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論 文 内 容 要

Chapter1.Introduction

旨

Buckwheat(FagopyrumesculentumMoench)isgrowninmanycountries,andistheonlyknown

cerealtocontainrutin(akindofflavonoid)initsseeds.Todate,severalstudieshavesoughtto

understandthephysiologicalrolesofrutin,includingasanWBscreen.However,thephysiological

roleofrutininbuckwheatstillrequiresfurtherclarification,requiringaninvestigationof

developmentalrutinaccumulationpatternsandtissuespecificdistributionofrutinduringbuckwheat

growth.Inaddition,astudyoftheenzymesinvolvedinrutinsynthesisanddecompositionisalso

required.Towardsthesegoals,inchapter2,Ifirstpurifiedandcharacterizedenzymesofrutin

synthesisanddecompositioninbuckwheat.Inchapter3,Ithenmeasuredtheconcentrationofrutin

andrelatedcompoundsatdifferentstagesofbuckwheatgrowthanddevelopment.Further,I

investigatedchangesinleafrutinconcentrationandrutinglucosidaseactivitywhentheleafwas

subjectedtostress.Basedonthesestudaes,thephysiologicalrolesofrutinarediscussed.

hth・Jap・ne・eわ ・di・d・ ・鰍b・ ・kwheat且 ・u・ism・i謡y・ ・edinm・ki・g…dle・.The仕 ・・h・6ss・f

buckwheatflourisveryimportantinnoodlemanufacturingandquality.However,buckwheatflour

deteriorateseasily.Severalreportshaveshownthat,duringstorage,lipiddegradationandoxidation

arethemaincausesofdeteriorationin'buckwheatflourintermsofmeasurablequalityindexes.

Thereゆe,inchapter4,1血 ●stcharacterizedtheenzymesassumedtocatalyzeIipiddegradationand

oxidationinbuckwheatflour.Inanextstep,theeffectsofrutinonflourqualitydeteriorationwere

investigatedwiththeunderlyinggoatofpreventinglipiddegradationandoxidationinbuckwheat

flour.Theeffectsofrutinontheactivityofenzymesoflipiddegradationandoxidationinbuckwheat

flourwerespecificallyinvestigated.Theimportanceofrutininthebuckwheatplantandinquality

deteriorationofbuckwheatflourisdiscussed.
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Chapter2.Characterizationofenzymesinvolvedinrutinsynthesisanddecomposition

Buckwheatcontainsrutinnotonlyinitsseeds,butalsoinitscotyledons,leaf,stemandflour.Todate,

studieshaveassignedcertainphysiologicalfunctionstoplantflavonoids,namelyUYBscreening,

antioxidantactivityanddiseaseresistance.Inbuckwheat,severalstudieshaveinvestigatedthe

physiologicalrolesofrutin,butdidnotsufficienttoclarifytheseroles.Therefore,astudyofenzymes

involvedinrutinbiosynthesisanddecomposition(Figure1)wasaprimaryrequirement.Inthis

chapter,出ee聯nesof皿tinsynthesisanddecomposidoninco㎜onbuckwheat㎝d瞼y

buckwheat[Fagopyrumtataricum(L.)Gaertn.]werepurifiedandcharacterized.

Thetwomonomericenzymesidentifiedasshowingflavonol3-glucosidase(fag)activityintartary

buckwheatseedspresentedverysimilarkineticcharacteristics.Thefaghadhighaffinityforrutin(Km

"0
.12mM);greaterthanthatforquercetin3-0-glucoside[Km"1.10mM](Table1).TheUDP-Glc:

且・v・n・id3-0唱1・ …yl杜m・ 艶・麗・(3GT)・ 皿ym・ ・iゆ ・kwh6・t・ ・tyl・d…w・ ・em・n・m・d・ 孤d

exhibitedagreateraffinityforquercetinasasugaracceptor(Km"27ｵM)thananyotherflavonoid

tested.3GTshowedahigherafほnityfbrUDP-Glc(Km創LO4mM)thanfbrothersugardollors(T註ble

2).

Theseresultssuggestthatintermsofsubstratespecificity,fagand3GTwereadaptedtorutin

synthesisanddecompositioninbuckwheat.Therefore,toinvestigatethephysiologicalrolesofrutin,

itwouldbenecessarytoinvestigatechangesinthecontentsofrutinandrelatedenzymesofrutin

synthesisanddecomposition.
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Chapter3.Changesinrutincontentduringleafexpansion,grainripeningandcotyledon

growthinbuckwheatasafunctionofitsenzymicsynthesisanddecomposition

To負 耐herinvestigatethephysiologicalroleofrutininbuckwheat,inchapter3,changesinthe

concentrationofrutinduringbuckwheatandtartarybuckwheatgrowthanddevelopment,suchasin

leavesandintheripeningseedandingerminatingcotyledons,wereinvestigated.Changesin

enzymaticactivitiesrelatedtorutinsynthesisanddecompositionwerealsoinvestigated.Inaddition,

changesinrutinconcentrationandfagactivityinleavesunderthevariousstresses(UV-Bradiation,

coldandmoisturestress)wereinvestigated.

