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ITPOAETOMENA

mopovoa dttpPn Eekivnoe kot oAokAnpdOnke oto gpyactipro Bloynueiog kot

Biloteyvoroyiag duvtov tov tuquatog dutikng Ilopayoyng, g ZyoAng

I'eomoviag, tov TEI Kpftng pe v emomuovikyy vrootpién tov epyactnpiov

Buotegyvoloyiag @uvtdv tov tunuatog Broloyiag tov IMavemomuiov Kpnng.
Avt ) otyun mov 10 €pyo €xel oAokAnpmbei, o NBela va gvyaploTiom TOvV KOONYNTH
diMnmo BepPepion yio v vkopio Tov Hov £0MGE Vo, EPYACTM GTO £PYACTNPLO TOV KOl VO,
TPOGTOONC® VO PEPM GE TEPAG £V, OTWG amodelyOnKe, OLGKOAO £pyo.

Ye ovtd to onueio whetver emiong kot évag pEYAAOG KOKAOG OTOLO®V GTO
[Mavemommwo Kpntng, o omoiog Eexivinoe to 2001. AicBavopor Aowtdv tnv ovaykn vo
evyapomom Beppd v kadnynpie Koiiidomn Povumeddxn-Ayyehdkn, vmevBovn tov
npoypappatog Mopilakng Broloyiag kot Bioteyvoroylag Outdv, yioo TNV €ukoipio TOL LoV
£€0MGE VO UM GTOV YDPO TNG EPELVOG KO VO, TPAYUATOTOMG® OTE TOV TPOTYOLUEVWDG OEV
umopovco Kov va otavondd Ot pumopovoav vo cvopfovv. Emiong svyopiotd Oeppd, tov
kaOnynt| Nworao I[Tavomovro yio v O6mola vroompiEn pov mapeiye. Ymnpée o mpmTog
KaOnyntg pe tov omoio pBa oe emaen oto Ilavemompuo Kpnng, kpvouevog BEPara tote
YL TV E1G0YMYT] HOV GTO UETOTTUYIOKO TPOYPOULLO Kot €ivar Kot Tdpo vrevBouvog yia v
KpioT VTG TS O100KTOPIKNG O TPIPTG.

EminpooBeta, Ba nBeha va gvyopioticm tov ¢ido kot kovpumdpo pov IMoavoyudn
Yappn Yoo TNV TOAVTIUN, O TOAAEG oOTIyUEG, vmootpién mov pov mapeiye. TéAog,
avapeifola moAAd evyopiotd afifovv omv cdluyd pov Avactacia KoOdG Kot 6To dLO
Toud1d TOL OMOKTHOUE KOTA TNV OldpKeELD TG JTPIPNG QLTHG, YTl oiyovpa Ekavay TV

Con pov o evOlapEPOLT ...

Vi
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AIZTA ZYNTOMEYXIEQN ENZYMOQN

Iivakxag 1: O1 ovvrousdoeis twv evidumy Tov YpHRoYWoOToI00VIaL UETO, OTO KELUEVO KO OTO. GYHUOTA KOOGS Kol 01
KWOIKOL avopopag yLa. ta. EvEouo. Tov UETOSOMOIOD TV YaiVDAOTPOTOVOEIOWDY

XovTunon ‘Ovopa gvivpov Evlopki] khdon
ABL A{yo'z_an TV Blgrl'vn.'A cc
Biotine:ACC ligase
ACS Axérvio-CoA avvBdon
Acetyl-CoA synthase
ACC Koppolviaon tov axérvio-CoA
Acetyl-CoA carboxylase
C4H 4-Y5po§z_)/1da(7 7OV KIVWOUIKOD 0EEOG Cytochrome P450 monooxygenase
Coumaric acid 4-hydroxylase (P450)
loouepadon twv yorkovaov
CHI .
Chalcone isomerase
CHS 2vvidon Tov yalkovedy Polyketide synthase
Chalcone synthase
rovuopixo olv:CoA Aiydo .
4CL 4-C/é uﬁr)n aric acid:Co Ayliggse Adenylate-forming enzyme
Avoywyaon twv P450 kvtoypouatwy
CPR Cytgchyron?e P450 re ductasxep H NADPH-depended P450 reductase
ERa ka1 Owsrpoyovikoi vmodoyeis o kot
ERp Estrogen receptors a xou S
F3H 3-Yopolvidon twv prafavovav Oxoglutarate-depended dioxygenase
(FHT) Flavanone 3-hydroxylase (ODD)
F3'H 3’-1)5/)0@/10%5771 WV PLOLOVOELODV P450
Flavonoid 3’-hydroxylase
FLS 2vvBoon twv plofovoiav ODD
Flavonol synthase
Apvootaon twv icopiafovovary
IFD
Isoflavanone dehydratase
IFS 2vvBoon twv 1coplafovarv P450
(2H1S)  Isoflavone synthase
PAL Auua)vzoiu'dmy e goa{vvialavz'vng Ammonia lyase
Phenylalanine ammonia lyase
TAL  AHHwviolvdon e tpooivig Ammonia lyase
Tyrosine ammonia lyase
RS 2ovvhaon tne peoPepatpoing .
(STS) Resvera;?[rgl (étilgeﬁe)ﬁ;yn;t?hase Polyketide synthase
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IHEPIAHYH

