense-related

genes in neighboring plants and in healthy tissues of

infected plants. Recently, we reported that using MeSA

to treat tomato fruit increased chilling tolerance and

induced the gene expression of heat shock protein [8]

and PR-protein [10]. In our previous study, we noticed

that low concentrations of MeSA appeared to enhance

the tomato ripening process. However, SA and MeSA

were characterized as inhibitors of ethylene biosynthesis

[11] and were reported to inhibit wound induced ACC

synthase expression [12]. We proposed that MeSA may

have dual effects on ethylene metabolism which might

be dose dependent and variable depending on the fruit

developmental stage.
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Ripening of tomato fruit includes change in color

(leucopenia production and loss of chlorophyll during

the chloroplast-to-chromoplast transition), a peak in

respiration (defined as a climacteric behavior), a burst in
ethylene production, softening and acid decline [13]. At

the onset of tomato ripening, fruit exhibit a climacteric

increase in respiration, with a concomitant burst of

ethylene production. Ethylene acts to promote the

transcription and translation of numerous ripening-

related genes [13]. In the ethylene biosynthetic pathway,

ACC synthase and ACC oxidase catalyze the reaction

from S-adenosylmethionine to ACC and from ACC to
ethylene, respectively [14]. In recent molecular studies, it

has been demonstrated that both ACC synthase and

ACC oxidase are encoded by multigene families in

various plants [15�/18]. These genes have been isolated

and structurally characterized, and are differentially

expressed in various tissues at different stages of

development and in response to internal or external

stimuli such as ripening, senescence, wounding, and
auxin [17]. In tomato fruit, a large body of evidence

demonstrates that massive ethylene production is re-

sponsible for increases in LE-ACS2 , LE-ACS4 , and LE-

ACO1 transcripts [18�/23]. Expression of these genes in

mature green tomato fruit is rapidly induced and/or

enhanced by treatment with ethylene [22,24,25]. SA is a

naturally occurring compound that was reported to

inhibit the wound-induced accumulation of the ACC
synthase transcript [12] and ethylene production [11].

However, little is known about the effects of SA or

MeSA on ACC synthase and ACC oxidase transcript

levels during fruit ripening and storage. This natural

compound may have different effects on the individual

genes of ethylene metabolism. To address this question,

we investigated the ripening process, ethylene produc-

tion and carbon dioxide production when tomato fruit
were exposed to various concentrations of MeSA at

different stages of ripening. Furthermore, the abun-

dances of ACC synthase and ACC oxidase mRNAs

were measured to determine the effects of MeSA on

selected genes involved during ethylene metabolism.

2. Materials and methods

2.1. Plant material and MeSA treatment

Tomato (Lycopersicon esculentum Mill. cv Sun

Bright) fruit were harvested from a USDA-ARS farm

(Beltsville, MD) at the following stages: mature green

(MG) (pale-green color on fruit surface), breaker (BR)

(fully developed green fruit with incipient yellow colora-

tion at the blossom end of the fruit), turning (TU) (first
appearance of pink color at blossom end).

In each maturity stage, fruit were divided into 4 lots of

80 fruit each. For MeSA vapor treatments, fruit were

placed in 200-l air-tight containers, together with MeSA

spotted onto filter paper at the final concentration of 0.0

(Control), 0.01, 0.1 and 0.5 mM, respectively, then

incubated for 16 h at 23 8C. After these treatments
the containers were opened, ventilated, and the fruit

stored at 20 8C. Fifty fruit from each lot were used for

ethylene production, respiration rate and surface color

evaluation. The rest of the mature green fruit were used

for RNA isolation.

2.2. Measurements of color, ethylene production and

respiration

To determine the effects of different treatments on

ripening, fruit were incubated in diffused light at 20 8C
and were inspected daily until judged to be fully ripe by

color development. A composite measure of the color of

tomatoes in terms of the brightness (L), green to red

component (a) and blue to yellow value (b) was made by

Chroma meter CR-300 (Minolta, Japan). All measure-

ments were repeated 20 times. The ‘a’ values on the scale
were used as a linear scale with the negative for green

color and positive for red color. Two fruit each were

placed in 1 l jars at 20 8C and CO2 and ethylene

concentrations were measured at 6-h intervals using an

automatic sampling, flow-through system as described

previously [26]. The measurements were replicated five

times.