Inleaves,rutinconcentrationand3GTactivityweregreatestintheyoungleafandthendecreased

graduallyasa血nctionofdecreasingleafposition(Figure2).Rutinwasmainlylocatedinthe

epidermis,particularlytheupperepidermiswhichboremorethanhalftherutinintheleaf.Several

studieshaveinvestigatedthephysiologicalroleofrutininUVBscreening.RutinabsorbsUVlightin

thesamerangeasligninandwax.Howeverinayoungleaf,rutinwouldbemoresuitableasaUV

screeningcompoundthanligninandwax,becauseyoungleavesoftartarybuckwheatexpandvery

quickly,generallywithinafewdays,andtheshapeoftheleaveschangesdramatically.Insuchleaves,

ligninorwaxwouldphysicallypreventtheleaffromexpandingwhereasrutinwouldnot.These

resultssuggestthatcompoundsusedinscreeningtartarybuckwheatleaves'responsetoUVBlight

dependontheleafsstageofexpansionandthatrutinisasuitablescreeningcompoundduring中e

youngstageleaf.

Tofurtherclarifythephysiologicalroleofrutinbyinvestigatingotherpossiblephysiologicalrolesof

rutin,stress(UVB,cold,moisture)treatmentswereimposedontartarybuckwheatleaves.Therutin

concentrationwasincreased122%byUV-Bradiationand129%bymoisturestresstreatments

(Figure3).Ontheotherhand,fagactivitywasincreased363%byUV-Bradiation,190%bycold

stressand158%bymoisturestresstreatmentcomparedtonon-stfessedleaves.Inaddition,the

quercetinconcentrationwasincreasedalmost40-fbldUV」Bradiation,240%bycoldtreatmentand

590%bymoisturestresstreatment,comparedtothecontrol.Theseresultsalsosuggestthatfag
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activityandrutininbuckwheathaverolesotherthanasaUVscreen.Thefactthatrutinconcentration

andfagactivitywereincreasedbystresstreatment,suggestthatrutinandfagactivitymayberelated

toenhancementofthedefensesystemagainststressconditionsinthetartarybuckwheatleaf.

Inseeds,rutinconcentrationincreasedduringseedripeningandremainedhighinfullyripeseeds

(Figure4).Thefagactivityincreasedtogetherwith3GTactivityduringseedripeningandremained

highwithonlyaslightreductionin血llydpeseeds.Ihsuchseeds,them勾orpartofthenltinwas

foundintheembryo,whereasalmostallthefagactivitywasdetectedinthetesta.Intheearlystageof

seed-development,cellsintheembryodivideactivelyanditundergoesdramaticmqrphological

changes.DamagetoDNAfromUVlightwouldhaveasignificantdeleteriousinfluenceonthegrowth

oftheembryoorplant.Rutincouldbeimportantintheseeds,especiallyattheearlystageofripening,

asaUV-absorbingcompound.

Ihgenninatingcotyledonsofbuckwheat(Figure5),rutillconcentrationand3GTactivityincreased

justaftergemlination.The3GTactivityandrutinconcentr急tionwerehigheveninbuckwheat

・・tyl・d6・・th・tw・ ・e餌 ・w・i・dar㎞essandth・ ・w・ ・en・t・xp・ ・edt・UVIight.Thiss・g9・ ・t・th・t

rutininbuckwheatcotyledonsmayhaveotherrolesinadditiontoUVscreening.Ihtartarybuckwheat,

thef3gactivity,whichislocatedmainlyinthetestawasdetectedathighlevelsduringcotyledon

growth(Figure6).IIIaddition,thef3gwasalsopresentonthesur血ceofthecotyledon.Thef3gonthe

surfaceofthecotyledoncouldhavebeenexported丘omthetestabecausethecotyledondidnot

containmuchf3gcomparedwiththesurfaceofthecotyIedon.Ontheotherhand,nltinwas

distributedmail11yintheepidermisofthecotyledon,suggestingthatnltinishydrolyzedtoqμercetin

byf3gatthesurfaceofthecotyledonifthecotyledonisi功ured.Thef3gactivityonthesurfaceofthe

cotyledonmayplayaroleinproducingananti-ftmgalagentsuchas3,4-dihydrokybenzoicacid,

whichisfb㎜edsuchasinthebro幅ngofo㎡onskinbyperoxidase-dependentoxidationof

　

quercetln・
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Chapter4.Effectsofrutinonqualitydeteriorationofbuckwheatflourduringstorage

ThefreshnessofbuckwheatflourisimportantforJapanesebuckwheatnoodlemakers,since

buckwheatflourdeteriorateseasily.Severalreportshaveshownthatlipiddegradationandoxidation

(Figure7)inbuckwheatflourarethemaincausesofmeasurablequalitydeteriorationduringstorage.