Ot (molv)povolkég ovoieg eivor pio ONUOVTIKY KOTNYOPio. QUTIKOV GUOTATIKOV OV
EUMAEKOVTAL OTO OTPOPIKO pevoy Tov ovOpmdmov. Ot ovcieg avTéG amoteloLV o
TOALGVOTOTN ONAda pe PLOAOYIKOG OpaocTikég un-Opemtikéc evaoelc. Meta&d oavtov, o
QAafovoedn kol To OTIABEVOEON TOPOVGIALoVY EAIPETIKO EVIOPEPOV, LLE TO TPOTA VO,
ATOTEAOVVTAL OO EVMGELS LUE GLVOQT] YNUIKT doun, e TV €vvola 0Tt otnpilovtal 6tov 1610
Cs-C3-Cg oxeletd, mpoepydpeva amd To PlocuvOETIKO LOVOTATL TOV QAIVOAOTPOTOVOEO®Y. O
0pOC «PAAPOVOELON» YPNOOTOLEITAL Yio Vo GVUTEPIAGPEL TPEIS TAEEIS CLUVAPDOV OOLIKA
OUAdMV EVHOGEMV TOL ATOPPEOVY OO 0L AVTIOPOOT CLUTHKVOGCNG EVOG KEVEPYOTOUNUEVOLY
vdpolu-Kvvapikod  o&fog  (parvvlomporovoedég) pe to  unAdvoro-CoA, 1o Kkvpla
Qe AoPovoedn, ta woprafovoedn] Kor To veoAafovoedr]. Amd v GAAN TAELPd, TO
oTIAMPEVOEON Elval EVAGEIS TOV TPOEPYOVTOL OO [ TOPOUOL OVTIOPACT) CLUTVHKVOGNG,

aALG pE TNV OlopecoAdfnon evag eEEMKTIKA dtapopomompuévon eviLO.

H &&éyovoa onuoscio tov @Aafovosddv kol Tov oTiABevosddv mnydlel and T0
YEYOVOG OTL gUMAEKOVIOL GE TOAAEG AELTOVPYIEC TNG QLGLOAOYIOG TV ELT®V, OTWS TOV
YPOUATICHO TOV 10TOV, TNV ovOeEKTIKOTTA €vAvTio o€ [KkpOfia Kot EVTopa, TIG
OAAMNAETOPAGELS LE AAAOVS OPYOVIGLLOVG, TV TPOCTOUGIN OO TNV VIEPLDON OKTIVOPOATLL, TNV
petadoon kot andkpion o gpedicpara tov mepiPdAlovtog, v PAdonon g YOPNS Kot TV
evepyd petaeopd avéivav. Emmiéov, ta cvotatikd avtd, 6mwg amodeiydnke mpodceata,
&xouvv e€aupetikd vymAn eappokoroyikny a&io. Ov eloPovoedeig evaoelg dabétovy avtl-
0EEOMTIKEG, OVTI-QAEYHUOVAOOELS, OVTI-UIKPOPLOKES, OVTI-KOPKIVIKEG 1010TNTEG OMMG EMIOMG
UmopoHV vo, yPNCIHLOTOM B0V Yo TV KATOTOAEUNOT OAAEPYIDV, Y10 TNV KOTOUGTOAN LETO-
EUUNVOTONCIOK®Y GUUTTOUATOV Kot Kopdloyyelokés Oepomeieg. Emiong, vmdpyet Oetucy
OLGYETION HETOED TNG TPOGANYNG PAAPOVOEDDV Kot TG Helmong Tov Kivdhvou yio TpdkAnom
otePovioiog VOGOV, EYKEQUAIKOV EMEIGOOIMV KOl TOAADV €10MV KOPKIivov OTmC EYEl

amoderyOel péca amd ToAVAPIOUES ETONUIOAOYIKES LEAETEG.

