N

N

Ethylene seems required for the berry development and
ripening in grape, a non-climacteric fruit
Christian Chervin, Ashraf El-Kereamy, Jean-Paul Roustan, Alain Latché,

Julien Lamon, Mondher Bouzayen

» To cite this version:

Christian Chervin, Ashraf El-Kereamy, Jean-Paul Roustan, Alain Latché, Julien Lamon, et al.. Ethy-
lene seems required for the berry development and ripening in grape, a non-climacteric fruit. Plant
Science, 2004, 1 (6), pp.1301-1305. 10.1016/j.plantsci.2004.06.026 . hal-03602736

HAL Id: hal-03602736
https://hal.science/hal-03602736
Submitted on 9 Mar 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-03602736
https://hal.archives-ouvertes.fr

10

11

12

13

14

15

Ethylene seems required for the berry developmeditri@ening in grape, a non-

climacteric fruit.

Christian Chervin*, Ashraf El-KereamyJean-Paul Roustan, Alain Latché, Julien Lamon and

Mondher Bouzayen

UMR990 INRA/INP-ENSAT, Avenue de I'Agrobiopole, BRD7, 31326 Castanet-Tolosan,

France

*Corresponding authorChristian Chervin, ENSAT BP 107, 31326 CastaReince
Ph/Fax: +33 562 19 3573

email: chervin@ensat.fr

'Present address: Department of Horticulture, FaafltAgriculture, Ain Shams University,

P.O. Box: 68, Hadayek Shoubra, 11241 Cairo, Egypt



10

11

12

13

14

Abstract:

While the grape has been classified as a non-ctenacfruit whose ripening is
thought to be ethylene independent, we show hekahransienincrease ofendogenous
ethylene production occurs just before veraisan {inception of ripening). We observed that
ethylene perception, at this time, is requireddbteast the increase of berry diameter, the
decrease of berry acidity and anthocyanin accuoulan the ripening berries; these latter
experiments were performed with 1-methylcyclopragea specific inhibitor of ethylene

receptors. The potential roles of ethylene in bdeyelopment and ripening are discussed.

Keywords. grapesyVitisvinifera, ethylene, ripening, non-climacteric

Abbreviations: 1-MCP, 1-methylcyclopropene; ACC, l-aminocyclguane-1-carboxylic

acid; ACO, l-aminocyclopropane-1-carboxylic aciddase.
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1. Introduction

Three facts led us to check the influence of endoge ethylene and active receptors
in development and ripening phases of grape berfiegarlier observations showing that
grape ripening can be either inhibited or promdigdexogenous ethylene, depending on the
application time over the berry development pefiddle et al. 1970); (ii) the observation of a
peak of ethylene production around veraison (Alletveand Koch, 1977), and (iii) the
availability of 1-methylcyclopropene (1-MCP), a sfie inhibitor of ethylene receptors
(Blankenshiep and Dole, 2003).

Although in the 1970's ethylene was thought to heawery limited role, if any, in the
ripening process of non-climacteric fruit (Coomimel dale, 1973; Abeles et al., 1992), more
recent works have revealed that some aspects e€limoacteric ripening may be associated
with ethylene responses (Giovannoni, 2001). Thesification of grapes as non-climacteric
fruit was mainly due to a set of data showing owlgak changes in endogenous ethylene
levels around veraison (Coombe and Hale, 1978¢valopment stage at which grape berries
start to loose their acidity and to redden, ind¢ase of red cultivars, among other biochemical
changes. Indeed, Coombe and Hale (1973) and Ali¢vaeed Koch (1977) found that the
amounts of endogenous ethylene produced by grapes quite small when expressed as a
concentration per volume of internal gas (less thah pl.IY), but when expressed as a
concentration per weight of tissue, then an ethegylbarst was clearly observable around
veraison (Alleweldt and Koch, 1977). However irstlatter study, the peak was made of one
point only (one date at which the ethylene produrctiose), and the fruit was incubated for
one hour under partial vacuum, an excessive pafidine over which some of the ethylene

collected could be a part of plant responses towac
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2. Materialsand methods

2.1. Plant material and 1-MCP treatments

Cabernet sauvignon grapevines are grafted on 1diieR rootstocks and grown in
Toulouse, South-West of France, in a non-irrigatedeyard. The observations were
performed over two consecutive years; the full blomccurred around mid-June. The 1-MCP
was applied at various times following full bloofar a 24 hour period, in a polyethylene bag
wrapped around the cluster, at an initial concéiotmaof 4 pl.I*. Control clusters were
wrapped into plastic bags for 24 h. For these empamnts, clusters growing in a shaded area
of the vines were chosen to avoid direct exposuuhlight and overheating associated with
such a treatment. After the 24 hour periods oftineat, the clusters were sampled and

assayed immediately for ACO activity and juice &gidr stored at -80°C.