2.3. RNA isolation and Northern analysis

Total RNA was extracted according to the method of

Chang et al. [27]. Pericarp tissue was ground in liquid N2

and five volumes of extraction buffer (2% [w/v] CTAB,

100 mM Tris�/HCl [pH 8.0], 25 mM EDTA, 2.0 M

NaCl, 0.5 g/l spermidine and 2% -mercaptoethanol)

were added. The solution was then extracted with
chloroform and precipitated using LiCl. The pellet was

dissolved in 500 ml of SSTE solution (1.0 M NaCl, 0.5%

SDS, 10 mM Tris�/HCl [pH 8.0], 1 mM EDTA [pH

8.0]), and extracted twice with equal volumes of chloro-

form. After ethanol precipitation, the pellet was resus-

pended in autoclaved diethylprocarbonate-treated

water.

Total RNA (30 mg) was size-fractionated in a 1.2%
formaldehyde-denaturing agarose gel [28] and blotted

onto a Hybond-N�/ membrane (Amersham), fixed by

incubating for 2 h at 80 8C. Following electrophoresis,

the formaldehyde gel was briefly stained with ethidium

bromide for 20 min, washed and photographed before

blotting for preliminary assessment of equal loading.

After prehybridization at 42 8C for 4 h, the blots were

hybridized for 16 h at 42 8C with 32P-labeled cDNA
probes in hybridization buffer containing 50% forma-

mide, 0.2% SDS, 5�/SSC (1�/SSC: 0.015 M NaCl and

1.5 mM sodium citrate, pH 7.0), 5�/Denhardt’s solu-
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tion (1�/Denhardt’s solution: 0.02% [w/v] BSA, 0.02%

[w/v] Ficoll, and 0.02% [w/v] PVP), and 100 g/ml salmon

sperm DNA. Following hybridization, the blots were

washed twice with 0.1�/SSC and 0.2%�/SDS at 65 8C
for 15 min. For all RNA gel-blot experiments, the blots

were exposed to BioMax MS (Eastman Kodak, Roche-

ster, NY) film using an intensifying screen for 22�/24 h

at �/80 8C.

2.4. Isolation of cDNAs and preparation of the probes

Partial cDNAs of tomato ACC synthase and ACC

oxidase were cloned by reverse transcriptase (RT)-

polymerase chain reaction (PCR) using RNA from

tomato fruit as the template. The primers were designed

with reference to the complete sequences of ACC
synthase and ACC oxidase from database. Three

micrograms of total RNA were used for reverse

transcription for 1 h at 37 8C using Molony Murine

Leukemia Virus reverse transcriptase (Promega, USA)

and oligo (dT) as the primer. After heat inactivation and

ethanol precipitation, 10% of the reaction products were
used as template in the PCR using oligonucleotides

corresponding to published sequences. Thirty-five cycles

of amplification (95 8C 30 s; 58 8C 30 s; 72 8C 1.0 min)

were performed using 1.25 U taq polymerase (Promega).

Reaction products were gel-purified and cloned into the

pCR-2.1 vector (Invitrogen, USA). The identity of the

clones was confirmed by sequence analysis. A 1455-bp

fragment of LE-ACS2 (Accession No. X59145) was
amplified using the oligonucleotides ATGGGATTT-

GAGATTGCA and ACGAACTAATGGTGAGG as

the 5? and 3? primers. A 1430-bp fragment of LE-ACS4

(Accession No. 59146) was amplified using the oligonu-

cleotides ATGGATTTGGAGACGAGT and AGC-

TAATAACATTTT as the 5? and 3? primers. A 1432-

bp fragment of LE-ACS6 (ACCESSION No.

