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Abstract

Although grape berries have been classified as naimacteric fruits, ongoing
studies on grape ethylene signalling lead to chatige the role of ethylene in their
ripening. One of the significant molecular changes berries is the up- regulation
of ADH (alcohol dehydrogenase, EC. 1.1.1.1) enzynaetivity at the inception of
fruit ripening and of VVADH?2 transcript levels. This paper shows that the ethgne
signal transduction pathway could be involved in te control of VWVADH2
expression in grapevine berries and in cell suspeinss. The induction of VVADH?2
transcription, either in berries at the inception d ripening or in cell suspensions,
was found to be partly inhibited by 1-methylcyclopopene (1-MCP), an inhibitor of
ethylene receptors. Treatment of cell suspensionsittv 2-chloroethylphosphonic
acid (2-CEPA), an ethylene releasing compound, alseesulted in a significant
increase of ADH activity and VVADH?2 transcription under anaerobiosis, showing
that concomitant ethylene and anaerobic treatmentsn cell suspensions could
result in changes ofVWADH2 expression. All these results, associated with the
presence in the VVADH2 promoter of regulatory elements for ethylene and
anaerobic response, suggest that ethylene transdiart pathway and anaerobic
stress could be in part involved in the regulatiorof VWVADH2 expression in ripening
berries and cell suspensions. These data open nespacts of the expression control

of a ripening-related gene in a non-climacteric frit.

Key words: Alcohol dehydrogenase, anaerobiosisxiandruit development, ethylene,

1-methylcyclopropene (1-MCP), suspension c#lss vinifera
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Introduction

Much progress has been made in recent years imdémtification of changes at the
molecular level occurring during grape berry ripgniIn Vitis vinifera L, both the
transcription of the/vADH2 gene and ADH enzyme activity are up-regulatedrdri
berry ripening (Tesniere and Verries, 2000; 20(8gveral other events have been
shown to occur during berry development (Boss aadé¢, 2000; van Heeswijck et al.,
2000). Despite this progress, it remains largelgnomvn how the signal that triggers
fruit ripening is transduced in grape berries. &run which the production of ethylene
increases strongly during the ripening phase wigeak in respiration are classified as
climacteric fruit. Grape berries that do not acclateiethylene to the same extent and
lack the peak in respiration are thus classifiedh@s-climacteric fruits (Coombe and
Hale, 1973). However, fruit ripening is considetednvolve both ethylene-dependent
and ethylene-independent processes (Lelievre,e137). In fact, a limited production
of ethylene has been described in grape berridswaldt and Koch, 1977), as well as
in other non-climacteric fruits (Hartmann and Boydi988; Yeekwan et al., 1998).
Recent work (Chervin et al.,, 2004) has shown thanethough their ethylene
production is low, grape berry ripening is impait®d1-methylcyclopropene (1-MCP),
a specific inhibitor of the ethylene receptor (Banship and Dole, 2003). In addition,
the partial involvement of ethylene in anaerobiduiction of ADH1 in Arabidopsis
seedlings has recently been reported (Peng &08l1).

It was therefore interesting to investigate whetherethylene signal transduction
pathway could be involved in the controlADH expression in grapevine. The effect of
1-MCP on the ADH enzyme activity andvADH transcript levels, both during berry
development and in suspension cells\Vofvinifera was thus compared. In addition,
treatments were performed with 2-chloroethylphosihacid(CEPA), a chemical that

releases ethylene when applied to plants, eitlogreabr in combination with 1-MCP.

Material and methods

Plant material and treatments
Berries from grapevines/( viniferaL., cv Cabernet Sauvignon) grown in a Toulouse

vineyard (South-West of France) were used for gleeiments. Clusters, wrapped in a
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polyethylene bag, were exposed to 4 ppm gaseoustiyloyclopropene (1-MCP) for
24 h. This application was performed weekly, stgrtat week 6 post-flowering up to
week 10. Single 24 h applications performed at wé&eak 10 prior to berry sampling
(Single MCP) were compared to 5 applications (wéelo 10) repeated on the same
cluster (Repeated MCP). For example, the treatncafied "Repeated” sampled at
week 8 had been treated three times (once a weel4fh each. This latter treatment
was performed to take into account ateynovosynthesis of ethylene receptors. Three
replicates were performed using three clustersh(eaw from a different vine) at
a similar stage of development. After sampling,rieerwere frozen at —80 °C until
further analysis.

