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Thesissummary

The presenceof a resdual amountof unstabé protans in wines is a
concernfor winemakers becausethesepolymers can predpitate from solution
during storag causingappearancef sedimats and hazs. Sud precpitatesare
commony theresultof denaturatiorand subsequensggregaton of hed-unstable
wine proteins.It hasbeendemonstratethatthe vast majority of the wine protens
derive from grapes and that proteins responsibé for haz formation are
PathogenesisRdated (PR) proteirs, in paricular thaumain-like (TL) protensand
chitinages Moreover,theseproteinsarehighly resistantto acidic pHs, proteolysis
and fermentation conditions However,they can becane insoluble during wine
storage and thus originate percepible turbidity in the botles Despitethe efforts
madein the recentpast,the white wine proten instablity is still a main problem
during white wine makingandbentonitetreaments areevennow indispenséle to
stabilisewhite wines

This thesisis focusedon the studyof grapeand wine protans in relation to
white wine instbility. This threeyearsstudy has beendoneby fadng different
problems

Firstly, the effectsof the alcoholicfermentéion on the macromoécuksof
awhite wine wasevaluatedin orderto make clearhow this procesan affed the
heatstability of different wine protein fractons, as obtaned through Anion-
Exchange Chromatography(AEC). In particular, through the study of the
macronolecular compo&ion of a must/wine throughout the alcoholic
fermentationand by the study of the intrinsic heatinstability of fractonated
proteins,the variation in both quantityandrelative proportionof macromdecules
and stability of particularproteinswasassssed

Besdes a methodsuitablefor fractionationand purification of grgpe and
wine proteins was set up by using Hydrophobic Interaction Chromabgraphy
(HIC). This method was usedto purify a thaumain-like proten. Moreover, 26
grape juice proteins wereidentified by matching peptde LC-MS/MS spedra with
theoreticalpeptdesfrom a plantproteindatdase.

Furthermore,HIC was also usedas a methodto preparegrapejuice and

wine proten fractionsdiffering in hydrophobcity. After partial chamacteisation of
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these fractions by means of different chromdographc techniques, protein
hydrgphobicty was studied in relation to the hed-stability of the sepaated
fractions and also to their capmbility in forming insouble aggreyates through
reactionwith seedtannins

At the sametime, the study of methodsalternative to benbnite fining for
protein removal of from wines hasbeencaried out In particular, this problem
was facedtrying to find proteolyticenzymesadive at wine pH, able to degrade
the grape PR-proteins. To this aim, the addic protease acivity of four
phytopathognicfungalstrainswastested.

During the study of one of the fungi, we noticed that a polysacharde
(scleroglucan)emitted by the fungus Sclerotium rolfsii during its growth, hadthe
ability to adsorb grape and wine protens in solution. For this reason,the
functionalty of sderoglucanhas been studed to verify the possbility of its

utilization asanewmaterialsuitablefor proten remova from wine.



Riassunto

La presenzali quantitaresiduedi proteneinstabili neivini € un motivo di
apprengone per i produttori,in quantotali polimeri possonodivenire insolubili
durantelo stoccaggiadei vini e precipitare,causand la comparsadi sedinmenti e
torbidita. Tali precipitati sono generalmate il risultao di una dendurazone e
successia aggregazionéelle proteineinstabli dd vino. E stao dimostatochela
maggoranza delle proteine del vino derivaro dal’'uva e che le proteine
responsabil per la formazionedi torbidita sono proteine legae alla paogenesi
(PR proteins),in particolareproteine taumatina-simili (TL) e chitinasi. E stato
osservab che tali proteine sono resistent a pH acidi, alla proteolisi ed alle
condizioni di fermertazione,ancte se questa resistena puo venire menodurarte
lo stoccaggio del vino. Nonostantegli sforz fatti nel recentepassato|’i nstabiita
proteica € ancorail principale problena di origine non microbiologica nella
produzione di vini bianchi e i trattameti con bentonite sono anmra ogg
indispensabiliduranteil processali produzonedi tali vini.

In queda tesi si sono volute studiare le proteine dell’ uva e del vino in
relazone al problemadellinstabilita proteica de vini bianchi e questostudi é
stato condotb in questo contesto cercandodi dare delle rispostea diversi
problemi.

Sno stativalutati gli effetti dellafermentaimne alcolica sullacomponate
macronolecolare di un vino (Manzoni bianco), al fine di chiaire come la
fermentaione influisse sulla stabilita al cdore di frazioni proteiche ottenue
mediante cromat@rafiaa scambioanionico(AEC).

In seguito, e stab meso a punto un meido per il frazionanenb e la
purificazione dele proteinedi uva e vino mediante cromatogrefia a scambio
idrofobico (HIC), e tale metodo e stab utilizzao per la purificazione
adllomogereita di una proteina taumathasimile. Inoltre, 26 bande proteiche
otterute dal frazionamentodi proteine di mosto Semllon sono state analzzate
mediante LC-MS/MS ed identificate per mezad di compaazione dele sequenz
depositaten database.

Inoltre, la cromabgrafiaad interazioneidrofobica e staa utili zzaa anche

come metodopreparativofinalizzato ad ottenerefrazioni proteiche caratterizzate
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dadifferentilivelli di idrofobicita. Dopounaprima caraterizzazionedelle frazioni
ottenutamediante varie tecniche cromabgrafiche I'i drofobicita delle frazioni
proteicheottenute e statamess in relazionealla loro stabilita al caloreedalla loro
capacitadi reagre contanninidi vinaccioliformandocompostiinsolubili.

Parallelamerd, il lavoro di ted si € incentrab sulo studio di metodi
alternativialla bentoniteperla rimozionedelle protane fonte d’instablita proteica
neivini bianchi.In particolare,si € cercdo di risolveretale problemamediante la
ricercadi proteasiattivea pH acidiin gradodi degradarde PR-proteins A tal fine
sano stati studiai quatto ceppi fungini per valutarne |'attitudine a produre
enzmi proteoltici in gradodi degradarde proteineddl’'uva.

Dallo studiodi unodi quesi funghi (Sclerotium rolfsii) si € notao cheun
pdisaccaide da essoprodottodurantela suacrescig, lo scleroglucao, ave\a la
capacitadi adsorbie le proteinedi uva e vino. Perquestomotivo é statastudata
la funzionalta di tale polimero al fine di verificare la possibiltd di un suo

paossibileutilizzo perla rimozionedelle protenedal vino.
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List of abbreviations

aa: aminoacid;

AEC: Anion Excharge Chromatograpyx
Asx: Asparic add or agpparagingundefined);
B24: Sclerotinia sclerotiorum;

BC: Botrytis cinerea;

BSA: bovin serumalbumin;

Cyt C: horseheartcytochromeC;

GlIx: Glutamicacid or glutamine(undefined).
HIC: HydrophobicinteractionChromatography;
L TP: Lipid TransferProtein;

MW: molecularweight;

MW CO: molecular weightcut off;

PAS: Periodicacid-Schiff staining;

pl: Isoelectricpoint;

PR-proteins. Patho@nesisrelatedproteins;
RI: refractiveindex

RT: Retention time;

SEC: Sizeexclusion chromatogaphy

SM: Sclerotinia minor;

SR: Slerotiumrolfsii;

TL-protein: thaunatin-like protein;

UF: Ultrafilteredwine;

VVTL: Vitisvinifera ThaumatinLike protein.
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CHAPTER 1

| ntroduction

Soluble heatunstde proteins mainly derving from grapes, are
recoverablein white wines also after bottling. Haze formation in white wine is
still a matier of concernfor winemakes, and the presenceof residualprotan in
fined wines is mainly relatedto the possibleappeaane of haz during wine
storagein the botfe. Haze appearanceas considerd the worst fault of non-
microbiological origin affecting white wines leading consumersto refusethe
produwct also if it is no significantly modified from a sensorialpoint of view
(Bayly andBerg 1967;Hsu andHeatherbl, 19873 Waterset al., 1992).

Proteins are one of the three main macromoécular compoundsof must
andwine togethemwith polysaccharideandpolyphenols. The proteinsresponsike
for hazehavebeenidentified as PathogenesiRelated (PR) proteins in particular
thaumatinlike (TL) proteirs and chitinasesderiving from grapeberries (Waters
et al., 1996, 1998). Thee PR-proteins are likely to proted¢ the berry during
ripening againsfungalpathogengHgj et al., 2000).

As reported by several authors (Bayly and Berg, 1967; Somners and
Ziemdis, 1973;Hsu and Heatherbell 1987a;Murpheyet al., 1989a;Murphey et
al., 1989h Dorreseinet al., 1995;Santoro,1995;Pomck et al., 1998),the protein
level measuedin winescanbevery variabledueto the numerousfactors (variety,
climate, ripening time, harves methods, type of winemaking, stabilising
treatmentsassayadoptedio measire protein conent, etc.) affecing it. Geneally
protein amouns varying from few to seveal hundrels milligrams per litre are
detectablein white wines However,no relationshp betweenprotean contentand
winesinstability hasbeenfound to date (Sarnento et al., 2000; Ferrara et al.,
2002).

Despitebentonie is effective in protein removal from wines (Blade and
Boulton, 1988;Achaerandicet al., 2001 Ferreraet al., 2002),its utilisaton is not
without consequeres on wine quality. In particular, bentonite is considerd as
responsiblefor simplification of the aromaic profile of the wine and for the loss

of colour and of compoundsuseful for the wine strudure (Hgj et al., 2000).
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Moreover,the wine volumelost after bentonie fining can vary from a3 to 10 %
(Tattersll et al., 2001) with high cogs for wineries(Hgj et al., 2000.

For thes reasonstheresearchs activeon trying to improvethe bentonite
efficacy (Muhlack et al., 2006; Nordestgaal et al., 2007) but also in finding
aternatve methods economicallyconveni@t andwith a lessdramaic impacton
wine quaity. To thes aims severaltechniqueshave beenstudied suchaswine
ultrafiltration (Hsu andHeatherbell 1987b;Periet al., 1988;Floreset al., 1990)
addition of enologcal tannins(Weetallet al., 1984; Powerset al., 1988), useof
haze protectve factors (Waterset al., 1994; Moine-Ledoux and Dubourdieu,
1999, Dupin €t al., 2000),proteinadsorpion on differentmatrices(Pachovaet al .,
2004a Vincenzi et al., 2005), polysacharide finings (Marchal et al., 2002
CabelloPasiniet. al, 2005 anduse of proteolytic enzymes(Feuillat et al., 1980;
BakalinskyandBoulton, 1985;LagaceandBisson,1990).

Protein hazeformationin winescanbe inducedby factorsas pH changes,
inappopriatestoragetemperaturendbr reaction with polyphenolqSiebertet al.,
1996 Samenb et al., 2000; Mesquitaet al., 2001). The mechansm of haze
formatian is probablyrelatedto the slow denatiraion of heatundable protans
during wine storage (Tattersall et al., 2001) although recently it has been
suggested that the sulphatecontentof the wine can play a key role in the haze
developmenprocesgPococket al., 2007).

This thesisis focusedon the charactaeation of the still unclear grgpe and
wine proten characteristicsvhich canbeinvolvedin hazeformation, suchasthe
hazepoterial andtanninreactivity of thedifferernt protensfractions.

Moreover,the searchfor methodsalternaive to bentonite fining for wine
protein stablisation wascarriedout by using phytopahogenicfungi asthe source
of proteolytic enzymesandsuitablepolysacharides to be usedto renove protans

fromwine.

THE ORIGIN OF THE WINE PROTEINS

The origin of the wine proteinshas beenextensivay investgated from the

fifties, although contradictoryconclusons have beenreported Wine proteinshave
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long been consideredas a mixture of grape protens and proteins from aublyzed
yeasts.This suppositionwasdisprovedby Bayly andBerg (1967)which showed
tha, after the fermentationof a model must, the yeasts contribution to the final
protein level was not signficant. Lee (1985) suggesté that the main protein
saurce on wines is the grape berry and tha the final wine protein level is
especiallyaffectedby the variety, the ripening gradeof grapesand the climate.
Several authors, by using more moden tedniques reached at the same
corclusion(Hsu andHeatherbell 1987a;Ruiz-Larrea et al., 1998;Ferrera et al.,
2000; Dambrouck et al., 2003). However, other authors suggestedhat some
differencesbetweengrape and wine protan compositon were noticeabé by
detecting, in the wine, proteinsof yeastorigin (Yokotsukaet al., 1991; Monteiro
et al., 2001; Kwon, 2004).Accordingto this idea, Waters and colleagues(1994)
isolated two manroproteins from white and red wines fermented with
Saccharomyces cerevisiae strains They affirmed tha these compoundswere
releasedfrom yeastsduring both the exponetial phaseof growth and wine fining
on lees Similar resultshavebeenachievedby Y okotsukaand co-workers(1997)
which demorstraed that some glycopmoteins recoveable from red wines were
from yeasts and that they appearedduring both acoholic and malolactic
fermentatios. With a chromatographicapproat, Lugeraet al. (1998) obsened
tha alcoholic fermentationand the successive stabilisation processesled to a
decreas on the protein contentof a Chardonng wine. In this study, authors
highlightedthatno proteinsreleaseoccured from yeaststhroughthe fermentaton
but only after 18 monthsof fining onlees.

However,yeastscaninfluencethe wine proten conpostion in two ways:
through proteintransferinto the wine during the autolysis processandbr throuch
the emissionof extracellular proteolytc enzyme that contribue to the must
proteinhydrolyss (Feuillatet al., 1980).

As above discussed,it is then possible to generdly affirm tha wine
proteinscome mainly from grapes, althougha certan perentage of them can
derivefrom micro-organsms, particularlyyeastgMarchal et al., 1996;Lugeraet
al., 1998;Goncaleset al., 2002).

Proteins synthess proceeds rapidly after veraison (Luis, 1983).

Newertheless,the proteins presentin white wines do not correspamd to a
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repreentative fracton of the grapepulp protens, since most of them are lost
during vinification (Ferreiraet al., 2000). Fermantaion is primarily responsible
for the differencebetweengrapejuice andwine proten content (Murphey et al.,
198%). The low pratein levels typically found in wines are mainly due to
proteolyds anddenaturatiorof the grape protens during fermentation, causedoy
protea® activities and changesin pH, respetvely (Bayly and Berg, 1967,
Feuilat, 1980; Murpheyet al., 1989). Moreover, it hasbeen esimated that half
of the grapeprotens are boundto polyphenos and conseuently they incur in

precipitationsduringwinemaking(Somersand Ziemelis, 1973).

CHARACTERISTICSOF THE WINE PROTEINS

The introducton of new analytical tecmiques gawe a large impulse to
wine proteinscharacterizationln the sixties, four protan bandswere discoveed
by electophoresishy the Berg group (Moretti and Berg, 1965; Berg and Bayly,
1967), showng avariableconceirationdependingon the type of wine and onthe
Vitis Vinifera cultivar. Theseresearcherbawe bee the firsts to hypothesiz that
only somre wine proteinfractions,andnot ther whole patiern, canberesponsike
for the proten ingtabilities in white wine. By using size exdusion
chromaibgraphy, Somes and Ziemelis (1973) fractionate&l wine proteéns from
other componens and concludedhatthe wine protan size was betwea 10 to 50
kDa. In 1987 Hsu et al., by removing phenolic compoundsfrom white wines
before the proten assay,discoveed manyfractionswith molecularweights (MW)
intherange 11.2- 65 kDa. Following studies(HsuandHeaherbel, 1987b)led to
the hypothess that low MW proteins(20-30 kDa) were the mostimportant for
haze formation compaed to higher MW fractions. This guesshas been lately
confirmed by Waters and colleagwes (1991, 1992) which describedthree major
wine proten fractions (from V. vinifera cv. Musca Gordo Blanco; respetively
with MW of 24, 32 and 63 kDa) and highlighted that the fracton of 24 kDa
producedup to 50 % morehazethanthe othertwo fractions.Besidesthe protein
of 63 kDa was found to be the more termostable and this finding was deeer
studiedwith researchsfor naturalhazeprotedive factorsin wines(Waterset al.,
1993). Furtherstudies (Waterset al., 1996) showel that the wine protans of 24
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and 32 kDa presentechigh homologywith PR-protans from othea plant, and
particulaly with thaumatinandchitinases.

In addition to the studiesconductedon the size of wine protens, several
investigationshave beencarried out to determine their isoekctic point (pl). At
the wine pH, proteinsare positively charged and this fact permits thar removal
by bentonte (negativelychaged) treatmerd and could play also a role in the
interactionbetweenproteinsand non-proten factors leadingto haze formation.
Proteins with low pl representhe main pat of the wine protens (Moretti and
Berg, 1965)and havebeenclaimedasthe prindpal respondile for hazeformation
(Bayly andBerg 1967). Several authorsconfirmedthisidea(Lee, 1985;Hsuand
Heaherbell 1987a;Paetzoldet al., 1990), reporting tha wine proteins have pl
valuesbetweerd and?.

After wine proten fractionationbasd on their pl, Daweset al. (1994)
foundthatthe five obtainedfractionswereall able to developturbidity whenheat
tesed Theinsolubk particlesformedshowed differentsizes andthis obsevation
led to the conclusionthat to deeplyundestand the mechanismof haz formation,
it wasnecessaryo considerothe wine componentssuchasphenolt compounds.

To date, wine has been reported to contin polypeptdes ranging in
molecularmassfrom 9 to 63 kDa and havingisodectric points from 3 to 9 (Hsu
and Heaherbel, 1987b; Lamikanraand Inyang, 1988 Brisson¢ and Maujean,
1993). However, the vag majority of the wine protans exhibit low molecular
masses(20-30 kDa) and low isoelectricpoints (4.1-5.8), possessig a positive
chargeat the pH valuesencountereah wines(Brisson¢ and Maujean, 1993; Hsu
andHeathebell, 1987b;Ferreiraet al., 2000).

Using two-dimensional2D) electrophoresist waspossibleto highlight a
high variability of the proteinprofilesof grape which is undetetable with normal
(onedimensional)SDS-PAGE technigwes. In paricular, it waspossibé to obtain
two-dimensionalmaps of the grapeberry in which the presene of about270
protein spos was deteced (Sarry et al., 2004). However,wine protan profiles
very often resuts surprisinglysimple with the predominane of low MW bards
(HsuandHeaherbell,1987b;Murpheyet al., 198%; Pue/o et al., 1993).

It seems that the suddenpH variation and the interad¢ion with tamin

during grape crushing causesthe precpitation of a high number of proteins
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resultingin a simplified electrophoret profile. Theremverabk protans arethose
able to remah solubleat acidic pH, resstantto both endogenus proteaseaction
and preciptation by tannins (Sarry et al., 2004). Moreove, to theseprotans
surviving the pre-fermenation processest is necessay to subtractthosethat are
degrade or precpitate during fermentaion mainly becaise of the yeastand
ethanol actions. However, this decreasein grape protein content shoutl be
partally compensatetly the emission of proten by the fermenting yeastsduring
and afterfermentaton.

The describedselectionprocessleadsto the presene in wine of protans
with a high resistancedo variationsin the external factors and proteolsis. As a
matter of fact, sewveral authors report@l that proteins responible for haze
formatian in white wines(PR-proteing arevery stabk againstboth the condtions
of fermentaton and proteolysis although, paradoxcaly, they becane unsable
during the wine storage(FeuillatandFerrari,1982;Watas et al., 1992; Waterset
al., 1995).

PROTEIN HAZE IN WHITE WINES

In white wine winemaking,the appearancef haz during storagein the
bottle is a frequentproblem. Different types of hazs can ocaur in wines after
bottling and theycanbe both of microbiologicd or chemcal origin.

The most important non-microbiological hazeis due to the presencean
wine of hed-unstble proteins(Hgj et al. 2000; Tattersallet al. 2001 Ferrera et
al. 2002). Theseproteinsarethe grape(Vitis vinifera) Pathogenesidkelaed (PR)
proteing nanely, thaumatinlike proteinsand chitinasestha tend to aggregate
during wine storage reaulting in formationof light-dispersingoaticles(Hgj et al.
2000, Tattersallet al. 2001, Ferreiraet al. 2002) which abovecertan dimensions
can be visualy detectedashaze.Although white wine containing protein haz is
not dangerousfor consumption,it becoms unattactive, and thus, tends to be
rejeded by consuners reailting in agreateconomcal damage

During winemakig, grapeproteinsundergoto the “stressfut conditions
of the fermentaton proces. Conequenty, the lessresistat grape proteins are

degradd or precpitatedduringthis step,with a sortof sele¢ion of the grapePR-



proteinsthat are highly resigant to the fermentaion condiions (Waters et al.,
1992). Theseproteins that are very stable in the shortmedum period, became
insduble duringthelong termstorageandthusoriginatke perceptible turbidity.

The full mechanismof protein haze formation is not fully understood
despite much reseach has been done worldwide on this problem. Slow
deraturation of wine proteins is thought to lead to protein aggregéon,
flocculation into hazy suspensiorand, finally, formation of precpitates (Bayly
andBerg,1967;HsuandHeatherbell1987a,Wataset al., 1991,1992)

Temperature, Cork tannins, Light, Phenolic compounds, Sulphate

Soble /| | A \
proteins

Denaturation

Wine after Protein Protein Precipitates
bottling aggregation flocculation formation

Figure 1.1. Hypothetical haze formation mechanism in a bottle of white wine during

storage.

GRAPE PATHOGENESIS RELATED PROTEINS (PR-PROTEINS)

The conceptof pahogenes-related(PR) protein wasintroducedin 1980
to desgnate any protein codedby the host plant in responseo pathobgical or
related situations (Antoniw et al., 1980).In general PR protens areknownto be
acidc, of low molecularmass,highly resistat to proteoltic degradaion andto
low pH values (Ferreiraet al., 2007). The induction of sone PR proteins under
pathological condiions suggests,but does not prove, a role for theseproteins in
plant defencglvanLoon,1990).

To date, seventeerclassesof PR-protens are known, numberé in the
orderin which they were discoveredirom PR-1 to PR-17. It is noteworthy that



amonrg PR-protein families manyproteinshomologueto commonfood allergens
can be found (Van Loon andVan Strien, 1999; HoffmannSommegruber,2002,
Pastorelo et al., 2002).

In grapevine berriesthere areevidence®f a strongconsitutive expressin
of somePR-proteins,thatare simply regulded by the devebpmenal stageof the
plant (Derckelet al., 1996; Robin®n et al., 1997). The synhess of PR-protans
occurspredoninantly in the skin of the grapes Therefae, their expressian in the
grape berryisregultedin a developmentaand tissuespecifc manner(lgartuburu
et al., 1991; Pococket al., 1998,Monteiroet al., 2001).

In all cultivarsof V. vinifera studiedso far, Thaunatin-Like (TL) protans
and chitinaseshavebeenfoundto bethe mgor solubleprotens of grapegPenget
al., 1997; Tattasall et al., 1997; Pocock et al., 1998, 2000). In V. vinifera cv.
MuscatGordoBlancq the levelsof the mgor TL proten increaseddramatically
after the beginning of veraisonand continued during ripening (Tattersdl et al.,
1997, Salzmanet al., 1998). Therefore,it was presumedha the haze-forming
potertial increaseguring berty ripening (Murpheyet al., 198%; Tattersallet al.,
1997, Pococket al., 2000).

Grape PR-proteins demonstrateantifunga activity in vitro aganst
commonfungal patlogensof grapeving(Giananais et al., 1998;Sdzman et al.,
1998 Tattersdl et al., 2001; Jayasankar et al., 2003; Monteiro et al., 2003)
Girbau andcolleagies(2004) shaved tha grgpe bunchesnfection with powdery
mil dew had a significant impactin the hazepotental of wine asassasedby the
heatted. On the contrary Marchal et al. (1998) showel tha bery infection by
Botrytis cinerea resultedin a juice with a reducedproten level, suggesting a
proteolytic acion of this pathogenagainstgrapeproteans. Cilindre et al. (2007)
haverecentlyconfirmedthes resultsby meansof 2D electophoreic analysesof
B. cinerea infectedgrapes

About the 19% of the total proteinsfrom grapeberry mesocarpelong to
the PR-protein category.Among these protens, the most represented are TL
proteins, chitinases, p-glucanasesand an isoflavon reductselike protan,
presumablyinvolvedin the synthess of phytoalessirs (Sarryet al., 2004).

The total quantty of PR-proteins detet¢able in the ripe grape bery

dependson the variety, on the geagyraphcal collocaion of the vineyad, on the
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climate and on the agranomical practices(Ferrera et al., 2002). Also the post
harvestpractces,asmechanicaharves, areknownto leadto a generincreasan
PR-proteins content of the grape juice beaus of the physcal damage that
mechanicaloperaions caugsto the plantsandthe bunchegPowck et al., 1998)
In any way, the majority of soluble proteinsin grapejuice have bee
identified as chitinasesand TL proteins(Tattersdl et al., 1997). Thanks to their
intringc resistancetheseproteinsendureto the fermentdion and remain in the

wine wheretheycancausehazeappearancduring storage.

Chitinases(EC 3.2.1.14)congitute the se@nd largestgroup of antifungal
proteinsafter the PR 1 famiy (Jayarajet al., 2004; Ferrera et al., 2007) These
proteinshave beenfound in a very wide rangeof organismscontaning or not
cortaining chitin, such as viruses, baceria, fungi, plants (gymnospems and
angiospermsand evenanimals(insects, snals, fish, amphbiansand mammals)
(Goormachtiget al., 1998). Chitinasescaialysethe hydrolytic cleavageof -1,4-
glycoside bonds presentin biopolymersof N-acetyld-glucosanme, manly in
chitin (Kasprzewgka,2003).In generaltheseenzymes catalysechitin degralation,
acting mostly as endochitinass and produdéng chito-oligosachaides made of 2
to 6 N-acety-d-glucosamingesdues(Stintzi et al., 1993).The antifungal acivity
disgayedby manychitinaseswvasinitially assumd to derive from their ability to
digestchitin, leadingto a weakeing of the fungd cdl wall and subsequet cell
lysis. However, recent evidence indicates that the mechansnms by which
chitinasesinhibit fungal growth seemto be more dependenton the preseanceof a
chitin-bindingdomain thanon the chitinolytic adivity (Ferreiraet al., 2007).

In grape,chitinasegepresenabout50% of the totd must proteinsand are
corsidered the main responsible,along with the thaumnatin-like protans, for
proteinhazeformationin white wines (Wataset al., 1998).

The Thaumatn-Like proteinsandthe Osmoin-Like protens arebasic,24-
kDa proteinsbelorging to the PR-5 family. These protens sharehigh homology
with Thaumatin, a sweettasting (to humans)protan from the South African
Ketermfe bery bush(Thaumatococcus dani€elli) (vander Wel and Loeve 1972).1t

is likely thattheseproteinsactby inducing fungal cell leainessthrougha specific
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interacton with the plasma membrae that results in the formaion of
trarsmembranepores (Robets and Selitrennikoff, 1986; Kitajima and Sato,
1999. As observedfor chitinases,theseprotens exhibit antifungal adivity in
vitro (Woloshuk et al., 1991; Melchers et al., 1993 Liu et al.,, 1994).
Furthermore,the simultaneouspresenceof both Osmotn and TL-protein from
grapevine displaysa synergisic antifungd effect (Monteiro et al., 2003).

The TL proteinsare, after the chitinasesthe mostrepresated grapeand
wine prateins (Waterset al., 1998,Poco et al., 2000;Hayasakeet al., 2001).

After these two main clas®s of grape PR-proteins, other proteins
belonging to thesegroupsare detectablen grapes:plant Lipid Transferprotens
(LTP) andp-glucanases.

LTPs (PR-14) are small, basc proteins, stabilized by four disulphide
bonds, which transfer phosphdipids betveen membrans. LTPs contan an
internal, tunnetlike hydrophobc cavity that runs through the molecue
(Selitremikoff, 2001; Chenget al., 2004). The mechansm responsiblefor their
antifungalactvity remainsunknown,althoughit was suggestedhattheseprotans
inset themselvesnto the fungal cell menbranewith their central hydropholic
cavity forming a pore, allowing efflux of intracellular ionsand leading to fungal
cell death (Selirennikoff, 2001). In grgpevine,a LTP of 9 kDa having high
homology with that of peachand chery hasbeen detecied and indicaed asthe
main grapeandwine allergen(Pagorello et al., 2002).In the sane study,also a
type 4 endochitnase and a TL proten of 24 kDa were indicaed as minor
alergersin grape andwine.

Plart B-1,3-glucanasesre referredto as PR-2 protens (Ferrera et al.,
2007). They participate in several physiolgical and devebpmentd plant
processeslin addtion, classl B-1,3-glucanaesexhibit antifungalactivity both in
vitro and in planta, as shownby usingtransgenic plantsoverexpressing a PR-2
protein (Mauchet al., 1988 Joshi et al., 1998).Classll B-1,3-glucanasegxhibit
in vitro antfungal activity only if appliedin combinadion with chitinasesor classl
B-1,3-glucanase¢TheisandStahl,2004).
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ENOLOGICAL CONTROL OF WHITE WINESPROTEIN INSTABILITY

1.1.1 HISTORY OF WINE PROTEIN FINING

The presenceof proteirs in wines has been a matter of concen sincethe
beginningof the nineteentrcentuy. In 1904 Labordesuggestedheaing the wine
at 70-80 °C for 15 minutesto eliminateproteins. The useof a caion exchangr
was firstly proposedin 1932 by using caoln, although too high dosagesvere
required to eliminate protein.In 1934 Saywell proposé benbnite as a tool for
protein removal becaus of its net negdive chage at wine pH that allowed the
electostaticinteractionwith the positively chargedwine protans producing their
flocculation (Hsu and Heatherbell 1987a Lamikanra and Inyang, 1988; Fereira
et al., 2002).Sincethen,bentonitefining wasdevebpedand this techngueis still
the mod usal treatmentfor protein removalfrom wines. However,the doses of
bertonite requred to stabilize white wines hasincreasedver the last 25 years,
passingfrom 0.2-0.4 g/L to 0.8-1 g/L (Hsu and Heathebell, 1987a;Paetold et
al., 1990).

Alternativefining treatmentsto bentonitehave been extensvely studed

over thelast30 yearsbut none of themresultel sucessful

1.1.2 BENTONITE FINING

Benbnite (a montmorillonitic clay) is commonly utilised in winemaking
for preventon of wine proteininstability. Wine proten adsorpton by bentoniteis
due to its cation exchangecapability. Indeal, at acidic pH, grape and wine
proteins are positively charged, hence they can bound to bentonie that is
neaatively chargedat wine pH (Blade and Boulton, 1988; Hgj et al., 2000;
Fereiraet al., 2002)

One of the main problemsof bentonie fining is that this clay is not
specific for wine proteinsadsrption, but may adsorb other molecules, includng
aroma compounds From a sensorialpoint of view, the effects on benbnite
addtion to winearestill not clear.Someauthorsaffirmed tha this treatment does
not leadto sensibé variationsof the aramatic profile of wines (Leskeet al., 1995;
Pococket al., 2003), while other authorsstate that bentonie addition on musts
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and winesleads to a decreas of aromaticcompoundsconcentation (Mill er et al.,
1985, Rankine1989, Pollnitz et al., 2003). However, it is generdly assuned that
bentmite fining hasa detrimentaleffecton wine aromaandflavour (Waterset al.,
2005).

Sewral auhors haveinvestigatedthe adsorpion mechansm of benbnite
against different standardproteinsin model soluions (Lee, 1985; Blade and
Boulton 1988; Achaerandioet al., 2001, Gougeonet al., 2002, 2003). These
studiesled to the statementhat bentonte acts very rapidly in protein adsorpion
(30 s — 1 min), but no relevan eviden@s about bentonte specficity aganst
standardproteinsweredetected.

Anacther problemrelatedto bentonitein winemakng is the high quantity
of wastederiving from its the use.For instance,the bentonie usedfrom Spanish
wineriesis about40 tonnesa year,andtheir annualbentonte sludge producton
is this figure plus the weight of adsabed protens and otha impurities This
estimate gives some idea of the size of the bentonie waste disposal (Arias
Estéwezet al., 2007).In orderto solve the problem relatedto the bentonite wage
treamert, the possibility of bentoniteregenerion hasbeenconsderedby several
authas (Armstrong and Chesters,1964; Fogler, 1992). The most efficient
technique was basedon the bentonitetreament with sadium hydroxide but this
applicationdid not foundlargeapplication.

Finally, also the problem of the wine losses resulting from benbnite
treamerts shouldbe highlighted.As reportedby Hgj et al. (2000) sonre 3 to 10%
of thewine canbelostasbentonie lees,resuling in greateconomial damage.

1.1.3 BENTONITE ALTERNATIVE TECHNIQUES FOR PROTEIN REMOVAL

During the last 30 years severaltechnguesalternative to the benbnite
fining have beenstudied but, for the present noneof thoseresuled suitable for
fully substiute bentonitein treating wines for prevention of protein haang.
Geneally, thesestudies were focusedon techniques exploiting ultrafiltration,

proteolytic enzymesflash pageurizationanddifferentadsorbat materials.

1.1.3.1 Tangential ultrafiltration
This techngue has beenobjectof severalstudiesfocusedon its effect in
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protein stabiizaton of wines (Hsu et al.,, 1987¢ Flores et al., 1990). The
increment of soluble proteins retention accordng to the diminution of the
membraneporesize, reachinga 99% of protein removad with MWCO of 10 kDa,
wasshown Howewer, Hsu et al. (1987c)demonstreed tha 3-20 mg/L of protein
are often detctabé in ultrafiltered wine, which can lead to haz formation.
Althoughprotein stability is not always achievablewith 10 or 30 kDa of MWCO
ultrafiltration, thesetreatmentsallow reducng the required bentonite up to 95%.
However,ultrafiltrationis still unattractve for usebeauseit leadsto great losses
in importantorganolepticcompoundsdoesnot eliminateall the protans from the
wine andrequireshigh setup andrunningcost (Mil ler et al., 1985;Feuilat et al.,
1987,Voilley et al., 1990).

1.1.3.2 Immobilized phenolic compounds

Tannins are well known to interact with protdns, resultng in mutual
preciptation. A methodpropo®din 1984by Weetll andcolleaguesuggsts the
paossibility to stablise wine protein by using immobilised phenoic compounds
(condensedseedtanning to bind proteins.The treament with proanhocyandins
resuted in a stable wine. Powers and co-workers (1988) showed that by
immobilising proanthocyanidingn an agarosematrix it was possble to preparea
column for coninuous wine stabilisaton. However, trials to regeneate the
column matrix showeda reductionin protan-binding capacty after a small

regeneratio cycles.

1.1.3.3 Alternative adsorbents

A range of alternative adsorbentsncluding other clays, ion exchange
resins sllica gel, hydraxyapatite, ambelite and alumna have been evaluated
(Gumpand Huarg, 1999 Sarmentaet al., 2000)for their ability to stabilisewhite
wines Someof the ion exchangeresns showel favourabé behaiour in packed
bedapplicatons.Besidesmetaloxide mateials, in particular zirconium oxide, for
corntinuous flow applications have been proposedas aterndives to benbnite
fining (Padovaet al., 2002; Pachoveet al., 2004 a, b). However,wine protein
adsorptionresuled relevantonly at flow ratestoo low to proposethe useof this

systemin winemakingconditions
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Anacther applicaton regardinga protein removal in a contnuous flow
applicationwas suggestedy Vincenziet al. (2005). The authorsutilised chitin,
the natural substate of chitinasesto bind this proten consideed oneof the main
hazeforming componeniWaterset al., 1998).By using a chitin column, it was
possibleto reach a good proteinremova but not the complde wine stabilisation
becaiseof the presencef the otherheatunstdle proteinsin wine.

Finally, the addition of polysaccharide of seawed origin was suggestd
by Cabelo-Pasini et al. (2005). The authorstested the binding capability of
negativelychargedoolysacclridessuchasaga, carragenansandalginic acid and
found that the maximum adrption was at protein content lower than 50 mg/L
although a certan effect was detecteduntl 400 mg/L of proten. However,a non
specific adsorpion effect was highlighted, with a behavioursimilar to that of

bentmite.

1.1.3.4 Flash pastorization.

Ferenczy(1966)suggestedhatflash pasterrisation has negdive effeds on
wine quality, but subsequentesearchesffirmed thata shorttime heaing at 90°C
of the wine do not havethosenegativeeffects from the sensorialpoint of view
(Franciset al., 1994; Pococket al., 2003). Moreove, it hasbeea demonstrated
that shortterm heatingallow a reductionof the bentonie requred betveen 50 and
70%. Pococket al. (2003) propo®d to couple the flash pasteurisabn with an
enzymatictreamentand found that a further reducton of the benbnite required
wasachievable with this method.Thesestudiesare promising but expensivan a

large-scaleappicationin termsof energyand apparatises.

1.1.35 Proteolytic enzymes

The endogenousind exogenousproteolytic enzymes have been largely
studied in muss and wines becaus the possibilty to explot their adivity to
redwe or eliminateundable proteinsfrom wine is consideredhe best alternaive
to bentaite fining (Lagaceand Bisson, 1990; Wates et al., 1992; Dizy and
Bissan, 2000. Several authors have investigated the effects of addition of
microbid proteasesuchasthosefrom Aspergillus niger (BakalinskiandBoulton,
1985), Saccharomyces cerevisiae (Feuillat et al., 1980; Lurton et al., 1988),and
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Botrytis cinerea (Marchalet al., 1998,Girbauet al., 2004; Marchal et al., 2006;
Cilindre et al., 2007).However,in eachstudy, the enzymesshowel not to be able
to effectively degradegrape PR-protens beause of thar high resistance to
proteolyss and for the unfavourableconditions for the enzyme adivity exising
during winemakng conditions (Heaherbell et al., 1984; Waters et al., 199;
Waterset al., 1995;ModraandWilliams, 1988).