[ToAhoi amd Ttovg devtepoyeveic petaforite mov Katéyovv TS TpooavapepOeiceg
010N TEG TTOPAYOVTOL OO TO PUTA GE HUKPOTOCOTNTEG N €lvan dVGKOAN 1M emelepyacia Kot

amopovmaot] Tovug. To evdlapépov yio TV a&lomoinoT TV WI0TTOV OVTOV TOV SEVTEPOYEVHOV

Xi
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petafolMtdv oe topeic Omw N Papuaxofrounyavia, n avlpomvn vyeio, N yeomovio ().
Broroyikn Kot OAOKANP®UEVT] GLTOTPOSTAGIN), £XEL AVENCEL TNV OVAYKT Yol TNV €TEPOAOYN
BroovvBeon twv ovoldv mov £yovv N Bewpeitar OtL £xovv enMPELES 1010TNTES, ONTMOG Eivar TaL
eAafovoedn kot Ta otiAPevoetdn. To Kovpapiko 0?;1’)1, Eva QOVOALKO 08D, M pscsBaparpé?mz,
éva. oTIMBEVOEISES, 1 vaptykeviv®, o eAaBavovn, 1 yevioteivy, o 160eAapovn Kot ot
QAOPOVOLES KOUPEPOAN Kot KepKETiv, €xel amoderyBel OTL aviKOLV GE 0VLGIEG LE LYNAN
dTpoPkn Kat aypovopukn aio.

2y mopovoa JOOKTOPIKN JaTpiP] KATOOKEVACTNKOY €51 KATAAANAL YEVETIKA
tpomomomuéva oteAéyn ocokyopoudknta (Saccharomyces cerevisiae) ta omoio. @Epovv
TAOGUIOW pe OAa To amoapoaitnto yovidlo mov emiTpémovy TN avtiotoyyn ProocvvBeon twv
TPOAVOPEPOUEVOV OVCIOV UEGH Plo-HeTaTpomng TG QotvvAiaiavivng. To HETOYpOOIK®G
evepyd, yuoo To €TEPOAOYO dlayovidla, GTEAEYN COKYOPOUVKNTO YPNCIULOTOMONKAY Yo TV
TOCOTIKOTOINGT TV TPOIPOLUMDV OVCIOV Kol TOV TEMKOV TPoiovImV, emiPefoirdvovtag v
napaymyq 108,6mg/L kovuapikod o&foc, 0,29-0,31mg/L peoPepotpding, 8,9-15,6mg/L
vaprykevivng, 0,1-7,7mg/L  yevioteivng, 0,9-4,6mg/L  kopeepoing wor  0,26-0,38mg/L
KEPKETIVNG ot Bpentikd péca avamtvéng, avaioyo mhvto pe v mpdopourn €veoorn mov
ypnotpomomOnke. Eniong, kotafAndnke mpoomddeio PeEATIoTONOMGONG TOV TAPAUETP®V TOV
EUTAEKOVTOL OTO. HOVOTATIOL TNG €TEPOAOYNG ProovvBeons TV mpoavapephEVImy ovGLOV.
MeletOnke aitepa n SLVATOTNTO TNG ETAOYNG TG TPOOPOUNS OLGING YIoL TNV HEYLOTN
TOPAYOYN TEMKOV TPOIOVTOG, TO EMmedn Opykod HOAVGUHOTOS, KaOMC kot M pon TNg
ovvBeong ovoldV oTa gvdldpesa ProovvOetikd Prpata kKabe tedkod mpoidvtog. Télog, ot
ov{NTNoM aVOPEPOVTAL TOL TAEOVEKTILLOTO KO TO, AdVLVATO CNUElR TG £TEPOLOYNG GVVOEGNC
QAAPOVOEIO®Y 0VGLOV OO TO COKYUPOUVKNTA UE OVOAVON TOV OLVOTOTNTOV EQPUPUOYNC/
xpong tovg ot Propnyavio mtotdv (Owonotia) Kot 6TV PLTOTPOCTUGio. (OAOKANP®UEVN

Sl Elp1on KOAAEPYELDV).

! r-kovpopikd 0&H
2 trans-psoPepotpoin
% 2S-vaprykevivy

Xii
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ABSTRACT

In addition to many essential nutritional components, plants contain (poly)phenolic
substances that comprise a large and heterogeneous group of biologically active non-nutrient
compounds. Among them flavonoids and stilbenoids are of exceptional interest, with the
former consisting of a diverse array of structurally related compounds possessing the same
Cs-C3-Cg backbone skeleton, derived from the phenylpropanoid biosynthetic pathway. The
term “flavonoids” is used to include the three classes of structurally related compounds
deriving from the condensation reaction of an activated hydroxy-cinnamic acid
(phenylpropanoid) with malonyl-CoA, main flavonoids, isoflavonoids and neoflavonoids. On
the other hand stilbenoids are compounds derived by a similar condensation reaction but with

the participation of an evolutionarily diverged enzyme.