AB013346) was amplified using the oligonucleotides
ATGGGGTTAATTTCAAAG and ATTCCTTGC-

TTGGACCATAG as the 5? and 3? primers. An 851-

bp fragment of LE-ACO1 (Accession No. X58273) was

amplified using the oligonucleotides ATGATCAAA-

GATGCTTGTG and GCCTTCATTGCTTCAAATC

as the 5? and 3? primers. A 26S ribosomal gene clone was

used as a probe for loading control in each blot [29].

Probes were synthesized using a DECAprime II DNA
Labeling Kit (Ambion, Austin, Texas) with [32P]dATP

(3000 Ci/mmol) as the label.

3. Results

3.1. Effect of MeSA on red color development

Fig. 1 shows the effects of different concentrations of

MeSA on red color development in three maturity stages

of tomato fruit. In mature green tomatoes, the ‘a’ value

of control fruit increased dramatically between 4 and 10

days after harvest and then remained constant up to 14

days. In fruit treated with 0.1 mM MeSA, the color

reached full red within 8 days. However, in 0.5 mM

MeSA treated fruit, the initial color did not change until
8 days after treatment and the ‘a’ value increased more

slowly in this treatment than in the control, and never

developed full red color. In breaker stage fruit, 0.01 mM

MeSA enhanced red color development by 2 days

compared with control tomatoes while 0.5 mM MeSA

markedly inhibited color development. For fruit at the

turning stage, the increase of ‘a’ value on tomato skin

color was significantly depressed by all concentrations
of MeSA used in this study including very low levels of

MeSA at 0.01 mM (Fig. 1). These results indicated that

MeSA could either delay or promote red color devel-

Fig. 1. Color change of tomato surface (‘a’ values) in various

developmental fruit stored at 20 8C after MeSA treatment. The

negative values are increasing green; the positive values are increasing

red. Error bars represent S.E.M.; n�/20.
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opment in tomato fruit depending on the concentration

and ripening stage of the fruit at the time of treatment.

3.2. Effect of MeSA on ethylene production

At harvest, the rate of ethylene production was low at

all three stages of fruit and ranged between 1.2 and 4 ng

g�1 h�1 (Fig. 2). In the mature green stage, treatment

with 0.1 mM MeSA increased ethylene production with

the peak appearing on the 5th day after treatment. Fruit

treated with 0.01 mM MeSA had patterns of ethylene

production similar to control fruit. High concentrations

of MeSA (0.5 mM) significantly decreased ethylene

production (Fig. 2). In breaker tomatoes, with treatment

of 0.01 mM MeSA, the earliest ethylene peak occurred

on the 3rd day after treatment which is 3 days earlier

compared to control fruit (Fig. 2), while ethylene

production was suppressed by 0.1 or 0.5 mM MeSA.

In fruit at the turning stage, ethylene production was

inhibited by all treatments, with higher concentrations

having stronger inhibition on ethylene production.

3.3. Effect of MeSA on CO2 production

Respiration rates of tomato fruit from various treat-

ments are shown in Fig. 3. In control fruit, the
climacteric maximum of CO2 production occurred on

day 8, 6 and 3 in the mature green, breaker and turning

stages, respectively. In the mature green stage, 0.1 mM

MeSA treated fruit reached the maximum of CO2

production 3 days earlier than the control fruit, while

0.01 mM MeSA had no significant effect on CO2

production compared to that of control fruit. However,

in breaker fruit 0.01 mM MeSA treatment hastened the
rise of CO2 production and climacteric peak was

reached 3 days earlier than the control, while 0.1 or

0.5 mM MeSA depressed CO2 production compared to

the control fruit. In the turning stage, respiration rates

were depressed by all MeSA treatments even by the

lowest concentration used (0.01 mM). Treatment with

Fig. 2. Effect of MeSA treatment on ethylene production by tomatoes

at different developmental stages stored at 20 8C after MeSA

treatment. Error bars represent S.E.M.; n�/5.

Fig. 3. Effect of MeSA treatment on respiration rate of tomatoes at

different developmental stages stored at 20 8C after MeSA treatment.