1.1.3.6 Hazeprotectivefactors

In the nineties,techniquealternativeto bentonie fining has beenpropcsd
by meansof polysaccharideich proteinshaving a protective effect agairst haze
formation (Waters et al., 1993; 1994; Dupin et al., 2000). A main compound
showing protecive effectreaulted to be a 420 kDa mannoprota of which abaut
30% was protein (Waterset al., 1994). Besides, otha glycoproténs have been
shown to exhibit haze protective activity sud as yeast invertase (McKinnon,
1996; Moine-Ledoux and Dubourdieu,1999) and its fragments (Ledoux et al.,
1992; Moine-Ledoux and Dubourdieu,1999; Lomolino and Curioni, 2007), a
wine arabinogalactarprotein, and also arabnogalatanprotein from apple
(Waterset al., 1994)

The exact mecharsm by which mannoproteis prevent haze formation is
still unclear.It hasbeendemonstratedhat mannopratins do not aggreyae on
thar own, althowgh their presenceén winestogetherwith wine protensresulisin a
decreas in the particle size of the hazeformed after heatng from 30 to 5 pum,
resuting in visually undetectablg@articles(Waterset al., 1993).

1.1.3.7 Genetic methods

A possibilty to overtakethe problemof white wineshazng would be to
modify grapegenesin orderto not allow PR-protens producton by the plant.
While this hypothesisseemsanteresing, researbers geneally think that this way
will have little charceto sdve the problem of protan instbility in wines without
incurring in other inconvenience such as high suscepbility of vinesto fungal
attacksor to stresssin general(Ferreiraet al., 2002 Wataset al., 2005).
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SCIENTIFIC OBJECTIVESOF THE THESIS

This thesisaims to improve the knowledgeon grape and wine protens by
studyingboth their chemicalnatureandfunctionality.

Taking into accountthat,in generalhydrophobidty canhavea gred effect
on protein behavour and that this aspecthasnot been studied in detil for the
grape and wine protens, this work hasbeen focusedon testing the suitablity of
the HydrophobicInteraction Chromatographynon only for proteén purification,
but also for their characterisatiom functionalterms. In particular the aim wasto
clear the relaionship occurrng betweenthe hydrophobidty of fractonated
proteins and ther hazepotentialandto study the readivity of proten fractions
differing in hydroplobicity with tannins.

Besdes the thesiswork was focused on the effects of the fermentdion
processin orderto identify thecritical stepswhich can have aneffed on both the
guantity and heatstability of individual grape protens. Also this aspect at the
moment is noncompletelyclarified.

Finally, this thesisaimedto find alternatve methodsfor the removal of
hazeforming proteins from white wines. Stating from the idea tha some
phytopathognic fungi are able to grown in the presene of the (haz-forming)
grape PR proteins, one can supposethat these fungi must possesssome
mechanisms to preventthe well-knowntoxicity of thesegrgpe protens. Therefoe,
the stratey adoptedwas that to focus on the subséinces that the fungi emit to
eliminate or removethe PR proteinsfrom the mediumin condiions similar to
those of winemakingin orderto identify thosethat can be proposedas possible

meansto degradeor removethe hazeforming protensfrom white wines.
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CHAPTER 2

White wine protein evolution during fermentation and post-

fermentation operations: relationship with protein stability

ABSTRACT

Wine proteinsplay a key role in determning the qudity of white wines,
manly becausethey are undable, thus causing haz formation during wine
storagelt hasbeendemonstratethatthe vast majority of thewine protans derive
from grapesput the stability of the grapeproteinshasnever beenstudied.Grape
proteinsunder@ somemaodificationduring winemaking However, it is not clear
whether this modification affects their ins@ability in wine. In this chapter, the
effect of the fermentationprocesson both the quantty and heat stability of
individual grape proteinsis de<ribed.

Key words: Wine,PR-proteins haze proteases

INTRODUCTION

Proteinsaretypicaly presenin winesatlow concentration; howeve, they
hawe a considerabletechrological and ecmnomial importance becaise they
greatlyaffect clarity andstability of white wines.The presenceof haz in bottled
white winesresuts in a seriousquality defect becaiseturbidity makesthe wine
undesrable for consumer@&ndwine proteins,which havethe tendencyto become
insduble duringwine storage(Bayly andBerg 1967,Hsu and Heathebel 1987,
Waters et al., 1992), are the main causefor this defect However, the hazing
potential of a wine doesnot seemto correltewith its totd proten concentation
(Bayly andBerg 1967), suggestinga different contribution of individual protein
compaentsto the phenomenorof hazeformation (Hsu and Heathebell 1987,
Waters et al. 1992). Proteins presentin wine have long been consderedas a
mixture of grapeproteinsand proteinsfrom yeasts Moreover,yeasts may affect

the wine proten compositiondirectly by releasng cdl wall componentsand/or
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indirectly by secretionof exocellular proteasestha might contribue to the
hydrolysis of the proteinsin the mug.

Ruiz-Larreaet al. (1998) by comparingmustand wine proteinsby SDS
PAGE analysis concluded that wine proteins come exclusively from grape.
Accordingl, Lugeraet al. (1998) observedthat alcoholic fermentation lowered
the total proten contentandthatno releaseof yeastproteinswas detectabke before
18 monthsof wine ageingon lees By usingan immunologicapproab, Ferreiraet
al. (2000)confirmedthat no antiyeastantibody-reactve protens were presentin
a white wine. Convergly, Waters et al. (1994) purified two Saccharomyces
cerevisae mannopoteins both in white and red wines, and found that yeasts
releasedtheseproteins alread during the exponenil phaseof growth Marchal
and colleages(1996)gaveanotter evidene of this statanentby purifying seven
wine glycoprotens throughaffinity chromatogrghy on Corcanavéin A, finding
that severalof theseglycoproteinsvereof yeastorigin. In addiion, Monteiro and
colleagues(2001) showeda high degreeof homology between the N-terminal
sequenceof severalproteinspurified from a Moscatel wine and somemicrobial
and yeas protens The® disagreeingresults might dependon the particular
compogtion of yeas mannoproteinswhich are charaterized by high sugar
content (Waters et al., 1994), which makes difficult their detection with the

commonproten stainingmethods.

MATERIALSAND METHODS

1.1.4 WINE PREPARATION

Grapesof V. vinifera white cv. "Manzon bianco" harvestd in 2006 (about
100 kg) were presed at < 2 atm. The must wastreatedwith SO, (50 mg/L) and
rackedbeforefermentatiorby settlingfor 24 h with pedolytic enzymes (Everzym
MPL, Ever)at4°C. Thefermentatiortook placein stainlessstesl tanks(100L) at
15-18°C after addition of a selectedS cerevisiae strain (AnchorVIN13, Eve). At
the erd of fermenation (7 day9, two wine rackingswerecaried out after 10 and
29 days respecively. Sampleswere takenbefore fermentdion (before and after

settling, 11 and12 Septembemespectively)duringfermentation (evay day),and
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aftereachof thetwo rackings(28 Septembeand17 October).

115 ANALYTICAL METHODS

Total andvolatile acidity, redwcing sugars,acohol content and pH, were
deerminedfollowing the O.1.V. (Office International de la Vigne et du Vin)
offi cial methodsof analsis (1990).

11.6 PROTEIN CONTENT DETERMINATION

The proteincontentdeterminatiorwas performedaccordng to Vincenziet
al. (2009). Firstly, proteirs were preciptated from 1 mL of wine with the KDS
method (Zoccatéli et al. 2003). The pelets weredissolvedinto 1 mL of distilled
water and quantfied by using the BCA-200 protein assaykit (Pierce). The
calibration curve was preparedby using serial dilution of bovine serumalbumin
(BSA, Sigma) in water. The measuremets were performed
spectrophobmetrcally at 562 nm (ShimadzuUV 6010).

1.1.7 TOTAL POLYSACCHARIDE CONTENT DETERMINATION

The polysaccharidecontert was determinedcolorimetricaly accordingto
Seyarraand co-workers (1995). After addtion of 5 volumes of absolué etharol
(Baker), sampés were left at 4°C overnight before centifugation (30 min,
14000g). The collectedpelletswere washel twice with ethanol (Bake) andthen
dissolvedin bi-distilled water.1 mL of sampé was thenaddedof 25 pL of 80%
phenol (w/w, Fluka) and2.5 mL of sulphurt acid (Merck). Sanpleswere mixed
and the reacton carried on for 30 minutes at room temperéure. Absorbarce
values were spedrophotometricallymeasuredat 490 nm (Shimada1 UV 6010).
The calibraton curvewaspreparedy usingserid dilution of galactose(Fluka)in

water.

11.8 TOTAL POLYPHENOLSCONTENT DETERMINATION

The phendic content in samplewas deternined colometrically acording
with the method proposedby Singletonand Rossi (1965) optimised for small
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samplevolumesby Waterhous€2002).200 uL of waterdilutedsample(1:10v/v)

were added with 1 mL of water diluted (1:10 v/v) 2N Folin-Ciocdteau reagent
(Sigma). 800 uL of 7.5% (w/v) NaCOs; (Merck) solution were addedto the
sampleandthe incubation carriedout for 30 min at 40°C. The cdibration curve
was preparedby using serial dilution of gdlic acid (GAE, Fluka in watea. The
measurementwere performedspectrophobmetically at 725 nm (ShimadzuUV

6010).

1.1.9 TOTAL PROTEIN PREPARATION

Mustsandwinesweredialysedagainstdistill ed waterin 3500 Da porosity
dialysisbags (Spectrapag) andpassedn solid phaseextraction C-18 cartridge (1
mL resin, Supelc) to “clean” the protan extract from residud polyphenols.
Afterwardsthe obtainedpreparationsvere frozen, freez-dried anddissolvel in a

small volumeof waterfor longtermstorayeat-20°C.

1.1.10 ANION EXCHANGE CHROMATOGRAPHY (AEC)

The chromat@raphic separatns were performel by meansof a HPLC
(Waters 1525) equippedwith a Dual L AbsorbanceDetecto (Waters2487)anda
Refractiveindexdetector(Waters2414).Collected datawereprocessethy Waters
Breezé" Chromataraphy Software (Verson 3.30). Totd protein preparéions
from mug andwine were solubilized in 20 mM Tris-HCI pH 8.5 (eluentA) and
loaded onto a Resairce™ Q column (Amersham)equilibratedwith the same
buffer at a flow rate of 1 mL/min. Bourd proteinswere eluted with a gradient of
eluentB (dluentA addedwith 1M NaCl) asfoll ows: from 0% to 14% of eluentB
in 70 minutes,thento 50% B in 30 minutesandthento 100%B in 1 minute.This
latter concentraion was kept for 15 minutes. Protein peaks were collected,
dialyzedandfreezedried.

1.1.11 ReVERSE PHASE (RP)-HPLC

The protein composition of wine fractions was determined by HPLC,

accading to themethodpropo®dby Penget al. (1997).
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100 pL of samplewasloadedat 1 mL/min onto a sani-prepaative C18
column (4.6 x 250 mm, Vydac218 MS 54, Hespeia, CA) fitted with aC18 guard
column (Vydac 218 MS 54, 4.6 x 5 mm, Hesperia CA) equilibratal in a mixture
of 83% (v/v) solvert B [0.1% trifluoroacdic aad (TFA) in 92% Acetonitrile] and
17% solventA [80% Acetonitrile, 0.1% (v/v) TFA] and held at 35°C. Proteins
were elutedby a gradientof solventA from 17%to 49% in the first 7 minutes,
49% to 57% from 7 to 15 minutes,57% to 65% from 15 to 16 minutes,65% to
81% from 16 to 30 minutesand than held at 81% for 5 minutes before re-
equlibrating the columnin the startingcondtionsfor 6 more minutes.Peaksvere
detectedat 220 nm.

1.1.12 SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL ELECTROPHORESIS

(SDS-PAGE)

Electrophoetic analses were performedacording to Laemnii (1970).
Samples to be analysedwere dissolvel in a 0.5 M Tris-HCI| pH 6.8 buffer
containing 15% (v/v) glycerol (Sigma)and1.5 % (w/v) SDS (Bio-Rad (loading
buffer) and heaed at 100°C for 5 minutes before loading. For SDSPAGE in
reducingcondiions, 3% (v/v) of 2-mercaptothanol(Sigma) wasalsoaddel to the
loading buffer. Electrophoresisvas performedin a Mini-Protean Il apparatus
(Bio-Rad) with T = 14% (acrylamideN, N’ metylen-bisacylamide 29:1; Fluka)
gels. The molecular weight standardproteins were Myosin (200,000 Da), B-
galactosidse (116,250Da), Phosphoylaseb (97,400),Bovine SerumAlbumin
(66,200 Da), Ovalbumin (45,000 Da), Carbonicanhydras€31,000Da), Trypsin
inhibitor (21,500Da), Lysozyme(14,400Da) and Aprotinin (6,500 Da) (Broad
Rarge Molecular Weight Markers, Bio-Rad). After electrophoresis,gels were
staned for 18 h with Coomasie brilliant blue R-250 (Sigmg andthendestained
with 7 % acetic acid for 24 h (Koenig et al., 1970). The PAS (Peiodic Acid-
Sdiff) method was used to stain glycoprotens as suggestd by Segrestand
Jacksorn(1972).

1.1.13 HEAT TEST

Solutionsin ultrafiltered (3.5 kDa MWCO) wine of both the total protan
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fracton (300 mg/L) andeachHPLC fraction (150 mg/L) were heated at 80°C for
6 h and placed at 4°C for 16 h. Hazing was then assessk by cdculating the
difference (before and after heating)in the absorbane at 540 nm (Poco& and
Rankine, 1973;Waterset al., 1991).

RESULTS

The mud obtainedfrom white grapesof V. vinifera cv. "Manzoni bian®"
wasinitially treatedwith pectolyticenzyme to allow statc setting. The turbidity
measuredefore yeastinoculumwas 181 NTU, which is consideredto be in the
rangefor an optimal alcoholic fermentaton (Singlebn et al., 1975). Must and
wine sampeswerecollectedbefore(M, must;M+P, mustafter pedolytic enzyme
treatmert overnighy, during (F1-F7, from day 1 to 7 of fermenation) and after
(R1 andR2,firstandsecondacking, respeavely) thealcoholic fermentaton.

The analysis of the reducing sugars showel a regulr trend of
fermentation.In addition, total acidity and pH did not show any consderable
variation during the sameperiod At the time of the secondrading, the volatile
acidity was 0.23 g/L, showing no acetc baceria devdopment. This daa is
significant becauseacetic bacteriapossesgshe ability to produe extacelular

proteagsableto degradewine proteins(Bossiet al., 20086.

Total acidity Reducingsugars Ethanol

Sampling PH (gL tartaric acid) (% wiv) (%)
M (day0)  3.32 7.0 22.9 :
M+P(dayl) 3.26 7.0 24.1 i
Fl(day?)  3.22 7.3 18.2 i
F2(day3)  3.21 7.6 14.7 i
F3(dayd)  3.20 7.8 9.6 i
Fa(day5)  3.23 75 3.2 i
F6(day7)  3.25 7.2 <1 13
R1(dayl7) 321 7.1 i 13.4
R2(day36)  3.22 7.2 i 13.3

Table 0.1. Main wine analytical parameters during fermentation of the Manzoni Bianco

wine,

The total polysaccharidesontentshoweda significant deaease(46%)
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after the setting process(fig. 2.1), probablydueto a pecin degralation leading to
fragmentsthat are more difficult to be predpitated by ethanol during the
anaptical test(P&@ezMagarinoet al., 2001).
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Figure 0.1. Total polysaccharides content (as mg/L of galactose) during the vinification.

The polysacclaride content slowly increased during the first days of
fermentation,followed by a fluctuation betwe@ 631 and 916 mg/L. The first
increasemight be due to a polysaccharideeleaseby yeastcels. Actually, during
fermentationin synthetic solutiors, yeass denonstatel their ability to prodwce
extracellular polysaccharidesalthoughin lower quantty than in the aublysis
phase(Llaubérest al., 1987). The quanity of polysaccharidesreleasedy yeasts
was shown to dependon both the strain and the conditions of fermention,
varyingfrom 50to 250 g/L for commercal yeaststrainsat 20°C (Llaubéreszt al.,
1987). Themolecukr structureof such exocelular polysacclaridesis very similar
to thatof cell wall manroproteinsreleasedluringautolysis(Villetazet al., 1980)

However,the greakstfraction of total polysactarides arisesfrom grape
being mainly consttuted of pectin,celluoseand hemicellulose(RibereauGayon,
2003). Theeffectof thesekinds of polysachardesonwine instablity is notclear.
In a studyon protein instability in beer the colleced haze particles contaned a
substantial portion (as much as 80%) of cabohydrats, athough the authors
corcludedthat thesecarbohydratesre entrainal or co-precpitatedwith proteins
or polyphenolsand that are not involved in the haze formation mechansm
(Siebet, 1996).1n wine, Mesquitaandcalleagus (2001)foundthat, after addition
of wine polysaccharideghe proteininstablity of the wine increasel, paticulary
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undea moderatey high temperature$40-50°C). In this case howeve, the purified
polysaccharidesiad a significant absorpton at 280 nm, leading the authors to
suggest that the hazing effect was due to the presene of contaninant
polyphenos. On the cortrary, yeas polysactarides, paticularly mannoprots,
have beenshowedto have a protective effect aganst haz formation in wines
(MoineLedouxandDubourdieu,1999;Dupinet al., 2000).

The electrophoetic analyss of glycoproeins (obtained by ethanol
precipitation) by PAS stainingSDSPAGE gels confirmedthe augmentof solulde
glycosilated compaunds during fermenation, showing a smear of increaing
intersity through the fermentation time (not shown). When protens were
precipitated by SDSKCI (Vincenzi et al., 200%), the glycoprokin patem
resultedpoorer(fig. 2.2), but still showed an increasan glycosilaed protens, in
partcular of thosehavingan apparenhigh MW (white arrowin fig. 2.2). These
dataconfirmedthe observationsof Llaubéresand cal eagueg1987)that showed,
by meanof gel permeationrchromatographythat the exoellular polysachardes
releasedby yeass during fermertationin a syntheic mediumwere composedup
to 80% of mannoproteinswith MWs betweenl100 and 200 kDa. By SDSKCI
precipitation also a band of about45 kDa beame visible (indicaed by black
arrow in fig. 2.2) in thesamplesbtainedat first andsecondacking.
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Figure 0.2. Glycocompounds (PAS method) staining after the SDS-PAGE separation of
the proteins precipitated (KDS method) from samples collected at the different times of
vinification.

The total polyphenolscontentwas measuredn all the sampés with the
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Folin-Ciocaleaureagentpecausgolyphenols,and in particular tannins, havethe
capacityto bind proteinsand polysacchades, leading to the formaton of haze
and sedimentqSiebert,1996). The pectnolytic enzyme treatmentcause only a
low reducion on total polyphenols confirming the resuts of P&éezMagarno and
co-workers(2001)(fig. 2.3).
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Figure 0.3. Total polyphenol content [as mg/L of gallic acid equivalent (GAE)] of the
samples collected at the different times of vinification.

However, during the first two days therewas a decreaseof about18%in
the polyphenolcontent,probably due to their adsorptionby the yeast cell walls
(Caridi, 2006).0Only atthird day,the polyphenolsstaredto becomesoluble again
paossiblyfor theincreaseathanolconcentraion. After the endof the fermentation
processthe polyphenolcontent startedto decrease probaly dueto precpitation
or complexation with other wine compaments.Moreover, the ocairrenceof sone
polyphenol modificatiors (i.e. oxidation, etc) affecting the reacivity with the
Folin-Ciocalieaureagentcould not be exduded. However,the deceaseresulted
slow, with a polyphenolcontentafterone monh from the endof fermentdion that

wasstill over90% of theinitial concentrabn in must

During alcoholc fermentationthe protein content (measuredafter SDS
KCI predpitation) raisedby almost30%, passingfrom 270 mg/L in mustto 350
mg/L in wine at the end of the fermentéion proaess This behaviourhas aready
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been shown in other experiments(Gaspami, 2004; Dizy and Polo, 1996) and
could derive from protein releasefrom yeasts. During the postfermenation
period the proteincontentslowly decrease until reaching, at the secondracking,
avaluesimilar to thatmeasuredn thegrapejuice(fig. 2.4).
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Figure 0.4. Total protein content (as mg/L of Bovine Serum Albumin, BSA) of the grape
juice during and after fermentation. The dates of sample collection are indicated. SF:

start of fermentation; R1 and R2: first and second racking, respectively.

The must electrophoreticanalyss in reducng condiions showed the
presenceof 4 bandswith apparentMWs of ~ 60, 32, 24 and14 kDa. This profile
is surprisngly simple, but it has been repored tha this is due both to a
precipitation of many proteinsduring berry crushing andto the large numbe of
polypepideswith differentisoelectricpoint values but similar molecula masses
(Monteiro et al., 2001). Thearnalysisof all sanplesin non-reducingconditionsdid
not show any modification in the proteinprofile during fermentation (not shown)
A betterseparabn of grapeand wine protens by SDSPAGE in non-reducgng
than in redugng conditionswas highlighted (Gaspami, 2004 Vincenzi 2005;
seefig. 4.5), probally dueto the presene of proteinshaving different paternsof
disulfide bondng. In theunreducedtate theseprotens could patially maintain a
more conmpad structure and therefore increasetheir appaent electrophoretic
mobhility with respecto thefully denaturged polypeptdes.As a mater of fact, by
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adgting nonrreducingconditionsmorebandsbecamevisible in the mustby SDS
PAGE (fig 2.5) comparedo what can be detected after redudion of the protein

samplegVincenzi,2005a;VincenziandCurioni, 2005).
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Figure 0.5. SDSPAGE (T=14%, C= 3.3 %) in non-reducing conditions of the proteins of
the samples collected during and after fermentation. Each lane contains proteins from
100 pL of sample.

During fermentaton, no additionalbandsappered,whereasanincreaseof
theintensityof severalbands particularlythatat 31 kDa, wasevident.Instead, the
decreae in thetotal proteincontentafterthe end of fermentaton (fig. 2.4) seemed
to be dueto a degadation of the ~ 50 kDa proten, probaby a grapeinvertase.
Therefore,thesedatashow that no proteinsreleasewasobservegalthoughyeasts
coud cortribute to the varnations of the total polysacchaide conent (fig. 2.1).
This is consstentwith theresultsof Charpetier andFeuilat (1993)thatobserved
proteinsreleasefrom yeastsonly during autolyss, which occurs severalmorths
after the end of the acohdic fermentaton. In addtion, Lugera and co-workels
(1998 showed a releaseof proteins after 18 months of contact with lees in
Chardonnayvine, whereasa decreasef total protein conentduring the alcoholic
fermentatiorwasobsened

The protein contentincreaseobervedduring fermenttion can be dueto a

release and solubilisation of proteinsfrom the berry pariclesstill present in the
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must. This releaseprobablyenhancedy the yeastacion andby the increaseof
ethanolconcentation, canexplain the observaion thatduringfermenitiononly a
changein the bandsintensty is detectake in the must,without the appearace of
new bands. However,the presencen mustof heavly glycosiated yeastprotens

not stainedoy Coomaste camotbeexcluded

Good separaton of grape and wine proteins was achieved with anion
exchangechromabgraphy(AEC), asalreadyreportedby otha authors(Waterset
al., 1992;Dorresten et al., 1995;Padorello et al., 2002).In orde to eliminate the
polyphenos from the dialyzed samples, a passagetrough a cartidge was
performed This operationmight reault in a certan quantitative protein loss but
doesnot affect proteincompositionof the sanple, aspreviously reported(Waters
etal., 1992).

In mug, six peakswere detectedat 280 nm by AEC (fig. 2.6). The same
peakswere detectal in all mud/wine sampés collected during vinifi caion (fig.
2.7) andtwo newsmallpeaksweredetectd only in thewine sampé collectedone
month after the endof the alcohdic fermentation (fig. 2.8). However, therelaive
proportion betweenthe different peakschange during the time, as meaurel by
the quantification of the peakareadfig. 2.9).
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Figure 0.6. Anion-Exchange Chromatography of the proteins obtained starting from 100
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mL of must (treated with pectolytic enzymes) before fermentation (sampling date: 12
September). Absorbance was measured at 280 nm.
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Figure 0.7. Anion-Exchange Chromatography of the proteins obtained starting from 100
mL of wine after the end of alcoholic fermentation (sampling date: 18 September).

Absorbance was measured at 280 nm.
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Figure 0.8. Anion-Exchange Chromatography of the proteins obtained starting from 100
mL of wine after 1 month from the end of alcoholic fermentation (sampling date: 17
October). Absorbance was measured at 280 nm. The arrow indicates a peak formed after

fermentation.
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Figure 0.9. Variation of the Anion-Exchange Chromatography peak areas during the

time of the experiment.

During the time of the experimentthe peak areas showeda trend similar
to that of the total proteincontent,with a drop in thefirst threedaysfollowed by
an increaseuntil the end of fermentationand a slight decrase afterward The
increaseof 30% observedn the total proteinconent(fig. 2.4) seensto be duein
particular to the increaseof AEC peakl (+ 72%) (fig. 2.9). The analyss of this
peak by ReversePhase(RP) HPLC showed the presenceof 98% of thaumatin
like proteinswith a little contaminatiorof chitinases asassessedn the basisof
the retentiontime (not shown) The AEC peak5 contribued from 35 to 42%to
the total peak area, confirming our previous data on Manzoni bianco wine
(Gasparini,2004 Vincenzi, 2005. The chromabgraphicanalysisby RP-HPLC
showed this peak to be mainly constiuted of chitinases (not shown), in
accadancewith the findings obtainedpreviously by chitinaseactivity detection
on SDSPAGE gels (Gasparini,2004; Vincenzi and Curioni, 2005. Theseresuts
confirmedthatthe PR-proteinsarethe main protensin grapeandwine (Waterset
al., 1992).

The six peaksobtainedfrom AEC separabn of the must protans were
collectedandanalysedby SDS-PAGE (fig. 2.10)
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Figure 0.10. SDSPAGE (T=14%, C=3.3%) in non-reducing conditions of the peak

fractions collected from Anionic Exchange Chromatography of the wine proteins at the
end of fermentation (sampling date: 18 September). Each lane contains 15 pg of protein.
TQ: total proteins of the wine before fractionation.

With the excepion of peals 1 and 3, which both showedan only band,all
the AEC fractionscontaired two or moreprotein bands.In particular, a bandat~
20 kDa waspresentn everypeak,confirming thatgrapecontainsa largenumber
of poypeptides with different pl values (affecting the elution from the AEC
column) but similar apparentmolecularmassesn SDSPAGE (Monteiro et al.,
2001).

Consideing thatindividual wine proteirs cen differently contribute to the
phenomenorof hazeformation (Hsu and Heaterbel 1987, Waterset al. 1992),
thesechangsin therelativeconcentations of the AEC peaksduringfermentation
might be relatedto variationsin the haang potential of the mixture of the grape
proteinspassing from mug to wine.

To evaluatethe haze stability throughout the fermentaion process the
total proteinsfrom mug/wine sampleswere heattested (Poco& and Rankire,
1973), with a slightly modified method (Waters et al., 1991). It has been

demonstratedhat the ervironmenal conditions, and in particular the pH andthe
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ethanol concentraion, havea greatinfluenceon wine proten stability (Siebert,
1999). Possibleinterferenceslueto the different compostion of sanples(sugars,
ethanol, etc.) collectedfrom the start to the end of fermentaion were eliminated
by usingthe proteins precipitatedfrom each sample dissolved in an ultrafiltered
wine (3 kDa MWCO) at the same concentraion of 300 mg/L. The protein
solutions were then heatteged and the turbidity was meaured by mean of the
absorbancet540nm (fig. 2.11).
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Figure 0.11. Haze formed after the heat test (in de-proteinised wine) by the total proteins
of the samples collected during the experiment. SF: start of fermentation; R1 and R2: first

and second racking, respectively.

The reallts showal that the total protein instbility slowly increaed
throughout the alcoholic fermentation.This behaviourcould indicaie tha the
guantitative variation of the different protein fractionsobseved by AEC, suchas
the increaseof thaumatinlike proteinsin peak 1, causedan increasein haze
formation (fig. 2.11). To confirm this observéion, the instability of the
precipitatedproteins of the individual AEC pe&s, dissolvedat 150 mg proteir/L
in ultrafiltered wine, wasteded Thetotd proteins precpitated from the wine at
the end of alcoholic fermentationand dissolved at 150 mg/L in an ultrafiltered
(3000 DaMW CO) Manzonibiancowine werealsousedas a control (fig. 2.12).

44



T
0.14 L
E 012 -
o
I I
o T
2 0,08 - = T
B T
5 0.06 I
< 0.04 - ==
1
0.02 -
0 . : : ; ; ; ;
Control Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6

Figure 0.12. Heat test results of the proteins of the fractions collected from Anion-
Exchange Chromatography of the sample taken at the end of fermentation (sampling
date: 18 September) (see fig. 2.7). Proteins from each fraction were dissolved at a 150
mg/L in ultrafiltered (3000 MWCO) Manzoni bianco wine. Control: 150 mg/L of total

wine protein in ultrafiltered Manzoni bianco wine.

Only proteinscontainedin peak1l and 2 showedan intrinsic instability
higherthanthat of the total wine proteins However, peak2 accouned only for a
minimal part of the total wine proteins (2-5.1 % of the total area of the
chromatogramdig. 2.9), thuscontributingonly little to thetotal turbidity formed
On the contray, peak 1 contained21-30.5% of the total proteins (based on the
chromatogramarea), being the secondmost abundantped in the sample (fig.
2.9). Moreover the areaof peakl wastha showingthe higheraugment(+ 72 %,
fig. 2.9) throughout the fermentation,with this incrementlikely responsiké for
the total proteins heatinstability increasedeeded in this phase (fig. 2.11)
Indeed, taking into account both the actud concentraton and the intrinsic
instability of eachpeak,peakl wasthatgiving the highercontribuion (morethan
40%) to thetotd wine proteininstability (fig. 2.13) From the notion that peak1
was mainly composedf a thaumatinlike protein, this finding is consstent with
resuts recoveral® in literature(Waterset al., 1998 andconfirmed in chagter4 of
this thess (seefig. 4.10), in which this classof proten is indicated as the main

responsiblefor hazeformationin white wines
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Figure 0.13. Percent contribute of each peak to the total turbidity developed (by the heat
test) in wine at the end of fermentation (sampling date: 18 September).

After the endof fermentationtheinstahli ty of thetotd protans tendedto
decreaseindthe heatinducedhazeat secondracking was evenlower thanthat of
the staring must However,this variation could not be ascrbedto a modifi cation
in the relative protein concentrationsbecaise the ratos between the different
protein peaksremanedquite constantduringthe onemonth storage This stablity
increasecould be instead attributed to the mannoprotens released by yeasts
during the storage (on total leeg, which actually seemto appearin the wine (fig.
2.2).

1.1.14 DiscuUssION

During winemaking some modificatiors of the must protans profile are
detectable.Severalauthorshighlighted the releaseof protoplasméc proteases
from yeass$ during autolysis(Feuillat et al., 1980;Lurton, 1988) Howeve, these
enzymesdo not significantly influencethe protein patern, althoughit is not clear
whethertheseenzymesareinhibited by wine polyphenolsor by thelow pH of the
must Lurton (1988 showedthatthe S. cerevisiae endoprotaseA was still active
at pH 3.0, leadingto the releaseof peptdesinto the wine. In optimal condtions

(pH 4.5-5.0, 35-40°C) the cell disorganiation of yeass stats in seveal hous,
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while the sameprocessn wine takesup to 2-3 months(Flanzy, 1998).

However,S. cerevisiae resultedableto hydrolysehaemoglobin andcasen
in vivo by secreting extracellulamproteasesn the fermenting medium (Rosiet al.,
1987; Feuillat et al., 1980). Moreover,S. cerevisiae possess some periplasmc
pepidases involved in the active transportsysten, tha are able to partially
degade the protens of the medium (Cartwright et al., 1989). Actually, wine
yeastsareable to grow in a mediumcontaning only mustproteinsas the nitrogen
saurce(Conterncet al., 1994).

Only few studes have analsed the fate of must protéans during
vinification, and all pogulateda decreasef the total proten contentduring this
process(Lugera et al., 1998; MorencArribas et al., 1996). Thesedat are in
disagreementwith our resultsand with the observabn that grgpe protans are
proteaseaesstant and stableat acidic pH (Modraand Williams, 1988 Waters et
al., 1992 Waterset al., 1995). Beside,it is importantto considerthat the cited
works aimedto clearproteinchangesccurring during the secondermenationin
sparkling wines productionand after a bentonie treament (Lugera et al., 1998;
MorencArribaset al., 1996. Moreower, the variation of the nitrogen compounds
was monitored for long times (up to 18 months), that are compatble with the
degadation and precipitation even of the more resistant wine proteins. In
particula, Manteauet al. (2003) statedtha grape proteins tend to disappear
during the Champagnewine production These authors suggeted that this
phenomenorwas mainly dueto protein precipitation, adsorptionon cdl walls of
the yeass and denaturationin this case the reducingenvironmat (150 mV) of
the bottle during the secondfermentationmight deternine a parial redudion of
disufide bonds, increasing protein suscepbility to the acion of proteases
secretedy yeastdManteauet al., 2003.

In a normal white wine vinification, however, the yeast cdls reman in
contactwith the wine for a time too shortto allow aublysis. The few works that
hawe studiedthe modificationsof grapeprotens in the early stages of vinification
showed that during the first alcoholic fermenation little quanttative variations
occu resuting, in mostcasesin anincreaseof the proten content (Bayly and
Berg, 1967; Dizy and Polo, 1996). This increasewas considerd to be dueto a

protein release from the yeas cells. By means of chromatogrghic and
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electrophoretic techniqus, Bayly and Berg (1967) showedboth quanttative and
qualitative modificatiors in wine proteins during fermenation, with the

appearancef newelectrophoretibands.

Theresultshereobtainedndicatethatthe solubleprotens of the berry of a
white grape variety vary during and after the alcoholic fermentation in both
quantity and relaive proportion. According to what staed in another work
(Vincerzi et al., 2006),the proteinfraction of AEC peak 1, contaning a single20
kDa bard (probablya thaumatinlike proten), showedthe lowest heat-stablity
whenindividualy heattestedin de-protenisedwine. The sane proten fraction is
that with the largestquantitativeincreaseduring fermentation, consituting a large
proportion of the total wine proteins Taking into acount tha bands with the
same SDS-PAGE mobility, correspondindo that of the TL proten family, could
be detectedhlsoin otherAEC fractions,the precsenatue of the proten of ped& 1
warrantsfurtherinvedigation

Moreover from theresultsherereportedjt is confirmedthatthe releaseof
compounds of polysaccharidic nature by the fermenting yeast (probalty
manroproteins) resuts in an increasecheatstability of the totd wine protans,
despitetheincreasan the relativeproporton of ther mostunstdle component.
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CHAPTER 3

Fractionation of grape juice and wine proteins by hydrophobic

interaction chromatography

ABSTRACT

Thaumatinlike (TL) proteinsandchitinases are the predomnantproteins
in ripe grapes.TL proteinsandchitinasesnhibit fungal growthin vitro andlikely
play arole in grapepathogerdefence.

In this work, a method to separategrape juice and wine protans by
hydragphobic interactionchromatographyHIC) using Phenyl Sepharos& High
Peformance resn is proposed.The purificaion was peformed in two steps:
protein precpitation with ammoniumsulphae followed by HIC fractionation.
HIC fractionsof ammoniumsulphateprecpitated juice and wine protens were
furtherfractionatedby reversephaseHPLC andSDSPAGE to assessheir natue
and purity. Grapejuice proteinswere also identified by matching peptide LC-
MS/MS spectra with theoretical peptides from a plant protein daabase.
Identifications of twenty-six LC-MS/MS sanples includel several TL-proteins

andchitinasesyacuolarinvertaseandalipid transfe protein.

Keywords. grape protein,wine, HIC, LC-MS/MS, thaumain-like protein,

chitinases

INTRODUCTION

Because of the very low amountof proteins recoveable in grgpe and
wines researchersneed to find easy and highyield proten purification
proceduresA wide variety of proteinpurification techniquesare avalable today,
however, different typesof chromatographyhave bemme dominant due to their
high reslving power. In gel filtration chromabgraphy, ion-excharge
chromatography, affinity chromatograpjn and hydrophobt interadion
chromatography(HIC), protein separationis dependenbn ther biologicd and
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physicochemcal properties molecdar size, net charge, biospedic

characteristicsaand hydrophobicity, repectvely (Kenned, 1990; Garci, 1993).
The resut of a protein purification procedurés evidenty depadenton thechoice
of separabn equipment and techniqies. The orda in which the different
techniges are combined is also of great importance. The develogment of

techniques and methodsfor the separabn and purificaion of protens hasbeen
essentialfor many of the recentadvancesn biotechnobgy researhb. The global
am of a protein purification proces is not only the removal of unwanted
contamnants but alo the concentrationof the desirel protein and their transferto

an enviornment whereit is stableandin a form readyfor the intendedapplication
(Queirozet al., 2001)

Techniquedike ion exchangehromatg@rgphy andgd fil tration have been
widely usedin fractonationsof grapeandwine maaomolecules (Bayly andBerg,
1967, SomersandZiemelis,1973;Waterset al., 1992,1993; Daweset al., 1994,
Dorresteinet al., 1995; Canalset al., 1998;Monteiro et al., 1999,2001;Pastorello
et al., 2002). Other chromatographianehods, such as HIC, have been only
recentlyapplied in wine studiesby Brisson¢ and Maujean (1993), which used
HIC for the characterizatiof foamingproteinsof chanpagnewine.

HIC takes advanage of the hydrophobcity of protans promoting its
separationbasedon hydrophobicinteradions beéweenimmoblized hydropholic
ligards andnonpolarregionson the surfaceof proteins. The adsorpton increases
with high salt concentrationn the mobile phase and the elution is achevedby
decreagig the salt concentrationof the eluent (Melande and Horvah, 1977;
Fausnaughand Regnier,1986; Roe, 1989). Therefore the term ‘salt-promoted
adsorpton’ could be usedfor thistype of chromatograply (Porah, 1986).

Different types of elution conditions can be used for purificaion of
compex mixtures of proteinsthat would be difficult to separae using other
chromaigraphic techniques.In fact, HIC has been sucesgully used for
separationpurposesasit displays binding charaderistcs compkemenary to other
protein chromatgraphic techniques(Jansonand Rydén, 1993). Van Osset al.
(1986) proposedhatthe van der Waalsforcesare the major contributing factor to
the hydrophobidnteractionginterfacial forces’) despite the compkex mechaism

involved. HIC that today is now an established and powerful bioseparation
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techniquein laborabry-scale,aswell asin industial-scde purification of proteins
(Wu andKarger, 199%; Sofer,1997;Grund,1998).