2.2. Measurement of internal ethylene
The internal ethylene was assessed according emBe and Hale (1973). Briefly,

control whole clusters that had not been incubataalastic bags, weighing a total of 150 g
approximately, were placed in a bowl filled withNaCl solution at saturation, under an
inverted funnel with an exhaust blocked by a ruldmptum. The air remaining in the funnel
exhaust was taken out with a syringe. Then the lveagl incubated under a partial vacuum of
-700 mm Hg for 5 min, in a freeze-dryer chamberteAfreturning to atmospheric pressure
one ml of the internal atmopshere caught in thexéiminder the septum was sampled with a

syringe and injected in a gas chromatograph.
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2.3. Assay of ACO activity and ACC content

Thein vivo ACO activity was assayed using one graqof berry halves for 1.2 ml
of in vivo buffer described by Pretel et al. (1995), with tbikowing modifications: Tris-HCI
0.5M, pH 7 and mannitol 0.35 M. The berry contehtleaminocyclopropane-1-carboxylic

acid (ACC) was assayed according to Mansour ¢1986).

2.4. Northern blot analysis

Northern blots were performed according Boss et()96). The corresponding
cDNA probe was obtained from genomic grape DNA gssequences with GenBank
accession number AY211549. The probe matched ag5equence of the coding region at

the 3' end.

2.5. Assessment of berry growth, acidity of the juice and anthocyanin content of the skin
The diameter was assessed using callipers as lgegcdy Coombe (1992). The
titratable acidity of the juice was measured with W NaOH up to pH 7. The total

anthocyanin content was assayed according to Baals @996), and converted to malvidin-
3-glucoside equivalents using & of 28,000 Mot.cm® at 520 nm (Souquet J.M., pers.

comm.).

2.6. Satistical analysis
In order to determine the LSDs at the 0.05 leved|yses of variance were performed

with SigmaStat (SPSS Inc., Chicago, IL).
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3. Resultsand Discussion

3.1 Ethylene production in developing berries

In our observations (Figure 1a), we confirmed dbeurrence of this ethylene peak
in Cabernet Sauvignon grape clustevdi§ vinifera, L.) and observed the rise in ethylene
production over more than one date (weeks 6, 7 &ndising only five minutes of gas
collection under vacuum. This peak representsreeamutration around 0.2 it,| which is
above the physiological threshold in most plansues (Abeles et al., 1992). In the same
grapes, we monitoreith vivo activity (Figure 1a) and transcript accumulatiéig(re 1b) of
an l-aminocyclopropane-1-carboxylic acid oxidas€@), the last enzyme in the ethylene
production pathway, and both matched the occurrenhtiee ethylene peak. Additionally, the
pre-veraison ethylene peak was observed over tweemutive years, in irrigated and non-
irrigated Cabernet Sauvignon vineyards, one witB Richter and the second with 3309
Couderc rootstocks. However, the peak was moress ddvanced depending on the climatic
conditions of the preceding month in each yeara(datt shown), and we reproduce here the
data of one year only. Additionally, the contenttofal 1-aminocyclopropane-1-carboxylic
acid (ACC), the immediate precursor of ethyleneluding conjugated and free forms,
reached levels that were 20 times higher than tbbske free form alone (Figure 1c). This
means that most of the ACC was malonylated, andesig that in grapes the competition for
ACC between ACO and ACC malonyl transferase desdripreviously (Mansour et al.,
1986), is in favour of the latter. The levels ofalcACC reached approximately 5 nmoles of
per gram of fresh weight at veraison, 1000 timesaggr than the levels of ethylene
production, suggesting that the ACC production waislimiting. This high ACC content in
grapes had already been noticed in a previous \{ikutani et al., 1988). The slight delay

between the ethylene peak (week 7) and the ACC (veadtk 8) can be explained by the time
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necessary to the berry tissues to accumulate bigild of ACC. The decrease in ACC levels
per gram of fresh weight at weeks 9 and 10 canxp&aimed by the restart of berry growth

after veraison (Coombe and McCarthy, 2000).