Error bars represent S.E.M.; n�/5.
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0.5 mM MeSA depressed CO2 production at all three

ripening stages (Fig. 3).

3.4. Effect of MeSA on the expression of ACC oxidase

mRNA

Mature green fruit were treated with 0.1 mM MeSA

(which increased ethylene production) and 0.5 mM

MeSA (which decreased ethylene production) to inves-

tigate ACC oxidase gene expression (Fig. 2). Fig. 4

shows the northern blot results when using LE-ACO1 as

a probe. In control fruit, the LE-ACO1 gene was

expressed at harvest (in mature green fruit); the abun-

dance increased further upon commencement of ripen-
ing up to 7 days; and slightly decreased afterwards.

Increases in the expression of LE-ACO1 mRNAs with

storage were reduced considerably by MeSA treatment

at both concentrations of 0.1 and 0.5 mM, and

particularly with 0.5 mM MeSA treated fruit. The

ACC oxidase transcript was recovered at day 5 and

day 7 in 0.1 and 0.5 mM MeSA treated fruit, respec-

tively. The results demonstrated that MeSA could
reduce expression of the ACC oxidase transcript.

3.5. Effect of MeSA on the expression of ACC synthase

mRNA

Fig. 5 shows the expression of the gene family

members of ACC synthase in tomato fruit during

ripening and treatment with MeSA. Among the three

members of the ACC synthase gene family, the abun-

dance of LE-ACS2 and LE-ACS4 mRNAs in the fruit

was undetectable in fruit at the mature green stage. LE-

ACS2 was detected at day 1 and increased from day 5

(turning to pink stages) up to day 10 (full red), and then

declined after day 10 (Fig. 5). These increases in the

mRNA abundance were associated with ripening and

ethylene production (Fig. 2). LE-ACS4 was detected at

day 1 and steadily increased throughout storage in

untreated fruit. In 0.1 mM MeSA treated fruit, the

abundance of LE-ACS2 was undetectable at day 0, but

had very high expression at day 1 which was maintained

up to day 5, thereafter decreasing gradually throughout

storage. Transcripts of LE-ACS4 (which were unde-

tected in control fruit) showed expression immediately

after 16 h of MeSA vapor treatment at day 0, and

gradually increased during 14-day storage. The abun-

dance of LE-ACS2 and LE-ACS4 mRNAs were

Fig. 4. Expression of ACC oxidase gene in tomato fruit during storage

at 20 8C after MeSA treatment. Tomato fruit (cv. Sun Bright) at

mature green stage were treated with 0.0 (control), 0.1 or 0.5 mM of

MeSA. After treatment the fruit were stored at 20 8C for 0 (processed

immediately after treatment), 1, 3, 5, 7, 10 and 14 days. Total RNA (30

ml) isolated from tomato pericarp at each time point was probed for

the presence of the transcripts of ACO genes. Exposure times to X-ray

film was 20 h. For confirmation of equal loading of samples, rDNA

probe was used to rehybridize the same blot previously probed with

ACO gene. The experiment was repeated 3 times and typical results are

shown.

Fig. 5. Expression of ACC synthase genes in tomato fruit during

storage at 20 8C after MeSA treatment. Tomato fruit (cv. Sun Bright)

at mature green stage were treated with 0.0 (control), 0.1 or 0.5 mM of

MeSA. After treatment the fruit were stored at 20 8C for 0 (processed

immediately after treatment), 1, 3, 5, 7, 10 and 14 days. Total RNA (30

ml) isolated from tomato pericarp at each time point was probed for

the presence of the transcripts of ACS genes. Exposure times to X-ray

film were follows: LE-ACS2 and LE-ACS4 are 24 h; LE-ACS6 is 48 h.

For confirmation of equal loading of samples, rDNA probe was used

to rehybridize the same blot previously probed with ACS genes. The

experiment was repeated 3 times and typical results are shown.