In this chapterthe studyof both Semillongrapejuice andwine proteinsby
meansof HIC is illustrated.The methodof proteinfractiondion involved protein
saling out followed by direct fractionaton through a HIC matrix. Fractons
collected were characterisedy meansof HPLC, SDSPAGE, and LC-MS/MS

techniques.

MATERIALSAND METHODS
1.1.15 MATERIALS

Grapeandwine proteinswerepurified from Semill on varigly harvestedon
2006 in AdelaideHills region(SouthAustrdia).

1.1.16 AMMONIUM SULPHATE PROTEIN PRECIPITATION

Grape proteins from Semillon juice were conentraed by amnonium
suphateprecpitation. The salt wasadded at 80% of satration to the grapejuice,
previousy bufferedto pH 5.0 (with KOH). After 16 hours at 4°C, the pellet
collected by centrifugation (30 min, 14000g,4°C) was treded in two ways: i)
dissolvedin 30 mM citrate buffer (pH 3.50) and desalté throughpassge on a
columnequppedwith 20 mL of Bio-Gel® PD-10resh (Bio-Rad)andfreezedried
beforebeing dissolvedin 50 mM citrate buffer (pH 3.5); ii) direcly dissolvedin

theeluantA of HIC fractionation(seebelow).

1.1.17 RESIDUAL AMMONIA DETERMINATION

The ammoniaconient on purified fractionswas detemined by meansof
the UV test for the determinationof Urea and Ammonia in foodstuffs (r-
biopharm;Roche).
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1.1.18 SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL ELECTROPHORESIS

(SDS-PAGE)

Electrophorett analyseswere performedaacording to Laemnii (1970).
The samplesweredisolvedin a Tris-HCI pH 6.8 buffer containing 15% (v/v) of
glycerol (Sigma) ard 1.5 % (w/v) SDS (Bio-Rad) and heded at 100°C for 5
minutesbeforeto be loadedfor the analysisperforned by usinga Mini-Protean
[l apparatugBio-Rad).Eachanalysiswas conducte in nonreduchg condtions.
The maecular weight standardswvere the Broad Range (Bio-Rad). Realy Tris-
HCI Gels[Bio-Rad,4-20%, 15-well, 15 ul, 8.6 x 6.8cm (W x L)] wereusal. Gels
were altemaively stainedwith Bio-Safe™ Coomasse stain (Bio-Rad) or Silver
stain procedurefor high sensibility protein detedion, accordirg to Blum et al.
(1987).

1.1.19 GRAPE AND WINE PROTEIN CHROMATOGRAPHY

Thechromabgraphicseparationswereperformedby meansof:

o An AKTA Prime FPLC (Amersham Bioscience, Sweden)
equipped with an UV detector (. AbsorbanceDetecta). Data
collectedwereelaboratedby the PrimeViewsoftware.

0 A RP-HPLC Agilent 1200Series(Agilent Technologes,Germany)
equipped with autosmpler, fraction collector and Diode Array
Detector.

Every solution utilised and sample loaded had previously been filt ered

with cdlulose acetatdilters (Millipore) with poresize of 0.20pum and degassd.

1.1.20 HYDROPHOBIC INTERACTION CHROMATOGRAPHY

Grape and wine proteins were fractionated with an AKTA Prime FPLC
system (Amersham Bioscience, Swed@). Five columns (1 mL resin each)
containedin the HiTrap Hydrophobic Interadion Chromdography (HIC) kit
(Pharmacia)were used. The matrixes of the kit were: Phenyl Sepharos@ High
Performance,PhenylSepharosé FastFlow (low substiution), PhenylSephaose
6 FastFlow (high subditution), Butyl Sepharose FastFlow and Octyl Sephaose
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4 FastFlow.

ThePhenylSeptaro=® High Performanceresn wasalsoutilized to packa
chromatographglass column(55 mL) having adiametr of 1.6 cm. Eluent A was
50 mM SodiumPhosphate- 1.25M Ammonum sulfate, pH 5.0 andeluentB was
eluent A withoutammoniumsulfate.Sanpleswere loadel at 3 mL/min onto the
resin preMously equilibratedin 100%of buffer A. The loading lastedfor 200 mL
beforethe begnningof a lineargradien to 0% A (from 200 to 800 mL of elution
volume). After the endof the gradient,100%buffer B wasapplied for 400 mL to
re-equilibratethe columnin the startingconditions

1.1.21 RP-HPLC PROTEIN ANALYSES

1.1.21.1 Analysisand quantification of protein by PR-HPLC

The protein compositionof the grapeand wine fractons was deternined
by revergdphaseHPLC, accordingo themethod proposedy Peng et al. (1997)

Samples(100 uL) wereloadedat 1 mL/min onto a sem preparatve C8
column (4.6 x 250 mm, Vydac 208 TP 54, Hesperia CA) fitted with a C8 guard
column kit (Vydac 208 GK 54, 4.6 x 5 mm, Hesperia,CA) equilbrated in a
mixture of 83% (v/v) solvent B [0.1% trifluoroacdic acid (TFA) in 92%
Acetonitrile] and17% sdvent A [80% Acetonitrile, 0.1% (v/v) TFA] and held at
35°C. Protenswereelutedby a gradientof solventA from 17%solventA to 49%
sdventA in thefirst 7 minutes,49%to 57% from 7 to 15 minutes,57%to 65%
from 15 to 16 minutes,65%to 81% from 16 to 30 minutes andthanheld at 81%
for 5 minutes beforeto re-equilibrae the column in the stating conditionsfor 6
moreminutes.Elution wasfollowed by absorlanceat 210, 220,260,280 and 320
nm. From the 210 nm spectrum,their identity was assignedoy comparson of
thar retenton timesto thoseof purified grapePR proteins (Waterset al., 1996)
and quantfied by comparisonto the peak area of two standad protens: horse
heartcytochrome C (cyt C) (Sigma)or bovin serumalburin (BSA) (Sigm3.

1.1.21.2 HPLC protein analyses by Size Exclusion Chromatography
Proteinfractionswere analysedoy Size Exclusion Chromdographyusing
a RP-HPLC equippedwith a PhenomeneBioSe SEC S2000(7.8 x 300 mm)

column with guard columnat 1 mL/min in 50 mM KH,PO, buffer at ambient
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temperature .20 pL of samplewereinjected. The absorbane was detected at 210

nm.

1.1.22 SAMPLESDESALTING

Sampleswere desaltedby using an AKTA Prime FPLC apparéus
equippedwith a 20 mL columncontainhg Bio-Gel® P-10DG gel resi (Bio-rad).
The seraton was performedin isocratc condtions (50 mM Citric acid-NaOH
buffer, pH 3.50). The flow ratewas2 mL/min andthe maximum loadedvolume

was2 mL.

1.1.23 PROTEIN IDENTIFICATION THROUGH LC-M S/M SANALYSES

Grape proteins were excised after electophoretc separéion and sentto
Australan Proteome Analyses Facility Ltd. Bands were reducel (25mM
Dithiorethiol/50mM NH,CO; a 56°C) and alkylated (55mM
lodoacéamidebOmM NH4CO; at room temperaure in the dark) followedby a 16
hour tryptic digeston at 37°C. Sampleswereextraced with 0.1%TFA/2%CH;CN
and sonicaéd in waterbathfor 15 minutes.The instrunmentusel for nanoLCwas
Agilent 1100 Series(Agilent Technologes, Germany). Sanples were injected
(40uL each)ontoapeptidetrap (Michrome pepide Captrap)or pre-concentration
and desalied with 0.1% TFA, 2% Acetmitrile at 10pL/imin. The pepide trap was
then switchedinto line with the analyticalcolumn containing C18 RPsilica (SGE
ProteCd C18, 300A, 3um, 150umx 10 cm). Peptdes were eluted from the
column using a linearsolventgradientfrom H,O:CH3CN (95:5; + 0.1% formic
acid) to H,O:CH3CN (70:30, + 0.1% formic acid) at 600nL/nmin over a 60 min
period. The LC eluentwas subjectto positive ion nanoflow electrosprayandysis
on an Applied BiosystemsQSTAR XL masssped¢romeer (ABI, CA, USA). The
QSTAR was operatedin an information dependat acqusition mode (IDA). In
IDA mode a TORMS surveyscanwas acqured (m/z 370-1600, 1.0s), with the
three largestmultiply chargedions (counts >50) in the surveyscansequerially
subjectedto MS/MS analysis MS/MS spectrawere accumuhbted for 2 s (m/z 100
1600). Resuls were a peak list in Mascot Generic Format using MASCOT.dII
script (Applied Biosygems) and masot seart result PDF file with NCBInr
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datbag with Viridiplantaetaxonomy.

A secondbatchof analyseswasperformedby excising protein bandsfrom
a SDSPAGE gel. Peptidesverepreparedn 10 pL of 1% formic acid,loaded by
aub sampleronto a5 cm x 100umID C18column. The gradient was 0-50%B in
35 min after 12 minutesfrom the loading. Eluant A was 5% Acetonitrile, 0.1%
formic add. Eluant B was 90% Acetontrile, 0.1% formic acid. LCQ Decalon
trap massspectrometersetto do MS 400-1500amu,MS/MS of 3 mostintense
ions, dynamicexcluson enabled.The raw files were conveted to mzxml format
with the progam readw.exe.Files in mzxml were submited to X!tandem
da@bag via localy installed GPM-XE version. Parention masswindow 4 da,
fragmention tolerance0.4 Da, Cys + 57 for iodoaetamide met differentially
modified with oxidation. Reverse databae searching enabéd conairrently.
PlantProtar daabasedownloadedrom TAIR as fastafile, convertedto .pro file
for GPM use.

1.1.24 AMINO ACIDSANALYSIS

Amino acidsanalysiswasperformedoy the Austraian ProteameAnalyses
Fecility Ltd. Thesampleunderwent24 h to a gas phasehydrolysiswith 6N HCI at
110°C. Amino acids were analsed using the Waters AccQTay chemstry.
Cysteinewas separatgl analysedby using performc acid oxidaion foll owed by
24 h acid hydrolysis with 6N HCI at 110°C.Sampéswere analsedin duplicate

andresultswereexpressedsanaverage.
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RESULTSAND DISCcuUSssION
1.1.25 GRAPE PROTEINSFRACTIONATION: RESIN SELECTION

In orderto verify the ability of hydrophdic interaction chromaographyto
fracionategrapeproteins, a HiTrap HIC kit (Pharnacig was utilised. An initial
screeningwas performedudng different resins, conditions of pH, buffers and
gradents, to find the mostsuitablematrix for gragpe protein purificaion (datanot
shown).

The Phenyl Sepharos® High Perfornanceresinwas chosenfor its good
protein separ#don ability with an easyfractionaion of 5 well defined peaksin a
short gradientlength (fig. 3.1).
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Figure 0.1. Semillon juice protein fractionation achieved using an AKTA Prime FPLC
(Amersham Biosciences, Sweden) equipped with a column containing 1 mL of
hydrophobic interaction resin (Phenyl Sepharose® High Performance). In the table:
protein composition and concentration of fractions collected (expressed in equivalent of
Cytochrome C) determined by RP-HPLC (Waters et al., 1996; Peng et al., 1997; Pocock
et al., 2000).

To determinethe protein compogion of the peaks, the 6 fractons
obtained were analsed by HPLC. Resultsshowedthe absene of protens on
fracion 1 (flow through) that showeda pe& due only to the condudivity fall

corregpondirg to the sampleexit from the column. The two main classes of grape
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proteins(PR-proten) were detectedn fractions 2 to 6. Partcularly, TL-proteins
and chitinaseswere both presentat a similar conentraion in the lower peaks (2
and 3). The other fractions appearednore interestingbecauseof the presenceof
chitinaseswithout TL-proteinson fracton 4, the predonmnanceof chitinaseson
fraction 5 andof TL-proteinson fractions6. Thesepreliminary resultsshowel the
paossibility to use hydrophobicinteractionchromdographyto fractionate grape
proteinsin general and PR-proteinsin particular by exploiting their different

hydrgphobiccharacteriscs.

1.1.26 GRAPE PROTEINSFRACTIONATION: LARGE SCALE EXPERIMENTSAND

VVTL PROTEIN PURIFICATION

A chromatgraphc column (@ = 1.6 cm) was packal with 55 mL of
Phenyl Sepharos&® High Performance resin (GE-Healthcary Passig from a
smal to abigger scale,the separatiorefficiencywasnoticeablyimproved.

Two methodsfor the sample preparationwere applied to an unfined
Sanmillon grapejuice:

i.  Addition of ammoniumsulphateto 80% of saurdion (567 g/L at
25°C), collection of the pellet by centrifugaion (15000g,4°C, 30
min), dissolution of it in 50 mM Naphosphat pH 5.0 buffer
(eluentA) until the requiredsalt concentration (1.25 M, stating
conditions for HIC fractionationswasreached.

il.  Addition of ammoniumsulphateat 80% of saturaion (567 g/L at
25°C), collection of the pellet by centrifugaion (15000g,4°C, 30
min). The pellets werewashedwith citratebuffer andconcentratel
by ultrafiltration (3000MWCO) until reachng a proten conent of
~ 20 mg/mL. Grapeproteinstocksoprepaedwerediluted1:1 with
100 mM Na-phosphateH 5.0+ 2.5M ammoniumsulphatebefore
the HIC fractionaton.

No differencesn proteinfractionationwere seen with both methods(data
nat shown).Therefore,the first methodwas chosenbecaiseof its simplicity and
shortness For this reasonthe obtainedpelet from an unfined Semill on juice was

treatedaspreviously descritedandloaded diredly intothe HIC column (fig 3.2).
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Figure 0.2. Semillon grape protein fractionation by hydrophobic interaction
chromatography with a column (@ = 1.6 cm) containing 55 mL of Phenyl Sepharose®

High Performance resin. Total protein content loaded: ~ 170 mg. Red rectangles
indicate the fractionation scheme.

The resultng chromatgram showed a good proten sepaation, with the
presenceof alargernumberof peakscomparel to the fractionaion obtanedwith
the 1 mL column(fig. 3.1). Two fractionationswere performedwith =~ 170 mg of
protein loadedon each.The profiles wereamostidentcal. Consequstly, the 14
fractions collectedwere pooledprior to analsis by RP-HPLC to detemine both
their proten compositionandconcentratior{tab.3.1).

As acomparison,the juice beforeHIC fractionaion wasalso analysecand
includedin the table. The profile of the whole juice assesedby HPLC (fig. 3.3)
showedthe high numberof peaksthatwere fractionaed with HIC, assunmarised
intable3.1.

Accordingto Perg et al. (1997), peals from RP-HPLC chromatograms
wereassigrdto differentproteinclas®s.In paticular, it was assumd that peaks
with a retenton time between8.7 and 12 minutes belongedto the TL-protein
classeswhile peakselutedfrom 18.5and 24.5 were consideed to be chitinases.
Conseqgenty, the threemain peaksobservedn fig. 3.3 were likely TL-protans
(9.3and10.9min) andchitinaseg19.6min).
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Figure 0.3. RP-HPLC chromatogram of the unfractionated Semillon juice.

VVTL Chitinases Number Protein Tota_l
. Area Area Area . Protein
Fraction  peaks o peaks % of other % concentration
() () content
number number peaks (mg/L BSA) (mg)
Juice 5 41.7 4 37.3 6 21 1874.1 3375
1 4 60 1 40 \ \ 11.8 1.1
2 2 61 1 39 \ \ 18.6 1.1
3 2 70 1 30 \ \ 35.1 2.7
4 2 67 1 27 1 6 62.9 6.2
5 1 0.5 1 28.5 1 71 129.4 136
6 1 0.8 2 97.5 1 1.7 110.0 7.5
7 \ \ 4 88 3 12 115.2 5.2
8 2 2.2 4 58 3 39.8 207.8 4.2
9 2 12.2 4 34.4 2 525 783.9 58.8
10 4 38 3 59.5 5 12.5 484.2 98.3
11 4 87 1 103 2 2.7 74.2 3.0
12 4 88 1 4.6 2 7.4 225.6 129
13 4 92 1 2 1 6 293.8 35.3
14 2 82 3 11 1 7 28.0 2.8

Table 0.1. Protein class, concentration and area percentage of fractions collected after
Semillon juice HIC fractionation. In total ~ 340 mg of protein from Semillon juice were
loaded while 252.7 mg were recovered. The chromatograms from which these data were
acquired are shown in figure 3.8. Bold fonts indicate the main protein class of each

fraction.

Thedataof table 3.1indicatedthatgrapeprotens could bedividedin three
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classesbasedon their hydrophobicity. Partculaly, in the first four fractons
proteinswereelutedin absenceof a gradent. Consequeny, this elution occurred
in a nonspecific way since the proteinsdid not intera¢ with the resin. HPLC
idenification indicated that they mainly belong to the thaumatin-like and
chitinases classesHowever,their concentréion representé only a minimd part
of the total amountof proteinsloaded.Two hypotheseshavebeen formulaed to
explain this unspecificelution: i) column overloading;ii) a role of polyphenols
still presenton loadced sample.The secondhypothesis seened the most probatie
becaiseof sone evidercethatwill bedisaussedn chapte 4.

Once the gradientstarted the chitinasesand TL-proten congent of the
peakschangedduring the fractionation,in a rate tha was possibé to sumnarize
as follows: low thaumatinlike proteinsconentuntl fraction 10; a prevaknceof
chitinags from fraction 6 to 10; a thaumain-like proteins prepondeanceon the
lastfour fractions. Hernce,in theseexperimenal condtions, chitinasesehaedin
a lesshydrophobc way thanthaumatinlike proteins, confirming the preliminary
resultsacheved with the 1 mL kit colurm. Several fractions were enriched in a
particular classof proteinin temms of peak area percenagein RP-HPLC. For
instancethe chitinasepeakareaof fractions6 and7 was~ 90% of thetotal, while
fracions11, 12,13 and14 weremainly conssting of thaumaitn like protens,with
aminimumpeakareaof 82 %.

The two highestHIC fractions(9 and 10) contained a large numbe of
peaksbelorging to differentproteinclassegfig. 3.4). In particular, peak 9 showed
four main pe&ks, recognisedastwo TL-proteins, one chitinasesand an unknown
peak.In fracion 10 therewere two main peaksrecognizdle asa chitinasesanda

TL-protein

LT
[T

A%

aEd if |5 2

o ) i s

20
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Figure 0.4. RP-HPLC chromatogram of HIC fraction 9 (left) and 10 (right). In the
middle: SDS-PAGE prdfile of the two fractions.
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It resultedevidentthe discrepancyin MW andin RT of bandssupposedo
be TL-protens, with the lower molecula weight of the TL-proteins of fractions
10 in comparson to that of following fractons (not shown) Thesedifferences
were attributableto the presenceof different TL-protens isoforms(Penget al.,
1997).

Preliminary SDSPAGE showedthat fractions 12, 13 and 14 contaned a
proteinof about65 kDa in additionto the TL proten (not shown) This addiional
higherMW proten wasnot visible on the RP-HPLC chromatograns (eg fraction
13, figure 3.5).
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Figure 0.5. HPLC profile of faction 13 obtained by hydrophobic interaction
chromatography. In the table: retention tine, area (absolute value and percentage) and
height of each peak detected.

The chromabgram showed the presene of 1 main peakthatwasassume
to be a TL-proten with an estimatepurity of 87.1%. Two laterd peaks were
detected at 10.0 and 12.8 minutes of retenton time that were respedvely
recognisedas a minor thaumatinlike protan (the first) and an unknown protein
thesecondprobably aninvertagsasfollowing shown(figures3.6 and3.7).

In any case,thesedataindicatedthe possiblity to nearly purify a TL-
proteinfrom grape juice in a onesteppreparaive process basedon the different
hydrgphobicty characteristic®f grapeproteins.

To confirm HPLC results, a further SDS-PAGE of fracton 13 was
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performedaftera deslting step (fig. 3.6). The sample desdting was madein order
to eliminate all the ammoniasalt from fraction 13 beausethis fraction was
subseqently utilisedasa substratdor a microbial growth (datanotshown).
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Figure 0.6. SDSPAGE (T = 4-20%) on non-reducing conditions of the fraction 13
obtained from the HIC chromatographic separation.

Unexpetedly, fraction13, which lookedvery pureby RP-HPLC, showel
two bardsinsteadof one.The bandintensity (measurel with ImageJsoftware)of
the fraction at about22 kDa (presumab} a VVTL proten) resuled to be the
74.4% while the 65 kDa bard (presumablygrapeinvertase)was at the 25.6% of
the total band intensity. Becausethese data disagreedwith the RP-HPLC
chromaibgramsjt wasnecesaryto further investigate this fracton’s purity. Some
authas (Kwon, 2004)reporteddifficulties on the SDSPAGE Coomassiestaning
for VVTL protens. It appearegossiblethata nonproporional staning occurred
during the SDSPAGE analysesThis hypothesisseemed reasondle also becaise
of the high quantity of proteinloadedon each lane (50 ug). As aresult of thepoor
staining of the VVTL band,the amountof the presumd invertasein the fraction
would be exaggerated.

To certainl idenify the natureof theseproteins, the two bandswere cut
from the gel to be analysedoy ESFMS/MS (fig. 3.7). As expected, from Mascot
Searchresuls (Matrix sciencedatabas) the higherband wasidentified (p < 0.05)
as a vacwlar invertag 1, GIN1 [Vitis vinifera=grapeberries, Sultana, berries,
Pepide, 642 aa] (gi|1839578 (Daviesand Robinson,1996)while the lower band
was classfied as a thaumatinlike protan from Vitis vinifera (gi|3332939)
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(Manteauet al., 202, unpublished)
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Figure 0.7. Spectra of the lower SDS-PAGE band (left) identified as a Vitis vinifera

thaumatin-like protein and of the higher band (right) identified as a vacuolar invertase 1

of Vitisvinifera.

A further HPLC analysis was attemped to determine the content of
invertaseof this fraction. From the peakarea obtaned by using a size exclusion
chromatographygolumnit waspossibleto quantfy the area percentageof thetwo
proteins(fig. 3.8).
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Figure 0.8. SEC-HPLC chromatograms of fraction 13 separated with Phenomenex
BioSep SEC S2000 (7.8 x 300 mm) with guard column at 1 mL/min on 50 mM KH,PO,
buffer, room temperature. Left: BSA (20 xL injected at 3 mg/mL concentration on 30 mM
citrate buffer pH 3.50) and Cytochrome C (20 uL injected at 2.5 mg/mL concentration on
30 mM citrate buffer pH 3.50) utilized as standards. Right: fraction 13 HIC separation on
30 mM citrate buffer pH 3.50.

From the peakareait wasclearthatthis fraction wasmosty composecdf
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VVTL (91%). This result confirmed tha the Coonmasse staining in the SDS
PAGE resuts overestimatedhe invertaseconent and it wasin agrement with
the prevous RP-HPLC data.

1.1.26.1 VVTL protein quantification
To quantfy the protein contentof fracton 13 (63 mL in totd), three
different methodswereused(tables3.2and3.3):

i. By means of the ratio betwea fraction absorbance
(spectrophaimetrically determinedat 280 nm) and the VvTL
molar extinctioncoefficient(e =29230AU/M);

ii.  Througha RP-HPLC amalysesand the quantfication basedon a
BSA calibration curve;

iii. By deerminationof theaminoacidcontent.

ABS 280 nm RP-HPLC Amino acids
590mg/L 62123 mg/L 484.76mg/L
35.99mg/samge 37.89mg/sample 30.63mg/sample

Table 0.2. Comparison of the protein concentration and content of fraction 13 (63 mL)
measured with three methods.

Resultsobtainedweresimilar and asstated by otherauthors(Fountoul&is
et al., 1992; Fountouakis andLahm 1998) the amino acidsquanitfic ation method
wasassunedasthe mog accuratealso if a quantfication lower than therealty is
not to be excludedfor causedelow discussed.

Thetablebelow (tab.3.3) consideronly 17 amino acids becauseunde the
conditions of the acidic hydrolysis performed aspargine and glutamne are
competely hydrolyzed to aspartic add (Asx) and glutamic add (GIx),
respective}. Tryptophanis completelydestroyedandcystene cannot be directly
determinel from the acidhydrdyzed sampés and this is the reason for its
separateddetermnation Tyrosineis partially destroyedby traces of impurities
presentin the hydrolysis agent (Fountoul&is and Lahm, 1998) Serine and
threonineare partially hydrolyzedaswell andusualy lossesf about10 and5%,
respective}, occur(Ozols,1990)
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Amino Acid Amino Expectedaa Expectedha

Amino Acid (=H,0) Acid MO(/)Ie compositionof TL- corrposition of

(ug/mL)? (ng/mL)® (%) protein (% Mole)* Invertase(% Mole)°
Histidine 5.06 5.70 0.87 0.40 3.00
Seine 26.61 32.35 7.18 7.60 6.70
Arginine 20.55 22.90 3.09 2.20 4,00
Glycine 29.81 39.20 12.27 9.80 790
Asx® 68.50 79.20 13.98 12.90 12.50
GIx' 32.56 37.10 5.92 5.40 7.00
Thremine 50.24 59.15 11.67 10.20 6.70
Alanine 26.62 33.35 8.79 8.90 6.70
Proline 26.00 30.80 6.29 5.80 6.20
Lysine 16.72 19.05 3.06 2.70 250
Tyrosine 29.25 32.45 4.21 3.60 450
Methionire 7.22 8.20 1.29 1.30 260
Valine 24.02 28.40 5.69 4.40 7.60
Isoleucine 13.12 15.20 2.72 2.70 4.80
Leucine 28.33 32.85 5.88 6.20 9.70
Phenylalanine 44.53 49.95 7.10 7.10 3.90
Cystein@ 33.65 41.9 n.d. 7.60 0.80
Totd 484.76 567.75 100.00 98.80 9710

& Calculationbasedbn amino acidresidiwe massin proten (molecuarweightminusHZO).

b Calculation basecbn free amino acid molecularweight.

¢ Amino acid compositio from the compufation of the compkteprotein sequencebtainedfrom the
ProtParamtool of the EXPASy ProteomicsServe

d Cysteinewas sepaatelydetermined

€ Reallts deiiving from the addition of aspaagineandaspatic acid.

" Resultsderiving from the addition of glutamne andglutamicacid

Table 0.3. Amino acids composition of HIC fraction 13. 17 amino acids have been
quantified in HIC fraction 13, while the expected amino acids composition of invertase

and TL-proteinis expressed as a molar percentage on 20 amino acids.

Watersandcolleagies(1992)purified a hed unstdle protein with MW of
24 kDa that was following identified as a thaumain-like protein (Waters et al.,
1996). The authorsshowedthat this proten containel large anmountsof aspartic
acid glycine, alanine, serire, threonine phenylahnine and tyrosine Theseresluts
strongly agreewith thos of thetableabove. However,sone differenesfrom the
compari®n between the amino acids conpostion of HIC fraction 13 and the
expectedamno acid compositionof the thaumain-like proten were highlighted.
In partiaular, fraction 13 showed a higher amount of histidine, arginine, proline
and tyrosine than the expected. These differenes seem atiributable to the
invertasescontanination that, as visible from its expectel amino acids content,
coud shift the molar percentageof some amino acid. Besides, the serine

percentageesuledslightly lowerthanthe expeted. As previously discussedthe
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amino add quantfication by acid hydrolysis canresult in an undeestimation of
the level of this aminoacid becaus of its fragility (Simpsonet al., 1976; Ozols,
1990. In addition, several amino acids (alanine proline, lysine tyrosire,
methonine, valine, isoleucineleucine phenylalanineandcysteine) weredetected
in amountsvery similar to the expected.According to Waters et al. (1992),the
amouwnt of threeaminoacids(Asx, GIx and Threonne) resulte a little higherin
HIC fraction 13 thanthe predicted andthis occurrene cannotbe explanedby the
invertasecontanination. It seemgossble thatthesedisagreeirg resultsaredueto
some post-translatonal modification tha is not taken into accountin the amno
acids computaion of table 3.3. Looking at the glycine contentof the sample, it
resultedsensbly higherthanthe expectedand not influencedy theinvertase.lt is
possble that a chitinasecontaminationled to this content.In fact, the chitinase
impurity (2.1%)presentin this fraction (seefig. 3.5) could explan this occurrence
becaiseof the high glycine conten of this protein (13%, not shown).

In general, the reallts formerly discussedare in accord with the
observatiorthatthe mod repregntedamino adds in grapejuice are asparic acid,
threonineandphenylalanin€Y okotsukaand Singleon, 1997).Besides, a relevant
amount of proline was detected.Severd auhors reported that polypeptdes
containng proline are able to form haze when combina with phenolic
compounds(Asanoet al., 1982 Siebertet al., 1996).This observatn agree with
the assumpton that PR-proteinsin geneal and VVTL in particular are the main
hazeforming proteinsin white whines (Hgj et al. 2000; Tattersall et al. 200%
Femeiraet al. 2002)

The whole fraction 13 (63 mL) was concentated by using a stirred
ultrafiltration cell system(Amicon) equippedwith membraeswith porosty of
3000 MWCO. The concentratedsamplewas washedwith 30 mM citrate buffer
(pH 3.90) in order to eliminate all the residualammonia sdt. The absenceof
ammona wasdetectedusng anammoniakit (not shown).The protein conent of
the concentatedsample asessed spectrophotomigically, was8.7 mg/mL with a

total proteinconentof 30.26mg (tab.3.4).
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Yield (%)

Protein Total on % Purit
Stage of purification concentration protein 0 y
total (by HPLC)
(mg/L) content (mg) .
protein
TL-protein(10.9min RT)
in HIC fraction 13 255.9 35.30 100 87.1%
Desalting- APAF 48476 30.63 86.77 90%
guantification
Sample concerration 8700 30.26 85.72 91%

(3000 MWCO)

Table 0.4. Fraction 13 (WTL) protein recovery during the purification steps.

The method previously describedled to the patial purification of a
thaumatinlike protein in only onechromatgraphicstep. Preliminary resultsshow
tha by coupling the HIC fractionationwith a caionic exchangechromatograhy,
it is possble to solve the invertag impurity on fraction 13 (dat not shown).
Besides,theseresultsshowed the chanceto improvethe cgpability to purify other
grapeproteinswith the reachingof the purificaion of 5 proteinsthat represeted

morethanthe 50% of total grapeproteinconent(Van Sluyte et al., 2007).

1.1.27 SEMILLON GRAPE PROTEINSIDENTIFICATION

The fractions collected from HIC fractionaton were further analysedin
orderto estabish their proteincompositon. Therefore 14 fractions plus a whole
juice sample wereanalysedby RP-HPLC (fig 3.9;tab.3.1).

In total 13 peakswith different RT were deted¢ed by HPLC in the whole
juice and after HIC fractionation. Therefore,it was possibleto create a table
summariang, for eachHPLC retentiontime, the HIC fractionsin which the same
peals havebeendetectedtab.3.5).
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Figure 0.9. RP-HPLC chromatograms of Semillon juice fractionated by HIC
chromatography.

RT (minutes) protein in wholejuice | HIC fractionsin which it was present
5.5 6-7-8-9
8.1(8.0) 89-10-11
9.0(8.9) 1-2-3-4
9.3 8-9-10-11
10.1 12-13
10.9 11-12-13-14
13.3(12.8 7-8-9-10-11-12-13-14
13.9 6-7-89-10
14.1 45
18.6 7-8-910
19.5(19.6 In evay fraction
20.4 7-8-9410
24.5(23.9 8-9-10

Table 0.5. Peaks retention time of the whole Semillon juice and fraction in which they are
detectable after HIC chromatography (between brackets there are the equivalent RTs
obtained with a dlightly different HPLC set up). Bold fonts indicate the main protein class
of each fraction.

The table summarisechow grapeprotens were fractionatel by HIC. The
peak distribution was, for all the RT consdered,in adjaent HIC fractons,
indirectly confirming the appropriateass of Phenyl Sepharosg HP resin for
grape protein fractionation.

In detail, it seemedthat the peakwith 9.0 min of RT was eluted in a
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similar way in the first 4 fractions in which no eluton buffer was present.
Corsequaetly, this proteinwasnot bourd by theresin.

Once the elution gradientstarted,the first proten eluted had RT of 14.1
and cane out in presenceof low concentréion of the elution buffer (fractions 4
and>5) suggesing avery low hydrophobcity degreefor this proten.

A HPLC proten peakwith RT 5.5 min wasdeedable in fractions6 to 9,
with a prevaknceon fraction 7. The elution of this proten started with high salt
corcentation, showingits low-mediumhydrophobidiy.

A similar hydrophobicitywas observedor proten with 18.6 min of RT,
with its major concentrationn HIC fraction 8. In the sane fraction (8) the peak
with RT 13.3min wasmainly recoverablealsoif its presencevasdetected from
fraction 6 to the end of the separationAs afterward demonstratd, this protein
seemedo belongto theinvertasexlassesandthe causes of this spreadingwill be
later discussed.

Fraction9 and 10 were thosewith the largernumberof proten classesin
particula, proteinwith RT of 8.1 and13.9were mosly elutedon fraction 9 while
proteinwith RT of 9.3,19.5,20.4and24.5weremainly eluted on fracton 10.

As previously discusseda TL-protein was manly containal in the last
partof thesepaation (from fraction11). In thosepeaks pesidegsheman TL peak
(RT 10.9 min) only two other peakshave been detected: a pe& at 10.1 min
manly contanedon fraction 12 anda peakat 19.5 min (presumaly chitinases)
tha wasobservedn everyHIC fraction.

Two proten peaksdid not show a fractiondion behaviour in agreement
with the hydropholicity. Peaksat 13.3 and 19.5 min of RT were detected
respedively in fractions7 to 14 andin all the fractons considerd, respeately,
showing a not strictly hydrophobicdependaneluton. This occurrenceneedto be
furtherinvesigated.

1.1.27.1 ESI-MS/MS Protein identification

Okuda and colleagtes (2006) affirmed that more than 310 protein or
polypeptidefractions wererecoverablan JgpaneseChardonng winesbelonging
to the thaumdn and osmotinlike proteins,invertae lipid transferpraoteins and
thar hydrolysk prodicts.
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In orderto identify the origin of Semillon grapeproteins,5 HIC fractions
(4,5, 9,11 and13) werechoserbecausef thar protein content representaive of
al the HPLC retention time detectal® in the whole juice. Three conse&utive
HPLC fractionaion for eachof thesefractions were madeand peaks, collected
with a fraction collector,were pooled. In total, 12 different peakswere obtained
and, afterconcentratiorandequilibrationwith the loadingbuffer, a SDSPAGE in
non-reducng condtions (fig. 3.10) was performed. Protens have been revealed

by MS-compatibeé stains(Bio-Safe™ Coomasiestainor Silver stainprocedure).
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Figure 0.10. SDSPAGE of peaks collected by RP-HPLC. Bands were cut and analysed
by ES-MSMS. SDSPAGE analyses was performed according to Laemmli (1970) by
using Ready Gel TrissHCI Gel [Bio-Rad, 4-20%, 15-well, 15 pl, 8.6 x 6.8 cm (W x L)],
in absence of reducing agents. RP-HPLC peaks characterized by a high protein
concentration were stained with Bio-Safe® Bio-Rad Coomassie. RP-HPLC peaks with low
protein content were stained with silver procedure. 26 samples in total. The sample 25
(RT 24.500) was not loaded on the gel but analysed in liquid form. Sample 26
corresponded to the WTL protein (gi|33329390) (already identified by APAF during the
WTL protein purification of fraction 13). Sample 9.000 was first stained with Coomassie,
than two bands were excised before the lane was re-stained with silver that allowed the
appearance of other two bands (18 and 19).
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Unexpectedlythe SDSPAGE showedthe appearace,in somelanes, of

morethanonebandthat derivedfrom the HPLC peak collection. Hence aHPLC

peakdid not correspondto a singleproten, and consequeiy band wereanalsed

via LC-MS/MS analysisto understandheir nature

Resultsof 26 samplesaresummarisedn table 3.6.

Apparent : s nd
Spot HIC RP-HPLC Accession 1% X! Tandem 2" X! Tandem
name fraction RT SD‘T’WF\’,CGE number significant 1D Pl MW nificant 1D Pl MW
1 5 14555 50 unknown no maches / / no matches / /
; - . ) PR-4 typeprotein
2 9 8.100 53 0i|33414046| classlV chitinaseg{Galegaorientali§ 7.42  29.4 [Vitis vinifera] 55 152
3 9 8.100 24 Gi[33414046] classIV chitinasqGakegaorientaliy ~ 7.42  29.4  roAtypeproein o oo,
. | : [Vitis vinifera] )
4 9 8.100 15 0i[3511147| PR-4 type protein[Vitis vinifera] 5.5 15.2 / / /
5 9 9.300 20 gi[7406716] putatlvethaurrgnp-llke protein[Vitis a4 2 / / /
vinifera]
6 9 9.300 22 gi[7406716| putatlvethaungtl_n-llke protein[Vitis 404 24 VV'I_'L_l [Vitis 5.09 24
vinifera] vinifergd
. putative thaunatin-like protein[Vitis PR-4 typeprotein
7 9 9.300 16 gil7406716| vinifera] 494 24 [Vitis vinifera] 55 152
8 9 13990 100 0i[33414046| classIV chitinasgGalegaorientaliy ~ 7.42  29.4 / / /
9 9 13990 70 0i[33414046| classIV chitinasgGalegaorientaliy ~ 7.42  29.4 / / /
10 9 13990 65 0i|33414046| classlV chitinase{Galegaorientali§ 7.42 29.4 / / /
) Endochitinag A precusor (Seed
11 9 13990 27 0i|116329) chitinaseA) [Zeamaid 83 291 / / /
. Endochitinag A precurso (Seed
12 11 14300 70 0i|116329| chitinaseA) [Zeamaig 8.3 291 / / /
13 11 19560 80 0i|33329392| classIV chitinas€Vitis vinifera] 5.38 275 / / /
14 11 19560 31 0i|3332892| classlV chitinase]Vitis vinifera] 538 275 / / /
15 11 19560 29 0i[33329392|  classlV chitinas€{Vitis vinifera] 538 275 / / /
early-responive to dehydration -
16 4 9.000 55 gi|30679715| proteinrelaed/ ERDproteinrelated 8.68  87.6 C'[E\‘/Slf'l'g’vfnr::,“e”rzlse 538 275
[Arabidopss thaliana]
. putative ripeningrelatedprotein
17 4 9.000 24 gil7406671| [Vitis viniferal 483 229 / / /
18 4 9.000 110 unknown no meches no matches / /
19 4 9.000 90 unknown no metches no matches / /
20 9 5.570 10 gij28194084) 'IPid transfemprotenisofom 1[vitis o 4 ¢ / /
vinifera]
21 11 10000 25 gil33329390;  thaumatinlike protein[Vitis 467 239 / / /
vinifera]
2 13 10250 23 gil33320390]  thaumatinlike protein[Vitis 467 239 / I /
vinifera]
vacuolarinvertasel, GIN1 [Vitis
23 13 13330 26 0i|1839578| vinifera=grapeberries,Sultana, 4.6 715 / / /

berries,Peptide 642 aa]
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thaumatintlike protein[Vitis

L 4.67 23.9 / / /
vinifera]

24 13 13330 22 gi[33329390|

25 9 24500 Not loaded urknown no matches no matches / /

thaumatintlike protein[Vitis
vinifera]

osmotirtlike protein

26 13 10970 23 0i|33329390| [Vitis vinifera]

4.67 23.9 456 239

Table 0.6. Summarizing table of the E9-MSMS protein identification in comparison to
the HIC fraction from which they were purified and with the retention time with which
they came out from the HPLC separation.