Cell suspensions of. viniferacv Cabernet Sauvignon were grown as previously
described (Torregrosa et al., 2002). Four-day-aletsltures were treated with 1-MCP
and/or CEPA, 2-chloroethylphosphonic acid, a chaimibat releases ethylene when
applied to plants (Abeles et al., 1992). The 1-Mttéatment consisted in a single
application of 1 ppm in the headspace of an erlgemdlask for 2 h. In some
experiments, 50 uM CEPA was added to the cell sisspe medium 2 h after the
1-MCP gassing. After treatment, 6 x 4 ml aliquotrevincubated in 6-well microplates
and were then either maintained in air or incubateder pure nitrogen for 24 h. Gas
samples were withdrawn from the flask and analyagdgas chromatography. Cell
samples were collected on Whatman filters by vactiltration and immediately frozen
in liquid nitrogen or placed in the appropriateragtion buffer. All experiments were
repeated once. The results of the northern blotisaativity assays performed on cell
suspensions were expressed as values relativeetarttieated control, to overcome

variation between cultures repeats.

Refractive index and ethylene measurements

Sugar contents were evaluated using refractiveximdeasurements, determined from
supernatants of powdered frozen fruits. To insina ethylene concentrations were
approximately in the same range under similar itneat conditions, gas samples were
taken from the headspace of the erlenmeyer flasttethylene was quantified. The jars
were sealed for 2 h with a silicon cap placed alere layers of parafilm. The ethylene

concentration in the jars was analyzed at the dritieotreatment period by removing
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a 20 ml gas sample through the seal. The samplesst@ed in a 25 ml penicillin tube
at room temperature until assayed by gas chromegtbgrusing a FID (flame ionization

detector) equipment and an alumina column (Manebat., 1986).

Protein and ADH enzyme activity measurements.

The frozen powder (0.1 g) of berry tissues was #thwm 0.3 ml of extraction buffer
containing 0.2 M Bis-tris propane-MES (pH 8.0), MnEDTA, 10% glycerol (p/v),
1% PVP (p/v), 1% Triton X-100 (v/v), 1 mM PMSF ai@ mM B-mercaptoethanol.
After centrifugation (13,000 g, for 5 min at 4 °C), supernatants were storedatC
until assayed. Cell suspension cultures were sampjefiltering 1 ml aliquots of the
suspension culture on a 45 mm-diameter filter ungauum. Collected cells were
immediately transferred to 0.4 ml extraction bufferl M sodium phosphate, pH 7.8,
1mM DTT, 0.1% Triton X-100 v/v). After sonicatiofor 20 sec, lysates were
centrifuged at 13,000 g for 5 min at 4 °C and aliquots of the supernatargse stored
at —80 °C until assayed. The Bradford method (Bnatjf1976) was used for all protein
determinations, using BSA as standard. ADH actiwgs assayed by measuring the
reduction rate of acetaldehyde at 340 nm as prelyialescribed (Molina et al., 1987;

Tesniere and Verries, 2000).

Isolation of RNA and expression analysis

Total RNA was isolated from berries according tos8@t al. (1996), and from cell
cultures using the SV total RNA isolation systermnir Promega (Madison, WI). Ten
micrograms RNA per lane were fractionated on 1.2%mbaldehyde agarose gels,
blotted onto nylon membranes and hybridised teedfit*’P-labelled 3' UTRVVADHSs
probes to specifically detect the different isogeegpressed in berries. Hybridisations
were performed at 65 °C in 5X SSC, 5X Dendhardtkitson, 0.5% SDS, with 100
pg/ml denaturated salmon sperm DNA. Membranes weaghed at high stringency.
The hybridisation signals were quantified by direcanning of the membranes and
signal intensities were analyzed using a Storm en@golecular Dynamics, Sunnyvale,
CA, USA). Normalization was achieved using the eesppe 18S ribosomal RNA
values for each sample. The resulting data aréiwvelaatios allowing the comparison

between the intensities of different hybridisatgignals on the same membrane.



134
135
136

137

138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

Tesniere eal.

Statistical analyses
Two-way ANOVAs were performed using SigmaStat v.23PSS, Chicago). LSD

values for each factor and the interaction wereutated at the 0.05 significance level.

