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Fig. 1. Schematic representalion ofthe principle of the silverquant kit (Eppendorf) used in this work.

2.2 Experimental conditions
o. ueni SU3 commerciai slartcr (Lalfort, haly) \Vas llscd in Ihis sludy. Il was rehydrated in lhrcc dillì.'rcnl
media ofdilTc;:rcnl compositioll. Mcdium l: MRS supplcmcntcd with 3 gli malie acitl; mcdium 2: ~lRS
dilulcd IC'nlime!>aod suppkmclllcd with malie [lcid 3 gf1and 8% cthallol; mcdium J: MRS dilulcù and
supplcmcnted wlth malie acid 3 gll+ 12% clhanol.

The slartcTwas rchydratcd in Ihese media al25 °C [or 20 minulcs and thcn adaptcd in thc same mcdia
2..$Il al 25 cc. l'luce biologica I rcplicates were pcrlllrmed ror cach cxpl'rirncntal condition.

2.3 RNAextraction and Reverse transcription (Rl)

Arter thc adaptation phasc, 2 mI ofsample \Vereecmrilltged for I minute und 100 ,d ofRNAlarer (Amhioll,
Applied Biosystellls. Milan. ltaly) werc immediately "ddcd to thc pelle!.

RNA was c,\traeted using thc MaslerPure™ COInplele DNA and RNA Purification kit (Epicentre,
Madison, Wl, USA). DNA was eliminateli with il Ireatrncnt with Turbo DNase (Ambion). The RNA
was quanti fieli by spectropholometer and quality checkcd by Experion (BioRad. Milan, Italy) analysis.

1'wo Ilg of RNA were rctro-transcribcd wilh M-MLV Rcvcrsc Transcriptase (Prolllega. Milan. !taly)
cnzymc a!ld random hexamcrs (Pronll"ga), following the instrllctions ofthe manufhcturer.

The rcnction mix contained 150 11Mof Biotin-ll-dUTP (Fennentas. M-MedicaI, Milan, haly). 150
1lJ\.1of dn'p ami 0.7 m~l ofcach of dATP, dCTP and dG1'P and RNasin ribonuclease inhibitor (Promcga).

Thc RT rcaction \Vascarried out at 42 °C for l h ami il W;IS stopped by inaetivalion ofthe cnz)'llle.
The cONA \••..a5 prccipitated following standard mcthodolngy dcscribed by Sambrook et tll. [81. 'l'hl,.'
pellet was re-suspended direetly in )50 fil ofthe mieroarray hybridization buffer Q.Hyb (Qlnstrumems.
Jena, Gennany).

2,4 Microarray nybridization and development

Slides were prelrcated with a stcp 01'5 minutcs \Vith0.1% Trilon*XIOO, IOmintllo;:sofKCllOO mM and
I h with Blocking BulTcr (QlnslnUnel\ls. Jena. Gcnmmy).

Ilybridization was pcrfomled al 30 °c for 24 h in an EppendorfThl."nnomixcr comfort (Eppcndnrl).
For lhe devcloprncnt of the slides, thc Sil\"erquant dctcetion kit (Eppendorl) was lIscd, according to Ihe
m;lIlUfaelltrCrs' inslruclions. Tht' principle ofSil ••..erquant mcthod is shown in Fig. l.

!"heslides were then scanned using the Sil\"erquant scanllt'r (Eppcndorl). Thc imagcs obtaincd wen..
processcd and the SPOISquantified using the Silven-luant analysis software (Eppcndorl). Atterward, the
MicroArray IJ<ltaAnalyscr (MA DA) progmm (http://v.ww.mpi-bremcn.de). was uscd for the pmeessing
ofthc Spol ìntensities obtained.

2.5 Statistica! analysis

Statistical analysis of,he microarray data was pcrfonned using SPSS; ditTercncc in gene cxpressioll was
considcred statistically signifieant iflheir p-vaille <0.05. Morl,.'over,the software Gem:sis [9] a\"ailablc al
http://gl,.'llome.tllgraz.allgenesisclienllgenesisclil.'ll\_ dl,.'scription.sntml, was uscd for clustering analysis 01'
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2. Materials and methods

2.1 Array design

A subgenotnic array was designed on () ut!ni genomI,.'bascd on thl.' o. velli l'SU-I sequencc availablc
on GenBank (ac. No cp000411.1). in order lOconsider the mai n metabolisllls of Ihis bactcrium. Probcs
were designed wilh ArrayDesign with a length nf)O nuc1cotides. 'fhese probes werc than spoued 011 a
glass slidl' by eRmi (Uni ••..ersit)' ofPadova, Italy).

l'his newly d•..•sigm..d slIbgenomic array, consisled ofspots for 140 gcnes. Spots for posilive, neg;llivc
;md hybridizalion controls were also included. Each slide has 2 areas for hybridiz.1.tion 01'2 dilTerent
samplcs ami in cach areu, the spots are rcpcated in lriplicate.