Intable3.6,anID is associateto eachband.Fromtheaignmentof theraw
datawith X!Tandemdatabas, it seemedhatonly 14 sanpleson 26 arefrom Vitis
vinifera. The numberof sampleidentified as Vitis vinifera proten risesto 17
consideringthe 2™ matc recoverablén X!Tandemdatabase

About the 19% of the total proteinsfrom grapeberry mesocarpelongto
the PR-proten category(Sarry et al., 2004). From the idenification of SDS
PAGE protein spots by ESFMS/MS it was possibleto idenify mainly PR
proteins such as PR-4 type proteins,putatve thaumatin-like protens, class IV
chitinage, putative ripeningrelated proten, lipid transfer proten isoform 1,
thaumain-li ke proteinanda vacwlar invertasel, GIN1. Besidespther protein of
no grapeorigin havebeendetectedmainly belongingto the Arabidopsis thaliana,
Galega orientalis and Zea mays speciesandpresenting high homolayy with grape
PR-proteins,mainly chitinages. It is worth mentoning the absenceof microbial
proteins,indicating the hedthinessof the grgpe usal. The nontotd Vitis vinifera
origin of the protein analsedis relatedto the datdbasequality utilised for the
alignment tests. In fact, preliminary results confirmed this hypothesis with the
idenification of otherproteinsof grapeorigin, manly hypotheical protein from
Vitis vinifera (daa not shown)tha were notincludedin the databaseusedfor the
first proten recogiition (The Frenchltalian Public Consorium for Grapevine
GenomeCharactezation,2007).

Putative thaumatin-like protein [Vitis vinifera] and Thaumatin-like
protein [Vitis vinifera): the thaumatinlike proteins are, after the chitinasesthe
mostrepresened grapeandwine protein (Watas et al., 1998,Pomck et al., 2000;
Hayas#&a et al., 2001). This statements confirmed in the resultsaboveshown,in

which 10 spotswererecognisedschitinaseswhile 7 asTL-protans. Paticulary,
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three spots(5, 6 and 7) wereidentified as putatve thaumain-like proteinswhile

four (21, 22, 24 and 26) asthaumatinlike proteins. Thesetwo thaumain classes
differ in both HPLC retentiontime (respedvely 9.3 min and 10.0to 13.3 min)

and hydrgphobcity characteristicghigherfor the thaumain-like proteins).lt is to

be notedthat the threeputativethaumatinli ke proten band derived all from the

same SDS-PAGE lane. Particularly, the HPLC peak (9.3 min) showea the

appearanceof threebandsin SDS-PAGE respetively at 40, 22 and 16 kDa of

apparentMWs. The theoreticalMW of this proten is 24 kDa, so the two other

bardsare likely modification of it, which natureneedsto befurther investgated.

Spots 21, 22, 24 and 26 were all idenified as the samethaunatin-like
protein. This occurence could be explainad in two ways: i) the presenceof
differentTL-proteinsisoformsin our samples recognsedas the sameprotéen in
the databaseji) a partial modification of the same thaumain-like protein that
resuted in a charging of propertiesasits MW or hydrophobcity. The second
hypothesisseemssupportedoy dataobtaned by Pocockand colleagueg2000),
which showedthe presenceof a main VVTL proten and a minor TL proten that
behaved,in HPLC, similarly regectively to spot 26 and 24. Accordingly, our
experimental da&a suggestedthe second hypothesis as the most probabe. In
particula, we retan that the thaumatinlike protein could be incurredin same
modifications, likely proteolysis.A certan conent of endogenousprateolytic
activity is detectablein musts(Cantagré et al., 1982; Ribérau-Gayon et al.,
2003), butthis actwity is not sufficient to degradethe highly resistat PR-proteins
(Waterset al., 1992).However,these enzyme could be responsibldor a partial
modification of somepeptides reaulting in a slightly different behavour of the
proteinduring the fractionationprocessedn fact, the four thaumain-like protein
bards identfied presentedsimilar, but not idenical, hydrophobidy. Besides,in
HPLC this proteinshowedup at four RTs, while by SDSPAGE showedapparent
MWs from 22 to 25 kDa.

The samediscussbn might explainalsothe appearane of three band in
the sameSDSPAGE lanefrom only one HPLC peak(spot5, 6 and 7) formely
discused.

PR-4 type protein [Vitis vinifera]: this classof proten wasmosty eluted
in HIC fracion 9 and shoveda HPLC RT of 8.1 min. Generaly, the PR-4 classof
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protein is mainly compo®d by chitin binding protans (Theis and Stahl, 2004)

Theseproteinspreseniarntifungal activity thatis manly dueto ther ability to bind
fungal cell wall chitin (Bormannet al., 1999). The presene of this class of
proteinin grapevineseemsonsequentlylueto sonme antifungalmechalismof the
plant, alsoif Tattersallandcolleagwes (1998, unpublshed)attributed to this class
a ripeningrelated role. PR-4 proteinsbehaved,n SDSPAGE, similarly to the
putaive thaumain-like proteins with the apparane of 3 bandsat different MWs
on the samelane, recanisedasthe sameprotein (spots2, 3 and 4). Actudly, only

one of thosespotsresulteda PR-4 protein,while the othe two (thosewith MWs
not compaible with the theoreticalMW of 15.2 kDa) resulte&l more similar to a
classlV chitinasesThis occurencemight be explanedby the organization of the
PR-4 family of proteing which is similar to tha of the plant chitinase family

(Friedrich et al., 1991) Moreover,Van Danmeand colleagus (1999)showedthe
existenceof hewinlike chitin-binding protein isolaied from mature eldeabery

fruits (Sambucus nigra). The authors demonstragéd that this protein was
synthesked as a chimeric precursr consisting of an N-terminal chitin-binding
domainandanunrelatedC-terminaldomain.Sequene comparisonsndicated that
the N-terminal domainhad high sequencesimilarity with the N-terminal domain
of classl PR-4 proteins whereaghe C terminuswas mostclosel related to that
of class V chitinasesThis finding contributesto beter explain the recogniion of

spots 2 and 3 as chitinasesnsteadof PR-4 proteins,also if the reasondor their
apparentMW in SDSPAGEwarrantdurtherinvestigaions.

Class IV chitinase [Vitis vinifera]: amongthe 26 sampés andysed, 10
were identified as chitinasesas first X!Tandem match plus one idenified as
secand databasematch.Theseresultsconfirmedthe predoninane of chitinases in
grape proteinshighlighted by other authors(Waters et al., 1998, Pococket al.,
2000, Hayasak et al., 2001). By observng the HIC distribuion of chitinases
spots, it canbe observedhat mog of theseprotens wereelutedin the middle of
the HIC gradient (HIC fraction9 and11). Particularly, spotsfrom 8 to 15 wereall
recoquisedas proteinswith chitinasefuncton. However, theseeightbandsdid not
behavesimilarly in SDSPAGEin which agrea MW variability in arangefrom =
97 to ~ 28 kDa was detectable.This SDSPAGE mobiity might be partially
explained by the absenceof redwcing agens in the SDSPAGE loading buffer,
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which could be relatedto major differencesin the hydrodynant volumesof the
protein deriving from structuresstabilized by S-S bonds, although a different
binding of the unreducedprotein to the deteggent SDS seens also possibé
(Vincenzi and Curioni, 2005). However, these notions seemnot sufficient to
expain these great differencesin MWSs, thus additonal investigdions are
required.

Putative ripening-related protein [Vitis viniferal: one spot (17) was
identified asa putative ripeningrelatedproten. This proten presentd a very low
hydrgphobicty becauset was elutedin HIC fracton 4, so beforethe gradent
stated. Besides,its HPLC RT (9.0 min) was similar to those of the putative
thaumatinlike proteins.This occurrerce seened explained by the slight difference
in pl betweenthis protein (4.83) and the thaunatin one (4.94), resuling in a
slightly different RT in HPLC. Besdes,the apparentMW in SDSPAGE of this
proteinresultedhigherthanthe hypotheti@al (= 25 insteadof 22.9kDa).

Lipid transfer protein isoform 1 [Vitis vinifera]: in literaure thereare
two closelyrelated types of nsLTPs types 1 and 2, which differ in protein
sequencemoleculr weight,andbiological propeties (Chenget al., 2004) Many
nsLTP1 protens, alsoof grapevineorigin, have been chaactkerized asallergensin
humans(Pastorelb et al., 2002). The LTP hereidentfied belongto theisoform 1
andshowedvery low MW in SDS-PAGE andearly RT in HPLC, in whichit was
well separged from the otherproteins HIC fractionaion alsoshoweda goodL TP
separ#on ability asit wasmainly elutedin fraction 7.

Vacuolar invertase 1, GIN1 [Vitis vinifera=grape berries, Sultana,
berries, Peptide, 642 aa]: someauthorg(DaviesandRobinson,1996;Sary et al.,
2004) highlightedthe preferentialexpressiorof the GIN1 isagene with respectto
the GIN2 in the pericarp, confirming the results here descrbed. Band 23,
recognisedas a vacuolarinvertase,did not show a MW of about 70 kDa as
expected but its apparentMW wasof 28 kDa. Okudaand co-workers (2006), by
usng 2D-PAGE havenacticed the presene of invertasefragmentson Chardonay
winewith MWs of 39, 38 and29 kDa, highlighting for thefirst timethe presege
of hydrolysedinvertasesn wine. However,in this study, protens were derived
from gragpes.Conseqgently, the obsrvedinvertaehydrolysiscould not havebeen

due to thefermentatiorprocessassuggestedoy Okuda but might be dueto some
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endogenousproteolytic activity in must as discussd for the thaumnatin-like
proteins The fragmentationof invertasescould also explain the sprealing of this
protein throughout 8 HIC fractions. As observe in figures 3.5 and 3.6 in the
studiedSemillon juice, a proteinwith anapparat MW of ~ 65 kDa wasidentified
as a vacwlar invertag 1, GIN1 [Vitis vinifera=grape berries, Sultana, berries,
Pepide, 642 aa] (gi|1839573, leadingto the hypothesisthat the hydrmlyses
occurredafterthe HIC fractionationstep.

Unidentified spots. samplel isolatedfrom HIC fraction 5 did not show
any match on X!Tandem. The samebehaiiour was observedor sanples 18, 19,
25, even though preliminary results obtaned in another datbase (Blastp)
suggestedsome correspondencesvith Vitis vinifera protens. Paricularly, it
seemedtha spos 1, 18 and 19 were Hypothetical proteins,while the sample 25
seemedmnorelikely to beaf 1-3 glucanasegdatanot shown).

In orderto graphicallysummarisethe resultsdiscusse@bove asseiations
between both protein RP-HPLC retenton time and hydrophobiciy with the

protein identiieswereperformedfigures3.11and3.12).
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Figure 0.11. RP-HPLC chromatogram pf whole Semillon juice with protein ID after
XITandem database search.

82



ClazslV chitinases

W acuolar invertase 1, GIN]

[ 1

o ClassIV endochitinases |
N T

Putative TL -protein

L [

PR-4 type protein -

9
Thaumatin Like-protein
) »
e P

113 glucanase () 13

%

-
%

F 3
vy ¥

=)
=

-
B

=
=

<

ca
(=]

Putative ripening-
related pr otedns

—r
Chitinases

o
=

Absorhance 280 nm (mAw)

40 1

| Wk eV e

[i 100 200 a0 400 300 400 700

ClassIV endochitinases TP isoforh 1 f

Elution volume (ml)

Figure 0.12. Nature of proteins fractionated during HIC chromatography.

From the generalschemesabove represented, it was possibké to make
sameremarks:

o Putative ripening-related proteins and chitinasesseem the grape
proteins less influenced from the hydrophobidty. Chitinases
seemednot to be affectedby theresinbecausethe elution ocaurred
all alongthe gradient.The elution appeard to be not specfic, also
if the main chitinasesconcentratiorwasdetectblefrom fraction 5
to 10, while in the lag 4 fractionschitinaseswvere deectable only
in traces. This phenomenorcould be ascribed to the presene of
seveal classe®f chitinaseqWaterset al., 1998)thatcanassume
different behaviourduringthe gradientand/or to a fragmentation of
this proteinthatled to its modified hydrgphobicty.

o After thechitinasesthe secondoroten morespreadalongthe HIC
fractiondion was the vacuolar invertsse that stated to be
detectablefrom fraction 7 until the end of the gradient It appears
that this proten wasinitially precipitded by the resin,while with
the reachingof an ammoniumsulphateconcentraion of about0.8
M in the buffer, a re-solubilization of the invertase stated and

continued until the end of the gradient.The causesof this event
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need to be investigated. We hypothesize tha an invertsse
glycodlation resultingin an interactionwith the resn could be a
possible cause. Besides an invertase fragmentaion due to
proteolysisassuggestedby Okudaet al. (2006) could alsoexplain
this phenomenonit is noteworthythat,at RP-HPLC retenton time
of 13.3 min were associatedboth invertasses and thaumatin-like
proteins.This fact could further explainthe difficulty in obtaining
a TL-proteinwithout invertag contamingéion disaussedin secton
3.4.

0 Someprotenswereelutedin a smal chromdogramzone,sud as
the Lipid TransferProteinisoform 1, detected in the middle of the
fradionationandmainly in fraction 7. This resultwas unexpeted
becausaheLTP is meantto beavery hydrophobigoroten. In fact,
LTP is known to have a hydrophobicpocke that endowsthem
with the capady to bind hydrophobic molecukes (Blein et al.,
2002).

o A thaumdin-like protein (gi|33329390) resultel the most
hydrophobc protein in  Semillon grgpe juice. This fact
differentiatesthis proten classfrom all the other, bringing to its

high purification gradealread afterthe HIC fractonaion.

Resultspreviouslydiscussedighlightedthat HIC chromatogrgphy canbe
usedfor grapeproteinfractionationandthatit is a tool for parial or total protein
purification. By coupling this tecmiquewith RP-HPLC analysesSDSPAGE and
ESI-MS/MS it was possibleto identify a large number of grapeprotens andto

obtain preliminaryresultson their hydrophobiccharaceristics.

1.1.28 SEMILLON WINE PROTEIN FRACTIONATION

To validatethe data collectedon Semillon grapeprotens in the previous
part of this work, the HIC methodproposedvastesedfor its proteinfractionaton
ability of Semll onwine.

To this aim, protens from severalitres of an unfined Semllon wine were
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precipitdaed with ammonium sulphate (80% saturéion) and colleced by
centifugation. The proteinrecovey wasunexpecedly low, with a total amountof
proteinprecpitatedof 145.4mg/L (58.15mgin totd). After equilibrationwith the
loading conditions, precipitatedwine protans wereinjected into the HIC column.
The reaulting chromatogramgfig. 3.13) showeda high similarity with that of the
Sanmillon juice.
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Figure 0.13. Semillon juice and wine chromatograms of protein fractionation by
hydrophobic interaction chromatography.

Three consecuve and almost identical fractiongions were performel.
Corsequetly, fractions collectedwere pooled prior to be analysedby RP-HPLC
(fig. 3.14;tab.3.7) to determinebothther protein compositon andconcentation.

Differently to the juice fractionation,only 8 fractions were obtainel. As reported
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by severalauthors(Murpheyet al., 1989; Dizy and Bisson,2000; Fukui et al.,
2003, a proten simplification can occur during the fermenttion. The main
differences were noticed in the first half of the gradient in which the less
hydrophobc proteins were eluted. As shownin the juice chromatogran, only
small amouns of proteinwere detectedn the first part of the fractionaton. This
behaviour could indicate that, during the fermentaion, the less hydropholic
proteins were more affectedthan the most hydrophobic (mainly Chitinasesand
TL-proteins), which seemednot to be subjeded to significant modifications

during this procesgWaterset al., 1992).

Total wine ‘ Fraction 3 Fraction 6

[ Fraction 1 | X Fraction 4 o Fraction 7

Fraction 2 " { Fraction § " Fraction 8

Figure 0.14. RP-HPLC chromatograms of fractions collected through HIC Semillon wine

protein fractionation.

VVTL Chitinases Number Protein Tota_l
. Area Area Area . Protein
Fraction peaks peaks of other concentration
% % % content
number number peaks (mg/L BSA) (mg)
Wine 6 521 3 30.9 5 17.0 1454 5815
1 3 245 1 74 2 15 78.5 9.8
2 2 20.2 1 79.8 1 11 24.9 2.1
3 1 8.5 1 85.2 1 6.2 7.8 0.9
4 2 117 1 5.7 1 82.6 53.9 6.7
5 1 93 1 0.9 3 4.3 1711 13.7
6 1 56.1 1 16.1 2 27.7 7.0 0.4
7 2 86 1 14 / / 4.8 0.7
8 3 93.4 2 2.8 1 3.8 132.6 14.6
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Table 0.7. Protein class, concentration and area percentage of fractions collected after
Semillon wine HIC fractionation. In total 58.15 mg of protein were loaded while 48.9 mg

of protein were recovered. Bold fonts indicate the main protein class of each fraction.

On first inspecton, the resultsshoweda different protan fractionaion in
compari®n to the Semillonjuice. In wine, chitinaseswere mainly eluted in the
first threefractions whilst in juice (table 3.1), the main chitinasesconcentation
wasobserved on fractions 6, 7 and8. Looking at the conductivty in which these
fractions were eluted, however,they were compaable to fraction 1 to 3 of the
wine HIC fractionation.For wine, the larger thaunatin-like proten conent was
observedfrom fraction 5 to 8. Particularly,fraction 5 (correspondiry to fraction
10 of juice fractionation)hada TL-proteineluted in HPLC at 9.2 min of retention
time. This retenton time wasdifferent to that of the TL-proten eluted in fraction
8 (RT 10.9 min) possibly dueto different VVTL classesof the two fractions. In
fact, from the comparison with fig. 3.11, these proteins were likely to be a
putative thaumatin-like proteinanda thaumain-like protein, respeawely. These
assignmats agreedwith thos observedon juice fractionaion in which a TL-
proteinwith 9.3 min of RT wasobservedn fraction 10, while a TL-protein with
10.9 min RT wasdetectedn fraction13.

These datasuggestedhat fermentationdid not affed the man grapeTL-protein
classesalthough a certaineffectwasdeteted for chitinasesIn fact, passng from
juice to wine,the numberof chitinasepeaksdecrased suggetng apossibérole
of fermentaibn conditionsor yeastproteaseson this phenomenor{Murphey et
al., 1987;Dizy andBisson,2000; Fuku et al., 2003). Data showedthat, in wine
peals 4 and5, TL-proteinswerethe mainrepresente classs. On the contary, in
the samepeakschitinasesresultedpoorly presentwhile in the equivdent juice
peals (fracion 9 and10) werelargelyrepreserdd.

In general,resuls suggestthat no madification in PR-protein hydrophobicity
occured during the winemaking,simply the number of PR proteinsin totd and

thusthe compkxity of the PR proteinprofile wasreduced.

In orderto confirm the reaults achievedduring the thaunatin-like protein
purification from Semillonjuice, a TL-protein purification wasatemptedalsofor
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the wine. As above mentioned,HIC fraction 8 containal a TL-protein almost
identcal of thatpurified in juice HIC fraction 13 (seeparagrah 3.4.2).Prokinsof
fracion 8 were precipitatedthroughthe addition of ammonium sulphate(99% of
saturation) andthe pelletdissolvedin citrate buffer. The fraction so prepare was
desaltedby meansof a 20 mL column contaning Bio-Gel® P-10DG gel. The
absenceof amnoniawasasessedy means of anammoniakit (da& not shown)
The desalthg was performedbecausehe purified TL-protein was subsequelty
utilised asa substratdor a microbial growth (data not shown).

The protein content of the eluate after the desdting step was assess

spectrophobmetically (tab.3.8).

Protein Total (0 0 ,
Stage of purification concentration protein :(c;tel ald (r/gt)e(i)rr]] (tf) E'lgllté)
(mg/L) content (mg) P y
TL-protein(10.9min RT) 31.1 12.44 100 23%
in wholewine
TL-protein(10.9min RT)
i1 HIC fraciion 8 123.5 1214 979 91%
Desalting 187.0 6.17 42.26 93.9%

Table 0.8. Fraction 8 (WTL) protein recovery during the purification steps.

The desaltedsanple reacheda protein concentiation of 187 mg/L, so the
total protein collected was 6.17 mg/33 mL of final sampé volume, with an
estimate purity of 93.9%. In wine TL-proten purification, the yield was lower
than the expected.As visible from the table, this loss was manly due to the
desaltingstep.In fact, in orderto getrid of all the ammoniasaltfrom the sampe,
the tails of the protein peaksfrom the desaling colunn were discaded, with a
conseqental greatlossof protein(not shown)

Theresidualimpurity of this fractionwas dueto 2 peaks,respectively with
9.300 ard 13.200min of retentiontime.
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Fraction &

2000

# Retention Time Area Height Area%
1 0363 397.5 312 214
2
3

1500 10921 174179 13403 93.9

10921

13212 7335 193 396

1000

Abs 210 nm (mATT)

500

Figure 0.15 HPLC profile of faction 8 obtained by Hydrophobic Interaction
Chromatography. In the table: retention tine, area (absolute value and percentage) and
height of each peak detected.

By comparisonof the RT of thes two pe&ks with dataof table 3.6, the
natre of the impurity wasinvestigatedIn particular, it seemd that the pe&k at
9.3 min RT wasa putativethaumatinlike protan, while the pe& at 13.2min RT
was recognsabk both as a thaumatinlike proten (seespot 24, tab. 3.6) ard a
grapevacuohr invertase(seespot 23, tab. 3.6). It is well known that the TL-
proteinsare more resistantthan non PR-proteans to the fermentaion condiions
(Tattersallet al., 1997).Indeed,invertasehydrolyses productshave been detected
in wine by others(Okuda et al., 2006).Hence,it seemedmorelikely thatthe peak
at 13.2min wasa thaunatin-like proteinthana vacuolarinvertase.Conseuently,
the purity percenageof 93.9% seemedoo low, with a real purity that would be
morelikely of 95-96%. Thus, the impurity of this fraction seened only formedby
a2.14%of putatve thaumatinlike protein.

The realts above discussed confirmead the suitabiity of HIC
chromatographyin purification of protein also deriving from wine with the

reachingof a high purity percentagafterasinglechromabgraphicstep.

1.1.29 CONCLUSIONS

In summary,it was possble to affirm that, with HydrophobicInteraction

Chromatogaphy it is possibleto fractionae high quantties of grapeand wine
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protein combining a good preparativefractionaion with the reachng of high
protein purity for severalfractions.In particular, a Vitis vinifera thaumatn-like
protein purification in a single step with high remvery perentayes from both
Semillonjuiceandwine wasachiewed.

Moreover,the chromatogaphicsydem usal hadshownthe potentality of
purify morethanoneprotein(egpeciallyin wine in which the profile is simplified)
and, for this reason further studies should utili ze this knowledgeto purify other
grape and wine protein classesPreliminaty resuts showedthe possbility to reach
these objectves with a purification in a two-step chromabgraphyof 5 grape
proteins(Van Sluyter et al., 2007).

It seens possble to affirm thatthe appliation of HIC chromatagraphy in
wine studiescan contributeto improvethe knowledgeon grgpe and wine protein.
Moreover, by cougding this techniquewith other chromatogrgphic methods, a
more efficient protein purification in termsof both quantity and quality can be

exploited.
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CHAPTER 4

Fractionation of wine proteins based on hydrophobicity and

characterization of their heat instability and reactivity with tannins

ABSTRACT

Fractionationof Manzoni biancowine proteins was peformed by using
both Size Exdusion and Hydrophobiclnteradion Chromaography.The obtained
fractions were analysedby SDSPAGE and HPLC. HIC fractonaion resultel
appopriatefor both preparativeandanalyical aims. Besidestherelaion between
wine protein hydrophobicity andtheir aptitudeto devebp heat-inducedhaz was
assessedA certan relationsip betwea the level of hydrophobicily and the
turbidity formed was found. Identification of the protens presentin the most
hazing fractions revealedthe presenceof thaumain-like proteins, indicating a
mgor role of these proteinsin hazeformation.

The secomnl partof this chapteris focusedon the reactvity with tanninsof
wine proten fractions differing in hydrophobicty. Moreover, the effecs of
protein denaturdbn by heating and sulphat addiion were investgatel. The
turbidity devdoped by addng seedtanninsin modelwine contaning increasing
amountsof total wine proteinswas affecied only by the tannin dosaye, with a
maximum at 250 mg/L, which was followed by a plateau effect Wine proteins
fractionatedaccordingto their hydroplobicity were testal for tannin reactuity.
Most of the protein fractions develged turbidity immediately after tanrin
addtion andthis turbidity increasedaccordng to the elution orderfrom the HIC
column, confirming that the level of protan hydrophobidiy affeds the reactivity
with tannins.Besides the effect of sulphateaddiion (0.5 g/L) wastestedon this
system.The sanples in which sulphat was addedwith tannins after protein
heaing shaved the lowest hazein 5 of the 6 fractions tested,suggsting a
paossiblerole of sulphateon this occurrene. This phenonenondid not ocaur only
for the most hydrophobic fraction, which showel the highest turbidity level.
Further analy®s showed this fraction as the richestin thaumatin-like proteins,

which werethe mosthydrophobicwine protens.
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The turbidity developmentfor each fradion was followed during 144
hours The highest longterm turbidity was always detecied with un-heated
proteins and in the absenceof sulphate It is noteworhy that a HIC fraction
containhg =~ 90 % of chitinaseshowedan oppositebehavour, with a turbidity
formatian when un-heatedower thantha observe when heaed. However,this
fracion showed a linear turbidity increase,leading to hypothesie that also
chitinases might play a role in the mechansm of wine protans-tannin haze

formatian.

Key words. wine, PR-proteins, haze, tannin, chromatograhy, HIC,

chitinasge, thaumain-like protein.

INTRODUCTION

Wine proteinsare generallyconsideredto be derimental to white wine
quality dueto their role in formation of hazs. During winemaking, pat of the
soluble grapeproteinsis precipitatedvia interaction with tannins(Powerset al.,
1988 which are, by definition, protén-binding and predpitating agents
(Schofieldet al., 2001).

Grape andwine proteinshavebeenextensivéy investgated by meansof
several chromatgraphic techniquesBy using lon-exchangechromaograply on
DEAE-cellulose,Bayly and Berg (1967) disamveredfour different wine protein
bands by electrophoresisSomersand Ziemelis (1973) studiad the wine proteins
by using Size Exclusion Chromatography(SEQ and conclded that the wine
protein molecularweightrangesrom 10to 50 kDa.

Sadium Dodecyl Sulphate- (SDS) (Waterset al., 1991;Dorrestein et al.,
1994), Lithium Dodecyl Sulphate(LDS) - Polyacrylamide Gd Electrophoresis
(PAGE) (Hsu and Heatherbell,1987a, 1987b, 1987c) and Isodedric Foausing
(IEF) (Pueyoet al., 1995; Santoo et al., 1994) havebeenusedfor fractionation
and charactedaion of the different wine proteins with good resuls although
thesetechniquesresultedsutable only for anaytical ams. Fast Proten Liquid
Chromatogaphy (FPLC) (Daweset al., 1995; Dorresten et al., 1994; Canals et
al., 1998) was more useful for grape and wine protan studies becauseof its
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preparatie chalcterisics. Thereare severé evidencesthat hydrophobicbonding
may be the major mode of interactionbetweencondensal tannins and proteins
Oh and colleagues(1980 studied the interaction in tannin-proten complexes,
corcluding that the dominantmode was the hydrophobicbonding rather than
hydrogen bonding as previously supposed.Siebert and colleagues (1996)
corfirmed this staementard definedthathydrogenbondingis not asimportantas
hydrgphobic bonding in the interaction beween protens and polypherols.
However, Hagerman and co-workers (1998) suggeted that different types of
tamin have modesof interactionwith proteins that seened dependenton the
tamin polarity. In particular, they suggesté that the interacton of a nonpdar
tamin with a standardprotein (BSA) resutedin precpitatesdueto the formation
of a hydrophobiccoat aroundthe proten, whereas a more polar tannin formed
precipitded by meansof hydrogenbondedcrosslinks between protein molecules.

Brissonet and Maujean (1993) proposed the use of Hydrophdic
Interaction Chromatograply for the chaacteization of foamng proteins of
Champagnevine, but otherapplicationsof this techniqueto the wine proteins has
newer beenreported.

In this chapter, wine proteinshave beenfractonated according to their
hydrgphobicity and fractions colleced have been analysé to clear the
relationship betwveen protein hydrophobtity and haze potental. Moreover,the
relation betweerproteinhydrophobicityand reactvity with grapeseedtaminshas
beenstudied.

MATERIALSAND METHODS
1.1.30 MATERIALS

Thewine utilisedin thiswork (Manzonibianm, vintage2006,)waskindly
suwpplied by the winery of the “Scuola Enologica G.B. Cerlett” of Conegliano
(Italy). This wine had an averageproten conent of ~ 300 mg/L as assessetly
KDS-BCA method(Vincenziet al., 2005).

The tannns used in the experiments were grape seed tannins

Premiunf’Vinacciolo SG (VasonGroup)
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The modelwine usedwaspreparedvith 5 g/L tartaric acid, 12 % ethanol,
pH 3.20

1.1.31 PROTEIN EXTRACTION FROM WINE

1.1.31.1 Concentration by ultrafiltration

After wine sterile filtration with celluloseacettefilters (poresize of 0.20
pum, Millipore), Manzoni biancowine protenswere, concentatedby means of a
stirred cell ultrafiltration system (Amicon) equpped with 3000 Da (MWCO)
membranesTheretentategon average20 mL from 1 litre of wine) weredialysed
against5 litresof distilled wateron tubeswith porosiy of 3500Da (Spedrapoe)
before beng washed with citratebuffer andstoredat-20°C.

1.1.31.2 Protein precipitation with potassium dodecyl sulphate (kds)

In order to beanalysedoy SDS-PAGE or to be quantified by bicinchonnic
acid (BCA) method(Smith et al. 1985) protans were preciptated by using the
KDS method accordingto the procedureproposedoy Zoccatdli et al. (2003).10
pL of SDS (10% in water, Bio-Rad) were addedto 1 mL of protein sanple and
heatedfor 5 min at 100°C 250uL of 1M KCI (Carlo Erba)werethenaddedto the
samplesand, after at least two hours of incubaion, the formed pdlets were
collected by centrfugation (15 min, 4°C). Further washes with 1 mL of 1M KCI
were requred to completely eliminate polyphenols from the sampé. Every
quantificaion wasthe averageof atleastthreereplicates.

1.1.32 GRAPE AND WINE PROTEIN CONTENT DETERMINATION

The proten contentwasdeterminedaccordng to Vincenziandco-workers
(2005). Firstly, proteinswere precipitatel from 1 mL of wine with the KDS
method accordig to Zoccatelliet al. 2003 (see 4.3.22). After centifugaton (15
min, 4°C), pelletswere dissolvedinto 1 mL of distilled water and quantfied by
usingthe BCA-200 proteinassy kit (Pierce,Rockford,IL). The calibration curve
was preparedy usingserialdilutions of bovine serumabumin (BSA, Sigmg in
water.Absorbancevasmeasure@t 562nm (Shimalzu UV 6010).
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1.1.33 TOTAL POLYSACCHARIDE CONTENT DETERMINATION

The polysaccharidecontentwas determinedcolorimetricaly accordingto
Seyarraand co-workers (1995). After addtion of 5 volumes of absolute etharol
(Baker), sanples were left at 4°C overnight before being centrifuged (30 min,
14000g9). Collectedpelletswere wasted twice with ethanol(Baker) before being
dissolvedin bi-distilled water.1 mL of the resultng solution wasaddel of 25 uL
of 80% phenol(w/w, Fluka)and2.5 mL of sulphuricacid (Merck). Sanpleswere
mixed and the reaction caried on for 30 minutes at room temperéure.
Absorbancevalues were determinedat 490 nm (Shimadai UV 6010). The
calibration curve was preparedby using serid dilution of galaciose (Fluka) in

water.

1.1.34 HEAT TEST

Accordingto Pocockand Rankine(1973), a hed test was performel to
deermine grape and wine protein stability. After heaing (80°C for 6 hours),
samples were chilled (16 hours at 4°C) and, after equlibration a room
temperature turbidity values were measurednephelonetrically (Hach 2100P
turbidimeter)or spectrophtometrically (Shimalzu UV 6010)at 540 nm (Waters
et al., 1991) Net turbidity valueslower than 2 NTU (Net Turbidity Unit) or 0.02
AU (AbsorkanceUnit) indicatedsamplestablity.

1.1.35 SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL ELECTROPHORESIS

(SDS-PAGE)

Electrophorett analyseswere performedacording to Laemmi (1970).
Samples were dissolvedin a Tris-HCI buffer pH 6.8 contaning 15% (v/v)
glycerol (Sigma) and 1.5 % (w/v) SDS (Bio-Rad) and heaed at 100°C for 5
minutes before loading. Electrophoreticanalyss were performed with a Mini-
Protean Il appartus (Bio-Rad).For andysesin reduang condtions, 3% (v/v) of
B-mercaptoethano[(Sigma) was addedto the loading buffer. The molecular
weight standardproteinswere: Myosin (200,000Da), B-galadosdase (116,250
Da), Phosgorylaseb (97,400),SerumAlbumin (66,200Da), Ovalbumn (45,000
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Da), Carbomc anhydras (31,000Da), Trypsin inhibitor (21,500Da), Lysozyme
(14,400 Da) andAprotinin (6,500Da) (Broad RangeMolecular Weight Markers,
Bio-Rad).
Gels were generallypreparedwith T = 14% (acrylamide-N, N’ meilen-
bisacrylamide 29:1; Fluka) unlessotherwisestaed and alternatvely stanedwith:
o Coomassidrilliant blue R-250 (Sigma) (18h of stainng followed
by 24 h of destaning with 7 % aceticacid) (Koenig et al., 1970);
o Thesilver stan procedue accordingto Blum et al. (1987)for high
senstivity proteindetection;
o The PAS (Periadic Acid-Schiff) stan procelure to stan
glycoprotensassuggetedby SegresandJakson(1972).
Gel pictureswere acquiredby meansof ScanJet3400C(HP) scanne and
processedvith the Adob€® Photoshoff 6.0 softwae.

1.1.36 ZYMOGRAPHY FOR CHITINASE ACTIVITY DETECTION

Chitinolytic acitvity wasassyedaccordingto Trudel and Asselin (1989).
Sampleswere preparedwith the samereagentsusedfor SDSPAGE and loaded
into a gel (T = 14%) containingglycol-chitin (0.01% wi/v). Glycol-chitin was
preparedasreportedby Molanoet al. (1979).After proten separaton, thegd was
incubatedovernight at room temperaturen a 50 mM sodiumacedate buffer pH
5.5 with 1% (w/v) Triton X-100 (Sigma).Afterwards, gd wereincubate for 10
minuteswith 0.5 M Tris-HCI buffer pH 8.9 contaning 0.01 % (w/v) Calcofluor
white MR2 , followed by a wash in bi-distilled water. Gel images were acquied
with an EDAS290 image capturing system (Kodak, Rochester, NY) and
photogragh processedisingthe Adobé” Photoshof§ 6.0 software

1.1.37 WINE PROTEIN SEPARATION BY CHROMATOGRAPHY

The chromatgraphc seprations were performed by means of four

instrumens:
0 An AKTA purifier FPLC (GE-Healthcae) equppedwith an UV
detector (A Absorbace Detector). Collecteddatawere processe

by the Unicorn5.11software.

102



0 A HPLC (Waters 1525) equippedwith a Dual A Absorbance
Detector (Waters 2487) and a Refractiveindex detecor (Waters
2414). Colleceddatawereanalysedy the Breez software.
Every solution utilised and sampleloadedwere previously fil tered with
cellulose acetag filters (Millipore) with pore size of 0.20 um (MFS) and
decpssed.

1.1.38 SizE EXCLUSION CHROMATOGRAPHY

An FPLC systen (AKTA purifier, GE-Heathcare) equipped with a
HiLoad 26/60 Superdex75 prep grace (Amershan Bioscien@s) colurm was
used. Fractionaions were performedisocratcally with 30 mM citric add buffer
pH 3.50 at a flow rate of 1.5 mL/min. Fractions were collected by a Frac920
(GE-Healthcarexollectorand concentrged throughcentrifugaion with Vivaspn
20deviceq20 mL tubes,VivaScience).