3.2. Importance of the ethylene perception on the berry physiology

In order to check whether this temporary rise ihyktne production has some
physiological importance on grape ripening, we kéat ethylene receptors with 1-MCP at
different times around the expected ethylene peakq to 9 weeks after full bloom). 1-MCP
IS a gas at ambient temperature and atmosphergsymes it has been described as an
irreversible inhibitor of ethylene receptors, wih affinity for the receptors 10 times greater
than that of ethylene (Blankenshiep and Dole, 2003)

As shown in Figure 2a, we observed that applicabioh-MCP delayed the increase of
berry diameter. This delay was correlated to theliegtion of 1-MCP at the time of the
ethylene peak (Figure l1a). According to Coombe Mic€arthy (2000), at the beginning of
the second growth phase, berry growth is mainlkelthto phloem fluxes, but it is not
excluded that some sap comes from xylem tissues.rdlles of ethylene on these fluxes are
not well described in the literature. However thibykene seems to have a role in cell
enlargement (Sanchez-Calle et al., 1989; Camp.etl@81). This role could explain the
limitation of diameter increase due to the blockafethylene receptors by 1-MCP.

Additionally, the results of Figure 2b suggest te#tylene may affect the acidity
decrease that is a feature of the post-veraisangef grape ripening. Grapes treated with 1-
MCP at 6, 7 and 8 weeks after full bloom had highadity levels than untreated controls
when harvested at 13 weeks post bloom. The strolEP effects were seen for treatments
that corresponded with the timing of the endogenetlnylene peakAt this time of berry

development, the decrease in juice acidity is erpth mainly by the decrease of the malic
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acid concentration (Ollat et al., 2002). This daseecan be itself induced by ethylene as part
of the increased respiration known to be triggebgdthis phytohormone even in non-
climacteric tissues (Abeles et al., 1992). IndezaljIinier-Blache and Bruzeau (1967) showed
that several grape cultivars underwent an incrgaszO, evolution at veraison that could be
part of a respiratory burst. It was associated esaer extent with a rise in,@ptake. This
respiratory rise lasted for at least a fortnightlofleing veraison (after which the
measurements were stopped), and it seems to ntacpetiod of acidity drop of the berry
juice. Other authors have suggested that malicreezyould also be activated at veraison and
be part of malate catabolism (Ollat et al., 20@2)] this enzyme has also been shown to be
inducible by ethylene in ripening fruit (Mamedov a@t, 1997). Moreover, the transport of
organic acids within cell compartments is obviouslolved in acid metabolism (Terrier and
Romieu, 2001) and this transport may be modulatedthylene signals (Schmidt et al.,
2003). However, it cannot be ruled out that thst@ned acidity (Fig. 2b) could simply
result from the inhibited fruit expansion (Fig. 2a)

Finally, 1-MCP was also shown to transiently inhianthocyanin accumulation in
berry skins (Figure 2c). Again this inhibition wstsonger when the 1-MCP was applied at the
time of the ethylene peak. This is less surprisagythe expression of several enzymes of the
anthocyanin pathway (Robinson and Davies, 2000)bsamduced by ethylene signals (El-
Kereamy et al., 2003). It is also possible thatamga fruit expansion might have an effect on
other signals leading to anthocyanin synthesis aswimulation, i.e. sugar levels (Vitrac et
al., 2000). Indeed, it is known that sugar accutman berries starts around veraison and is
linked to phloem unloading (Coombe and McCarthyd®0

Such 1-MCP experiments have been conducted ovecawsecutive years and similar
results have been observed. The results presemied dne the data set of a single year,

because the time at which the sensitivity to 1-ME€Raximal depends on the climate in the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

month following bloom, that also impacts on theylthe peak. In these experiments (Figure
2), the berries were picked a few weeks beforedsras we noticed in preliminary trials that
treated grapes can overcome the 1-MCP inhibitionrigéning as time goes by, may be

throughde novo synthesis of ethylene receptors.

Our observations regarding the role of internalyletme in modulating some
metabolisms associated with berry development gehing in grapes, confirm what other
researchers observed with applications of exogertiudene. Indeed, Hale et al. (1970) and
others (Weaver and Montgomery, 1974; Shulman et H)85) observed that these
applications enhanced acidity drop and the accuiounlaf red pigments. This suggested that
the berry tissues were able to sense ethyleneinbilite 1970's nothing was known about
ethylene signal transduction. Since then, commieirgiatments with ethylene precursors have
been developed, but these precursors are appliatgeathat should give rise to more than 500
ulI" of ethylene internal concentration if every mofettte precursor penetrates the plant
tissues and is transformed to ethylene. So sevesahrchers suggested that such treatments
are performed at too high concentrations to gipéysiological meaning to the plant response
to this ethylene treatment, however such treatmgiws rise to concentrations of internal
ethylene that are 100 times smaller than expe&kHéreamy et al., 2003).