Results

Developmental induction of ADH during berry ripegins affected by 1-MCP
The effect of 1-MCP on ADH activity was evaluatesl shown in Fig. 1. A single
treatment with 1-MCP had a significant effect omayene activity only in berries treated
10 weeks after flowering. Following repeated treatts, a reduction of enzyme activity
was significant 9 weeks after flowering. In contsaimples, ADH activity increased
during ripening as observed previously by Tesnaer@ Verries (2000). Measurement of
the refractive index in control samples showed@mumulation of sugars from the onset
of ripening at week 8 (data not shown), coincidiwith the increase in ADH activity.

Northern-blot analyses were also conducted to clieekexpression pattern of
VVADH isogenes. No significant levels &fvADH1 and VVADH3 transcripts were
detected, in either treated or non-treated befdata not shown). In contrast, the low
expression of VWVADH2 observed in control berries up to the seventh week
post-flowering, increased strongly and steadilyrehéier (Fig. 2A). These data
confirmed the pattern of expression\GfADH2 during fruit development and that it is
the predominantADH isogene expressed in ripening berries (Tesnietk \&rries,
2000). MCP applications significantly reduced tlewmulation ofVVADH2 mMRNAs
(Fig. 2A), particularly 10 weeks after floweringigire 2B shows more clearly that the
differences induced by the 1-MCP treatments weiteaiad after week 7 for repeated
treatments or week 8 for single treatments. Theklyeepeated application of 1-MCP
resulted in a significant limitation of the up-réaion of VVADH2 expression during
ripening, varying from 30% to 50% of the controldé These results suggest that it is
likely that the effect of 1-MCP varies with the giglogical stage of the fruit. It may
also vary with the treatment method. In any cdse,résults presented here suggest an
inhibitory effect of 1-MCP o®VvADH gene expression in ripening grape berries.

The reduction in ADH activity was generally smaliean the reduction observed
at the transcript level, and observed with a oneknaelay compared to the changes of
VVADH2 mRNAs. This difference could be due to a ragidADH2 mRNAs turnover,



165
166
167
168
169
170

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

186
187
188
189
190
191
192
193
194

Alcohol dehydrogenase and ethylene signal in gvape

whereas ADH protein stability could account foreday in the reduction observed at the
MRNA level, as previously suggested (Tesniere ardi&s, 2000). Finally, it is not
excluded that part of the ADH activity is constitet and not related to the ethylene
signaling pathway.

Altogether these results suggest that an ethylegeals could modulate the

induction of thevvADH2gene depending on the developmental stage oftite f

1-MCP and CEPA treatments alter ADH gene expressiod enzyme activity in
suspension cells

To investigate whethehe previously observed effect of ethylene wag specific, the
effects of 1-MCP and CEPA on suspension cells wase studied. The ethylene
released in the head-space of CEPA treated culteeehed an average of 3 £ 1 ppm
after a 24 h-incubation (Table 1). For all othell caltures not treated with CEPA, the
ethylene levels were under the physiological thoesbf 0.1 ppm (Abeles et al., 1992).
Compared to the control in air, ADH activity (FBA) reached levels that were 16%
higher in CEPA samples, 48% higher ia &d 190% higher in CEPA +,NThe same
trend was observed fafvADH2mRNA levels (Fig. 3B). Compared to the controin
the VVADH2 transcripts reached levels that were 50% higheCHPA samples, 50%
higher in N and 390% higher in CEPA +,NThe 1-MCP effect observed in cell
suspensions paralleled the results obtained witipegrberries. The difference in
amplitude of the response in ADH activity avdADH2transcription may indicate that

post-transcriptional regulation mechanisms are ialsolved.

Ethylene response elements are present in the V2ADémoter.