1.1.39 HYDROPHOBIC INTERACTION CHROMATOGRAPHY

Wine proteis were fractionatedwith an AKTA purifier FPLC system
(GE-Healthcare)equipped with a HIC BioSuite™ Phenyl 10 pm HIC 7.5 x 75
mm column(Waterg. Eluert A was50 mM SodiumPhosphat containing 1.25M
Ammonium Sulfate, pH 5.0 and eluent B was eluent A without anmonium
sufate. The flow ratewas 1 mL/min andthe gradent was as follows: 0-15 mL,
100% A; 1545 mL, 0% A (linear) ard then 4560 mL 0% A. Sanples were
loadedafterequiibrationto the startingconditions(100%A).

1.1.40 HIGH PERFORMANCE L1QUID CHROMATOGRAPHY (HPLC)

1.1.40.1 ReversePhase (RP)-HPLC

The protein compositionof wine fractions was determinel by HPLC,
accordingo themethodpropo®dby Perg et al. (1997)

100 pL of samplewasloadedat 1 mL/min onto a sani-prepaative C18
column (4.6 x 250mm, Vydac218 MS 54, Hespeia, CA) fitted with aC18 guard
column (Vydac 218 MS 54,4.6 x 5 mm, Hesperia CA) equilibrated in a mixture
of 83% (v/v) solvert B [0.1%trifluoroacdic aad (TFA) in 92% Acetonitrile] and

103



17% solventA [80% Acetonitrile,0.1% (v/v) TFA] and hdd at 35°C. Prokins
were eluted by a gradien of solventA from 17%to 49% in the first 7 minutes,
49% to 57% from 7 to 15 minutes,57% to 65% from 15 to 16 minutes, 65% to
81% from 16 to 30 minutesand than hdd at 81% for 5 minutes before re-
equilibratingthe columnin the starting conditionsfor 6 moreminutes. Pe&s were
detectedat220nm.

1.1.40.2 Size Exclusion (SE) - HPLC

Total and fractionated wine proteins were analsed through a Size
Exclusion Chromatographycolumn (Proten Pak 125, Waters) instdled on a
HPLC (Waters1525)sydem equppedwith a Dual A Absorbance Detecor anda
Refractive Index detector.Sampleswvereinjededin a 20 pL loop. The flow rate
was 0.6 mL/min in isocratic mode with tartrate buffer (5 g/L tartaic acid, pH
3.50). Absorbancevasdetectecat 280nm.

RESULTSAND DISCUSSION

1.1.41 FRACTIONATION OF WINE PROTEINSBY SIZE EXCLUSION

CHROMATOGRAPHY

In orderto fractionateproteinsfrom anunfined ManzoniBiancowine with
aproteincontent of = 300 mg/L, a SizeExcluson Chromatogrphy (SEC) column
wasused.Initially, 5 litres of wine were concentrated (500 times) by meansof a
stirred ultrafiltration cell (Amicon, 3000 MWCO). The cell retentate waswashed
several timeswith 30 mM citrate buffer (pH 3.50). The sanple so treaed was
loadedinto a HiLoad26/60 Superdex75 prepgradechromabgraphycolumn (fig.
4.1).
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Figure 0.1 Fractionation of Manzoni Bianco wine proteins (= 400 mg) by Sze Exclusion
Chromatography. Collected fractions (F) are indicated by numbered boxes.

The proten fradionationwas eadly distinguishabé, with the appearance
of threemain peaksthat were gatheredinto 8 separged fractions. These results
agreedwith those obtainedby gel filtration of Chadonnaywine protans by
Okuda and co-workers (2006). After proten conent deternination of each
fraction (not shown) a SDSPAGE analysiswasperformel only for fractions 1 to
6 (fig. 4.2) becausdractions 7 and8 hada protein contenttoo low to be analysed
by SDS-PAGE.

kDa MW 1 2 3 4 5 6 kDa 1 2 3 4 5 6
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Figure 0.2. DSPAGE analysis (T = 14%; C = 3%) in non-reducing conditions of the
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fractions from Sze Exclusion Chromatography (see fig.4.1). Left panel: fractions stained
for proteins with Coomassie brilliant blue R-250. Right panel: fractions stained for
sugars with Periodic Acid-Schiff (PAS) procedure).

As expected, all the high molecularweight protens were contained in the
firsts threefractions,in which a major band at about 65 kDa appearedThe PAS
stainingshowedthatthesefactionscontainedalmostall the glycosilaed high MW
compounds (>200kDa) of the wine. Besides, band at about65 kDa werevisible
in both gelsandfor that reasorwereasumedto be aninvertase(Porntareewatet
al., 1994;Kwonet al., 2004;Okudaet al., 2006).

Fractions4 and5 displayedonly bandsbetwe@ 32 and17 kDa. Fromthe
literaturedat (Tattersallet al., 1997; Wateas et al., 1998; Davies and Robinson,
2000, Pococket al., 2000)it wasrea®nabk to supposeheseprotensto belongto
the chitinaseand thaumatinlike protein classesMoreover,fractions 4, 5 and 6
did not give anysignal whenstainedwith PAS,indicaing the absene in thewine
of glycoslatedproteinswith low molecula weight In fraction 6 only two classes
of proteinswere detected.The upper band showeda MW similar to that of the
thaumain-like proteing while the lower had an apparentMW of ~ 10 kDa. The
presenceof LTP hydrolysis productswith MW of 9.6 kDa inskeadof 11.6 kDa
(the MW esitmated from the cDNA sequencehasbeensuggestd (Okudaet al.,
2006), andthis occurencematcheswith the SDSprofile of HIC fraction 6.

SEC separatn allowed to “clean” the protens with intermedide MW
from those with MWs higherthan~ 32 kDa andlowerthan~= 17 kDa. This fact
hasbeenconsderedof interestfor a multi-stg protein chromatograhy finalised
to purify PR-protensfor their charactesation in relation to haze devdopmert in
white wines.

Fraction 4 and 5 were consideredsuitable for a two-step proten
purification acheved by coupling a preparéive SEC with a Hydropholc
InteractionChromaography(HIC). To this aim, anmoniumsulphate(761 mg/mL
at 25°C) wasaddel to fraction 4 until reachingthe 99% of sauration to promotea
comgete proten salting out. After centifugation, the collecied pellet was
dissolvedwith 50 mM Na-Phophatebuffer pH 5.0 to achievethe clarity andthe

salt corcentation required (1.25 M) for HIC fractionaton. The sample so
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preparedvasloadedinto aHIC analytical column(fig. 4.3).
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Figure 0.3. Hydrophobic Interaction Chromatography of fraction 4 from SEC (see
fig.4.1) Collected fractions (F) are indicated by numbered boxes

The HIC column showed a good protan separabn abiity with the
achievemenbf 5-6 peals from afraction tha in SDSPAGE presatedonly three
proteinbandg(fig. 4.2).

This two-stepchromatograply gavepromsing resuls in terms of protein
purification. However, the method here proposé showeal an analyticd natue
morethana preparativeone becausef the low volumeof sanple loadablein the
SECcolumn,the high dilution of fractionscollecied and the necessity of a further

proteinpreciptaton stepbeforethe HIC fractionation.

1.1.42 STUDIESON PROTEIN FRACTIONATION BASED ON THEIR

HYDROPHOBICITY

The wine protens separatedoy HIC were studied in relaion to thar
potential in hazeproduction.HIC chromatagragphy was utilised on a preparative
scaleto fractionat proteinsaccordingto ther hydrophobcity level For this aim,
a500-timesconcentrated/lanzoniBiancowine was used(fig. 4.4).
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Figure 0.4. Hydrophobic Interaction Chromatography of the proteins of Manzoni bianco
wine proteins. Collected fractions (F) are indicated by numbered boxes. Green line:

buffer A percentage; Brown line: conductivity.

Due to the large quantityof proteinloadedon the column, the sepaation
was not as good as that obtainedwith other HIC fractionaion experinents(see
fig. 4.13). However, 8 separatedractionswere collecied andandysed. The very
high peakof fraction2 (fig. 4.4) (unretaine fraction) continedall the unbounded
proteins that did not interactwith the resin. Besides,fractions 4, 5 and 6 were
eluted at a conductivity level similar to thatpreviouslyobserve for the elution of
the Semillon chitinages and VVTL proteins (see tab. 3.1 and fig. 3.12. After
dialysis and protein content determinabn (not shown), each fraction was
analysedby SDSPAGE ((fig. 4.5).

MW F1_ F2 F3 F4 F5 F6 F7 F8 MW F1  F2 F3 F4 F5 F6 F7 Fi

- =1

Figure 0.5. SDSPAGE (T = 14%, C = 3%) of the 8 fractions separated by HIC in non-
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reducing (left) and reducing (right) conditions. 30 g of protein was loaded in each lane
and gels were stained with Coomassie brilliant blue R-250. F1-F8 corresponds to
fractionsindicated in fig 4.4. MW standard proteins are on the left of each gel.

The gels showeda wide diversty amongwine proteins, both in non
reducing and reducirg conditions A proten with appaent MW of ~ 65 kDa
(probablyinvertasewasdetectabldrom fraction 2 to fraction 5 andthis occurred
alsofor the bandat~ 30 kDa. It is generallyassumedhatgrapeandwine proteins
with a SDS-PAGE mobiity correponding to approximaely 30 kDa MW are the
grapechitinases(Derckel et al., 199%; Pococket al., 2000; Van Sluytea et al.,
2005). Moreover,in everyfractionexceptfor F1 (the columnflow throughwhich
was rich in polysacharides,not shown), F7 and F8 (contaning no detectable
peals Azgo), bandsat 18-21 kDa (non-redwcing condtions, left pane) andat 22-27
kDa (reducirg conditions right panel)wereobserval#. Seveal authorsindicated
grapeandwine proteinswith these MWs asbelonging to the thaumain-like (TL)
proteinsclass,which, in grape,canpresat differentisoforms(Peng et al., 1997;
Tatterall et al., 1997; Davies and Robinson, 2000). Therefae the observed
differencesin the HIC retention times, corresponing to difference in
hydrgphobicty, shauld be due to the diversities existihg among TL-protein
isoforms or to the happening of some post transldaional modification, likely
proteolyss, thatresultedn this differentbehavour.

Fraction 2 (flow through of the column) contained most of the same
proteinbandsdetectablein thefollowing fractions,indicating thatthe column had
beenoverloaded.

Fraction 3 (in nonreducingconditions,left pane) was the only onein
which a band with an apparentMW of ~ 26-27 kDa was detected.lt seened
unlikely thatthis bandwasa chitinasesecauseof the absenceof actiity detected
with the chitinolytic activity asay(fig. 4.7), conseuently the naure of this band
Is unknown.

In fraction 4 (in nonreducingconditions left panel) a protein with an
apparentMW of =~ 10 kDa wasdetecied. This bandcould be or anisoform of the
Lipid Transkr Prokein (LTP), a basc proten with MW of 9 kDa (Gomes et al.,
2003) or, as suggeted by Okuda and colleagues (2006), a LTP hydrolysis
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products with MW of 9.6 kDa. However, this protan, which shoull be very
hydrophobc (Blein et al., 2002 waselutedin the middle of the gradient, showing
a behaviour similar to that observed during the Samillon juice protein
fracionationin chapter3 (seeparagrapi8.4.3.1).

Fraction6, the lastprotein peakelutedfrom the column, seemel the purest
among all the HIC fractions,containingtwo mgor bandswith similar MWs that,
from the literaure (Tattersallet al., 1997; Ferrera et al., 2007) presumably
correppondedto 2 or more TL proteinisoforms. Conparing thesedat to those
achievedworking with Semillonjuice (seechaper 3), the TL-protens of F6 were
confirmedasthe mast hydrophobiowvine protens.

It is interestingto underlinethe different migration rate obsevable for
some bandsin reducingand nonredwcing conditions, as previouslyobserve by
Vincenzi and Curioni (2005). Proteinswith MW's lower than 40 kDa increaed
their relative apparentMWs whenreduce (compae left andright panes of fig.
4.5). For instance,the 4 bandswith appaent MW of ~ 30 kDa migraied almog
equally in the left gel but, after reducton, therr apparentMW change with
fracion 3 thatmovedat~ 32 kDa, fractions4 and5 at~ 31 kDa ard fraction 2 at
~ 30 kDa. Theselatter reault agreeswith thoseobseved by Pococket al. (2000),
who divided grape chitinasesin 4 classes(Chit A, Chit B, Chit C, Chit D)
showing different SDSPAGE MWs in reduéng condtions (32, 33, 32, 34 kDa
respectivey).

Besides,the bands assumed to be thaumatin-like proteins charged their
migration rate from an apparentMW of 1822 kDa (when not redued) to the
apparentMW of 23-27 kDa in reducingcondiions. Moreover after reduction of
the samplestwo bandsappearedt~ 12-13 kDain F2 andF4 (right panel),which
were absent in nonreducing conditions (left pand). This shoull indicae that
these protens appearedas a result of the splitting of some disulphide bonds
linking togeter protein aggegatesof higher MW. The existence and the
significanceof suchproteinaggregates wineswarrantfurtherinvestigaton.

The presenceof glycoproteinsin the samesanples of figure 4.5 was
studiedby staning the gelswith the PAS method(fig. 4.6)
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Figure 0.6. SDSPAGE (T = 14%, C = 3%) of the 8 fractions separated by HIC in non-
reducing (left) and reducing (right) conditions. 2 g of protein was loaded in each lane
and gels were stained with the PAS method for sugar detection. F1-F8 corresponds to
fractionsindicated in fig. 4.4. MW standard proteins (stained with Coomassi€) are on the
left of each gel.

HIC proten fractionation divided the wine glycocompoundsdifferently
from whatwasobservake with anion exchangechromatograply (Vincenzi et al.,
2006) of the sameprotein preparation (not shown) in which glycocompounds
wereall elutedin the columnflow through fraction, aswasalso observe by other
auhors(Dorresten et al., 1995;Canalset al., 1998).With HIC fractionaion, high
MW glycoprotens were detectedamongthe first threefractionsas well asin F8
in bothreducirg andnot reducingconditions. Thetotal wine glycoproeinspatem
wasdeededin fractiontwo, confirmingthe overloadingof the column. In detalil,
fraction 1, which wasa shoulder separatd from fraction 2 (fig. 4.4) probaly due
to a size exclusion effect of the column matix, continedonly very high MW
compoundsstuck on the upper part of the gel (> 200 kDa). Compoundswith
similar MWs were detectedalso in fraction 2. Waters and co-workers (19%a)
isolated and characterizeda high MW mannoprotan of 420 kDa from
Saccharomyces thatcould correspondo the high MW bandsdetectabk after PAS
staning.

The appearancén fractions2 (and 3) of a band with a MW of =~ 50-55
kDa couldindicae the presencef aninvertasealthoughthis MW seemsto betoo
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low for the grape invertase, which has beenshownto display a SDSPAGE
mobhility corresponding to 60-64 kDa (Nakanishi and Yokotsukg 1991;
Takayanagiet al., 1995;Kwon et al., 2004).Howeve, Pornaveewatt al., (1994)
purified aninvertasewith MW of 72 kDa from grapeg(variety MuscatBailey A)

and highlighted that, analysing this glycoproten by SDSPAGE three bands
appearedat 56, 25 and 24 kDa. This daa seemal to agreewith the MW of the
band detected in lanesF2 (and F3) of fig. 4.6 leading to consder it as a grape
invertase.

In fraction3 the PAS-stainedprofile result&l similar to that of fraction 2
but with aninveriedratio betweertheintensityof thetwo bands.

Fractions4 and5 did not showa significantbandappeaanceafter staining
for sugarswhereadractions6, 7 and8 showedthe presenceof faint bandsat ~ 65
kDawhoseMW could matchwith that of a vacuohbr grgpe invertase(Daviesand
Robinson,1996).

Fraction 8 showedthe appearace of a well maiked bandblocked at the
bourdary betweenthe stackingand the resolving gds. This bandhada high MW
as confirmed by further analyseswith size exclusion chromatograply (fig. 4.9).
Due to the natue of the separationthe PAS-stained compound(s)in fraction 8
(eluted with the lowest ionic strength) should presentthe highest level of
hydrophobcity, and so it is unlikely to belong to the wine compoundsthat are
knownto havehydrophilic nature,suchaspolysactaides(Vernhetet al., 1996
DeFreites et al., 200). It seemednorelikely to supposehatfraction 8 conained
a hydrgphobr glycoprotein (may be a mannoproten) deriving from yeast cdl
walls, whosehydrophohic naturehave beenlargdy demonstated (limura et al.,
1980 Farriset al., 1993; Masuokaet al., 1997; Martinezet al., 1997; Alexandre
et al., 1998).

An additionalandysis was performedto beter understandhe natre of
the proteins fractionated on the basis of their hydrophobcity. To this aim,
chitinolytic adivity on gel wasassagdin the 8 HIC fractions(fig. 4.7) according
to VincenziandCurioni (2005).
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Figure 0.7. Chitinolytic activity detection on glycol-chitin after SDS-PAGE separation (T
= 14%, C = 3%, reducing conditions) of the wine protein fractions obtained from HIC

separation. F1-F8 correspond to fractionsindicated in fig. 4.4.

Apart for fraction 1, the chitinase activity was spreadamong all the HIC
fractionscollected, althoughwith decreasingtaning from fraction 2 to fraction 8.
In thesefractions, the main chitinolytic adivity belongel to the bandsat = 35
kDa. Thesechitinasebandscorrespondo thosedetectabke at ~ 30 kDa on the
Coamassge-stained gel not containing the glycol chitin (fig. 4.5, right panel)
becase the presenceof the substrateslows down protan bandsmigraion as
demonstratedby Vincenzi and Curioni (2005). A fainter chitinolytic bard
appearedalso at~ 50 kDa (lanesF2-F6) andalso at thetop of the gel. Thereason
of this appearanceshould be due to the presenceof other enzyme acing on
glycol chitin, althoughtheir precisenatureremainsto beassesed.

It is notewortly to focusthe attentionto fraction 2, in which anaddiional
chitinolytic actvity at~ 25 kDa was detectble. In the Coomassiestained SDS
PAGE gel (fig. 4.5, right panel),fraction2 showel a band ata MW thatshouldbe
responsiblefor this activity. Van Sluyter and co-workers (2005) highlightedthe
presenceof acive chitinaseswith MW of 26 kDa in CabernetSauvignon and
Chardonnaygrapes.A confirmationfor this hypothess was achieved after size
excluson chromatographySEC)analysis of the sepaated HIC fractions (fig. 4.8
and4.9). As a mater of fact, the main SEC pe& of HIC fraction 2 (53 % of total

peakarea)had a retentiontime correspondindo that observe for the chitinases

113



(tab 4.1).

0.004

0200 IM

3 ocz]  reconstituted

0.001 4
0.000+4
T T v T T T T T T T T T T T
200 4.00 500 a00 10.00 1200 1400 16.00 18.00 2000 n2m 2400
7S e dmn N OTIAR AL Mirudes

Figure 0.8 Sze Excluson Chromatography of the reconstituted protein (F1 - F8) after
HIC separation of Manzoni bianco wine proteins (see fig.4.4).
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Figure 0.9. Sze Exclusion Chromatography of the single fractions (F1 - F8) obtained

from HIC separation of Manzoni bianco wine proteins. Numbers 1-8 on the left indicate
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the HIC fraction F1-F8 (see fig. 4.4), respectively. The SDSPAGE profile of each

fraction is shown for comparison on the right of the corresponding chromatogram.

Peak HIC HIC HIC HIC HIC HIC HIC
Pre;luvr\rla ble Retgnton 1 2 3 4 5 l(_lAISeg 7 8
(kDa) Tw_ne (Area (Area (Area (% (Area %) (Area (Area
(min) %) %) %) Area) %) %) %)
> 200 10.900 8332 745 239 nd. nd. n.d. nd. 5.53
?70 12.330 n.d. 3124 26.44 105 2456 328 nd. nd.
?64 12830 9.66 nd. nd. nd. nd. n.d. nd. n.d.

35-31 15.010 nd. nd. 3551 645 n.d. n.d n.d. n.d.
30-22 15.120 n.d. 53.08 n.d. n.d. 57.05 n.d. nd. n.d
?22 15.810 n.d. n.d. n.d. nd. nd. 9123 410 n.d.

21-18 16.460 3.33 6.3 35.67 15.06 3.63 n.d nd. n.d.
<18 17.040 nd. 192 nd. nd. n.d. n.d. nd. n.d.
<14 18080 nd. nd. nd. 1,08 n.d. n.d. nd. n.d.
<10 19.150 182 n.d. nd. nd. n.d. n.d. 42.64 5061
Notprotan 20.160 188 n.d. nd. 886 1476 549 53.26 4387
'I&t)z;ll 100 100 100 100 100 100 100 100

n.d: notdeected* ashoulde at 15.1minutes of RT was detected.

Table 0.1. Area percent of the SEC peaks of HIC fractions F1 - F8 calculated from the

chromatograms of fig 4.9.

The SEC resuls are to be comparedto those of SDSPAGE in non
reducingcondiionsbecaus¢he HIC fractionswerenot reducel beforeloadingon
the SE-HPLC column. By SEC, HIC fraction 1 showeda main peak with a
retentiontime of 10.9 min. This is the peakwith the lowestretention time thus
containing the higheg molecularweight compounds.Theseresuls agreedwith
those of PAS analyses,indicating the preserce of high moleculr weight
glycocompoundsvith low hydrophobicity.Moreover, the SEC chromaogramof
fraction 1 indicatedits low proteincontent showingonly two smdl peaksat 12.8
and 16.4 min. of RT, thus confirming the resuls observedby SDSPAGE (fig.
45).

From the SEC, 4 well defined peaks were visible in fraction 2, the
unretainel HIC fraction, while fraction 3 gave4 peakswith RTs very similar to
those of fraction 2. Starting from fraction 4, the pe&k at 10.9 min. of RT
disappeeed, while a new peak at 18.0 min. of RT was detected, which

presumablycorrespondedo the low molealar weight band obseved by SDS-
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PAGE. The SEC prdfile of HIC fraction5 apperedsimilar to thatof fraction 4. It
wasinterestirg to look at the SEC chromaogramof HIC fraction 6 that showed,
by SDSPAGE, the presenceof only two bandsat apparentMWs of 18 and 20
kDa, presumablytwo TL-protein isoforms (fig. 4.5). On SEC the protens of
samefraction behaveddifferently from the other protans. Indeel, while all the
proteins with MW =~ 20 kDa had a retention time of =~ 15.3 minutes, for this
fracion the peakat 15.3wasonly a shoulder of a biggerpeak eluting at 15.8min,
this peakbeingdetectableonly in fraction 6 (and marginally in fractions 7 and8).
From this observabn and from thosemadeduring the TL proten purification
from Semillon juice and wine (chapter3), it seemed that the most hydropholic
wine pratein was a particularisoform of TL protein.

Fraction7 and8 showedan only proteinped indicaing the preseanceof a
very low molecularweight proteinwith a RT of 19.2 min, whosenature is still
unde invesigation. The appearancef the peaksat 10.9and 11.5minutesof RT
on fraction 8 confirmed the resuts of the PAS indicating the presenceof high
MW glycocompound®lutedonly with atlow ionic strengh.

Thesereallts highlighted the good separabn achievable with the SEC
columnfor wine protein studies.

In generd it seenedthatthe hydrophobicty of wine macronolecukeswas
in someway relaied to their dimension at least whenthe level of hydrophobicity
wasdeducedy their chromatogaphicbehavour on HIC, which showeda lower
hydrophobc characterfor the higher MW compounds.This observéion agrees
with the staementthat generallythe biggerthe molecuk the largerits numberof
hydrophobc moietiesand consequentlyts hydrophobicdiy (Wall et al., 2002).

1.1.42.1 Haze potential of wine proteinsasreated to their hydrophobicity

With the aim to clarify the role of wine proten hydrophobcity on their
hazingpotental, thefirst 6 fractionscollected from the HIC weresubgciedto the
heattest(fig. 4.10), while fractons7 and8 werenot testedbecaiseof the lack of

protein showed.
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Figure 0.10. Heat test results for fraction 1 to 6 (F1-F6) collected from HIC of a
Manzoni Bianco wine. Proteins were precipitated from each fraction by ethanol addition
a re-dissolved at 200 mg/L in Manzoni bianco ultrafiltered wine (UF). Green and red
bars are the stable and instable samples (turbidity lower and higher than 0.02),
respectively. Results for both the Ultrafiltered Manzoni bianco wine without protein
addition (IM UF) and the original (unfined) Manzoni bianco wine (protein content: 200

mg/L) (IM) are also shown.

Siebertand colleagies(1996) affirmed that protein hazing increasedwith
increasingthe protein heatingtemperaturgsuggeting thathydrogenbonding was
not as important in the interaction between protens and polyphenols as
hydrgphobicinteractionwas.Moreover,othe authorshave highlightedtherole of
hydrgphobicinteractionan the formationof protein-tanninconplexes(Oh et al.,
1980; Charton et al., 2002). The resuts of the heat tests confirmed the data
recoverablefrom the literature.Waterset al. (1996) havebee thefirst to idenify
the proteinsthat causehazein wines as PR proteinsderiving from grapeberries
and in particular, it seemedthat the fractions chalcteized by the highest
instability were thosecontainingthe grapeTL protens. In our hands,amongall
the HIC fracion heattestedat the sameproten concentrdion, the fraction mainly
composedby TL protein (fraction 6) resuted indeedthe mostinstabk, foll owed
by fraction4 in which both TL andchitinaseswere contained (with a prevalence

of chitinases)Fraction5 produceda significant turbidity but lower than that of
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fracion 4 and 6. From the SEC data, the main peak of all the HIC protein
fractonscombinedwasthatat 15 min of retenion time,which was assunedto be
a chitinase.The areaof the peakat 16.4 (correspondindo TL proten) waslower
in fraction5 thanin fraction4. This obsevation suggeste tha the lower turbidity
developedin fraction 5 thanin fraction 4 dependd from the lower TL protein
contentof the former. AssumingTL protens as the main responsibé for wine
haze formaion, this turbidity value sale seened to be reasondle, with the
highestinstablity of fraction6 (highestTL proten conient), followedby fraction
4 (secondTL protein content)and5 (third TL protein conent).

Threefirst eluting HIC fractions(fractionsl, 2 and3) resuled steble after
the heattest (fig. 4.10), despitethey conained protens appaently belonging to
the chitinaseand thaumatinlike proteinclasss. A possibleinterpretaton of this
eventwasbasedon the dataregardingthe polysacharidic contentof the different
fracions, as deeerminedby combining the information from both UV (protein)
and Refractve index (sugar)detectionof the SECanalyss for eachHIC fraction

To simplify this interpretation the ratio betveen protein (as measure at
280 nm) and refractive index peak areasobtaned by SEC was calculaed (tab.
4.2).

. ] ) ] Refractive Index | UV Absorbance .
HIC fractions| Retention Time (min)* Ratio RI/UV
(AreapV*sec) | (Area 280 nm)
Fraction 1 11.342 689073 128777 5.34
14.896 19912 n.d. -
_ 11.344 4381 132813 3.29
Fraction 2 12.683 34000 614082 0.06
15.430 111180 1137353 0.10
. 11.319 5307 24 213
Fraction 3 12.633 1168 20662 0.06
15.367 2275 29088 0.08
11.200 426 n.d. -
Fraction 4 12.750 2114 37055 0.057
15.390 20320 210699 0.096
16.850 2245 48850 0.046
n.d. -
Eraction 5 11.183 466
12.633 824 n.d. -
Fraction 6 16.14 81994 821280 0.10
Fraction 7 n.d. n.d. n.d. -
Fraction 8 11.167 4367 2837 1.54

n.d.: not detected. * RTs of the peaks were delayed of 0.3-0.4 minutes of compared to those of
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table 4.1 due to the passage through the refractometer.

Table 0.2. Ratio between the Peak areas (uV* sec) detected by the Refractive Index (RI)
and UV (Aggy M) detector after SEC analyses of the HIC protein fractions

TheRI/UV ratio for eachpeaksuggestedhe relation beweenthe value of
this ratio andthe hazeproducedafter the heat test by the different HIC fractions,
the higher being the ratio the lower the turbidity. This shoutl indicae tha the
presencef glycocanpoundgdetectedy refradomery) in afraction imparedits
hazing, alsoif potenially unstableproteinsare presenin the samefraction. From
the literature, the hypothesisof a stabilisingeffect of glycocompound,including
paysacdharidesderivedfrom both the grapeberry and yeast (manroproeins) is
gererally supported(Waterset al., 19%a; Waters et al., 1994b; Moine-Ledoux
and Dubourdieu,1999; Dupin et al., 2000; Lomolino and Curioni, 2007). It was
interestingto note that the protein with RT of 11.1 min of HIC fraction 1
(correpondingto the proteinwith 10.800min RT on table 4.1) had the highest
RI/UV ratio (table4.1), corfirming the daa of sugardetecion on gelsthat were
corfirmed alsofor fraction8 (fig. 4.6).

1.1.43 STUDIESON WINE PROTEIN REACTIVITY WITH SEED TANNINS

1.1.43.1 Preliminary experiments

In order to study the interactionsoccuring beweenwine protans and
grapeseedtannins,severaltestswere performed. As well known for a long time
tamins are polyphenoliccompoundghat form insoluble conplexes with proteins
(Swain, 1965) and the proteinreactivity with these compoundshasbee studied
asatool for proteinremoval(Powerset al., 1988). Tanninprotein interadionsis
important for the sensationof adringency in the mouth, but also for several
phenomenaoccurring during winemakng, including proten haz formation in
white wines (Luck et al., 1994; SarntMandado et al., 1999; Samentoet al.,
2000; Mesquia et al., 2001). Therefore wine proten reactvity with endogeous
grapetannins hasbeenextensivelystuded, althougha precise chaactrisaton of
the effect of the single wine protein componats is scant(Somersand Ziemelis,
1973; Siebert,1999).
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Initially, to confirm the statementhatwine protenscanbeinsolbilised in
the preserce of tannins (Powerset al., 1988, an experiment was set up by
dissolvingthetotal lyophilised wine proteinsin modelwine and by monitoring the
turbidity formation (measired spectrophotomeically at 540 nm and taken as a
measureof proten-tannin reactivty) atincreasinggrapesesdtanninsdosae (fig.
4.11).
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Figure 0.11. Turbidity produced after reaction at room temperature of wine proteins
from an unfined Manzoni bianco wine (200 mg/L in model wine) with increasing seed
tannin concentrations. Turbidity was monitored spectrophotometrically at 540 nm
against blanks prepared without protein.

Resultsshowedthat the highes hazevalue was achievel at 250 mg/L of
tannns dosae, followed by a plateaueffect probabl dueto the sauration of the
protein binding sites.

Furthermore,to determinethe effect protein concentration on turbidity, an
experiment with both different dosages of tannins and wine protens was
performed(fig. 4.12.
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Figure 0.12. Turbidity produced after reaction, at room temperature, of wine proteins
from unfined Manzoni bianco wine at increasing concentrations (from 37.5 mg/L to 300
mg/L) in model wine with increasing seed tannins dosages (from O to 1000 mg/L).
Turbidity was monitored spectrophotometrically at 540 nm againgt blanks prepared
without protein.

The reaults showedthat astannin concentation increasedat a fixed level
of protein content the observedturbidity at first rose thenreachel a plateau (at
250 mg/L) andthendeclined.A similar behaiour was observedby Siebet and

colleagueq1996 by monitoringthe hazeformation at differentdosayesof gelatin
andtanninacid.

The relation existing betweenthe hydroghobiaty of single wine protein
fractions separatecby HIC, and the tannin readivity was then studied. As a
matter of fact, protein hydrophobicityis one of the charaderistics that mainly
affecttannin-protein interactiongOh et al., 1980; Siebertet al., 1996).

1.1.43.2 HIC fractionation of wineproteins

In orderto obtan protein amountssufficient to chaacteriseproten-tannin
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reactivity of single wine protein fractions differing in hydrophobc chaacter
several new Manzoni bianco wine protein fractionations were performed and

fracionspooled.
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Figure 0.13. HIC fractionation of Manzoni bianco wine proteins achieved by Bio-suite

column (Waters). Collected fractions are indicated by numbered boxes.

Sewen fractions were cdlected from each HIC separéon (fig. 4.13).
Fractionswere concentratedand dialysedby meansof Vivaspin tubing (MWCO
3500Da). HIC fractionsso preparedverestoredat -20°C beforebeing studied.

1.1.43.3 Studieson the nature of HIC wine protein fractions

Becausehe fractions obtainedby HIC were thosewhich hadto be useal
for the study of the interactions with tannins, they were preliminaily
characterisedy electrophoretiandchromatographt methods.

After proten contentdetermination(not shown),a series of experiments
wasperformedstaring from SDS-PAGE andysis of the different fractions,which
was donein orderto visualisethe protans containal in each HIC fracton (fig.
4.14).
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Figure 0.14. SDSPAGE (T = 14%) in non-reducing (left) and reducing (right)
conditions of the fractions collected after HIC of the wine proteins. Lanes 1-7 correspond
to HIC fractions 1-7 (see fig. 4.14). 6 ug of protein was loaded on each lane. Staining
was performed with silver procedure. MW standard proteins are on the left of each gel
(lanes MW).

After SDSPAGE semrationin reducingconditions, the same fractions
were also stained with the PAS procedure to highlight the presenceof

glycocompoundgfig. 4.15).

Figure 0.15. SDSPAGE (T = 14%, C = 3%) in reducing conditions of HIC of the
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fractions collected after HIC of the wine proteins. Lanes 1-7 correspond to HIC fractions
1-7 (seefig. 4.14). Saining performed with the PAS procedure.

The PAS resultsconfirmedwhat had beenobservedon the previous HIC
fracionationof the wine proteins(see4.4.2)showing thatthe HIC fraction richest
in polysaccharide was fraction 1 as confirmed by the totd polysacharice
guantificaion (datanotshown).

After staining for both proteins and sugars (fig. 4.14 and 4.15,
respective)), fraction 1 showedthe appearaneof a streakingmateril resultingin
a shadowall along the lane,suggestinghat polyphena$ might be boundto some
wine proteinandthat,consequentlyheycould disturb the proten interacton with
the resn duringanalysesAccordingly, Hagerman andcolleagues (1998)obsened
that nonpolartannins canbind proteinsforming a hydrophobe¢ coataroundthem
resuting in their modified solubility. This fact could explan the hiding of the
protein interacton capacitywith the HIC matrix.

Fractions 2, 3 and 4 showed to contan high molecula weight
glycocompoundgisible at thetop of the gd, whereasfractons4, 5 and 6 showed
a glycosilaed band around65 kDa (fig. 4.15), presumdly corresponihg to a
grape invertase.The PAS staining of bandsat low moleailar weight (~ 22 kDa)
could be due to the overloadingof the gel, which led to detection of glycosiated
proteins or protein fragmentsnormally not visible with lower protein loadings.
This result was observed other times and always when high proten quantties
wereloadedon the SDS-PAGE gel (not shown).

Further analysesvere dore to studythe natureof protens fractionated by
HIC by using the methodproposedoy Peng andco-workers(1997)for RP-HPLC
proteinidentification(fig. 4.16andtab4.3).
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Figure 0.16. RP-HPLC chromatograms (C18 Vydac column) of HIC wine protein

fractions (1 to 7, seefig. 4.14)) and of the total Manzoni bianco wine proteins.

Peak HIC1 HIC2 HIC3 HIC4 HIC5 HIC6 HIC7Y
RT (Area (Area (Area (% (Area  (Area (Area

(min) %) %) %) Area) %) %) %)
5.800 0.96 n.d. n.d. n.d n.d n.d n.d
6.100 0.67 n.d. n.d. n.d n.d n.d n.d
7.200 63.34 8.7 n.d. n.d n.d n.d n.d
7.700 n.d. n.d. n.d. 7.31 n.d n.d n.d
8.500 2.75 28.71 n.d. n.d n.d n.d n.d
8.900 17.57 n.d. 6.45 77.36 37.50 211 15.00
10.000 n.d. n.d. n.d n.d 2.18 1.94 n.d

10.400 n.d. n.d. 1.93 0.55 17.01 1505 11.51
10.700 6.45 n.d. 1.53 0.37 17.02 62.66 47.01
19.400 1.48 5.38 n.d 0.48 n.d n.d n.d
19.900 570 5721 n.d 13.94 n.d 17.17 n.d
20.100 n.d. n.d. 90.09 n.d 26.29 n.d 26.48
24.800 1.07 n.d. n.d n.d n.d 1.07 n.d
Total (%) 100 100 100 100 100 100 100

Table 0.3. Area percent of the RP-HPLC peaks (see fig. 4.16) within the wine protein
HIC fractions (1-7, fig. 4.14). Bold numbers indicate the percentage of the area of the

main peak of each fraction.
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The RP-HPLC resultsshowed that HIC of wine protaens adualy gave
fractons differing in protein compogion, which had to be related to different
hydrophobcity levels

The total wine protein RP-HPLC profile showedto be thericher of peaks
in thefirst partof the chromatogran{from 7 to 11 minutesof RT), while around
20 minutesof RT only onepeakappearedAccordingto the datacollected during
Semillon protein identification (chapter 3, fig. 3.11), peaks with this latter RT
were consideed to be chitinases,while the ealier peaks correspondé to
thaumain like prateins of different classes.These proteins were differertly
distributedin the individual HIC fraction. This point will be discussd more in
detail later.

In orderto beter characterisethe proteinscontained in the HIC-separatel
wine proteinfractions an additionalchromatogrgphic analysis were then carried
out by, SizeExclusionChromatographyfig. 4.17andtab.4.4).
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Figure 0.17. Sze Exclusion Chromatography- HPLC (Protein Pak 125, Waters) of the
HIC wine protein fractions (1 to 7, seefig. 4.14).