One could argue that the ripening delay induced #§CP was only due to a toxic
effect of this molecule. However two facts can &éised against this argument: (i) the changes
induced by 1-MCP are contrary to those induced kggenous ethylene (Weaver and
Montgomery, 1974; Shulman et al., 1985); (ii) tllane 1-MCP dose had no effect on the
berry physiology (i.e. no toxic effect) if applidmefore or after the ethylene peak, when it

delayed the berry ripening if applied at the tini¢he ethylene peak (Figure 2).
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We have not yet characterised the responses to B-iM@ther cultivars than Cabernet
Sauvignon, but similar responses are expected kigpthiat many cultivars respond similarly

to exogenous ethylene (Weaver and Montgomery, 19fdiman et al., 1985).

3. Conclusion

Obviously, the grapes contain a functional netwafrlkethylene signalling at the onset
of ripening, and part of this complex is necesdaryhe ripening process. Our data do not
imply that grape should be considered as a climadiit, but that new techniques and new
tools may change the way of categorising fruit mipg. Further interesting studies are
granted, particularly with the development of grapiero-arrays. These studies will bring

new insights into the triggering events of ripenmgtabolism of non-climacteric fruit.

Acknowledgements:

We wish to thank Dr G. Regiroli (Rohm & Haas) faopiding free samples of 1-
MCP, the Egyptian Embassy in France for a PhDelop to A. El-Kereamy and the Midi-
Pyrénées regional council for a research grant.nHkhao Pr A.B. Bleecker (Uni. of
Wisconsin) for a fruitful discussion, to Dr C.M. fido(Uni. of Adelaide) for comments and

final edition of the manuscript.

References

Abeles F.B., Morgan P.W. and Saltveit, Jr, M.E.929Ethylene in Plant Biology. Second
Edition. Academic Press. Inc., 581 p.

Alleweldt, G. and Koch, R. (1977). Der Athylengahaifender Weinbeeren. Vitis, 16, 263-

271.

10



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Blankenship, S.M. and Dole, J.M. (2003). 1-Metlyglopropene: a review. Postharvest Biol.
Technol., 28, 1-25.

Boss, P.K., Davies, C. and Robinson, S.P. (199&)lysis of the expression of anthocyanin
pathway genes in developingitis vinifera L. cv. Shiraz grape berries and the
implication for pathway regulation. Plant Physidil,1, 1059-1066.

Camp, P.J. and Wickliff, J.L. (1981). Light or elifrye treatments induce transverse cell
enlargement in etiolated maize mesocotyls. Plagsieh, 67, 125-128.

Coombe, B.G. and Hale, C.R. (1973). The hormongetwrof ripening grape berries and the
effect of growth substance treatments. Plant Phy&ib, 629-634.

Coombe, B.G. (1992). Research on development aedirig of the grape berry. Am. J. Enol.
Vitic., 43, 101-110.

Coombe, B.G. and McCarthy, M.G. (2000). Dynamicg@pe berry growth and physiology
of ripening. Aust. J. Grape Wine Res., 6, 131-135.

El-Kereamy, A., Chervin, C., Roustan, J.P., Chayni¢, Souquet, J.M., Moutounet, M.,
Raynal, J., Ford, C.M., Latche, A., Pech, J.C. Bodzayen, M. (2003). Exogenous
ethylene stimulates the long-term expression ofegemelated to anthocyanin
biosynthesis in grape berries. Physiol. Plant., 17%-182.

Giovannoni, J. (2001). Molecular biology of fruitataration and ripening. Ann. Rev. Plant
Physiol. Plant Mol. Biol., 52, 725-749.

Hale, C.R., Coombe, B.G. and Hawker, J.S. (1970fecEs of ethylene and 2-
chloroethylphosphonic acid on the ripening of geagdant Physiol., 45, 620-623.

Mamedov, Z.M., Gyulakhmedov, S.G., Kuliev, A.A., IBatseva, E.A. and Salkova E.G.
(2997). Activity of NADPH-forming enzymes duringayvth and ripening of apples.

Appl. Bioch. Microbiol., 33, 297-301.

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Mansour, R., Latché, A., Vaillant, V., Pech, J.@d&eid, M.S. (1986). Metabolism of 1-
aminocyclopropane-1-carboxylic acid in ripening lapipuits. Physiol. Plant., 66, 495-
502.