VVADH2 promoter sequence analysis revealed several aorsensus sequences of
putative ethylene (ERE, Montgomery et al., 1993hdki et al., 1994) and anaerobic
responsive elements (ARE; GT-motif; Walker et 8887; Tesniere and Verries, 2001)
as presented in figure 4. The sequence oVtEDH3promoter is unknown yet, but the
0.3 kb VVADH1 promoter analysis revealed no ERE motifs, althotwb ARE-like
GT-motifs were identified.However, these motifs were not sufficient to confer
inducibility by anaerobiosis to thévADH1 promoter (Torregrosa et al. 2002). ERE and
ARE motifs were also identified in promoters fréhnabidopsis AtADHland tomato
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LeADH2genes (Fig. 4). Compared to thafADH2 they are organized in a different
way, especially when considering the proximal 3Q® gromoter region. At the
expression level, botAtADH1 andLeADH2genes are transcriptionally induced by low
oxygen stress (Chen and Chase, 1993; Dolferus.,ei@4). In addition, functional
analysis showed that GT-motifs in tAeabidopsis AtADHIare critical for low oxygen
induction (Hoeren et al., 1998). However, wheth&@EEmotifs are involved in the

transcription of thesADH genes remains to be established.

Discussion

Alcohol dehydrogenase has received considerabbntaih as a stress marker, its
expression being induced by several environmerdatofs, such as anaerobiosis,
drought, chemical treatment or low temperature (eaki et al., 1988; Matton et al.,
1990; Millar et al., 1994; Christie et al., 1994hd hormones (de Bruxelles et al., 1996;
Lu et al., 1996, Peng et al.,, 2001). The analy$ishe mechanisms underlying this
genetic control has revealed interaction betwedigrdint signalling pathways in the
ArabidopsisADH1 promoter (Dolferus et al., 1994).

In this work, treatment with 1-MCP has been showrrdsult in a noticeable
decrease of ADH activity andvADH2 mRNA expression in ripening berries. Similar
results showing the inhibition by 1-MCP and theuaiibn by CEPA-generated ethylene
were observed when enzyme activity and transcviggt® analysed in cell suspensions.
The 1-MCP effect on fruits is obvious only afterraison has been initiated in a
majority of grape berries. This fits with previousports showing that grape berries
respond to ethylene differently according to theetielapsed since flowering (Hale et
al., 1970), although a low level of ethylene is ected to be produced at the time of
ripening (Coombe and Hale, 1973). The effect acdetere with the use of both
chemical ethylene release and anoxia treatmenisailed that both signals participate in
the control ofVVADH2 transcription. If ethylenger sewas directly involved in the
induction of grapevineADH expression, one would expect an increase in etaylen
content in ripening berries or in hypoxically-tregtcells. The absence of a significant
release of ethylene in ripening berries (Coombe tdalé, 1973) or in suspension cells
with increased ADH suggests that this expressios wat directly under ethylene

control. It is rather likely that ethylene and lowxygen use different signalling
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pathways. However, it is not excluded that low @etygnay sensitise thevADH2
promoter to ethylene action.

The fact thatVvADH2 transcription is partially reduced after veraison the
1-MCP treatment indicates that tABH gene is at least in part responsive to ethylene.
But we can not exclude an indirect action of MCPAWH expression (i.e. regulation of
intermediate metabolisms). Moreover, the strongfeiceobserved with repeated MCP
treatment after veraison - although single andatgaetreatments did not differ before
this stage - suggest some changes in the regulatitime ethylene signalling pathway
during fruit development. Functionnal receptors af@st requisite for the downstream
response of genes related to this pathway. Whétieeregulation occurs at the level of
ethylene receptors (e.g. variation in the numbduné€tional receptors or competition at
the receptor level) and / or downstream in thesdaction pathway remains an open
guestion. Ongoing studies on ethylene in grapesr@ et al., 2004) led the authors to
consider it as an important signalling pathway dgoape berry ripening. Indeed, the
ethylene production peaks two weeks before midisera i.e. just before the onset of
VVADH2 expression (Fig. 2A). In addition, 1-MCP appliddttze time of the ethylene
peak has been shown to alter several events (@cgeaise in berry diameter and
anthocyanin accumulation) involved in berry ripgn{i€hervin et al., 2004). Moreover,
in tomatoes, the expression of some receptorsiggeted at the inception of ripening
(Ciardi and Klee, 2001). Another possibility isttlsame ethylene biosynthesis genes, or
genes involved in the signalling pathway, are atéd. It could be thaDH first has to
be inducedsia a limitation of oxygen (Martinez et al., 1993)fdre ethylene signalling
becomes active (as a consequence or not of lesyger availability). Microarray
analysis of roots fromrabidopsisresponding to low oxygen treatment have shown that
ethylene biosynthesis and response were induceddatin the low oxygen response,
while ADH expression was already reaching maximal RNA leatitr 4 h (Klok et al.,
2002). The ethylene response could therefore beidered as a consequence of low
oxygen treatment. Moreover, iArabidopsis mutations affecting ethylene responses
(and in particular receptor of ethylene) also a#dctheADH induction, also at later
stages of hypoxia (Peng et al., 2001).