Pek HIC1 | HIC2 | HIC3 | HIC4 | HIC5 | HIC6 | HIC7
Retention (Area | (Area | (Area (% (Area | (Area | (Area
Time (min) %) %) %) Area) %) %) %)
10.90 28.0 16.4 4.3 0.5 n.d. n.d. 5.9
11.54 n.d. n.d. n.d. n.d. n.d. n.d. 6.1
12.27 2.3 n.d. n.d. 4.8 14.2 n.d. n.d.
12.43 n.d. 24.7 1.2 n.d. n.d. 5.1 9.9
12.81 4.5 n.d. n.d. n.d. n.d. n.d. n.d.
14.35 3.4 n.d. n.d. n.d. n.d. n.d. n.d.
14.72 n.d 51.2 n.d. n.d. n.d. n.d. n.d.
15.16 n.d. n.d. 92.1 n.d. 85.4 n.d. n.d.
15.32 104 n.d. n.d. 83.8 n.d n.d. n.d.
1590 n.d. n.d. n.d. n.d. n.d. 94.5 74.1
16.47 43.1 n.d. 0.6 10.7 n.d. n.d. n.d.
17.77 8.3 n.d. n.d. n.d. n.d. n.d. n.d.
1831 n.d. 5.0 n.d. n.d. n.d. n.d. n.d.
20.14 n.d. 0.6 n.d. n.d. n.d. n.d. n.d.
2291 n.d. 2.1 n.d. n.d. n.d. n.d. n.d.
Total (%) 100 100 97.6 99.8 99.6 99.6 96

Table 0.4. Area percent of the SE-HPLC peaks (see fig. 4.17) within each wine protein
HIC fractions (1-7, fig. 4.14). Bold numbers indicate the percentage of the area of the

main peak of each fraction.

By combinng the datacollectedfrom SDSPAGE stanedfor protein and
sugar detection, and HPLC analsesin both ReversePhae and Size Exclusion
modesthe following consderationsfor ead HIC wine protan fraction could be
made.

HIC Fraction 1. Whenanalygdby SDSPAGE, fracton 1 showeda poor
protein patern, while resultedthe fraction with the highest glycocmmpound
corntent,asdeermired by PAS staining. RP-HPLC analysisshoweda major peak
at 7.2 minutesof retentiontime. This peakresuled pecular of this fraction (a
minimal amountbeing detectedonly in the following fraction (2), and probably
correspondd to the first part of the peakat 10.9 min of RT visualsed by SEC,
suggestingthat glycosilatedcompoundsvere containdl in it. The secondped (in
termsof percentagarea)detectedoy RP-HPLC showal RT of 8.9 min, andwas
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likely to correspondto the 16.47 min RT on SEC that from the protein
identfication of chapter3, could reasombly to be a thaumain-like protein. This
hypathesiswas confirmedfrom the SDSPAGE analysisin which a band at about
21 kDa (in reduchg conditiong wasdetectble (fig. 4.14, right parel). However,
the relative height of peaksin SE and RP-HPLC was in disggreemat with the
former discussbon. An explanationcould be found in the higher polyphenols
content of fracton 1 (not shown) which might interfere with the UV signals
leadingto a misunderstandingf thereal quantti esof ead proten. Other protens
were detectable in HIC fraction 1, which on the basisof therr RT in RP-HPLC
(RT of 19.4and 19.9 min) in were classifable astwo chitinases(Waterset al.,
1996, Perg et al., 1997).

HIC Fraction 2. Fraction 2 contained a residual amount of the
glycosilated compoundsrecoverablan fracton 1 (RP-HPLC RT 7.2 min; SEC
RT 10.9min) confirmingtheresultsshowed with PAS staining of the SDSPAGE
gel (fig. 4.15). From the RP-HPLC analyss this fraction resulted to contan only
proteinsrecoveable also in fraction 1, but in different percentages. Indeed, HIC
fracion 2 seemedo be mainly composéd of chitinases (SECRT 14.7 min, RP-
HPLC RT 19.9 and 19.4 min), in accordace with the SDSPAGE results (fig.
4.14).

HIC Fraction 3. The RP-HPLC profile of HIC fraction 3 was the easiest
to interpret, with the presencef a main pe&k (90 % of totd area) recognsed as
correpondirg to a chitinase(Waterset al., 1996; Penget al., 1997) and three
small peaksappearingin the thaumatinlike proten chromat@rephic posiion
(Waterset al., 1996;Penget al., 1997)..Theseresultswereconfirmed by thoseof
the SEC analysiswherea similar profile wasidentfied with a main pe&k at 15.1
minutesof RT. Thedifferencedn the chitinaseRTs notedbetweenfraction 2 and
3, (19.9and20.1 min regectively)by RP-HPLC and thosedetectedby SEC14.7
and 15.1min), togeherwith the differert migration rateshowedby thesebandsin
SDS-PAGE (Fig. 4.14) led to as®ssthe occurrenceof chitinases of different
naturein the two HIC fractions,confirming the existen@ of different chitinase
isofams,assuggestedy Pocockandcoleagueq2000).

HIC Fraction 4. Fraction 4 showedfour man bandsin SDSPAGE

(reducingconditions, fig. 4.14, right pane) with apparentmolecular weights of
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66, 35,22 and12 kDa. The 12 kDa bandwas assumedo be a chitinasefragment
derivingfrom the proteinreductionprocessbecausehis bandwasundetetablein
non-reduéng conditions(fig. 4.14,left pand). However, the escapeof this band
from the gel in nonreducingconditions,which can result in an increasedSDS
PAGE migration rate, could not be exduded. Besides,three pe&s have been
detctedin both RP- HPLC and SEC amalyses.Theman RP- HPLC pe& showed
a RT of 8.9 min, which suggeted the identificaion of this protan as a thaumatin
like protein (Waterset al., 1996;Penget al., 1997).This pe& accoungd for the
77% of thetotd areathoughthe samepeakshavedanareapercentageof 83 % by
SECanalyss (RT of 15.3min). The RP-HPLC results indicatied the presenceof a
13% of chitinasesin HIC peak4 (19.900min RT) (Waterset al., 1996; Penget
al., 1997). The SDSPAGE band intensity seemedto confirm the RP-HPLC
resuts by showing the higheg stainingfor the TL protan band(22 kDa). Another
proteinof interestdetectablan fraction4 wasthatshowinga MW of ~ 66 kDa in
SDSPAGE. This protein appearedalso in the PAS-stainal gels leading to
swppose it as being an invertag (Hsu and Heaherbell, 1987a; Brissonetand
Maujean, 1993; Marchalet al., 1996; Danbroucket al., 2005). The PAS staining
of the gel showedthis fraction to containalso high MW glycosilatedcompounds
(fig. 4.15).Thesehigh MW compoundsvere detectableby SECandysis while no
trace of them were noted by RP-HPLC, probaby due to the chromabgraphic
systemadopted,which was specifically devebpedto distinguish the thaumatin
like proteinfrom thechitinasegWaterset al., 1996;Penget al., 1997).

HIC Fraction 5. Fraction5 showedthe presene of 4 principd bands in
SDSPAGE with apparentMW of 66, 35, 30 and 22 kDa, showing a profile
similar to that of fraction 4 (fig. 4.14). In this fraction, the PAS-staned gel
revealeda bandat 66 kDa, showng the probale presene of invertasein this
fraction too. By SEC analysisit waspossble to deted a pe& at 12.3min of RT
tha indicatked the presenceof a high MW compoundsThis peakwas likely to
correspondo high MW material stainedat the top of the SDSPAGE gel (fig.
4.14). The other SEC peak had a RT of 15.18 min, though a shoulde was
detectableat about15.9min of RT. This fact wasprobablydueto the similar MW
of the chitinass andthaumatinlike protenscontanedin fraction 5, resuling in a

badSECsepaationalso dueto the high protan loading. A better understandig of
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the natue of the proteinsof this fraction was achievedwith RP-HPLC andysis,
which allowedto distinguis 5 peakswith RT of 8.9 (the sameof tha in fraction
4), 10,10.4,10.7and20.1min. By RP-HPLC, the peak at 8.9 minutesof RT was
recowerable in evely single fraction except for fraction 2. From previous
experiercesandfrom the SDSPAGE analsis it was possble to deduce that this
peak (8.9 RT) correspndedto a proteinof about22 kDa, probaly a thaumain-
like protein. The three peaks detectedduring minute 10 of the RP-HPLC
separationwere assumedo be different forms of TL proteins. Instead, the RP-
HPLC peakeluting at 20.1 min shouldbe a chitinases dthoughit hadto be an
isofam different from that observedon fraction 3 beause of the different
hydrophobcity showedby the HIC fractions5 and3.

HIC Fraction 6. Fraction6, which hadto contan very hydrophobc wine
proteins,showeda SDSPAGE profile (in reducng condtions) with a band at 66
kDa anda heavybandat 22-23 kDa, that possbly hided other minor bandswith
similar MW. In nonreducingconditions,the SDSPAGE patern appeard less
simple with the manifestatiorof a bandwith an appaent MW of ~ 27 kDa (fig.
4.14). This bandwas supposedo be a chitinasebecausein the RP-HPLC data 4
detectedpeakswere asumedto be thaumain-like protans (RT 8.9, 10, 10.4and
10.7 min) while a peak(RT 19.9min) wasassumedasa chitinase(Fig. 4.16). The
main percentarea (62.6%) was calcdated for the peak at 10.7 min of RT,
indicating fraction 6 asthat containingthe main portion of this protan which was
similar to thatidentified as VVTL (gi|3332939) during Semilon grape proteins
idenification (seeparagrapiB.4.2. The SECandysis confirmed this hypohesis,
showing a main peak with a RT (15.9 min) conpatible with the massof a
thaumain-li ke protein.

HIC Fraction 7. Fraction7, which was the most hydrophobicone, was
only a tail of fracton 6, as appearsfrom the HIC fractionaton chromaogram
(Fig. 4.13). Actually, the main peak deecked in both the chromabgraphic
analysedqfig. 4.16and4.17)aswell asthe SDSPAGE patern (fig. 4.14)wasthe
same of fraction 6. Consequentlythe protein compositon of fraction 7 was
similar to thatof fraction6 alsoif somedifferenceswere noticed.In paricular, in
this HIC fraction threeadditionalsmall peaks werevisible by SEC analyss (RT

10.8 11.5 and14.4minutes)indicatingthe preseie, althoughin low amouns, of
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high MW compounds with high hydrophobcity.

1.1.43.4 Heat stability of wine protein fractions separated by Hydrophobic
Interaction Chromatography
TheHIC fractionswereheattestedto deternine their hazing potental (fig.

4.18).
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Figure 0.18. Heat test results of fraction 1 to 6 (HIC 1- HIC 6) collected by HIC
fractionation of wine proteins. Each HIC fraction was prepared at 200 mg/L of protein
concentration in an ultrafiltered Manzoni bianco wine. The total wine proteins (wine)
were tested by dissolving the unfractionated proteins at 200 mg/L in ultrafiltered
Manzoni bianco wine. The ultrafiltered wine without protein addition (UF was also
tested. Turbidity values ( Asy ) higher than 0.02 means instability.

The first three fractions eluted from HIC showel the lowest turbidity
formationafter heating.In fraction 1 and 2, the absence of haz formation coud
be explained by the large content of high molecular weight glycosilated
compoundgseeabow), which areknownto showa protective effect againsthaze
formation. Indeed,the disrupting action of struduraly different polysacharides
towardsgrape seedprocyandin complexaton and aggregéon by bovine serum
albumin has beenreported(de Freitaset al., 2003; Mateus et al., 2004). The
expanationfor the absenceof heatinduced haz for fracton three seemd to be

different. This fraction, showing a relaively low a hydrophobtity level,
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containedmainly chitinases(90% of the protans, as deermined by RP-HPLC)
and someglycosilatedcompoundsashighlighted from PAS staining of the SDS
PAGE gels (see above). Therefore,the reasonfor the lack of haz formaion
seemeddue to the protective action against chitinases flocculation made by
glycocompoundsor, less probably,to the low hazepotential of chitinasegresent
in this fraction.

In contrastto the first 3 fractions,hazeformation (turbidity values highe
than 0.02 AU) wasobsewredfor HIC fracions4, 5 and6, indicaing the presence
of heatunstablecompainds Differently from the first heat test experment
performedon HIC fractions(fig. 4.10),the highesthaz formaion wasobsened
for fraction 4. The reasondor the high turbidity formedby fraction 4 arerelated
to thenatue of its proteins,which mainly comprised a thaumain-like protein (but
different from thatof fraction 6) andalsochitinasespoth thesePR-proteinsbeng
known asthe mainresponsibldor hazeformaton in wines(Waterset al., 1996)
Moreover,the SDSPAGE patten showedthat the bandsintensiy in fraction 4
was higher than that found for the other HIC fractions (fig. 4.14), leading to
hypaothesizethat protein contentdeterminabn by KDS-BCA method might lead
to aunderestmation of the proteincontentof fraction 4, which adually contained
a quantity of protein higher than believed, thus explaining the high turbidity
formedafter heatng.. Fractions5 and6 showedsimilar levds of hazeformation.
However,the analysef their proteincompositon suggeted different causes for
the turbidity level showedby the two fractions after heding. In particular, fraction
5 contained4 different TL protein peaks(by RP-HPLC) with the prevalence of
the TL proten with 8.9 min of RT, the sameobservedfor the TL protein of
fracion 4. Moreover,a chitinasesvasrecoverale in fraction 5 but different from
that detectedin fraction 6. Therefae these two fractions strongly differed for
protein conposition althoughtheybehavedsimilarly when heattestel.

For the prevous resultsit seemsthat the wine proteins eluted after the
middle of the HIC gradientwere the mostheatunstablewhile thosecolleced on
the first half of the gradient,althaugh containing PR-proten componentsshowed
high heat stability. This should indicate that a certan reldion exists betveen
protein hydrophobcity andhazingpotertial. Takinginto accountthatthe hed test

experimentsweredonewith proteinfractionsdissolvel in (ultrafiltered)wine, that
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contained the original wine polypherols, and consdering haze formaton as
manly due to proteinpolyphenol interactons (Somersand Ziemels, 1973;
Yokotsukaet al., 1983; Waterset al., 1995) the protein hydrophobicily can be
seenasaffectinghazeformationby determinng the degreeof protein interactions

with wine polyphenols.

1.1.43.,5 Hazeformation after addition of seed tanninsto wine protein fractions
differing in hydrophobicity

Due to theimportanceof tanninproteininteractionsin haze formation, the
capalility of Manzoni bianco wine protan fractions (deriving from the HIC
fractionationof fig. 4.13)differing in hydrophobidy in reacing with tanninswas
studed. Moreover,in order to study the factors involved in protein haang, the
effectsof protein heatingandsulphateaddiion wereinvestigated.

Initially, the effecs of seedtannin addition on turbidity formaton in
model wine containing 25 mg/L of protein from the HIC fractions was assayed
spectrophobmetrcally at 540 nm (fig. 4.19). The final tannin concentation was
250 mg/L, accordirg to the preliminaryresultsindicating this dosageasthat able
to give themaximum turbidity development

Someturbidity wasformedimmediatelyafter tamin addtion (greenbars),
but the turbidity strorgly increasedafter boiling the samples for 5 minutes (red
bars).Moreover,the proteirs of HIC fractionswereheaed (10 minutes,100°C)in
modelwine beforethe tanninaddition,obtaning a turbidity (greybars) similar or

evenlower thanthoseobsewredin theothercases.
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Figure 0.19. Reactivity of HIC fractions 1-7 (see fig. 4.13) with seed tannins. Reactivity
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was cal culated by measuring the turbidity devel oped immediately after tannin (250 mg/L)
addition to model wine containing 25 mg/L of protein from each HIC fraction. Blanks
were prepared without protein. Green bars. reaction at room temperature; Red bars:
reaction after heating the mixture (100 °C, 10 minutes); Grey series. reaction at room

temperature with proteins heated (100 °C, 10 minutes) before tannin addition.

Theresultsshowedin eachof the caseghelack of proten-tanninreadion,
as measuredvy the dewvelopmentof turbidity, only for both fraction 1 and 7 in
which absorbance&aluesclose to zeroweredetectkd. In contrast fractions 2 to 6
immediatelydevebpedturbidity when seed tannns were added(fig. 4.19,green
bars), athough at different extent. By boiling the sane sanples the turbidity
dramaticaly increasedollowing the sameranking of the unheded sanples. In
particular, theturbidity valuesterdedto increasewith thefraction number(from 2
to 6), swggesing a relationshipbetweenwine protein hydrophobicly and tannin
reactiviy. As suggeted by Oh and coworkers (1980), tannns have a
hydrophobc natureandproteintannininteraction occurswith the involvement of
hydrophobc bonding. The results here showal agreedwith this hypohesis,
confirming that the level of protein hydrophobcity affecs their reactivity with
tannns, supporting the ideathat the level of pratein hydrophobidiy is a major
facta affeding tanrin-proteininteractiongdOh et al., 1980;Siebertet al., 1996).

Moreove, the higher turbidity resuting from heding the sanples
indicatedthe role of the temperatug in inducing haze formation. Apart from the
effect on the reactbon rate, heatingthe proten-tannin mixture shouldincreasehe
extent of interactionby inducing proten denatuation and expostion of a high
numberof tannn binding sites,leadingto an increaseof hazeformation (Koch
and Sajak,1959; Somersand Ziemelis 1973; Yokotsukaet al., 1991; Waters et
al., 1995).Siebertandco-workers(1996)also reportel thatduring protein heating
the polyphenolbinding sites becameexposeal becaisehydrogenbondsarebroken.
This madification of the protein structure could probaly leadto highertannin-
protein reactivty.

To verify whetherprotein denaturatiorby heating could be responsiblefor
the increasedtannn reactivity, the HIC fractions were heatel in model wine

(without tannins) befare the tanninsaddiion. After cooling the fractions at room
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temperaturdannns were addedand the formed turbidity measured.The results
showed a turbidity much lower than that obtaned after heaing the mixture and
evenslightly lower than that developé by the unheaed fractions in the same
reaction condiions, althoughthe sametrend was mainiined. Therefore, protein
heatng in model wine without tanninsdid not allow a turbidity formaion after
tamin addtion. A possble explanationof this fact is that proten denatiration
occuring during heatingin the absencef tanninsis a revesible procgess.Heating
should resultin breakirg of proteinhydrogenbondsat high tempeature (Siebert
et al., 1996)butthesebondsarere-formed uponcooling at roomtempeature,thus
restoring a proteinstructurewith anaffinity for tannnsevenlower thanthatof the
original (un-heaed) proteins which actualy showedslightly higher turbidity
values after tannn addition (fig. 4.19). Consequetly, it seeans that protein
reactivity with tanninsis enhancedonly when both the compoundsare heated
together,with the tanninsbinding to the protan during its presencen the heat

dematuredstate.
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Figure 0.20. Haze formation of the HIC fractions (25 mg/L protein) 1-6 (see fig. 4.13)
after 250 mg/L tannin addition in model wine with 4 different treatments (A-D). A:, un-
heated proteins, incubation at 25°C; C: pre-heated proteins (100°C, 10 minutes),
incubation at 25°C; B: pre-heated proteins (100°C, 10 minutes) and 0.5 g/L K,SO,,
incubation at 25°C; D: un-heated proteins and 0.5 g/L K,SO,, incubation at 25°C. a)
Turbidity developed immediately after tannin addition b) Turbidity developed during 6
days after tannin addition.

Reently, it has beendemonsrated tha one of the factors involved in
protein haze formation in white wine is sulphate(Pomck et al. 2007). This
compound would contributeto proteindenatiration by a sort of sdting-out effect
promoting proten predpitation and hazng. In order to verify the effect of
sulphate, also in combinationwith that of thermal protan denatrraion, tannins
wereaddedto bothun-heatedandpre-hededHIC protean fractonsin thepresene

andin the absencef sulphateTurbidity was thenmeasuredmmedatdy afterthe
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addtion (fig. 4.20 a) and during 6 daysof incubaion of the different mixtures
(fig. 4.20b). Immediatelyaftertanninaddtion, the sanplespreparedwithout pre-

heaing the protens andin the absencef sulphate (treatnentA) showedresults
similar, but not identical to those of the previous experment of fig. 4.19.
However, the trend indicating lower haz formation of the less hydrophobic
fractionswasmantained Moreover,a lower turbidity formaton after pre-heating
the proteins(treatmentsA and C in fig. 4.20, conparewith fig. 4.19) was also
corfirmed for all the fractions andthe highesthaz formaion in al the fractions
excep for fraction 3 wasthat obtainedwith treament A. Contrary to what was
expected,the addtion of sulphateto the un-heaed proteinstannn mixturesat a
dose claimedto enhancewine proteinhazing (Poco et al. 2007) (treatmentD)

alwaysresutedin lower turbidity valuescompare to thatfoundin the absenceof

suphate, espeially for HIC fraction 3 (fig. 4.20). This would indicae that
suphateimpairs tanninproteininteractionsby changingthe ionic strength of the
sdution, which may increasethe burying of tannn binding sites on the proteins
probablyasa consequencef the reinforcementof the hydrophobicforcesin the
core of the molecule Therefae, it can be hypothesied that in the presenceof

suphate,a lower areaof hydrophobicsites may be available for the interactions
with tannns.

Preheatirg the protein fractions (at 100°C for 10 min in model wine)
before tamin addtion at 25°C (treatmerg B and C), generdly confirmed to
decreas the turbidity comparedto the correspondingun-heated samples
(treatmentA andD), with the exceptionof fraction 3. In this casethe presenceof
suphatedid not affecttheresults,excep for the mosthydrophobicfraction 6 (fig.
4.20).

Howeve, in someHIC fractions, the hazeinitially formed showel to
dewelop differently accordingto the different treatnents. This was assedby
following the variation of the turbidity valuesfor each sampé during 144 hours
(fig. 4.20B). The highestlong-term turbidity wasalwaysdeteciedwith un-heated
proteinsandin the absenceof sulphate(treamentA) in al the fractions, except
the most hydrophobicfraction 6, which devdoped the strongest haze when the
pre-heatad proteinswere incubatedin the presene of sulphat (treament B, fig.

4.20). In the other fractions,however,pre-heded protens geneally did not show
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a turbidity increment as relevantas that noted for the correspondng un-heated
samples.Another exceptionwas HIC fraction 3, mainly madeof chitinase(= 90
%, asassessetly HPLC) which showedan oppositebehavour, with a turbidity
formatian whenun-heatedower thanthat observedvhenpre-heded. Fracion 3,
but only whenproteinswere pre-heatedshowel a linearturbidity increasen the
first 48 hours, leadingto hypothesizaha chitinasesmight play a key role in the
mechanismof proteinstannin hazeformation during wine storage In this case,
differently from fraction 6, the presenceof sulphaé seenedto reduce the long
termturbidity, butonly in the pre-heatedsampés(fig. 4.20b).

The differentbehaviourin hazeformationof chitinases (mainly presentn
fracion 3) and thaumatinlike protein (mainly present in fraction 6) has been
documentedby Pocockand colleagueg2007), which affirmed that 150 mg/L of
chitinags required 10 times less sulphate(15 mg/lL) than that requred by the
same amount of thaumatinlike protein to form haze when heattested. In our
experimental conditions the sulphate was added at a dosage (500 mg/L)
consideredf saturationfor the proteincontent(25 mg/L). Our data indicaed that
sulphate did not cau® instabilization as observedwhen sanple were heated,
suggestng a differentrole playedby the sulphde on un-heated proteins.Besies,
a suphate effect was deteced in fraction 6 in which the B seriesshowedthe
higher turbidity increaseduringthetime. The sulphatepresenceluring the heating
of pratein of fraction 6 (mainly thaumain-like protein) seemedto affectthe long
term pratein-tannin reactivity. A theowy is that tannins affect the particle size of
denaturechggregategbroteins,possiblythroughcrosslinking. Severakreseachers
have suggesteda hydrophobicmechaism for the interaction betweenphenolic
compounds and proteins,in which the proten hasa fixed numbe of phenolic
binding sites (Oh et al., 1980; Siebertet al., 1996). More of thesesites are
exposedwhen the protein is denatured but this expositon shouldbe in some
casesa transientphenomenoroccurringonly at high tenperatire andinfluenced
by the composiion of the solution. However,the behaviourof the differentwine
protein fractions separatedby HIC is clearly different whenthey are mixed with
tannns as also demonstratedby the different effects causedby heding and
sulphateaddtion. Thereforethe aspectgelated to both the protein strudure and

hydrophobcity in relation to their interactons with tannins leading to haze
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formationwarrantsfurther invedigation.
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CHAPTER 5

Selection of fungal proteases for the degradation of grape proteins

ABSTRACT

Currently benbnite is still requiredfor the stabilisgion of white wines,
expoiting the ability of this adsorbento removethe heatunstabé grapeproteins
from wine. The utilisation of proteolytic enzymesis widely consdered an ideal
replacementfor bentonite becauseit does not producethe problens tha are
incurred with benbnite usage,suchas lowering wine quality, wine lossin lees,
filtration inconveniencesand waste disposal problems. In order to find an
alterndive to bentonite for haze preventon in white wines, acid proteases
prodwedby four phytopathogenidungd strains weretested.The ability of these
proteasesto degade grape and wine protdns was prdiminary evaluaked by
proteaseacivity assag, resdual protein content quantfication and SDSPAGE
analses. Subsequentlychromatograplu separéion was attenptedto purify and
corcentiate the proteoltic activity andto checkthe effed on hazeredudion of
the obtainedprepaations.Sclerotinia minor and Sclerotium rolfsii highlighted the
paossibility to produceproteasesctive againstgrape and wine proteinsalthough
the purification stepsresultedn significantacivity losses.

Key words. Acid proteases grape, wine, PR-protans, fungi, haz,

Sclerotinia minor, Sclerotiumrolfsii.

INTRODUCTION

The quality of white wines can be impaired by the manifestdion of
sedimentandhazesafter bottling. Suchprecpitatesare theresult of denatiration
of wine protens (Bayly andBerg,1967;HsuandHeaherbel, 1987;Waterset al.,
1992) thathavebeenidentifiedaspathogempsisrelated (PR) proteins(in paticular
thaumatinlike proteinsand chitinase¥ deriving from the grapeberty (Waters et
al., 1996,1998). Thes PR-proteinsarelikely to protectthe berty duringripening
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againstfungal pahogengHgij et al., 2001).

Botrytis cinerea is an importantfungal neaotrophic pahogenthat infects
at least235 plant specieqJarvis,1977).Indedl, the secretion of proteaes by B.
cinerea hasbeenshown in culture media (Ten Have et al., 2004) and in fruits
such asgrgpes,apples,tomatoeszucchni, bell peppersand carots (Touzaniand
Muna, 1994; Urbanekand Kaczmarek,1985; Brown and Adikaram, 1983; Ten
Haveet al., 2004;MovahediandHeale,1990).

Marchal and co-workers (1998) immunodeteted the presenceof B.
cinerea proteinsin a must obtainedfrom highly botrytised (80%) grapes, with
some of theseproteins possibly having proteolytic actvity respondile for the
degraddon of grape proteins Similarly, Modra and Williams (1988), using
commecial enzymepreparationsindicaed that both plant and fungal proteases
could significantly alter the chromatogaphic profile of a must proten fraction.
Karmora et al. (1990),usinghaemogloln as a substra¢, showedthat B. cinerea
secretedanaspairic protease.

Damagesausedby B. cinerea to grapeberrieshaveatraciedthe atenion
of manyresearcHaboratorieghroughoutthe world (Doné&he, 1993; Marchd et
al., 1998; Cilindreet al., 2007).Recently,it wasobsened thatthe levelsof most
of the soluble proteinsrecoverablein the free run juice from Botrytis-infected
grapeswerelowerthanthos in thefreerunjuice from healthy grapeqMarchd et
al., 1998; Girbau et al., 2004, Marchal et al., 2006; Cilindre et al., 2007),asa
resultof the actvity of proteolyticenzymesfrom the funguswhich degradethe
grape proteins.

Proteasesecreion hasbeenhighlightedfor manyotherfungal strans. For
instance,Billon-Grand and co-workers (2002) detecied the emissian of three
groups of mechanisticallydistinct proteaes (aspartyl proteae, nonaspartylacid
protea® andserine protea®) from Sclerotinia sclerotiorum and Sclerotinia minor.
Thesefungi are necrotrophicpathogensha pendrate plant hostsurfacs, killing
the underlying plant cells and invading the surroundingtissues.A common
characteristialeteced amongthes fungal strainsis thar ability to grow at addic
pHs (Billon-Grand,2002). Consequentlythey havebeenconsderedsuitable for
the producion of proteolyticenzymedo be usedfor the degralation of grgpe and

wine proteins,thusrepresentingand alternative to the useof bentonite for white
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wine proteinstabiization.

MATERIALSAND METHODS

1.1.44 MATERIALS

Grapesand wines(vintages2005and 2006, variety Manzoni bianco)were
kindly supplied from the “ScuolaEnologca G.B. Cerlgti” of Conegliano (Italy).
Grapeswvereharvestedn the experimersl vineyard while wines wereproducedn
the schoolwinery. All the wines having an averageproten conent of =~ 300

mg/L, werenot treatedwith bentonite.

1.1.45 PROTEIN EXTRACTION FROM GRAPES, WINE AND FUNGAL CULTURES

5.1.1.1. Concentration by ultrafiltration

The protein purification was conductedas a multi-step procedure After
steile filtration of the liquid (grapejuice, wine or fungal medig with cdlulose
acetatefilt erswith pore size of 0.20 um (Milli pore, sample were concentated
by usdng a stirred ultrafiltration cell system(Amicon) equippedwith 3000 Da
MWCO membranesThe obtainedretentdesweredialysedaganstdistilled water
in 3500 Da porosty dialysis bags (Spectraporg. When required,a passageon
sdid phaseextraction C-18 cartridge (1 mL resin, Supeto) was perforned to
“clean” the protein extractfrom residud polyphenols. Eventudly, the obtaned
preparatimswerefrozen,freezedriedanddissolvedn asmallvolumeof water or

citratebuffer (30 mM, pH 3.50)for long-termstorayeat-20°C.

5.1.1.2. Proten precipitation with potassium dodecyl sulphate (KDS)

In orde to beanalysedoy SDSPAGE or to be quantfied by bicinchonnic
acid (BCA) method(Smithet al. 1985) proteinswereprecipitated from the media
by usingthe KDS methodaccordingto the procedure propose by Zocatdli and
co-workers(2003).10 uL of SDS(10%in water, Bio-Rad)wereaddedio 1 mL of
samplewhich wasthenheated(5 min, 100°C).250 uL of 1M KCI (Calo Erba)
wereaddedto the samplesand, after at leasttwo hoursof incubaton, the formed

peletswerecollectedby centrifugation(15 min, 4°C). Furtherwasheswith 1 mL
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of 1M KCI were requiredto completely eiminate the polyphenos from the

collectedprotens.Evely measuravasthe averageof atleastthree replicaes.

1.1.46 GRAPE AND WINE PROTEIN CONTENT DETERMINATION

The proten contentdeterminatiorwasperformel accordingto Vincenzi et
al. (2005). Firstly, proteinswere precipitated from 1 mL of wine with the KDS
method (Zoccateli et al. 2003).The pelles weredissolveal into 1 mL of distilled
water and quantified by using the BCA-200 protein assaykit (Piercg. The
calibration curve was preparedoy using seial dilution of bovine serumalbumin
(BSA, Sigma) in water. The measurerents were performed
spectrophobmetically at 562 nm (ShimadzuUV 6010).

1.1.47 TOTAL POLYSACCHARIDE CONTENT DETERMINATION

The polysacchade contentwas determiné colorimetically according to
Segara and co-workers (1995). After addtion of 5 volumesof absolte ethanol
(Baker), sanples were left at 4°C overnight before centrifugaion (30 min,
140009). The collectedpelletswere washedtwice with ethanol (Baker) andthen
dissolvedin bi-distilled water.1 mL of sanple wasthenaddel of 25 puL of 80%
phenol (w/w, Fluka) and2.5 mL of sulphuric acid (Merck). Sanpleswere mixed
and the reacton carried on for 30 minutes at room tempeature Absorbance
valueswere spectrofnotometricallymeaured at 490 nm (Shimalzu UV 6010)
The calibration curve waspreparedy usingseral dilution of galacbse(Fluka)in

water.

1.1.48 ENZYMATIC ASSAY FOR ACIDIC PROTEASESDETERMINATION WITH

HEAMOGLOBIN ASSUBSTRATE

As aresut of the necessityto measurehe enzymdic activity secréed by
the fungal strains in liquid cultures a new enzymdic assaywas developal asa
modification of the Anson (1938) method for the detemination of aspatil
proteags activity with haemoglobinasthe substrée. 900 uL of substratg0.5 %
w/v bovine haemotpbin in Glycine-HCI buffer, pH 3.20)was addedof 200 uL of
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sampleto betesedfor enzymaticactivity andthe reaction caried outat 37 C for

30 minutes. The reaction was stopped by adding 900 uL of 20 % (w/v)

Trichloroacett Acid (TCA, Baker)in bi-distilled water. Blanks were madeby
addng TCA before starting the reaction. Afterwards,sanples were centrifuged
(140@g, 15 min) and the absorbane of the supendarnts was
spectrophobmetrcally measuredat 280 nm. The differene beaweenthe sample
and blank values gave the net enzymaitc activity. Pepsin(EC 3.4.23.1,Sigma)

wasusedasa postive control.

1.1.49 ASSAY FOR ACIDIC PROTEASESACTIVITY DETERMINATION WITH WINE

PROTEINSASTHE SUBSTRATE

An assay for aspartil protease activity determinaion, based on a
modification of the methodproposedby Doi et al. (1981), was set 100 pL of
sampleto betestal for enzymaticactivity were addedto 200 pL of a 0.5% (w/v)
wine protein (purified from Manzonibiancowine asformerly desaibed) soluion
in 5 g/L tartaric acid buffer (pH 3.20) and the reacton kept at a 37 C for 30
minutes. After this time, proteinswere preciptated by addingl mL of absolute
ethanol.200 L of a2% ninhydrinsolution (Sigma)wereaddedo the supenatant
collected after centrifugation(14000g,10 min) and the sanple heaed at 100°C
for 10 minutes to allow the reactionto take place. After cooling the samplesat
room temperature the absrbancewas spec¢rophotonetrically measurad at 570
nm. Blankswere preparedy addingethanolbeforetheincubaton.

1.1.50 HEAT TEST

Accordingto Pocockand Rankine(1973), a hea test was performeal to
deermine grape and wine protein stability. After heaing (80°C for 6 hours),
samples were chilled (16 hours at 4°C) and, after equiibration a room
temperature turbidity values were measurednephelonetrically (Hach 2100P
turbidimeter)or spectrophtometrically (Shimalzu UV 6010)at 540 nm (Waters
et al., 1991) Net turbidity valueslower than 2 NTU (Net Turbidity Unit) or 0.02
AU (AbsorkbanceUnit) indicatedsamplestablity.
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1.1.51 SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL ELECTROPHORESIS

(SDS-PAGE)

Electrophoetic analyseswere performel aacording to Laenmli (1970).
Samplesto be analygd were dissolvedin a TrissHCI pH 6.8 buffer containing
15% (v/v) glycerol (Sigma)and 1.5 % (w/v) SDS(Bio-Rad) andheded at 100°C
for 5 minutesbeforeloading.For SDS-PAGE in reducing conditions, 3% (v/v) of
B-mercaptoethano{Sigma)wasalso addedto the loadingbuffer. Electrophoresis
was peaformed in a Mini-Protean Il1 apparatis (Bio-Rad) with T = 14%
(acrylamideN, N’ metilenbisacryamide 29:1; Fluka) gels. The molecula weight
standard proteins were: Myosin (200,000 Da), B-galactosidas (116,250 Da),
Phosphorylaseb (97,400),SerumAlbumin (66,200Da), Ovdbumin (45,000Da),
Carbont anhydase (31,000 Da), Trypsin inhibitor (21,500 Da), Lysozyme
(14,400 Da) andAprotinin (6,500Da) (Broad RangeMolecular Weight Markers,
Bio-Rad).

After electrophaesis, gelswere stainedfor 18 h with Coomass brilli ant
blue R-250 (Sigma) andthendestainedvith 7 % acedic acid for 24 h (Koenig et
al., 1970).

1.1.52 GRAPE AND WINE PROTEIN CHROMATOGRAPHY

The chromatgraphicseparationsvereperformedby meansof two instruments:

0 An AKTA purifier FPLC (GE-Heathcarg equippel with an UV detecbr
(A AbsorbanceDetector). Collecteddatawere processedby the Unicorn
5.11 software.

o A HPLC (Waters 1525) equippedwith a Dud A AbsorbanceDetecto
(Waters2487) and a Refractiveindex detet¢or (Waters 2414). Collecteal
data were processedby Waters Breez2™ Chramatography Software
(Version3.30).

Each solution utilised and sampleloaded were previously filt ered with
cellulose acentefil ters(Millipore) with aporesize of 0.20pum and degassed.

Protein separaibn wasachievedy usingananionexchageResourc€'Q
column (Amersham) EluentA was20 mM Tris-HCI buffer pH 8.5 andeluent B
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wasl M NacClin eluentA. Sampleswerepreviowly equilibratedin eluent A and,
beforethe loading the pH was checkedwith an universalindicatar pape (Catlo
Erba). The flow rate was1 mL/min andthe eluting gradientwas asfollows: from
0% to 14% of eluent B in 70 minutes then to 50% B in 30 minutesandthento
100% B in 1 minute. This latterconcentrabn waskeptfor 15 minutes. To recower
the main wine proteins, fractionswere collected by a Frac920 (GE-Hedthcare)
collector. Fractionsweredialysedagainstbi-distilled wateron tubes with porosty
of 3500 Da (Spectrapore)Thes prepardéions were finally frozen, freez-dried
anddissolvedin a small volume of wate or citrate buffer (30 mM, pH 3.50) for
thelong-termstorageat-20°C.

1.1.53 REVERSE PHASE (RP)-HPLC

The protein compositionof wine fractions was deerminel by HPLC,
accordingo themethodpropo®dby Perg et al. (1997).

100 pL of sample wasloadedat 1 mL/min onto a sani-prepaative C18
column (4.6 x 250mm, Vydac218MS 54, Hespeia, CA) fitted with aC18 guard
column (Vydac 218 MS 54, 4.6 x 5 mm, Hesperia CA) equilibratal in a mixture
of 83% (v/v) solvert B [0.1% trifluoroacdic acid (TFA) in 92% Acetonitrile] and
17% solventA [80% Acetonitrile, 0.1% (v/v) TFA] and held at 35°C. Proteins
were elutedby a gradientof solventA from 17%to 49% in the first 7 minutes,
4% to 57% from 7 to 15 minutes,57% to 65% from 15 to 16 minutes,65% to
81% from 16 to 30 minutesand than held at 81% for 5 minutes before re-
equlibrating the columnin the startingcondtions for 6 more minutes.Peaksvere
detectedat220nm.