Mizutani, F., Sakita, Y., Hino, A. and Kadoya, (1988). Cyanide metabolism linked with
ethylene biosynthesis in ripening processes ofadieric and non-climacteric fruits.
Sci. Hort., 35, 199-205.

Ollat, N., Diakou-Verdin, P., Carde, J.P., Barriey,Gaudillere, J.P. and Moing, A. (2002).

Grape berry development: a review. J. Int. Scin€iin, 36, 109-131.

Pretel, M.T., Serrano, M., Amoros, A., Riquelme, &d Romojaro,F. (1995). Non-
involvement of ACC and ACC oxidase activity in pepgruit ripening. Postharvest
Biol. Technol.,5, 295-302

Robinson, S.P. and Davies, C. (2000). Moleculatolgp of grape ripening. Aust. J. Grape
Wine Res., 6, 175-188.

Schmidt, W., Michalke, W. and Schikora, A. (200Bjoton pumping by tomato roots. Effect
of Fe deficiency and hormones on the activity aistribution of plasma membrane
H+-ATPase in rhizodermal cells. Plant Cell Envirdt6, 361-370.

Shulman, Y., Cohen, S. and Loinger, C. (1985). mpd maturation and wine quality of
Carignane grapes by ethephon treatment. Amer.al. ¥itic., 36, 264-267.

Sanchez-Calle, I.M., Delgado, M.M., Bueno, M., DMiuel, M. and Matilla, A. (1989).
The relationships between ethylene production aidetongation during the initial
growth period of chick-pea seeds (Cicer arietinuptysiol. Plant., 76, 569-574.

Saulnier-Blache, P. and Bruzeau, F. (1967). Déyopent du raisin Ill. Ann. Physiol. Vég.,

9, 179-196.

12



Terrier, N. and Romieu, C. (2001). Grape berry iacidin: Molecular Biology and
Biotechnology of the Grapevine. Ed Roubelakis-Ange K.A., Kluwer Academic
Pubs, p. 35-58.

Vitrac, X., Larronde, F., Krisa, S., Descendit, Peffieux, G. and Merillon, J.M. (2000).
Sugar sensing and Ca2+-calmodulin requiremenVitis vinifera cells producing
anthocyanins. Phytochem., 53, 659-665.

Weaver, R.J. and Montgomery, R. (1974). Effecttbéphon on coloration and maturation of

wine grapes. Amer. J. Enol. Vitic25, 39-41.

13



10

11

12

13

Figure captions

Figure1: a) Changes in internal ethylene of Cabernet Sauvighasters and changes in the
in vivo ACO activity of the berry tissues as a functidrilee time after full bloom; n = 3,
error bars show SEb) Changes in ACO transcript accumulation in berassa function of
the time after full bloom. ¢) Changes in 1-aminocyclopropane-1-carboxylic a&€Q)

levels in berries as a function of the time aftértbloom; n = 3, error bars show SE.

Figure 2: Influence of gassing Cabernet Sauvignon clusteva@ous times after full bloom
with 1-methylcyclopropene (1-MCP), ethylene comipeti inhibitor, on three maturity
parameters of berries harvested 13 weeks afteblimtim;a) diameterp) titratable acidity of
the juice andc) anthocyanin content of the skins. The data arenmed 3 replicates +

standard errors and LSDs were determined at tfelével.

14



Figure 1

—e— Internal ethylene (pmol.g,?)

—o— ACO activity (pmol.min'l.gFW'l)

b)

ACC concentration (nmol.g.,, ™)

[EEN
o

O N W b~ O O N 00 ©
| ] ] ] ] ] ] ] ] ]

5

6

7

T

8

r w 0

9 10

Time after full bloom (weeks)

T T
H
o
o
—0—

T
(@)
o

AN [e)]
(9%) Sal11aq pPalojo)

T
N
o

ACO

18S

7.0 1

6.0 1

5.0 1

4.0 -

3.0 -

2.0

0.1 -

0.0

6

7

8

9 10

Time after full bloom (weeks)

C)

—®— Total ACC
—O— Free ACC

9 10

Time after full bloom (weeks)

15



12

LSD g5 a)

= =
© o =
1 1 1

Berry diameter (mm)
(o]

140

LSDg 05 b)
130

120 A

110 A

Acidity (meqg/l)

100 +

90 -

LSDy o5 C)

Anthocyanins (pmol.gFW'l)

Figure 2