This report shows that, in grapevine, ethylene algmg was more efficient in

increasing ADH transcription when associated wibtkv loxygen treatment. In fact,
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ethylene appears to be implicated in the triggeahg number of responses to oxygen
deficiency (Morgan and Drew, 1997). Because\thk@DH2 promoter has putative ERE
motifs, the expression of this gene could indeedustained or amplified by ethylene.
In fact, recent experiments have shown that thenpter of theVvADH2 gene was
responsive to ethylene treatment (Verries et @042 Finally, it is not excluded that
some other transcription factors are required enfthit ripening processes. In this case,
both anaerobic and ethylene pathways would be digmgon one or more transcription
factors.

Results presented here suggest that the combinafidroth signals could be
involved in ADH expression in fruit tissues. Whether anaerobicditmms can be
encountered in some grape berry cell compartmentsins to be shown. It is however
becoming evident that anaerobic metabolism in plastnot always activated by a
decrease in oxygen availability. Anaerobic metamlimay also function as a
mechanism to reduce energy consumption under gectaiumstances (Geigenberger,
2003).

Acknowledgements

We are grateful to Dr R. Dolferus (CSIRO, Plantusity) for reviewing the manuscript
and for helpful discussion, and to Pr M. Bouzay®R@/INP-ENSAT), Pr F. Dosba

(AgroM/UMR BEPC) and G. Albagnac (INRA/UMR SPO) feupporting our research
effort. We thank Dr Regiroli (Rohm & Haas) for prding free samples of 1-MCP. This
work was partly supported by the Institut Natiormkd la Recherche Agronomique
(INRA) with special grants from CEPIA Departmenhdaby the Egyptian Embassy
through a PhD grant to A. EI-K.

References

Abeles FB, Morgan PW, Salveit ME.1992. Chapter 7. IrEthylene in Plant Biology
New York USA, Academic Press: 264-285.

Alleweldt G, Koch R. 1977. Ethylene content in ripening grape berriis 16,
263-271.

Blankenship SM, Dole JM. 2003. 1-Methylcyclopropene: a review.ostharvest
Biology and Technolog®8, 1-25.

10



288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318

Alcohol dehydrogenase and ethylene signal in gvape

Boss PK, Davies C, Robinson SPL996. Analysis of the expression of anthocyanin
pathway genes in developingditis vinifera L. cv. Shiraz grape berries and the
implication for pathway regulatioflant Physiologyl11, 1059-1066.

Boss PK, Davies C2000. Molecular biology of sugar and anthocyar@osumulation
in grape berries. In: KA Roubelakis-Angelakis. EMlolecular Biology and
Biotechnology of Grapevin&luwer Academic Publishers: 1-33.

Bradford MM. 1976. A rapid and sensitive method for the quandmaof microgram
quantities of protein utilizing the principle of gtein-dye-binding. Analytical
Biochemistry72, 248-254.

de Bruxelles GL, Peacock WJ, Dennis ES, Dolferus R996. Abscisic acid induces
the alcohol dehydrogenase genémbidopsis Plant Physiologyi1l, 381-391.

Coombe BG, Hale CR.1973. The hormone content of ripening grape beares the
effect of growth substance treatmemtant Physiologyp1, 629-634.

Chen ARS, Chase T Jr.1993. Alcohol dehydrogenase 2 and pyruvate dezgildse
induction in ripening and hypoxic tomato fruRlant Physiology and Biochemistry
31, 875-885.

Chervin C, El-Kereamy A, Roustan JP, Latche A, Lamao J, Bouzayen M.2004.
Ethylene seems required for the berry developmedt rgpening in grape, a non-
climacteric fruit.Plant Sciencgin press.

Christie PJ, Hahn M, Walbot V. 1991. Low-temperature accumulation of alcohol
dehydrogenase-1 mRNA and protein activity in magzel rice seedlingsPlant
Physiology95, 699-706.

Ciardi J, Klee H. 2001. Regulation of ethylene-mediated responsdésealevel of the
receptor Annals of Botang8, 813-822.