Therefore,understandinglipiddegradationpathwaysisimportantinthequalitycontrolofbuckwheat

flour.Rutinmaypreventlipiddegradationandoxidationbecauseitexhibitsantioxidativeactivity.

Therefore,inchapter4,theeffectsofrutinonqualitydeteriorationandontheactivityofenzymes

involvedinlipiddegradationwereinvestigated.Inadditionenzymesrelatedtoqualitydeterioration

inbuckwheatflourwerecharacterizedandtheeffectsofrutinontheseenzymeswereinvestigated.

Toinvestigatetheeffectsofchangesinrutinconcentrations,aswellaslipase(LIP),lipoxygenase

(LOX)andperoxidase(POX)onthequalityofbuckwheatflour,storagetestsof14buckwheat

varietiesforO,4,10and30daysat5ｰCor20ｰCwerecarriedout.Therewereatleasttwoenzymesof

LIPandPOX,andtwoproteinsforLOXinbuckwheatflour.LIPactivityfrombuckwheatflourwas

inhibitedbyrutinwhereasPOXwasnot(Figure8).

Duringthestorageperiod,therutinconcentrationshowednegativecorrelationstowatersolubleacid

(WSA;significantat30daysofstorage(DOS)at5ｰC,andafter4DOSat20ｰC)(Table3).TheLIP

activitywassignificantlyandnegativelycorrelatedtopHpositivelytoWSA.TheLOXIprotein

concentrationshowedanegativecorrelationwithWSA(significantatOand4DOSat5ｰC,aswellas

atOand10DOSat20ｰC).ThePOXshowedasignificantcorrelationtopHandPOVat5ｰC,whereas

thiscorrelationwasnotsignificantat20ｰC.Therutinconcentrationshowedanegativecorrelation

withtoWSA(significantat30thDOS5ｰC,and4DOSat20ｰC).

Fromtheseresults,rutinconcentrationandlipaseactivityapparentlyplayanimportantroleinlipid

degradationandassociatedqualitydeteriorationofbuckwheatflour.Tobreedabetterbuckwheat

variety,decreasingtheLIPactivityandincreasingrutinconcentrationinbuckwheatseedwouldbe

desirable.
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Conclusion

Intermsofsubstratespecificity,fagand3GTwereadaptedtorutinsynthesisanddecompositionin

buckwheat

Changesintheconcentrationofrutinduringbuckwheatandtartarybuckwheatgrowthand

development,suchasinleavesandintheripeningseedandingerminatingcotyledonssuggestthat

rutinplayaroleinUVscreening.

Thefactthatrutinconcentrationandfagactivitywereincreasedbystresstreatment,suggeststhat

rutinandfagactivitymayberelatedtoenhancementofthedefensesystemagainststressconditions

intartarybuckwheatleaf.

Rutinconcentrationandlipaseactivityapparentlyplayanimportantroleonlipiddegradationand

associatedqualitydeteriorationofbuckwheatflour.

Fromthesestudies,itisclearthatrutinisaveryimportantcompoundforthebuckwheatplantinterms

ofitsdefensesystem,andalsoforbuckwheatflourintermsofqualitymaintenance.
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Figure1.Catalysisofrutinbiosynthesisanddecomposition.

Table1.KineticconstantsandMolecularWeightoffagisozymes

Kmvaluea Vmax曲ea MolecularWeightb

forrutin

(mM)

forisoquercitrin

(mM)

forrutinforisoquercitrin

(nkatmg')(nkatmgt)

SDS絹PAGE

(kDa)
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aDataaremeansoftwomeasurements .Kineticconstantsofpurifiedfagisozymesforrutinandisoquercitrin

weremeasuredunderstandardassayconditions.
bDataaremeansofthreemeasurementsbySDS -PAGEusingsamplesfromthreeindependent

purifications,andfivemeasurementbygelfiltration.
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Table2.Substratespecificityof3GT

Substrate Relativeactivity

(%)

塩
酬

Flavonol

quercetin

kaempferol

100.Oa

15.2a

0.02

n.d.

Flavone

apigerun

luteolin

14.9a

1.Oa

d

10

n

n

Flavanone

nangerune 3.3a n.d.

UDP-Glueose

UDP-Galactose

TDP-Glucose

100.Ob

22.8b

17.3b

1.04

n.d.

25.4

a:Activitywasdeterminedbydecreasein

substrateconcentrationinreactionmixture.