1.1.54 FUNGAL CULTURES. EXPERIMENTAL DESIGN

The fungal culturesutilised in this work were helpfully suppled from the
Plant Pathobgy laboratory of Prof. Franes® Favaron, University of Padwa
Agripolis, Legraro (Italy).

Four fungal strains, belonging to Botrytis cinerea (BC), Sclerotinia
sclerotiorum (B 24), Sclerotium rolfsii (SR) and Sclerotinia minor (SM), were

cultured in a medium cortaining only purified wine proteins as the nitrogen
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source. After fil tration, the mediawere assayedor proteolytic activity, residwal
protein conent and SDSPAGE, in orde to screenthe fungi for their ability of
protein degadatbn. Some chromat@raphtc stgps were attemped to purify the
enzymesby using anion exchamge chromatograhy. The effects on mustsand

wine pratein stabiisationof theereymaticpreparédonswerefinally heattested.

5.1.1.3. Fungal culturesin liquid media

After a period of growth at 25°C in potatodextroseagar(PDA, Difco), B.
cinerea wastransferedinto aliquid medium(potab dexrosebroth, PDB, Difco)
for 5, 10 or 15 daysof incubationat 25°C on arotary shake (200rpm).

Besdes Botrytis cinerea (BC), <lerotinia sclerotiorum (B 24),
Sclerotium rolfsii (SR) and Sclerotinia minor (SM) were inoculated in a liquid
medium (Billon-Grand et al., 2002). The four fungal cultures were grown in
Erlenmeyerflask on a rotary shaker (200 rpm) at 25°C. To induce proteases
emission,the medium hada pH of 3.20.All the essentll elemants weresupplied
to the fung and nitrogen was addedas protein purified from wine (Manzoni
bianco)at a concentrationof 300 mg/L. After the growth period, the mediawere

filtered (0.20pum) andanalysd.

1.1.55 STATISTICAL ANALYSIS

Datawereanalysedoy oneway completelyrandanized ANOVA with the
CoHort Software (CoSat version6.311, Monterey, CA) and datasignificaivity

assessedby StudentNewmanKeulstest.

RESULTSAND DISCUSSION

1.1.56 PRELIMINARY RESULTSON PROTEASESEMISSION BY FUNGAL STRAINS

The ability of Botrytis cinerea to modify and degrade grape and wine
proteins has beenwidely demorstrated (Marchal et al., 1998; Cilindre et al.,
2007). This part of the proect, focusedon the addic proteasesfrom Botrytis
cinerea, startedoy checkingits proteolytic ability aganstgrgpe protans.

After a growing period in PDB media, a mixture of different Botrytis
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cinerea strans isolatedfrom grapeswas inoaulated on Preseco and Manzoni
bianco (two varieiesfrom the Venetoregion) berriesin steile condiions. After 7
daysof growth, thereaulting mud proteinprofile wasanalysedy electrophoresis.

As expeced, the SDSPAGE profile resuled simplifi ed, highlighting the
disappeeance of some protein bandsprobaly due to the acton of the acidic

proteasesecretedy thefungus(fig. 5.1).
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Figure 0.1. SDSPAGE in non-reducing conditions (T = 14%, C = 3%) of Manzoni
Bianco (lanes 1 and 2) and Prosecco (lane3 and 4) juice. Juices were obtained from

healthy (lanes 1 and 3) and botrytised grapes (lanes 2 and 4).

In acordancewith what was observedpreviousy by Marchal and co-
workers (1996, Botrytis infection seemd to cause the disgppearane of the
proteinbandswith anappaentmolecularweight of 60, 35, 31 (possiblyinvertase
and chitinases)and a reduction of the intensity of the 22 kDa protan band
(probablya TL-protein). Moreover,a new bandshowedup with anappaent MW
of 80 kDa in the sampledeiiving from botrytisedManzonibian® grapeglane2).
Theseresuls are in agreementith thosereportedby Marchalet al. (1998)which
indicatedthe appearancef high MW proteinsin highly Botrytis-infected musts,
leadng to assumethis protein as produced by the fungus. The Proseco juice,
probably becauseof its lower protein content conparedwith Manzoni bianco
(Vincenzi et al., 2005) seemedto hawe protens more sensiive to degralation,
leadng to atotal proteindisappearancexceptfor afaint bandat about35 kDa.

Thesepreliminary reaults seemedo confirm the idea of seveal autlors,

155



although the possibleeffectsof otherfungal enzymes,suchaslacase shout be
consideredActually, in thes experimentatondtions,there weresomeevidences
that laccaseactiity can causesome modificaions of the grapeproteins, which
could leadto their insolubilisationresultng in a simplification of the SDSPAGE
profile (datanot shown)(Zamoraniet al., 1993).

The degralaion anddisappeanceof the grapeproteinsfrom thejuiceis
generallyconsderedas a modificationimproving wine stablity. For this reason,
the juices prodwced from infected berries were heaed to meaure their haang

potertial in comparisorto thatof the heathy juices(fig. 5.2).
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Figure 0.2. Heat test on Manzoni bianco juices deriving from healthy- and Botrytis
cinerea infected grapes. Different letters means significant differences among values for

P <0.01 (Student-Newman-Keul s test).

The heattest resuls showedthat the infection dramatically reducel juice
hazing,althoudh the turbidity level reachedoy the infected grapes juice was still
not sufficientfor its completestabilisation, which should correspondo turbidity
valueslowerthan2 NTU afterthe heattest(Pocockand Rankine, 1973).

After thesefirsts experimentsto confirm the presenceof a proteolytic
activity secreed by B. cinerea, an attenpt to obtan preparatons enriched in
protea® acivity wasmade.To this aim, the funguswasinoculatedin PDB liquid
medium and incubatedor 5, 10and15days.

The collectedpreparationsvere initially assged by SDSPAGE The 15
daysincubaed medium was left for 24 h at 20°C in contact with the juice

obtainedfrom ManzoniBiancohealtly grapes (fig. 5.3).
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Figure 0.3. SDS-PAGE of the juice deriving from Manzoni bianco healthy grape
analysed before (lane 1) and after 24 hours of incubation with the growth medium (15

days) of Botrytis cinerea(lane 2).

The SDSPAGE resultswere similar to thoseobservedn figure5.1, thus
suwpporting the ideathat B. cinerea produ@s proteaes able to degrale the grape
proteins

In order to establish the effect of the enzmatic activity also aganst the
proteinsof ManzoniBiancowine, anincubaion of the wine for 4 hourswith the

growthmedum (15 days) wasmadebeforeheattestng sanples(fig. 5.4).
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Figure 0.4. Heat test of untreated Manzoni Bianco wine (wine), wine added of PDB
medium (wine + medium, control) and wine after 4 hours of incubation with the PBD
medium in which Botrytis cinereawas grown for 15 days (Wine + medium after Botrytis).
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Different letters means significant differences among values for P < 0.01 (Student-

Newman-Keuls test).

Also in this experiment,the treatmentwith the growth medum of B.
cinerea led to a decreasef hazedevelopnent after the heat test. Howeve, the
shortnessof the incubationdid not allow a large haz reduction. A ceriain haze
diminution occurredalso in the control (wine + medga). This phenonenonmight
be due to the polysaccharidepresenin the medium, which can havea stabilising
effect on haze formation similar to tha of yeastsmannoproteinsacting as a
protectingfactor(Waterset al., 1994;Lomolino andCurioni, 2007).

From the literatureit was hardly possibé to find an enzmatc assay
suitable for acidic proteasectivity detecton. The substateindicated for this aim,
especidly azaalbuminandazeocaseindid not give goodresuts becausef their
precipitation at acidic pH (not shown). The only methodsthat seened to work
properly were thosepropo®d by Anson (1938) and Castill o-Yafiez (2004), both
assaysusng haemoglobinas the substrate After someadjusiments,the method
showed a good repeatabilityand so was adoped to screen the activity of the
fungal meda.

Firstly, this method was used to checkthe adivity producedby Botrytis
cinerea growthin PDB mediumfor threedifferenttimes(fig. 5.5).

1.200 4

[o}]

1.000 +

H

0.800 -

H o

0.600 -

0.400 -

Net absorbance (280 nm)

0.200 1 c d

PDB PDB + BotrytisPDB + BotrytisPDB + Botrytis  Pepsir
(5dayg (10days (15days)

Figure 0.5. Enzymatic assay of the medium (PDB) and the medium after 5, 10 and 15
days of growth of Botrytis. 0.01% Pepsin (w/v) was used as the positive control. Different
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letters means significant differences among values for P < 0.01 (Sudent-Newman-Keuls
test).

This expermenthasbeenreplicatedseveraltimes with different condtions
of incubaton, storage,substrateconcentation. The obtaned resuls (not shown)
showed a proteolyic activity in the medum that was always significanty higher
after 15 days of incubation suggestingthis length as the bestfor a proteases
emissionandfor the studyof their ability to degradeéhe grapeandwine proteins

An attemptto separateand concentratehe proteasesvas made by adding
ammoniumsulphate(80% saturation)to the media in which Botrytis was grown
for 15 days.Theresultsshowed the complde lossof proteolytic activity after this
precipitdion step(datanot shown).

This first batchof resultsconfirmedthe simplifi caion of the SDSPAGE
profile of juicesmadefrom grapesnfectedby Botrytis. The hed testonjuice and
wine showedthe paossibility of a reducton of hazeformation for sanplestreated
with the enzmaic preparation.However, the effect of the PDB medium
composition hasto be takeninto accountbecauseof its polysaccheade corntent
tha caninterferewith the proces of turbidity devebpment The very preliminary
attemptsof proteasesoncentratiorby proteinsdting out showeda total acivity
loss, thereforefurther trials neededto be doneto beter concentate the protease
fraction andto getrid of the PDB media.

To these am, additional experimentswere planned. B. cinerea was
inoculatedn a mediumcontainingManzoni biancowine proteinsasonly nitrogen
saurceto stimulateproteasegmisson from thefungus.

The new culture wasassayedor proteasescivity on haenoglobin asthe
substrate(fig. 5.6).
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Figure 0.6. Protease activity of the new B. cinereapreparation cultured with wine
protein as the nitrogen source. BC 1X: sterile-filtered culture medium; BC 10X: sterile-
filtered culture medium concentrated 10 times (MWCO 3000 Da); BC 10X dialysed:
sterile-filtered culture medium, concentrated 10 times (MWCO 3500 Da) and dialysed
against water; Pepsin was used as the positive control. Different letters means significant

differences among values for P < 0.01 (Student-Newman-Keul s test).

Botrytis cinerea emitted active proteass aso in the medum contaning
300 mg/L of wine proteinasthe sole nitrogensource.By conentraing 10 times
the fungd medium, the proteolytic activity revealed increasein haemoglobin
degrad&on that was not proportionalto the concentation factor. A beter reault
wasobtainel after dialysisof the concentragd medum. This resultwas probably
dueto theremoval of interferingcompaindsacting asinhibitors andbelongingto
the medium or secetedby thefungus.

Therefore,by using basicallyPR-proteinsasthe nitrogensoure, thathave
beenshownto posses an antifungal activity in vitro (Tattersallet al., 2001), B.
cinerea denonstatedits ability to grow andit seemed tha the proteasesemission
wasstimuatedin theseconditions.

The number of strains under investigation was enlaged by using the
medium so prepared.

Three new fungal strairs were cultured in addtion to Botrytis cinerea
(BC): lerotinia minor (SM), Sclerotinia sclerotiorum (B24) and Sclerotium
rolfsii (SR). Unlike Botrytis cinerea, thesefungi arenot specfic grapepahogens

but theyareknownto be ableto grow at acidic pH aspathogasof juicy fruits and
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plants (Billon-Grand, 2002). For these reasons they have theoreticaly been
corsideredsuitableto releasecidic proteaes active at the pH of mustandwine.

Initially, after a growth period on a mediumpreparedwith purified wine
protein as the sole nitrogen source, the fungi were testal for their enzymatic
activity againsthaemoglobinin comparisonto Botrytis cinerea and pepsin,both
usedaspostive controls(fig. 5.7).

0.5 -
0.4 1

0.3 +

0.2 1

Net absorbance (280 nm)
HH

H-o

0.1 c cd
’—I—‘ ] d
0 =
B24 BC

Pepsir SM

Sk

Figure 0.7. Proteolytic activity assayed on haemoglobin of four fungi after a growth
period in a medium containing 300 mg/L of Manzoni bianco wine proteins. BC: Botrytis
cinerea SM: Sclerotnia minor; B24: Scleotinia scleotiorum; SR: Sclaotium rolfsii.
Different letters means significant differences among values for P < 0.05 (Student-

Newman-Keuls test).

The four fung showed a different degraddon aptitude against
haemoglolmn. In particular, the fungus tha showeal the largest substrate
degadationwas Sclerotinia minor, the otherfungi showng a proteolyticactivity
significantly lower thanthat of SM but not very differentto that of BC, that was
assumedasthereference.

In order to beteer define the growth conditions able to stimulae the best
proteaseemissioninto the medium,thefour fungi were daily checkedfor protease

adivity by thehaemoglobirasay startingfrom theinoculaton moment(fig. 5.8).
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Figure 0.8. Protease activity assayed on haemoglobin of four fungi during 5 days of
growth. BC: Botrytis cinerea SMI: Scleotinia minor, B24: Scletinia sclerdgiorum; SR

Sclerotiumrolfsii.

A different evolution of the esocellular proteae acivity was deteded for
the different fungi. SM showed a better activity throughoutall the period of
observation,with a maximum betwea 48 and 72 hours after the inoculum its
activity being two timeshigherthanthatof BC and B24.

It is interesing to obsene how SR behavedwith no apparat adivity until
120 hours of incubationalthougha mycelium growthwasvisudly observel.

In the samesamplegreviouslyanalysedfor addic proteaes emission,the
residual wine protein content was measuredas an indired proof of protein
degrad#on (fig. 5.9).

Protein content (mg/L)

0 24 48 72 96 120
Time ()

Figure 0.9. Residual protein content in the medium during the incubation period. BC:
Botrytis cinerea SM: Sclaotinia minor, B24: Sclerotinia sclerotorunm SR: Scleroium
rolfsii.
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During the period of growth, a diminution of the proten contentof the
medium wasdetectedfor all the strainstested.In particular, SR seeanedto bethe
fungus with the best degradation potentality reading the totd protein
degadationafter 72 hous. The otherstrainsshowel similar behavour, reachinga
diminutionof 58.5%for B24, 76.5%for SM and83.9%for BC.

Quartitatively, these data did not math with the protease acivity
observedon haemoglobinfor the different fungi. This could be dueto a different
specificity of the protease$or haemogloln andwine proteins.By combining the
information collected in the two previoussaeenng tests,it seened that SR and
BC were the mostactivefungi in wine protein degradéon, althoughtheydid not
show a good proteaesactivity on haemogbbin (espe@lly SR).

To relve the doubtsconcerninghe sutability of a proteae assaywith a
substrate(haemalobin) differentto thatwe lookedat (grapeandwine proteins) a
new enzymatt assg wassetup by usng purified wine protens as the substrate
and by stainirg the proteolysis productswith ninhydrin as suggestoy Doi et al.
(198)) (fig. 5.10).
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Figure 0.10. Comparison between proteolytic activity of Sderotum minor, Botrytis
cinerea(BC) and Sclemwtinia sclerotiacoum (B24) after 72 hours of growth by using the
ninhydrin assay. Different letters means significant differences among values for P <0.01
(Student-Newman-Keuls test).

The reailts confirmedthat the highestproteolytic acivity wastha of SM
alsowhenthewine proteinswereusedasthe substate

163



SDSPAGE analysesof the sampleswerethenperformel (fig. 5.11,5.12,
5.13and5.14).
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Figure 0.11. SDSPAGE analysis of the proteins of the medium during the period of
incubation with Sclerotnia sclaotiorum (B24) in non-reducing (left) and reducing (right)
conditions. MW = molecular weight standards; 0, 24, 48, 72, 96 and 120: hours of

incubation.

B24 was considerednot to be a fungus suitable for grape proten
degradéion becausef its low proteaseemission and protein contentdecreasean
the medum. The SDS-PAGE analysesconfirmed these dat, highlighting a
generalisedbut low decreasef bandintensites not showng any speificity for

particular proten bands.
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Figure 0.12. SDSPAGE analysis of the proteins of the medium during the period of
incubation with Botrytis cinerea (BC) in non-reducing (left) and reducing (right)
conditions. MW = molecular weight standards; 0, 24, 48, 72, 96 and 120: hours of

incubation.

BC confirmed only in part the resultsof residud proten quantfication,
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showing only a generaliseddiminution of band intensites tha did not led to the
disappeeanceof any protein. This fact seemd to be due firstly to the shoter
incubationperiod of BC in this culturein comparsonto thoseobtained from PDB
media. Secondarily,the incubationof this funguswith the wine protens seened
not to stimulatea proteags emisson asexpected at leastnot for the incubaton

timestested.
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Figure 0.13. SDSPAGE analysis of the proteins of the media during the period of
incubation with Sclerdinia minor (SM) in non-reducing (left) and reducing (right)
conditions. MW = molecular weight standards; 0, 24, 48, 72, 96 and 120: hours of

incubation.

The largestprotein degadationwasobseved for SM starting from the 2™
day of growth, with a generalied proten decrase and with the compete
disappeeance of protein bandswith an apparat moleaular weight of 35 kDa
(probably chitinases)and lessthan 20 kDa. Besides,a gener& decreae of band

intensitieswas detected.
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Figure 0.14. SDSPAGE analysis of the proteins of the media during the period of
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incubation with Sclerotium rolfsii (SR) in non-reducing (left) and reducing (right)
conditions. MW = molecular weight standards; 0, 24, 48, 72, 96 and 120: hours of
incubation.

SR showedthe most interestingbehaviour,leading to a complek protein
disappearancéetveenthe secom and the third day of culture, confirming the
dataof protein quartification but contrastng with thoseof the haanoglobn assay.
This suddenchangeof proteinprofile wasvery differentfrom thoseobservedor
the other fungi. Taking into accountthe very low proteaseactvity of SR on
haemoglolm (Fig. 5.8) andthe rapidity of proten disgppearane in the growing
medium, it seemedinlikely thata proteasecould leadto a similar result althouch
the activaton of a proteaseafter an unidenified step of growth could not be
excluded.

Sclerotium rolfsii is a fungus commony used for the producton of
scleroglucan(Farifiaet al. 1998) a polysacchaide that the fungusreleases in the
medium and whos presencewas assuned as a possible reasonof proten
disappearancdndeed,the role of sclerglucanin proten sequestran hasbeen
demmdrated with further experiments(see chaper 6; Vincenziet al., 2007)
Conseqgenty, it wasassumedhat a protease adivity emssion into the medium
had to be presat, becaus the fungus grew, but this adivity was very low.
Therefore wine proteins were only minimdly degraded, but they disappeeed
from the mediumas a result of the acion of the scleroglican producel by the
fungus. Taking into accountthe antifungalactivity of the PR-protens, a possile
reasonof this unexpectedphenomenons thatthe producton of scleoglucanacts
as a sat of defencemechanismthat the fungus adops to trap protens and
inactivatetheir toxicity.

An attemp to grow the fungi (BC, SR and SM) on a media contaning
proteinsfrom dialysedManzonibiancojuiceinsieadthatfrom winewasmade.In
this case,a parial precipitationof grapeprotans addedto the medum occurred,
resultingin a5 timeslower proteincontentafter 24 hours (about50 mg/L instead
of 250 mg/L added).This phenomenorseaenedto depend on the emission fungal
laccae in the media, causingpolyphenolsoxidaion and their reaction with the
unfermentedmust proteinsthat are believed to be morereactve in this situaton
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than after fermentation (Zamoraniet al., 1993). Becauseof the too low final
proteinlevel, no significant proteoltic actvity was detedable (datanot shown),
although a generaised pratein content decrese was meaured in the fungal

medium during theincubation period(fig. 5.15).
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Figure 0.15. Residual protein content in the medium containing juice proteins as the
nitrogen source during the growth of Sclerotiumrolfsii (SR); Sclerotiniaminor (SM) and
Botrytis cinerea(BC).

Theresultspartialy confirmedthat SM hadthe best proteoltic acivity on
grapePR-proteins, but led to the conclusionthat the medium contaning proteins
from wine as the nitrogen sourcewas more suitable than that preparé starting

from juice.

1.1.57 PROTEOLYTICACTIVITY OF SCLEROTIUM MINOR

Sclerotium minor (SM) was selectedbeausethis fungusshowedthe best
proteasegmission andgoodwine proteindegralation.

A largequanity of mediumwasinoculaed with SM andthe growth was
carriedout in the conditionsconsideredasoptimal after the preiminarytrials: 72
h of growth in a liquid media (Billon-Grand, 2002) containhg 300 mg/L of
proteinspurified from wine.

The preence of a good proteolytic acivity in this new culture was
detcted(datanot shown).

SDSPAGE analysis(fig. 5.16) confirmedthe degralation of mostof the
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wine protens in the mediumin which SM was grown, the 66 kDa and 22 kDa
bandsbeingtheonly still visible bandsafter 72 hoursof growth.
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Figure 0.16. SDS-PAGE analysis of the proteins of the medium before (lane 1) and after
72 hours (lane 2) of growth of Sclerdinia minor (SM).

By comparisonwith the proteinsidentified in the Semnillon juice (see
paragaph 3.4.2),the 66 kDa and 22 kDa bandswere assumé to be the grape
invertaseanda thaumatinlike proteinrespetively, indicating a certan resistance
of thee bandsto degradatiorby thefungalprotease.

Theninhydrin assaywasusedto determnethe evolution of the proteolytic
activity of SM during a 24 h incubationperiodat 12 and 37°C in a modelwine

containing 0.5 % (w/v) of wine proteins(fig. 5.17).
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Figure 0.17. Evolution of the proteolytic activity of SV during 24 h at two temperatures.
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Theresultsshowedthe total absencef proteolytic activity in the sanples
kept at winemakingtemperaturg12°C), while at 37°C a linearincreaseof the
activity was dekected. Thee data confirm that proteoitic enzymes have
functional problems in the temperatire condiions used during normal
winemaking as previously demonstratedoy severalauthors(NgabaMbiakop,
1981; Waterset al., 1992).

The possiblity of wine stabilisationaganst protein haz formation by the
use of proteolytc enzymeswas checled by adding the SM preparaton to an
unfined Manzonibiancowine and by monitoring, after an incubdion period, the
hazedevelopedafter the heattest (Waterset al., 1992; Bakalnski and Boulton,
1985; Modra and Williams, 1988; Marchal et al., 1998). The wine was not
stablised by the additionof the mediumcontaning the SM proteasg(not shown).
This result might be dueto the preenceof heatunstablefungal protans and/or
residual wine proteins deriving from the culture medum addedto the wine To
sdve this problem purification of the proteaseacivity from the medium was
performedby fractionatingit by Anion ExchangeChromatography (AEC) (fig.
5.18).
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Figure 0.18. Chromatographic profiles obtained by AEC fractionation of the medium
before (blue line and numbers) and after 3 days of fungal growth (red line and numbers).
The flow through peak (FT) is not shown.

The AEC chromatogramsconfirmedwhat previouslyobserve by means
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of SDS-PAGE. In particular, the peak height after the fungal growth resulted
sersibly modified (red line) in a doubleway: i) SM growth causedthe reduction
of the height of all the peaks shaving a generéised effed of proten deaeaseji)
mostof the peakswerealmog completey degradd, with the exception of pe& 2,
that was previously consideredo be a TL-protan with the highest haz potential
whenheattested(seechapter?).

After protein contentdetermination(not shown),eat peakwas collecied
and analysedoy SDSPAGE to visualisethe effea of the fungal growth on the

protein profile (fig. 5.19).
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Figure 0.19. SDSPAGE (T = 14%; C = 3%) in non-reducing conditions of the peaks (25
ug of protein loaded) collected after anion exchange fractionation of the growth medium
(picture above) and after 72h (picture below) of SM growth. Numbers correspond to
peaks of Figure 5.18. Red circles indicate the main bands that disappeared after SV
growth; the green circle indicates bands appearing after SM growth.

A bandat~ 20 kDawasdetecte nearlyin everyfraction, confirming that
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grapeconfainsa largenumberof polypeptides with different pl values (affecting
the elutionfrom the AEC column) but similar appaent molecular massesn SDS-
PAGE (Monteiro et al., 2001). The resuts showel the degradation of se\eral
proteins(Fig. 5.19, red circles) and the apparane of new bands(green circle).
This indicates that SM growth degradedproteins with apparat MWs of 31
(probably chitinasesyand~ 10 kDa. Theflow throughof the startingmedum was
characterise by a large numberof protans (Fig. 5.19, FT), but, after the fungal
growth, its SDSPAGE profile wasradically altered,showing,in addition to an
almostcompkte disappearancef the original bands,also a new band with an
apmrentMW of = 50 kDa (Fig. 5.19, blue arrow). Furtherexpegiment indicated
this bandasthe protein showng the main proteolytic adivity aganst heanoglohn
(fig 5.20and5.21).
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Figure 0.20. Proteolytic activity on haemoglobin of the peaks collected from AEC
fractionation of the SV medium. Pepsin (0.05% w/v) and unfractionated SM medium (25

fold concentrated) were used as the positive controls.

Among the AEC peaks, FT resultedto be the most adive fraction,
althoughin comparisonwith the starting materid (the 25X unfracionaed SM
medium) it was evident that the proteolyic acivity deaeasedfollowing AEC
fractionation.The cau®s of this fact neal to be investigated but it seemedlikely
tha a patial enzyme denduration occurredduring chromatagraphy or that the

enzymaticacivity resulteddividedinto morethanonefraction.
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Figure 0.21. Specific activity (Abs 280 nm/pug protein) of the peaks collected after AEC
fractionation of the SM medium.

By expressingthe previousdatain terms of speific enzynatic activity
(ratio betweenthe activity and protein contenj of each fracton (fig. 5.21), FT
resultedthe most active althoughtwo of the following peaks (1 and 2) showed
also fairly good specific activities indicaing the proteolytc activity as divided
into thefirst threefractions. The specificactivity of FT was muchhigherthan that
of both the unfractonatedSM mediumand pepsin, becaiseof the abundancef
proteinin theseatter.

Once edablishedthat FT was the fraction contaning the man proteases
activity, awine stabilisationteg wasperformedby incubaing fraction FT at23°C

for 7 dayswith anunfinedwine (fig. 5.22).
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Figure 0.22. Heat test after incubation (23°C, 7 days) of an unfined Manzoni bianco wine
(protein content ~ 200 mg/L) with the FT fraction from SM medium AEC fractionation.

172



An incubation with the FT fraction of the un-inoculated medium was executed as the
control. Different letters means significant differences among values for P < 0.01
(Student-Newman-Keuls test).

The obtainedresuls highlightedthe possibiity to reachwine stablisation
(turbidity valueslower than0.02 AU). Unexpetedly, addition to the wine of FT
from SM and from the starting (un-inoculated) culture medium gave similar
resuts. This phenomenorwas attributedto two different mechansns of adion:
for the FT fracton deriving from the SM medium, the stabilisaion could be
ascrbedto the wine protein degradatia, whereas in the case of the FT fraction
from the un-inocubatedmediumthe stabilisaion could be dueto its high content
of polysacclarides(225.6g/L for the FT from Manzoni biancowine comparé to
37.9 g/L for FT from SM) thatactedasprotedive factorsagainsthaz formation,
aspointedout by severalauthorgWaterset al., 1991,1994;Pellerinet al., 1994)

These results show the possbility to utilize S minor as a source of
proteolytic enzymesfor grape and wine protan degradéon. From SDSPAGE
analses, a wine protein degradatiorwas detected although not compkte Two
proteinbandsseemednot to be affectedby the adion of S minor enzymes, these
proteinsprobably being thaumatinlike protans and invertasesThis information
revealsa maindrawbackbecaue thaumatn-like proteinsare considerd the major
responsible for heatinduced haze devdopment in wines (Waters et al., 1993,
1996) as confirmedin chapter4 of thisthesis.

First attemps of wine stabilizationby addiion of the whole enzymaitt
preparatio highlighted someproblemsfor the passagefrom laboraory trials to
thereal conditionsof winemaking,the proteolytic actiity of thewhole enzymatic
preparatio beingtotally inhibited at normal winemaking tempeatures (12°C).

A certain purificaton level was achieve by using Anionic Exchange
Chromatogaphy, although a loss on actvity was observe during the
fractionation process probablydue to the distribuion of the enzymne in several
chromatographidractions. Besides the quantities of purified enzyme were too
low to plan a large-scaleexperimentalso statting from a quite high volume of
sample Consequentlythe purification processshoutl be improvedby using other

173



chromatgraphictechniquesor, the expressiorof the proteolytic activity of SM in
etherolgoussystems suchasin yeast,couldbe attempted.

In concluson, the reportedpreliminary results indicae the possibilty to
use phytopahogenicfungi to produceproteaes,acive at the wine pH, which are
able to degradethe grape proteirs responsibldor haz formation in white wines,
athough further studies are necesary to make this appro@&h suitable for a

pracica usein winemaking.

1.1.58 PROTEOLYTIC ACTIVITY OF SCLEROTIUM ROLFSI|

Scletorium rolfsii (SR)wasstudiedin orderto inducea proteolytic activity
that wasnot deteced in the preliminaryresuls above descibed. To this am, SR
wasinocuatedin amedium(Czapeck)ontaining 0.26g/100mL of YeastExtract
and incubated(at 24°C) for 7 days. After this incubaton, the medum was
centrifugedandtestedfor its proteolytic acivity with the haemoglobinassg. In
thesecondtionsa certainproteaseemissionwas detected (0.255AU), in contrast
to thereallts of the screeningexperimens. An incubaion of this preparabn with
grape protensled to thedisappearancef some of themasshowedoy SDSPAGE
analysis(fig. 5.23).
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Figure 0.23. SDSPAGE analysis of the Manzoni bianco juice proteins (270 pL of
dialysed juice) before (0) and after 48 hours of incubation with the SR growth medium
(150 pL) (48). MW standard proteins are on the left (MW).

A geneal decreasein band intensity was detected with the complee
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disappeeanceof protein with MWs highe than 31 kDa. This expeiment was
replicatedtwice to confirmthereportedresults (not shown).

Becaise of the presenceof a large amount of polysacchaides
(scleroglucan)n the mediumafterthefungd growth,anattempt of purification of
the proteasesctivity wasperformedoy AEC (fig. 5.24),the main aim of this step
being to separatehe scleroglucar(neutralpolysaccharde) from the proteins, that
were assumd to be negativey chargel at the fractionaion pH (8.5).

Corsequetly, the salt for protein elution from the column was appled without

usng agradient.
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Figure 0.24. Fractionation of S. rolfsii medium by anion exchange chromatography.

Green line: % of eluent buffer B. 2 ml/min, 2.5 mL sample |oaded.

The chromabgram showedthe preene of a flow trough fraction (FT,
containing the scleraglucar) and of two peakstha were collecied and dialysed
agandg water. The protein contentof ead fraction was deerminal (not shown).
The three collected peakswere then incubaéd (48 h, 25°C) with an unfined
Manzonibiancojuiceandproteinsanalysedy SDSPAGE(fig. 5.25).
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Figure 0.25. SDS-PAGE in non-reducing conditions of samples of Manzoni bianco juice
(Mbj) incubated for 48 h with the three chromatographic peaks obtained by AEC
fractionation of the SR medium (fig. 5.24). Un-treated Mbj (lanel); SR medium alone

(lane 2); Mbj incubated with un-fractionated SM medium (lane3), FT (lane 4), F1 (lane
5) and F2 (lane 6).

The protein bands belongirg to the fungusshowel apparat MWs of 66,
40 and 35 kDa (lane?2). Incubationof the grgpe juice with the total SR medium
causeda generalsedbandintensitydecreasélane 3) whereasincubaton with the
AEC FT fraction of the SR medium (lane 4) led to a protein deaeaseonly for
chitinag bandsandthe presencef the fungusprotans werestill deectale. The
AEC Fracion F1 of the SR medum seemal not to lead to a proten decreae,
while new bandsappearedprobably belonging to the fungus) (lane 5). AEC
Fraction F2 led to a generalbandsintensity decrease, while probably fungal
proteins appearedlane 6). As observedpreviousy with the S. minor medium,
thesedata confirm the loss of proteolytc activity after AEC fractionation. An

enzymaticassayconfirmedthes reaults (fig. 5.26).

176



0.08 1
0.07
0.06 -
0.05

[

0.04 7
0.03
0.02 b

0.01 ’__T d d

SR FT F1 F2 FT+F1+F2

Net absorbance (280 nm)

Figure 0.26. Proteolytic activity on heamoglobin of the total (un-fractionated) S. rolfsii
medium (SR) and of the fractions (FT, F1 and F2) collected after anion exchange
chromatography. Different letters means significant differences among values for P <
0.01 (Student-Newman-Keul s test).

The un-fractionaed SR mediumshowed the highestproteaseactivity on
haemoglohi. It seemedhatanactivity lossoccured after AEC separabn, which
gawe fractionsshowingthe highestactivity in the flow trough (FT; in which the
scleoglucanshouldbe). The total activity lossresultng from fractionaion was
corfirmed from the amouwnt of the actvity measuredafter combhning the three
fractions that resuted sensiblylower (-78.2%) than that of the unfractionated
preparatio.

Taking into accountthat haemoglobincould not be suitable substate for
the SR proteasea furtherattemptto edablishif S rolfsii realy possessed usetll
proteolytic activity was pefformed by developing a zymograply method for the
detection of proteolytic activity directly on grapeandwine protéans. To this aim,
lyophilised Pinot grigio proteinswere disolved into a polyacriamyde soluion
tha wasthenpolymerized.In this way, a gd matix contaning 0.5 % of purified
wine proteinswas obtainedand,after making a holein the gel, 25 pL of total SR
preparatio were applied.After an incubaton at 25°C for 72 hours,the proteins
weretreatd with Coomasie stainandthe proteolytic adivity detectedas a clear
baclground.
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Figure 0.27. Detection of the proteolytic activity of the unfractionated S. rolfsii medium
inagel containing 0.5 % lyophilized wine proteins.

The presenceof a clear baclground aroundthe point in which the SR
medium was appled confirmedthe proteolytic adivity on the wine protens (fig.
5.27). In orderto establishwhich proteirs wereaffeced by the SR proteasea new
incubation testwascarriedout usng thewineprotans (fig. 5.28).

Figure 0.28. SDSPAGE in non-reducing condition of the products of different
incubations (6 days, 25°C) of the un-fractionated SR medium with grape and wine
proteins. Manzoni bianco wine un-treated (lane 1) and after incubation with SR medium
(lane 2); Manzoni bianco juice un-treated (lane 3) and after incubation with SR medium
(lane 4); Manzoni bianco wine fraction 6 from hydrophobic interaction chromatography
(see paragraph 4.4.2) un-treated (lane 5) and after incubation with SR medium (lane 6).
Each incubation was carried out in presence of NaNO; (0.01% final concentration). MW
standard proteins are on the | eft (lane MW).

178



Comparing the pattern of the un-treated wine with that of the wine
incubatedwith the fungus (lanes1 and 2, respedtsely), it was confirmedtha a
certainproteinreductionoccurred especidly for thebandsat = 30 kDa andfor the
TL-proteinbands(~ 21 kDa) that both reaulted lessintenseafter the treatmert. A
similar resultwasobsenedwhenthe samplesf grapejuice wereanalysedlane3
and4). In this case,a major proteindecreas@caurred, with the disappeeanceof
two bandsat = 40 and~ 24 kDa. The wine proteinfraction showing the highest
hazing potential deriving from HIC separaton (fraction 6, seefig. 4.13, chadter
4) was also usedto test the proteolytic activity of SR. From the comparisonof
lane 5 (un-treatedHIC fraction 6) and 6 (the sane fraction 6 but incubaed with
SR), it waspossble to observeanalmosttotal disappeeanceof this band.

Generallyfrom this experimenit seemedhatthetotal SR prepaation had
effectson wine chitinases(lanes1 and 2) and on juice 40 and 24 kDa proteins
(lanes3 and 4). Moreover, the study of S rolfsii effed on the HIC fraction 6
showed its degadativeability on a very hed-insteble TL-protein. These resuts
indicate the acive role of SR on the degradation or subtaction of the wine
proteins Howe\er, the presenceof scleroglicanexcrded by the fungusneal to
corsiderits partiaular effecton wine proteins.

In orderto beter understandf the scleroglicaninterferedon the obtained
resuts, threeculturesof S rolfsii wereachievedusing differentmedia preparedas
follows:

0 SR1=7dayscultureson Czapeckt+ 2.6 g/L of Yeastextract(same
conditions of thefirst experiments);

0 SR 2 = 9 dayscultureson Czapeckwithout NaNO3; + Manzoni
biancojuice;

0 SR3=9dayscultureson CzapeckwithoutNaNG; + Yead extract.

The three enzymdic preparationswere assayedfor proteolytic acivity
with the haemogbbin assay To havea further proof of the involvement of an
enzymaticactiity in SR preparationssampeés boiled beforeto be assged were
alsoteged(fig. 5.29).
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Figure 0.29. Proteolytic activity (haemoglobin assay) of the three SR preparations (see
text). A series of samples was boiled (100°C, 10 min) as negative controls for the
enzymatic activity. Pepsin 0.05% (w/v) tested as the positive control. Different letters

means significant differences among values for P <0.01 (Student-Newman-Keuls test).