Dolferus R, De Bruxelles G, Dennis ES, Peacock W1994. Regulation of the
ArabidopsisAdh gene by anaerobic and other environmental stregsesls of
Botany74,301-308.

Geigenberger P.2003. Response of plant metabolism to too little oxyg€mrrent
Opinion in Plant Biologys, 247-256.

Hale CR, Coombe BG, Hawker JS. 1970. Effect of ethylene and
2-chloroethylphosphonic acid on the ripening of pgis Plant Physiology 45,

11



319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

Tesniere eal.

620-623.

Hartmann C, Boudot R. 1988. Ethylene synthesis by a non climacterict:frthe
cherry.Archives of International Physiology and Biochenyi& 1.

van Heeswijck R, Stines AP, Grubb J, Moller IS, HojPB. 2000. Molecular biology
and biochemistry of proline accumulation in develgpgrape berries. In: KA
Roubelakis-Angelakis. edMolecular Biology and Biotechnology of Grapevine
Kluwer Academic Publishers: 87-108.

Hoeren FU, Dolferus R, Wu Y, Peacock WJ, Dennis ES.998. Evidence for a role
for AtMYB2in the induction of the Arabidopsis alcohol delogknase genéADH1)
by low oxygenGeneticsl49, 479-490.

ltzhaki H, Maxson JM, Woodson WR. 1994. An ethylene-responsive enhancer
element is involved in the senescence-related sxme of the carnation glutathione-
S-transferase (GST1) gerféroceedings of the National Academy of Sciences USA
91,8925-8929.

Kadowaki HI, Matsuoka M, Murai N, Harada K. 1988. Induction of two alcohol
dehydrogenase polypeptides in rice roots duringeaosis. Plant Scienceb4,
29-36.

Klok EJ, Wilson IW, Wilson D, Chapman SC, Ewing RM, Somerville SC, Peacock
WJ, Dolferus R, Dennis ES 2002. Expression profile analysis of the low-oayg
response in Arabidopsis root culturBtant Cell14, 2481-2494.

Lelievre JM, Latche A, Bouzayen M, Pech JC1997. Ethylene and fruit ripening.
PhysiologiaPlantarum101, 727-739.

Lu G, Paul AL, McCarty DL, Ferl RJ. 1996. Transcription factor veracity: is GBF3
responsible for ABA-regulated expression of Aralpsis Adh?The Plant CelB,
847-857.

Mansour R, Latché A, Vaillant V, Pech JC, Reid M. 1986. Metabolism of
1-aminocyclopropane-1-carboxylic acid in ripeningpke fruits. Physiologia
Plantarum66, 495-502.

Martinez G, Pretel MT, Serrano M, Riquelme F.1993. Evolution of resistance to gas
diffusion during cherimoya (Annona cherimola Milltjpening. HortScience28,
204-206.

12



350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380

Alcohol dehydrogenase and ethylene signal in gvape

Matton DP, Constabel P, Brisson N1990. Alcohol dehydrogenase gene expression in
potato following elicitor and stress treatmedpiiant Molecular Biologyi4, 775-783.

Millar AA, Olive MR, Dennis ES. 1994. The expression and anaerobic induction of
alcohol dehydrogenase in cottoBiochemical and Geneti&2, 279-300.

Molina I, Salles C, Nicolas M, Crouzet J.1987. Grape alcohol dehydrogenase.
Il Kinetics studies: mechanism, substrate and cogeerz specificity. American
Journal of Enology and Viticulturg8, 60-64.

Montgomery J, Pollard V, Deikman J, Fischer RL. 1993. Positive and negative
regulatory regions control the spatial distributminpolygalacturonase transcription
in tomato fruit pericarpThe Plant Celb, 1049-1062.

Morgan PW, Drew MC. 1997. Ethylene and plant responses to stiélgsiologia
Plantarum100, 620-630.

Peng HP, Chan CS, Shih MC, Yang SF2001. Signaling events in the hypoxic
induction of alcohol dehydrogenase gene in Aralsto@lant Physiology126,
742-749.

Tesniere C, Verries C.2000. Molecular cloning and expression of cDNAsagling
alcohol dehydrogenases frowitis vinifera L. during berry developmen®lant
Sciencel57, 77-88.

Tesniere C, Verries C.2001. Alcohol dehydrogenase: a molecular markgrapevine.