UDP-Glcwasusedasasugardonor.
b:Quercetinwasusedasasugaracceptor ,

andactivitywasdeterminedbydecreasein

quercetinconcentrationinreactionnuxture.
n.d.:Notdetermined.
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Figure2.Measurementofrutinconcentration,fagactivity,3GTactivityandorgan

distributionofrutinconcentrationoftartarybuckwheatleaves.

Tartarybuckwheatleavesf}omdifferelltleafpositions(L2;senescentlea£L3-L6;mature

leaves,L7,L8;youngexpandingleaves)wereharvestedat28DAGfromplantsgrownin

anexperimentalfield.Then,dryweight(A),chlorophyllconcentration(L7=100)(A),

rutinconcentration(B),fagactivity(L6=100)(B),3GTactivity(L8=100)(C)and

relativedistributionofrutinconcentrationatLSleaf(D)weremeasured.Dataaremeans

oftwoindependentexperiments.
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Figure7.Modeloflipiddegradationproposedforricebran.LIP:lipase,WSA:water-soluble

acid,LOX:lipoxygenase,POV:peroxidevalue,POX:peroxidase,COV:carbonylvalue
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ToinvestigateinhibitoryeffectofrutinagainstbuckwheatLIP-andPOXactivity,rutinwas

addedintothereactionmixtureinwhichPOXorLIPactivitywasmeasured.Assubstrate,

pNPC12(forLIPactivity)orguaiacol(forPOXactivity)wasused.Rutinwasdissolvedin

EGMEandaddedtothereactionmixturewithfinalEGMEconcentrationof15%(v/v),and

finalrutinconcentrationofOto200μg/ml.ReactionmixturecontainsLIPorPOXactivity

correspondingto66.6mgbuckwheatflourperlmlreactionmixture.

RelativeLIP(A,C)andPOX(B,D)activityexpressedrelative(%)torutinfreeenzyme

activity.Dataweremeansofthreeindependentexperiments.BarsindicateｱS.D.
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論 文 審 査 結 果 要 旨

ソバは多 くの国で栽培 され,食 用にされている。ソバにはフラボノイ ドの一種のルチンが含まれて

お り,機 能性食品として注 目を受けている。しかし,ル チンを含むのは,穀 物の中ではソバが唯一で

あり,ル チンの生合成や代謝,植 物体におけるルチンの生理機能,さ らに食品としてのソバ粉におけ

るルチンの役割など,不 明な点が多々残 されていた。

本研究では,ルチンの生合成に関わるフラボノール3-0一 グルコシル トランスフェラーゼ(3GT)と,

分解に関わるフラボノール3一 グルコシダーゼ(f3g)の 精製 と動力学的解析,葉 や種子におけるルチ

ン含量 と両酵素活性の成育に伴 う変化,発 芽幼植物におけるこれ らの変化,環 境ス トレス条件下にお

けるこれ らの変化などを詳細に検討 し,ル チンの代謝 と生理機能の一端を明らかにした。また,ソ バ

粉におけるルチンの機能を,特 に脂質の酸化防止の観点か ら解析 し,粉 体にした後の品質劣化を防 ぐ

機能を持つことを明らかにした。

本研究か ら得 られた結果は,次 のようにまとめることができる。①動力学や基質の特異性か ら,f3g

と3GTは ルチンの生合成 と分解に関わる酵素であることを明らかにした。② ソバやダッタンソバを用

いた生理的な解析か ら,ル チンは表皮細胞に特に集積することが判明 し,ル チンはUV遮 蔽の機能を

持つことを示唆できた。③発芽子葉や葉では,他 の植物が集積するフラボノイ ドに比較 して,ソ バの

ルチン含量は非常に多 く,食害に対する防御物質 としての機能を持つ可能性を示唆できた。④特にダッ

タンソバでは,ル チンは乾燥 ・低温などの環境ス トレスに対する防御システムを向上させる機能を持

つことを示唆できた。⑤ ソバ粉の リパーゼ活性をルチンが阻害することで,品 質劣化を防ぐ機能を持

つことを示唆できた。上記の成果を,国 際学術雑誌に公表した。

以上,本 研究の成果は,ソ バの植物体においても,ま た食品としてのソバ粉においても機能の多く

が不明であったルチンについて,数 多 くの新知見が得 られたものである。モデル植物や主要作物で用

い られている生化学,代 謝生理学,植 物科学,食:品 化学の技法をソバに導入 し,育 成に時間を要す る

材料であるのにもかかわらず,丹 念に解析をすすめた優れた研究である。

本研究は,研 究例の少ないソバに焦点をあて,機 能性物質 として脚光をあびているルチンの機能を,

生理面と食品の面から明らかにした優れたものであり,審 査員一同は,本 論文提出者に対 し,博 士(農

学)の 学位を授与するに値するものと認定 した。
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