The preenceof proteasesn S rolfsii medum was confirmedby the loss
of activity occuring after boiling the sanples, although the samples showed
different behaviours.SR 1 (areplicateof the sampé describé in the previouspart
of theresuls), showedthe bestproteaseacivity, which wascompléely inhibited
by heating.As expected,the sampleSR 3, also prepared with Yeast extract,
behavedsimilarly to SR 1. In contras, the acivity of SR 2, which was adually
very low, was not significantly affected by boiling. An explanaton of this
unexpectedresut may be thatthe condiions of culture (prepard with grapejuice
insteadof yeastextract asthe nitrogensource)stimulaed scleroglu@n emission
(indicated by a very high densty of the culture medium not shown). It was
supposedthat, the sterile filtration applied to all the preparatons testedcaused
retertion on thefilter of the SR 2 proteasedecauseof the compkexaton of these
latterby the scleroglucanTheseresultswere supporté by testng the proteolstic
activity of nonil teredculturesof SR 2, thatin this casewassimilar to thatof SR
1 andSR 3 (notshown).

All thee dat indicatedthe stimulating effect of the grape protans on
scleroglucanemissionby S. rolfsii. A hypothesiscould be madeto explan this

phenomenon:due to the toxicity of the PR-proteins againstfungi, S rolfsii
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defendedtself by subtractig proteinsfrom the mediumby trapping them into the
sclaoglucan,ratherthanby usinga proteolytic adion. This theorywould explain
the low proteaseactivity detectedfor SR andlead to hypothesize a cooperative
action of sderoglucanand proteasesn defendingthe fungusfrom the antifungal
activity of thegrapePR-prateins.

Thefungalsampledormerly desribedwereanalysedaso by zymography

for proteolytic degradatia of thewine protens(fig. 5.30).

SR1 SR2 SR3

-

¥
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(0.20 um)
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Figure 0.30. Detection of the proteolytic activity of unfractionated S. rolfsii media in a
gel containing 0.5 % lyophilized wine proteins. 25 uL of SR 1, SR2, SR3 (see text)
filtered, unfiltered and boiled were incubated at 25°C for 120 hours. After incubation the

gel was stained with Coomassie and de-stained with 7% acetic acid.

SR 1 confirmedits activity againsthe wine proteinsboth beforeandafter
being filtered. SR 2 andSR 3 showedlargerprotan degradation whennotfil tered.
Boiled sampks did not show any proten degraddon, confirming the
heamoglobn assayresults. Once more, the hypothesisof a S. rolfsii protease
activity aganst grape and wine protein seened to be confirmed becauseno
sclaoglucan action could interfere with protein disgppearane in these

experimental condtions.
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The threenew culturesof SR were adced to an unfined Manzoni bianco
wine (proten content300 mg/L) andincubatd to assesgheir effeds on protein
profiles. After 4 daysof incubation,samples weretestedoy RP-HPLC in orderto
establish variations in the protein profiles. The RP-HPLC pe& area were
analysed (Perg et al., 1997) at the beginning (TO) and after 4 days (T4) of
incubation (fig. 5.31,5.32and5.33).
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Figure 0.31. SR1 RP-HPLC peak areas at the beginning (blue bars) and after 4 days of
incubation (red bars) with Manzoni bianco wine. The incubation was conducted by
adding 100 pL of SR mediumto 1 mL of wine.

Basedon the datareportedin table 3.1 andin figure3.11 (chaper 3), the
peak retention time detectedoy RP-HPLC indicatad the presence of TL-protens
(from 8.9 to 10.9 min of retentiontime) and chitinase (from 19.4 to 20.5 min
RT). Therefore, the proteolytic activity of the fungus affected the TL-protein
contentasshown by the sensibledecreasdor three of the four TL-proten peaks.
Surprisngly the sameeffect did not occur for chitinasestha, on the contray,
resulted surprisngly increased.Although it is possble tha some degralation
productsderiving from the action of the funguselute from the column with the
sameretenton time of the grape chitinases this occurren@ needto be further

investigated.
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Figure 0.32. SR2 RP-HPLC peak areas at the beginning (blue bars) and after 4 days of
incubation (red bars) with Manzoni bianco wine. The incubation was conducted by
adding 100 pL of SR mediumto 1 mL of wine.

SR2 confirmedits lack of proteasesctivity of the fil teredmedia. Indeed,
none of the deeckd peaksshoweddiminution, apart for that at 8.9 min of
retention.
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Figure 0.33. SR3 RP-HPLC peak areas at the beginning (blue bars) and after 4 days of
incubation (red bars) with Manzoni bianco wine. The incubation was conducted by
adding 100 pL of SR mediumto 1 mL of wine.
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Confirming the data previously shown, SR 3, showeal behavour very
similar to that of SR1.This resultis obvious,since the only difference of these
two preparationswastheincubationtime (7 daysfor SR 1, 9 for SR3).

The final trial to assessthe actual effect of S rolfsi media in wine
stabilisation wasdonre throughheattestingthe wine treated with the culture meda
(fig. 5.34).
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Figure 0.34. Heat test of an unfined Manzoni bianco wine added of the three SR
preparation (SR1, SR2, SR3, see text) in a ratio 1:20 (50 yL/ 1 mL of wine). 10X:
enzymatic preparation concentrated 10 times by Vivaspin tubes (3000 MWCO).
Incubation was carried out at 25°C for 90 hours before heat-testing the samples (80°C, 6
hours). The turbidity developed was measured as the difference between the absorbance
at 540nm before and after the heat test (Pocock and Rankine, 1973; Waters et al., 1991).
Different letters means significant differences among values for P < 0.01 (Student-

Newman-Keuls test).

Boiling thefungal preparationdeforethar addiion to thewinereailtedin
the absenceof stabilisation and the turbidity was even higher than that of the
untreatedwine. In contrastthe non-boiled preparéions (exceptSR2)were able to
diminish the wine turbidity formedafter heat test.In paricular, sampesSR110X
and SR3 10X showeda certainstabilizing effect athoughit was not enoughto

fully stabiize thewine.

In summary Sclerotium rolfsii hasbeenshownto be a fungusvery active
on proteinremovalfrom grapejuice andwine. This removad wasdueto theacton
of the sclerodgucan emitted by the fungus in the presenceof grape proteins.

Besdes a certainproteolytic activity hasbeen detecied in the SR culture media,
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although the presenceof scleroglucaninterferedwith the experimental results.
The hypothess formulatedis that a coopeative acion between sderoglucanand
protease®xists as a protectionmechaism exertal by the fungus againstgrape
PR-proteinstoxicity. However, attemptgo purify the proteases by AEC and HIC

(not shown) brought to a significant enzymatic activity loss and impared the
paossibility to experimentallyconfirm thisidea

In condusion, the datacollectedon the fungi studiedin this chaper (B.
cinerea, S rolfsi and S. minor) indicatedthe potentidity of thar useas a souce
of proteasesctive agairst grapeandwine protens, S. minor and S. rolfsii being
potentially more suitablethan B. cinerea for this aim. However,further andyses
are requiredto definitely assesghe possiblity of the practcal application of
proteolytic enzymesfrom the studiedfungal sourcesin the actual condtions of

winemakingo stabilisewhite winesaganstproten hazeformation.
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CHAPTER 6

Scleroglucan-Protein interaction: atool for protein removal from

wine?

ABSTRACT

Many fungi areable to form escellularpolysactarides. Sderogluanis a
water-solubke polymer produced by fermentaion of the filamenbus fungus
Slerotium rolfsii. This polysaccharideyields only glucose on compete
hydrdysis, its molecularstructureconsistng of beta-1,3-D-glucoseresidieswith
one betal,6-D-glucose side chain every three main residues. Dissohed
sclaoglucanchainsassumearod-like triple hdical structure,in which the glucose
residuesareon the outside thuspreventingthe hdicesfrom coming closeto each
otherandaggre@ting.

Interaction of scleroglucanwith proteinshas neve beenstudied. When
dissolvedin watea at a 0.5% concentratn, this polysacchaide (usedin the form
of commercal product Actigum CS) showal no interaction with a standad
protein(Bovine SerumAlbumin), evenafter 2h of incubaton atroomtempeatue
under agitation. However, when the scleroglu@n was dissolved at the sane
corcentationin a wine model solution (12% ethanol,5g/L tartaric acid, pH 3.3),
BSA (addedat a final concentrationof 300mg/L) disgppeard compldely after
only 10 minutesfrom the addition

Scleroglucaninteractedwith proteinsalso whenusedto treat a real wine,
containing~ 350 mg/L of proteins Theinteractionappe&redslowerthanin model
sdution and protein removalwas neverconpleted, leaving 15% of the original
protein evenafter a 30h incubation.The interacton with polypheno$ was very
low, with a maximum removal of 15%. The interadion of scleroglcan with
stardard proteins and with purified wine proteins and the effect of the soluion
composition were extensively studed. However, being water soluble,
sclaoglucandissolvedin bothwate and wine modé soluion, thusexduding the
paossibility to usethe nativepolysacharidefor wine stabilisation.
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INTRODUCTION

Wine protens play a key role in determining the white wines qudity,
mainly becausethey are involved in haze formation during wine storage The
most commonmethodto stabilisewhite winesagainsthazeformation is basedon
bentaite fining. The negatively charged bentonite paricles interact
electrodaticdly with wine proteinsallowing their removalfrom wine. However,
this treatment has some drawbacks becaise bentonie adsorpton is rather
aspecific and,in additionto proteins,removes different moleaules or aggregags,
including aroma andflavour compound (Voilley et al., 1990).For thesereasons,
aternative proceduredor proteinremovd from white wine have been developed,
including fining with silica sol/gelatine(Millies, 1975),useof immobilizedtanric
acid (Weetdl et al., 1984) or proanthogynidins (Powerset al., 1988), use of
exchangeresins(Sarmentcet al., 2000),adsorpton on the surface of metal oxides
(Pachow et al., 2002), ultrafiltration (Hsu et al., 1987) and adsaption on chitin
(Vincerzi et al., 200%). Recentlythe useof negatively chargedpolysachardes
hasbeenalsoproposedo stabilize thewine (Cabelo-Pasiniet al., 2005).

Many fungi are able to form extra@llular polysachaides. The
phytopathognic fungus Sclerotium rolfsii  (the ananorph form of the
basidiomyceteAthelia rolfsii) attacksa wide variety of plants,primarily annuals
and herbaceougperennials but somewoody plants are also attacked when they
are young (Aycock, 1961). The filamentousfungus Sclerotium rolfsii has also
beenextensivelystudiedoverthelastyeas by virtue of its ability to exaetelarge
amouwnts of B-1,3-p-1,6-d-glucan or 'scleroglucan’(Farifia et al., 1998). This
exopdysaccharide exhibits interesting rheobgicd propertes for different
industrial areaqFarifiaet al., 2001) andit has beenrecently included asoneof the
mostpotentbiologcal reponsemodifiers(Preuset al., 1991).

Scleroglucanis a watersoluble polymea which yields only glucoseon
compete hydrolysis; its repeatig unit consistsof betal,3-D-glucoseresdues

with one betal,6-D-glucose side chain every three main residues. Dissolved
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sclaoglucanchainsassumearod-like triple hdical strudure,in which the glucose
residuesareon the outside thuspreventingthe hdicesfrom coming closeto each
otherandaggegaing. Scleroglucars a neutal polysactiarideandits interaction

with proteinshasneverbeenstudied.

MATERIALSAND METHODS

1.1.59 MATERIALS

The wine used (vintage 2005, variety Manzoni bianco) was kindly
swpplied fromthe“ScuolaEnologicaG.B. Cerlett” of Conggliano(ltaly).

The experments were performedby adding (under mild agitation) the
commerdal dried scleroglucanACTIGUM CS 11 (Degussa)obtaired from
Sclerotium rolfsii, to the protein solution for an adequat incubaton time. The

insduble pellets werecollectedby centrifugadion (14000gfor 5 min).

1.1.60 GRAPE AND WINE PROTEIN CONTENT DETERMINATION

Protein contentdeterminatiorwas performel accordng to Vincena et al.
(2009). Firstly, proteinswere precipitaed from 1 mL of wine with the KDS
method (Zoccatéli et al. 2003). The pelets weredissolvedinto 1 mL of distilled
water and quantfied by using the BCA-200 protein assaykit (Pierce). The
calibration curve was preparedby using serial dilution of bovine serumalbumin
(BSA, Sigma) in water. The measuremets were performed
spectrophobmetrcally at 562 nm (ShimadzuUV 6010).

1.1.61 TOTAL POLYSACCHARIDE CONTENT DETERMINATION

The polysacchade contentwas determned colorimetrically acerding to
Seyarraand co-workers (1995). After addtion of 5 volumes of absolué etharol
(Baker), sampeés were left at 4°C overnight before centifugation (30 min,
140009). The collectedpelletswere washel twice with ethanol (Bake) andthen
dissolvedin bi-distilled water.1 mL of sampé was thenaddedof 25 pL of 80%
phenol (w/w, Fluka) and2.5 mL of sulphurc acid (Merck). Sanpleswere mixed
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and the reacton carried on for 30 minutes at room tempeature Absorbance
valueswere spectrophotometricallyneaural at 490 nm (Shimalzu UV 6010)
The calibration curve wasprepare by usingseral dilution of galacibse(Fluka)in

water.

1.1.62 TOTAL POLYPHENOLSCONTENT DETERMINATION

The phendic conentin samplewas detemined colometricaly according
with the method proposedby Singletonand Rossi (1965) optimised for small
samplevolumesby Waterhous€2002).200 uL of waterdilutedsample(1:10v/v)
were added with 1 mL of water diluted (1:10 v/v) 2N Folin-Ciocdteau reagent
(Sigma). 800 pL of 7.5% (w/v) NaCOs (Merck) solution were addedto the
sampleandthe incubation carriedout for 30 min at 40°C. The cdibration curve
was preparedby using serial dilution of gdlic acid (GAE, Fluka in wate. The
measurementw/ere performedspectrophodmetically at 725 nm (ShimadzuUV
6010).

1.1.63 HEAT TEST

Accordingto Watersand colleagueq1991) a heat testwas performedto
determineprotein stability. After heating(80°Cfor 6 hours),sample were chilled
(16 hours at 4°C) and, after equilibrationat room temperéure, turbidity values
were measured nephelometrically (Hach 2100P turbidimeter) or
spectrophobmetically at 540 nm (Shimadzu UV 6010). Net turbidity values
lower than2 NTU (Net Turbidity Unit) or 0.02 AU (AbsorbancdJnit) indicated

samplestablity.

1.1.64 SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL ELECTROPHORESIS

(SDS-PAGE)

Electrophorett analyseswere performedacacording to Laemmii (1970).
Samplesto be analy®d were dissolvedin a TrissHCI pH 6.8 buffer containing
15% (v/v) glycerol (Sigma)and 1.5 % (w/v) SDS(Bio-Rad) andheded at 100°C
for 5 minutesbeforeloading.For SDS-PAGE in reducing conditions, 3% (v/v) of
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B-mercaptoethandlSigma)wasalso addedto the loadingbuffer. Electrophoesis
was performed in a Mini-Protean Ill appaatus (Bio-Rad) with T = 14%
(acrylamideN, N’ metilenbisacylamide29:1; Fluka) gds. The molecular weight
standad protens were Myosin (200,000 Da), B-galactosidasgq116,250 Da),
Phosphorylaeb (97,400),SerumAlbumin (66,200Da), Ovalbumin (45,000Da),
Cabonic anhydase (31,000 Da), Trypsin inhibitor (21,500 Da), Lysozyme
(14,400 Da) and Aprotinin (6,500Da) (Broad Range Molecular Weight Markers,
Bio-Rad). After electrophoresisgels were staned for 18 h with Coomassie
brilliant blue R-250 (Sigma) and then destaned with 7 % acetic acid for 24 h
(Koeniget al., 1970).

1.1.65 STATISTICAL ANALYSIS

Datawere andysed by oneway completelyrandonized ANOVA with the
CoHort Software (CoStatversion6.311, Monterey, CA) and daa significativity

assessedy StudentNewmanKeulstest

RESULTSAND DISCUSSION
1.1.66 KINETIC OF SCLEROGLUCAN-PROTEIN INTERACTIONS
As discussedn chapte 5, the growth of the fungusSclerotium rolfsii, in a

medium containing only wine proteinsasthe nitrogensource causedhe compkte
disappeeanceof thesdatterafter 72 h of incubaton (fig.6.1).
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Figure 0.1. SDSPAGE analysis of the proteins of the media during the period of
incubation with Scleratium rolfsii (SR) in non-reducing conditions. MW = molecular
weight standards; 0, 24, 48, 72, 96 and 120: hours of incubation.

Further analysesindicatedthat protein disappegsance was due to proten
sequedration from the scleroglucanproduced in large quantties by the fungus,
rather thanto a proteaseactivity that wasseento be not relevant (seeChaper 5,
fig. 5.8).

Grape and wine PR-proteins demonstate in vitro antifungd activity
againstcommonfungal pathogenof grapevingGiananakiset al., 1998;Sdzman
et al., 1998; Tattersallet al., 2001;Jayasankaet al., 2003;Monteiro et al., 2003)
Conseqgenty, the emissionof sclerogluca by the fungus might be pat of a
deferce mechanismagainstPR-proteins. This medanismof adion is probaly
necessaryto keepthe fungi safefrom PR-protans toxicity andto usethem asa
nitrogen source, probably by meansof proteolytic enzymea adsorbedinto the
scleraglucan(seechapter5).

Sclerotium rolfsii is a fungusthat releaseshigh quantities of esocellular
scleroglucanin the culture medium.Preiminary expeiments were performedin
order to assesghe adrption capability of the scleoglucantowards Manzoni
biancowine proteins. To this aim, a commecial dried sderoglucanwasaddedto

an unfined Manzonibiancowine atdosagesbhetveen0 and10 mg/mL.
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Figure 0.2. Effect of the addition of scleroglucan at increasing concentration (0.1, 1, 2,
5, 10 mg/mL) on the wine total protein content after 48 hours of incubation with an
unfined Manzoni bianco wine (original protein content 351 mg/L). Each data is the mean
of at least three replicates. Different letters means significant differences among values
for P <0.01 (Sudent-Newman-Keuls test).

A significant proten diminutionwasdetec¢able with dosage higherthanl
mg/mL, untl reaching of a decreaseof the 80% at 10 mg/mL. These results
corfirmed the abiity of the scleroglucanto adsorbwine proteins also in real
corditions.

The effectsof the scleroglucartreatmenton sonme wine paranetas were
studed. Firstly, a quantificationof thetotal polysactaridecontentwasperformed

in the samesampeésof figure 6.2 (fig. 6.3).

1200 -
1000 -
800 -
600 -

Polysaecharide content (mg/1.)

Scleroglucan dosage (mg/ml.)

Figure 0.3. Effect of the addition of scleroglucan at increasing concentrations (0.1, 1, 2,
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5, 10 mg/mL) on the wine total polysaccharide content after 48 hours of incubation with
an unfined Manzoni bianco wine. Different letters means significant differences among
values for P <0.01 (Sudent-Newman-Keuls test).

The resultshighlighted a partial subtracion of polysacchadesfrom wine
a low dosagesof scleroglucan while starting from 2 mg/mL a release of
polysaccharideswvas detectable It is known tha scleoglucan is soluble in
aqueoussoluions. Consequentlythis release shoutl be due to the release of
scleroglucann the wine, probablyderiving from its uncompeéted interacton with
the wineproteirs.

The effect of the treatmentwith sclerogluca was also assesedfor the

wine total polyphend content(fig. 6.4).
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Figure 0.4. Effect of the addition of scleroglucan at increasing concentrations (0.1, 1, 2,
5, 10 mg/mL) on the wine total polyphenols content after 48 hours of incubation with an
unfined Manzoni bianco wine. Different letters means significant differences among
values for P < 0.01 (Sudent-Newman-Keuls test).

A little effect on polyphenol content was obseved, with significant
decrement(-13.1%) at the maxmum dosagetested It seens tha this reduction
depened more on the eliminationof polypheno$ boundto protens (Somersand
Ziemelis, 1973)thanto a direct effect of the polyme on thesecompounds.This
hypathesiswas supportedby the visual aspet of the pelet obtaned after the
treamert of arealwine with sclerglucanin compaisonto thatobtainedfrom a
model wine (fig. 6.5).
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Figure 0.5. Left: Pellet of a model wine containing BSA treated with scleroglucan. Right:
pellet of a Manzoni bianco wine treated with scleroglucan.

Theyellow colourof the pelletachievedrom the real wine (fig. 6.5, right)
should indicatethe presenceof polyphenas, which areabsenin modd wine (fig.
6.5, left).

To deteamine the kinetics of sclerogluanproten interadions, the
paysacharidewas addedat both four conentraions and incubaton timesin a
model solution (tartaric acid 5g/L, ethanol 12%, pH 3.2) in the presene of 300
mg/L of Bovine Serum Albumin (BSA). The data showed the reaching of
completeBSA elimination after only 10 minutes with 5 mg/mL of scleoglucan
(fig. 6.6), wherea the preence of little protin was observe at higher
corcentatiors.
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Figure 0.6. Effect of the addition of scleroglucan at increasing concentrations (0.1, 1, 2,
5, 10 mg/mL) and of the contact time (10, 30, 60 and 120 min) in the total protein content
of a model wine prepared with 300 mg/L of BSA. Each data is expressed as an average of
at least three replicates.

Thedataconfirmedthatthe scleroglicanconentrdion strongly influences
the protein content, with a maximum BSA subtration at 5 mg/mL. Each
scleroglucandosagesignificantly influenced the residu# protein contentfor P <
0.01 In this experiment,a certain release of proten was observe at higher
dosageq10 mg/mL). It is notewortly that the adsorpton kinetic resuled linear
from 0 to 5 mg/mL of scleroglucan(R? > 0.9), while no significant effect (P <
0.01) was observedfor the incubationtime. In fact, after 10 minutes BSA
adsorpton resutedcomplete.

The samesampestestedfor proteinadsorptionwvereanalysd to assesshe
guantity of polysaccharidesesultingfrom sderoglucandissoluton into the model

wine (fig. 6.7).
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Figure 0.7. Effect of the addition of scleroglucan at increasing concentrations (0.1, 1, 2,
5 10 mg/mL) and of the contact time (10, 30, 60 and 120 min) on the total
polysaccharide content of a model wine prepared with 300 mg/L of BSA. Each data is

expressed as an average of at least three replicates.

The results confirmed what observed formerly, by highlighting a
paysaccharidereleasethat was significanty influencedby both the sclaoglucan
dosag (P < 0.01) and the incubation time (P < 0.01). Thesedat confirmed

scleoglucansolubility in aqueousolutions.

1.1.67 SOLVENT EFFECT ON SCLEROGLUCAN-PROTEIN INTERACTIONS

The sclerogucanwasincubatedat severalconcentationsfor 30’ in water,
tartaric acid (5 g/L, pH 3.2), ethanol (12%) and wine model solution, all
containing300mg/L of BSA (fig. 6.8).

In water and ethanol solutions the interaction with proteins was
signficantly lower (P < 0.01) than in acidic solutions. The highest protein
removal was observedn modelwine, suggeshg a synergistt effect of pH and

ethanol, probablydue to a betterhydration of the polysacharidein the presence
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Figure 0.8. Effect of the solvent composition on the BSA-scleroglucan interaction. Each

data is expressed as an average of at |east three replicates.

1.1.68 IONIC STRENGTH EFFECT ON SCLEROGLUCAN-PROTEIN INTERACTIONS

The scleroglucan is a neutral polysacchade. Howeve, to exclude the
possibility of an ionic interaction with protens, 0.5M NaCl was added to the
solutions.

As showedin fig. 6.9, the proteineliminaion rate was diminishel by the

salt, thoughproteinswere still completelyremovael after 24hof incubaion.
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Figure 0.9. Effect of 0.5 M NaCl on the BSA-scleroglucan interaction. Scleroglucan was
added at 5 mg/mL. Each data is expressed as an average of at least three replicates.

The preence of NaCl producedalso a reduction on polysaccharde
solubility (data not shown) andthis mayexplain the reduction of the sclerogluan
protein interacton rate.
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1.1.69 EFFECT OF THE HIGH MW ENDOGENOUSWINE COMPOUNDSON

SCLEROGLUCAN-PROTEIN INTERACTIONS.

An ultrafiltered wine (3 kDa MWCO) was usel to study the effeds of
sclaoglucanaddtion (5 mg/mL, 30 min incubaton) on BSA (addedat 300mg/L)
removal in the preence of all the nonrmaadomoleaular componentsof wine,
including polyphends (fig. 6.10).
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Figure 0.10. Effect of the removal of macromolecular compounds (> 3 kDa) from wine

on the protein-scleroglucan interaction. Each data is expressed as an average of at least
three replicates.

The reailts showedthat the protein removalwas conmplete only in modd
wine. In the preserme of endogenousvine compoundswith a MW lower than 3
kDa the protein removalresultedincomplde, with a diminution of 65 % in the
protein content which correpondsto the quantty observe for the whole wine.
Therefore,some endogenousompoundswith low MW presenin the ultrafiltered
wineimpair to someextentscleroglucasprotein interacions Althoughthe natue
of thesecompounddasnot beenelucidatel, aninvolvementof wine polypherols

(fig. 6.4)onthisresultcanbe hypotheszed.

1.1.70 EFFECT OF PROTEIN TYPE ON THE INTERACTIONSWITH SCLEROGLUCAN

Becaise in the preernce of wine low MW compounds(may be
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polyphenos) the protein reduction obtained by scleaoglucan addtion resulted
similar uang botha modelprotein(BSA) and thetotd wine protens (fig. 6.10),it

could be hypothested that the composiiond characeristic of the soluion

influencesthe interactionmorethan the protein nature Therefore,to confirm this

idea, the effect of scleroglucamadditionwas studied on soluions prepaed with

variousprotens, differing in both molecula weightandglycosilation degre (fig.

6.11).
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Figure 0.11. Interaction of different proteins with scleroglucan in a model wine solution.

Each data is expressed as an average of at least three replicates.

The proten removal effect of the sclerogucanappeaedto beindependent
from the protein molecularweight (seethe overlapping curvesfor BSA, 66 kDa,
and lysozyme 14.4 kDa), whereasprotan glycosildion seemed to have some
effect on the interaction with the polysacharde. It is to be noted that the
ovalbumin, a protein with a MW betweenBSA and lysozymebut with a high
glycosylation degree,neededthe lowest dose of scleoglucan to be renoved,
indicating a strorg affinity for the polysacharde This effect was observedaso
with yeastinverase(abaut 50% of glycosylaton), althoughthe interaction of the
scleroglucan with this protein was progressivel reduced at scleroglucan
concentrationdigherthan~ 1.5 mg/mL. Therefore the effect of the proten type

on scleroglcanproteininteractionsvarrans furtherinvestigation.
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1.1.71 EFFECTSOF SCLEROGLUCAN ADDITION ON HEAT STABILITY OF MODEL

SOLUTIONS

To correlatethe effectof proteinremova by scleroglucan and the thermal
stablity of thetreatedproteinsolution,hed testswere performedon modd wines
preparedwith 300 mg/L of BSA. In general, the heat stablity test (fig. 6.12)

revealeda proportonal relationshipbetween sderoglucan concentraion andhaze

formation.
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Figure 0.12. Heat test on model wine samples prepared with 300 mg/L of BSA. Each data
IS expressed as an average of at |east three replicates.

Consequety, the increaseof scleroglucarconcentraion matched with an
increase in heatinduced turbidity, indicaing that the polysacharde can
contribute to its formation However, it is noteworthythat the treamens at 5
mg/mL of sclerogucanmadethe samples heatstabk. This can be explaned by
the almosttotal absenceof proteinsat this polysaccharde dosage(seefig. 6.8).
However, also at 10 mg/mL of sclerogluan addtion BSA was present in near
zero quartities (seefig. 6.8), but in this casethe heatinducel turbidity was the

highest.Taking into accaunt thatheatingthe scleoglucan alonein modelwine did
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not resut in hazeformation(datanot shown),this occurrene may be explainedas
follows. The presenceof an exces of scleroglu@an with respectto the protein in
solution, could resultin the formation of hed-unstabé conplexes different from
thoseformedat the polysacclaride/B3A ratio existing at5 mg/mL of scleroglucan
addition, which wereinsteadheatstable.

Moreove, this experimentndicatedalsoan effect of the incubdion time,
a least for the samplestreatedwith 5 mg/mL of scleoglucan (fig. 6.12) In
particular, after 10 minutesthis sampé was still instabe (A Abs > 0.02) and
compete stablisation was achievedonly after 30 min of treatnent This would
indicatethat, despitean almostimmediag interaction between scleroglu@an and
proteins(fig. 6.6),the formationof heatstabe complexesneede alongertime to

occur.

1.1.72 CONCLUSIONS

Sderoglucanis able to interact with proteans when dissoled in acidic
buffer, andthe presencef little quantityof ethanolenhanceshis binding.

This interacton seemsto be of nortionic naure beause of the neutal
characteristicof the scleroglucanThe presene of polyphenolsreducesof only
30% the ability of the polysacchariddgo remove proteins. These characeristics
would make the scleroglucana good tool for proten removal from wine.
Howeve, this polysaccharidés solublein aqueoussolutionsandtendsto remain
in the wine after the treatment.Consequelhy, in orderto use sclerogluca for
wine stablisation, it seems necesar to overcome this inconvenientby using
chemical modificationsto make the polysaccharde conpletely insolubk in the

wines to bestabilised.
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CHAPTER 7

Conclusions

This work aimedto improvethe comprehensiownf several grapeandwine
proteinfeatures,suchasthe effect of fermenation on proten stablity, the role of
protein hydrophobicity on haze formation and on ther readivity with seed
tamins. Moreover,theinvestigationfor novelchromadographicmethodsfor grape
and wine proteins fractionationwas carried out. Besides,in order to solve the
problem of hazeformationin white wines,two alternative approacksto remove

proteinsregponsiblefor this drawbackwerestudied.

Firstly, this thesisaspiredto clear the fate of grapeproteins during the
alcaholic fermengtion. In particular,it washighlighted thatthe solublke protans of
the berty of a white grapevariety (cv. Manzoni bianco) vary during and after the
alcdholic fermenationin both quantityandrelative proportions.Indeed,a protein
fraction containinga single 20 kDa bard (thaumatin-like proten), obtanedwith
Anion Exchang Chromatographyreailted that with the lowest heat-stablity and
with the largest quantitative increase throughout the fermengtion process,
conrstituting a large proportion of the total wine protens. These results are
corsigentwith the statementhatthaumain-like proteinsarethe main responsibe
for hazeformaion in white wines, as estabishedin chapte 4. Moreover,it was
corfirmed tha fermentirg yeass releaseglycocompoundsn the wine (probably
mannoprdeins),resuting in animprovedheat stablity of the total wine proteirs,

despitetheincreasen therelativeproportion of their mostunstabé componat.

In chapter3, a novel methodfor grapeand wine proteins purification is
propased. The chromatgraphic approachusedtakes advantaye of the different
hydrgphobicty of the grapeandwine protans, which werefractonatd according
to this characeristic. The main outcomewas that with Hydrophobt Interaction
Chromatogaphy (HIC) it is possible to effedively fractionae grapejuice and
wine protens, comhning a good preparawe sepaaton with the attainment of

high proteinrecoveryandpurity for several proten fractions. In particular,a Vitis
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vinifera thaunatin-like proteinwas purified with high yields,from both Semllion

grape juice andwine by exploiting its highesthydrophobicty levd amonggrape
proteins Additionally, this chromatographisysten demonstreed the potentiality

to purify more than one protein espedally in wine in which the number of
proteins is low. For this reason,this knowledge will be very helpful for the
purification of other grapeandwine proteins. Thereforethe application of HIC in

enological studies should contribute to improve the understandig on protein
characteristicandfunctionality.

Besdes by using a multi-step purification procedure, involving HIC and
RP-HPLC it was possible to separatedby SDSPAGE 26 different protein spots
that havebeenanalygd by LC-MS/MS. A large numberof grapeprotens were
thus identified by MS and datalase searching with a majority of chitinases,
followed by thaumatin like proteins. However, not all the identfied protans
presentedhe highesthomologywith Vitis vinifera proteins,indicaing tha further
investigation are required to establit the complexity of the grape protein
compostion.

From these sequenceresults it was possibé to create a schene
summarizingthe putativehydrophobiciy of the grapeprotens, tha can be useful
to interpret their physicalchemical behavour. Moreover, the precise
idenification of the single grape protens allowed to assignthem to each RP-
HPLC peakand this outcomecould be usdul to researbers for an unequvocal
and rapid identification of grapeproteinson the basis of the RP-HPLC retention

time

An exampleof how HIC could be utilizedin proten studesis givenin
chapter 4, in which an extenson of this techniquewas performel in order to
fracionate and study proteins from an unfined Manzoni bianco wine. By
comhining a preparativeHIC fractionaton with othe andytical technigwes (i.e.
SDS-PAGE, RP-HPLC, SE-HPLC), it was possibleto patially charaterize the
fracionated Manzani bianco wine protans. A relationshp between protein
hydrophobcity and hazepotentialafter the heat test wasfound. Furthemore, the
thaumain-like protein content of each fraction resuled strictly relaed to its

hazing potential, confirming the assumptiontha thaumain-like protens are the
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man heatunstable wine proteins Moreover, by means of Size Exclusion
Chromatogaphy it was also confirmed the protective role of glycoconpourds
agang protensinsolubilisation.

From the study of wine protein fractions with different hydrophobidy
same conclsions are reached.In paricular, it can be stated tha the turbidity
formedafter tanninadditionto proteinfractionsin modelwine tendedto increase
according to their hydrophobicity, suggstng a relationshp beween this
parameteandwine proteinsreactivity with tannins.Moreover, tempeatureplays
a key role in the hazeinduction, since a dramdic increae of tannn-protein
reactivity occurs after heating. Heatirg of the protein-tannin mixture might
increasethe extentof interactionsby inducing proten denduraion andexpositon
of a high numberof tannin binding site. In the protan naive stae, thesesites
should be buried in its core, which can be supposedto contin the most
hydrgphobic portion of the molecde. Therefore a role of hydrophobic
interactionswhich, on the otherhandarefavoure at high tempeature shouldbe
corfirmed. However, pre-heating the proteins in model wine did not increag
turbidity developmentfter tanninaddition.A possibleexplanaion of this fact is
tha the changein protein conformation occurring during the heating in the
absenceof tanninsis a reversble process. Therdore, protein reactvity with
tamins is enhancedonly when protein is presentin its heat-dendured state.
Moreover,an enhacementof hydrophobc interacions, whosestrength increases
with the temperatire, would be supposedto contribue to tannin-protein
interactionsat high temperature . Therefore,if the increasdn turbidity formaton
with the increasng of protein hydrophobcity, as demonstrad in chapte 4, is
corsidered,the ideathat hydrophobicily plays a key role in determining wine
proteinhazingseemso bejustified.

All these notionswill be useful to betterdefine the relationshp betwveen
the preencedifferent typesof proteinandtannins,in orde to cleartheir role in

white wineshazing

In the secondpart of this thess, two approahesto overtake the still
unsdved problemof hazeformationin white winesareillustraed.

Taking into ac@unt that treatmentswith proteolytic enzymes are widely
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consideredhe ideal sygem to removethe heatunstdle protans from mustsand
wines, a selecion of fungal strains with the potential to produceproteasesacting
on wine proteins was conducted.Our resultsconfirmed that Botrytis cinerea is
able to secete exocellular proteasesctive aganst grape proteins. Besides,the
suitability of other filamentousphytopathogeic fungi in growing utili zing wine
proteins as the sole nitrogen source was denonstated. In partiaular Sclerotina
minor and Sclerotium rolfsii ssemedmore suitéble than B. cinerea in eliminating
grape and wine proteins regonsible for haze formaion in white wines
highlighting the potentiality to be usedasa soure of proteolytic enzyme, active
at the wine pH, usefulto this aim. Howeverthe atempts to purify the proteases
resultedin significant activity lossesand further investigdions are requred to
definitely assesghe possibility of a practical applicaion of the studied fungi in
the actwal condtions of winemaking.In particular, the study hasto coninue by
trying to obtaina high productionof active proteasesby the fungi andby studying
purificationtechniqes moreefficient and able to preservehe enzymaic acivity.
In addition, single purified protein fractions of heatunstble grgpe and wine
proteins(thaumatin-like proteinsandchitinasesshouldbetestedfor degradabity
with the purified fungal proteasesln this way, a beter undersandirg of the well
known PR-protein resstanceto proteolysiswill be achieved, with the obtanment
of useful information for the selection of fungd proteasesto be useal in

winemaking

By studyingSclerotium rolfsii for its possble proteaes producton, it was
found thatthis fungusemitsin the culturemedium,in addiion to a protease,aso
a polysacchaue (scleroglucanhaving the capaility to compldely remove the
wine proteins, which were also seen to act as an enhancng factor for its
production. The probable explanationfor this occurrencewas that a cooperéive
action between scleroglucanand proteaes exists as a protection mechansm
exerted by the fungus againstgrape and wine PR-protens toxicity. From the
characterisatiorof the ability of the sclerogluca to interad¢ with proteinsit was
demmdrated that this polysaccharideis able to interact with both a standard
(BSA) andwine prateinswhendissolvedin acidic buffer, andthatthe presene of

little quantity of ethanolenhanceghis binding. This interacion seeans not to
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depend on the ionic strength becauseof the neuta chaaceristic of the
sclaoglucan.Besices,the presege of the nonrmacronoleaular fraction (< 3 kDa)
of the wine redwesof only by 35% the ability of the polysactarideto remove
proteins These characteristicswould make the scleroglu@n a good tool for
protein removal from wine. However, this polysacharide showed a main
drawback,becausat dissolvedin partin the solution. Consequelhy, in orderto
use scleroducan for wine stabilization, it will be essatial to overcone this
inconvenienty usingchemicalmodificaionsof its strudure (i.e. by crosslinking
andor immobilization) in order to makethe polysactaride compléely insoluble
in thewinesto bestabilized.

In concluson, main resultsof this thess work are the improvenent in
grapeandwine proteinfractionationandthe study of alterndaive methodsfor the
removal of heatundable protein from wines. A denonstation of how the
combination of different chromatograplui techniques can lead to a deeper
comprehensin of the functional and biochemical chamacteistics of grapeand
wine protensis given. Thesedataallowedto clear somegrapeandwine protein
characterist, such as their hydrophdicity, their peculiar heatstablity and
reactivity with tanninswhich, at date,arenot fully understood.

It seemsthat this line of resarch can offer useful informaton to the
researchersn finding new strategis to undestand and preventprotein hazing in

white wine.
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