K('yword.~: Of!f10COCl'1l:J oeni stal1cr; adaptatinn; lOicroarray; dillerential gene expressioll

Malolactic fcnnent;l\ion (MLF) is a bioehemieal transformation condul,.'ted by lactic acid baclcria that
can takc pIace spontaneously through the action of the alltochthonous wine population or by the lise
of commerciaI starters, mainly belollging to the OCIIOCOCCIIS oell;. A subgenomic array was dcsigned
for o. owi. based (In the o. oelli l'SU-I sequem'e availabk on Genfiank, in order to consider the main
metabolisl1ls ofthis bacteriurn and it was applicd in lhe sludy ofthe responseoflhc o. oelli SB3 coml1lercial
stal1er IOthe ;Idapt,ltion in dilTerent media. This \vork sho\\led that Ihere isan evillent physiol(lgical rcsponse
to Ine adaptation 01'0. oelli cells. Thc analyzed slt<linaJapled in MRS was metabolìeal1y mo!.eaelin:. l'his
global view ofthe genes cxpresscd when cells are grown in JilTcrent enviTPnmental conditiolls, cOll'd be
a tuoI aimcd lo inercase the lùnctìonality oflhe slarter before the inoclllation in winc.

Abstract

Malolactk lenncnlali\lJl (MLF) is a secondary wine fcmlentation çonductcd by lactiç neid bacteria
(LAB). This lermentation is impOl1ant in winemuking bceallse. in addition tn rcJucing aeidity, cnables
gn..all,.'rmierobiological stability IObe achievl,.'dand lllultiple transformations (lCCllrIhat make imponant
contril'iulions lo the organoleptic qualities ofwines due to Ihe prnduction ofmelabolitcs. Onc ofthe main
spceies idenlilìed Juring spunlalleolls MLF is OCIIOCOCCIIS oeni since it is the most to1crant to advcrse
wine conditions [l J and it is considered the principal spccies responsibll: l'or this process in wine [2].

Spontancous MLF can be 1I1lprcdictable und can start, only alicr long periods 01'delay. l'his delay
can entail risks associated IO tlle devcloplllem of çontaminating microorganisms lhal can g.eneratl,.'an
abnonnal taste and sme11.

In ordcr lo eontrol the MLF, thl' use ofsclected LAB culturcs is hecoming widcly llsed, lo assure a
làst development ofthe process without dimculties [3]. Ilowcver, inoculation of o. ot!Jli st,lner cultures
direclly inlo wine Icads lo signitìcanl cclll1lorta1ity and, consequently. failure nfMLF. llilTcrent atlth\lr~
sllggested that to ovcrcome this problem. thc starter should hl' submittcd to a reactivatioll phase !O adapt
it bcrore thc inoculation in wine [4-7J.

In this study, the eflècts ofthe çomposilion ofthl' adaptation mediul1l were investig;lled. in order to
bcttcr undcrsland the response 01' lhe starter to dilTercnt media cOlllposition by thl."evaluation 01'gene
expression.

5tudy of differential gene expression of Oenococcus oeni with microarray during
the adaptation in dilfe,ent media
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Fig. 2. Genesis analysis of the gene expression data for the strain adapted in different media. Data presented
were normalized toward the adaptation in MRS+malie <lcid(medium 1).Variation in the color indicates
level of expression as compared to the normalizing condition. (588 24; adaptation in medium 2; 5812 24;
adaptation in medium 3).
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Results showcd thallhcre are differclllialty expressed genes in funClion ofthe composili"n oflhe media. In
Fig.2 lhc analysis wilh <ìcnesis nfthe d;lla nonnalized againsl thc condilion oro. oellì adaplcd in mediutll
I is shown. In generaI. gcnes are under-expressed in (he condilions containing cthanol as sho\vn in Fig. 2.

ANOVA allalysis revealed thm o. oenì adapled in !\IRS shoVo'eda signifieanl inerc;lse oflhe e.xpressioll
of genes involved in thc transpon systcms 01'sugar. l11ultidmgalld phosphatc, an inercase 01'Ihe genes
n:lated wilh peptidoglycan fomlation and malate permease alld an il1erease of the short ehain alcohol
dchydrogcnasc,

"l'he strain "dapted in the medium 2 and 3. whieh eontained elhano!. showed a signilicanl increase or
lhe gene coding for the arylalcohol dehydrugenase. a significant incrcase ofthe gene illvolved in glyean
metabolism, an inr.:reaseoC!he genes coding l'ora signal recognitioll particlc n:spollsible orprolein e.xport
anr.1sccretioll system.

This \vork showed lhal there is an cvidclI1physiologìcal response lo lhe adaptation 01'0. ueni cclls. The
:lnalyzed strain adapted in MRS was metabolically more activc. This global view ofthe genes expressed
when cells are grown in ditlèrCl11environmental conditions, eould be a tool to employ in the study or
slarter strain adaptation in diflèrt,nt environments. particularly duril1g pl'cparatioll for inoculatilln in wine.

3. Results and discussion

Methods and techniques - edu(atior.
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