In: KA Roubelakis-Angelakis. edMolecular Biology and Biotechnology of
Grapevine Kluwer Academic Publishers: 203-223.

Torregrosa L, Verries C, Tesniere C.2002. GrapevineMitis vinifera L.) promoter
analysis by biolistic-mediated transient transfaroraof cell suspensiond/itis 41,
27-32.

Verries C, Pradal M, Chatelet P, Torregrosa L, Tesrere C. 2004. Isolation and
analysis of the promoter afvAdh2 a grapevine\(itis viniferaL.) ripening-related
gene Plant Sciencein press.

Walker JC, Howard EA, Dennis ES, Peacock WJ1987. DNA sequences required for
anaerobic expression of the markehlgene.Proceedings of the National Academy
of Sciences, US34, 6624-6629.

Yeekwan C, YungHua Y, Li N. 1998. Low temperature storage elicits ethylene

13



Tesniere eal.

381 production in non climacteric lychee (Litchi Chirseh Sonn.) fruitHortscience33,
382 1228-1230.

14



Alcohol dehydrogenase and ethylene signal in gvape

383 Table 1.Ethylene concentrations (ppm) measured in the pssabove V. vinifera
384 (cv Cabernet Sauvignon) suspension cells. Celis ffodays old suspensions were
385 treated as indicated in Material and Methods witisgous 1-MCP (1 ppm) for 2 h
386 (MCP), and / or gazeous CEPA (50 uM) for anothdn @espectively CEPA and
387 MCP+CEPA). Untreated cells were used as controll€Qgere maintained for 24 h

388 either in air or under anoxia.

389  Means of two independent experiments + standaatserr

C,H4 (ppm) Start 24 h air 24 hoN
Control <0.04 <0.04 <0.04
MCP <0.04 <0.04 0.06 £0.03
CEPA 1.70+£0.40 4.25+£0.15 1.05+0.65
MCP + CEPA 2.70 £0.90 2.45 +0.45 1.05 +0.65
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Legends

Fig. 1. Specific ADH activity in Cabernet Sauvignon besritreated with MCP at
different stages of fruit development. Veraisontiaeéd at week 8. Error bars indicate
the standard deviation (n = 2). The LSD bar shawthe top left corner represents the

significant difference at the 0.05 level for thedments-time interaction.

Fig. 2. Accumulation ofVVADH2 mRNAs in Cabernet Sauvignon berries, treated with
MCP at different stages of fruit development, usuifferent application regimes
(repeated or single). Veraison initiated at weekA8.Northern blots were probed with
specific VWVADH2 3' UTR probes (UTR = untranslated region). Thenalg were
quantified and normalized in each lane to the spwading ribosomal 18S signal. Error
bars indicate the standard deviation (n = 3). TB® lbar shown in the top left corner
represents the significant difference at the Oed®ll for the treatment-time interaction.
(B) Effect of MCP onVVADH2 mRNA expression levels. Expression levels are

expressed as percentage of control expressiorslevel

Fig. 3. (A) Relative ADH activity and (BYvADH2relative mRNA expression level in
V. vinifera L. cell suspensions (cv. Cabernet Sauvignon) danation of various
treatments and incubation under air or nitrogemha following 24 h. Northern blots
were hybridised first with a/vADH2 3’ UTR specific probe (UTR = untranslated
region), then with a 18S rRNA probe for gel loadoggrections. The resulting signals
(arbitrary units) and the ADH activity levels werermalised taking a constant value of
1 for the corresponding controls at time 0. Celtsnf 4 days old suspensions were
treated for 2 h with 1ppm gaseous 1-MCP (MCP), /amdgaseous CEPA (50 uM) for
2 additional hours (respectively CEPA and MCP+CEP&pntrol corresponds to
untreated cells. Error bars indicate the standaxdation (n = 2). The LSD bars shown
in the top left corner represent the significanffedences at the 0.05 level for the

treatments-atmosphere interaction.

Fig. 4. Positions of ERE (ethylene-responsive-elements) d amPARE

(anaerobiosis-responsive-elements) putative ciglagégyys within the 1 kb promoter
region of different ADH genes.Vv stands forV. viniferg LE for Lycopersicon
esculentum (GB accession number X77233) amdit for Arabidopsis thaliana
(GB accession number M12196).
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