C.-K. Ding, C. Yi Wang / Plant Science 164 (2003) 589�/596 593



reduced to a large extent by treatment of fruit with 0.5

mM MeSA.

In contrast, the LE-ACS6 gene was expressed in fruit

at the mature green stages (Fig. 5, day 0), whereas few
signals for this gene were detected after 5 days during

storage (Fig. 5). The expression of LE-ACS6 in 0.1 mM

MeSA treated fruit decreased and was completely

eliminated at day 3 whereas the accumulation of LE-

ACS6 mRNA was detected up to day 7 in fruit treated

with 0.5 mM MeSA (Fig. 5). The results presented

above suggest that the expression of the LE-ACS6 gene

may be under negative feedback regulation in tomato
fruit ripening.

It is possible that the elimination of LE-ACS6 with

the expression of LE-ACS2 and LE-ACS4 transcripts

may have been responsible for the increase of ethylene

production in 0.1 mM treated fruit.

4. Discussion

Salicylic acid is considered as a transduction signal for

the induction of PR protein. In tomato plants, however,

SA is also known to inhibit wound signal transcription

and to inhibit ethylene production [11] and the accu-

mulation of wound-induced ACC synthase transcript

[12]. In the present study we observed significant

ethylene production in the fruit from day 6 with further

increases toward the red stage (day 8) (Fig. 2). This
increase in ethylene production was prevented to a large

extent by treatment with 0.5 mM MeSA at all three

stages. But ethylene production and respiration rate

were enhanced by 0.1 mM of MeSA in mature green

tomatoes and 0.01 mM of MeSA in breaker stage

tomatoes. These results indicated that MeSA is not

only an ethylene inhibitor, but in low concentrations it

also could enhance the ripening process and increase
ethylene production. A possible explanation might be

that different ethylene biosynthetic enzyme gene mem-

bers and/or different regulation mechanisms exist in

fruit at various stages of ripening, resulting in different

responses.

The climacteric life of fruits is divided into preclimac-

teric and climacteric stages depending on whether a

massive production of ethylene has commenced. In
tomato fruit, ethylene production during the climacteric

stage has been demonstrated to be due to the accumula-

tion of transcripts of two ACC synthase genes

[22,23,25]. ACC oxidase is a final enzyme in ethylene

metabolism which catalyzes the reaction from ACC to

ethylene. There are at least four genes encoding ACC

oxidase [18,23]. LE-ACO1 is the main gene expressed in

ripening tomato fruit, LE-ACO2 expression is mainly
restricted to the tissues associated with the anther cone,

and LE-ACO3 transcripts accumulate in floral organs

and transiently appear with a weak signal in fruit at the

breaker stage [23]. LE-ACO4 in fruit has a similar

expression to LE-ACO1 , but with much lower expres-

sion [18]. Therefore, in the present study we used LE-

ACO1 as a probe to investigate the transcript response
to MeSA treatment in mature green tomato. The LE-

ACO1 transcripts accumulated in mature green fruit

and increased with ripening during storage, but this

increase was prevented to a large extent by MeSA

treatment (Fig. 4). Leslie and Romani [11] reported that

10�4�/10�6 M of salicylic acid inhibited ethylene

production in pear cell suspension cultures and sug-

gested that SA or MeSA act by blocking the conversion
of ACC to ethylene. Our results directly showed the

downregulation of MeSA on ACC oxidase. Although

increased expression of the ACC oxidase gene has not

been shown in 0.1 mM MeSA treated fruit, the period of

highest accumulation of transcripts is concomitant with

the peak of ethylene production (Fig. 2). The explana-

tion for this result is that ACC oxidase may not be a

limitation in mature green fruit, because during this
stage the ACC content is very low [14,15]. In breaker

and turning stages, as ACC content increases, ACC

oxidase may become a limitation in ethylene production.

Therefore, in these stages, ethylene production would be

reduced if ACC oxidase transcription was inhibited.

This might be the explanation why in turning fruit, even

a low concentration (0.01 mM) of MeSA could reduce

ethylene production (Fig. 2).
ACC synthase catalyzes the reaction from S-adeno-

sylmethionine to ACC which has been demonstrated to

be a key rate limiting step in ethylene production during

fruit ripening [14,15]. There are at least eight ACC

synthase genes which have been cloned from tomato.

Among the eight previously cloned genes for ACC

synthase [18,21,22,30�/32], only five genes (LE-

ACS1A , LE-ACS2 , LE-ACS3 , LE-ACS4 and LE-

ACS6) [18] were found in fruit. The LE-ACS1A and

LE-ACS3 genes were expressed in fruit throughout

development and ripening and LE-ACS6 was described

as a negative feedback gene [18]. The genes LE-ACS2

and LE-ACS4 are responsible for the burst of ethylene

production during ripening of tomato fruit [18]. More

direct evidence is shown in transgenic tomatoes in which

the LE-ACS2 antisense fruits produce less ethylene and
fail to ripen, with complete inhibition of the LE-ACS2

and LE-ACS4 genes during ripening [33]. Therefore, we

cloned three cDNA fragments (LE-ACS2 , LE-ACS4

and LE-ACS6) of the ACC synthase gene family, to

investigate the response in fruit after MeSA treatment.

Among three members of the ACC synthase gene

family, the abundance of LE-ACS2 and LE-ACS4

mRNAs in the fruit increased beginning at day 1, and
then the mRNA abundance continued to increase in

association with ripening (Fig. 5). In 0.1 mM of MeSA

treated fruit, the transcripts of the LE-ACS2 gene were

absent at day 0, the same as in control fruit, but showed
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a large accumulation on the second day. Furthermore,

the transcripts of LE-ACS4 were absent initially in

control fruit but were detected in 0.1 mM of MeSA

treated fruit, which may be due to the induction of
ripening through a positive feedback mechanism [22]. It

also appears that LE-ACS2 is the ACC synthase gene

family responsible for the production of stress-ethylene,

because its mRNA has been detected at relatively high

levels after wounding, pathogen attack in senescent

flowers, and flooded tomato roots in tomato suspension

culture [12,19,30,34]. Therefore, 0.1 mM MeSA may act

as a type of stress signal for the accumulation of LE-

ACS2 and LE-ACS4 genes. The treatment of 0.5 mM

MeSA suppressed the transcripts of LE-ACS2 and LE-

ACS4 in a manner similar to that observed in oxidase

(Fig. 4). Li et al. [12] reported that wound-induced ACC

synthase transcription in early-red fruit tissue was

inhibited by 2 mM of SA treatment. Together with

our results, we conclude that higher concentrations of

MeSA may inhibit the gene transcriptions of both ACC
synthase and ACC oxidase which could result in the

reduction of ethylene production.

In contrast to LE-ACS2 and LE-ACS4 , the LE-

ACS6 gene was expressed in fruit at the mature green

stages and the abundance of this mRNA in the fruit

during the natural onset of ripening decreased gradually

to an undetectable level at day 5 (Fig. 5), whereas signals

for this gene were detected at day 7 in fruit treated with
0.5 mM of MeSA. However, the expression of the LE-

ACS6 gene was eliminated by treatment with 0.1 mM of

MeSA after day 1 (Fig. 5). The expression of the LE-

ACS6 gene is described as a negative feedback mechan-

ism [18]. This concept was clearly demonstrated in the

elimination of LE-ACS6 associated with fruit ripening.

Treatment with 0.1 mM MeSA could enhance this

process.
In conclusion, the results presented here clearly

demonstrate for the first time that low concentrations

of MeSA have the potential to up-regulate ethylene

biosynthesis by increasing the expression of ACC

synthase (LE-ACS2 and LE-ACS4) transcripts and

eliminating the transcription of LE-ACS6 . Our results

also add strength to the hypothesis that high levels of

MeSA in fruit keep ACC synthase and ACC oxidase
genes repressed and thus inhibit the timely production of

ethylene during ripening. The concentration of MeSA is

critical for impacting ethylene metabolism, which is also

dependent on the fruit ripening stage.
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