The significance of flavonoids and stilbenoids derives from the fact that they are
involved in aspects of plant physiology such as tissue pigmentation, defence against microbes
or insects, interactions with other organisms, protection against UV irradiation, transmission
and response to specific environmental stimuli, pollen germination and active auxin transfer.
Moreover these compounds, as found recently, have also high pharmacological value.
Flavonoids have long been recognised to possess anti-oxidant, anti-inflammatory, anti-
microbial, anti-proliferative, anti-allergenic activities and acting as post-menopausal and
cardiovascular cures. Inverse relationships between the intake of flavonoids and the risk of
coronary heart disease, stroke and many types of cancer have been shown by epidemiological

studies.

A plethora of secondary metabolites with such exceptional properties are produced
through plant’s metabolic machinery in traceable quantities or are extremely difficult to
extract or process them. The interest for the exploitation of these metabolite properties by the
pharmaceutical or agricultural industry (biological or integrated crop protection) and medicine
has increased the need for heterologous biosynthesis of substances that are assumed or proven
to possess beneficial actions, such as the flavonoids and stilbenoids. Coumaric acid, a
phenolic acid, resveratrol, a stilbenoid, naringenin, a flavanone, genistein, an isoflavone, and

flavonols kaempferol and quercetin have been shown to be substances with potential

Xiii
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nutritional and agricultural value.

In this doctoral dissertation, six metabolically engineered yeast (Saccharomyces
cerevisiae) strains harbouring plasmids with all the necessary genes that permit the
biosynthesis of the abovementioned compounds, utilizing phenylalanine as a precursor, have
been constructed. Yeast strains with transcriptionally active heterologous genes, were used to
construct time courses showing the dependence of the precursor utilization and the
quantification of the respective end-product synthesis. Thus it has been demonstrated the
production of 108,6mg/L of coumaric acid, 0,29-0,31mg/L of resveratrol, 8,9-15,6mg/L of
naringenin, 0,1-7,7mg/L of genistein, 0,9-4,6mg/L of kaempferol and 0,26-0,38mg/L of
quercetin in culture media, with respect to the precursor molecule that has been tested.
Moreover, experiments were performed to optimize the parameters involved in the
heterologous biosynthetic pathways. Especially, the optimal concentration of the precursor
molecule was studied as well as the relevance of starting inoculum at the end-product
concentration. Furthermore, the fluxes through the intermediate nodes of the pathways were
studied. Finally, the advantages and disadvantages of the use of yeast are discussed as being a
host for the heterologous production of flavonoids and stilbenoids and the kind of their

potential uses in wine and agricultural (phytoprotection) industry.

Xiv
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1 EIZATQIrH

«YThpyovv TPV €10MV GvOpmTmOL.
Exeivor mov PAémovv, ekeivol mov PAémovv
OTOV TOLG OglyvouV Kol €KEIVOl TOv Ogv
BAEmOLVY

Aeovapvto vta Bivtor (1452-1519,
KOAALTEYVIC, EQEVPETNG, EMIGTNLOVOG)

1.1 Iepi potikdv froevepy@mv 0vGLOY TOD JEVTEPOYEVOVS UETALOLIGUOD

Ta @utd eivor oe Béon va moapdyovv €va €upld PACHO EVOCEMV TOL YEVIKA ovoudlovtol
devtepoyevelc petaforitec. Or evdoelg avTég ov KOl OEV €lvol OmOPOATNTES Yo TNV
0AOKANP®GON TOL PBlodoyikod KUKAOL T®V opyavicpav, moailovv onuaviikd poéro otnv
aAANAeTiOpaon TOVG LE TO TTEPIPAALoV, emnpedlovtag TV KavdTTd Tovg Yo emPicon 6to
owkoovotnua. Kortdlovtag toug dgvtepoyeveic petafoAites amd avatnpd 01KoVoLKn TAELPA,
eaivetal vo Katéyovv taitepa vynin aéio pog Kot ToAAol amd avtohg YPTNCLOTOIOVVTOL
GOV PAPLLOKA, EVIGYVTIKA YEVOTG, APMUATIKA, YPWOOTIKEG 1] EVIOUOKTOVAL.

H @oon &yel avomtogetl po eEoupetikd peyAn motkilopopeio 10OV KATA TN O10PKELN
g e&éMénc. Metalh Tov opyovIoU®V TOV GLVIGTOLV TNV TOIKIAONOP®i avT, LTAPYOLV

250.000 mepimov drapopetikd putikd €idom, 30.000.000 mepimov £idn evtdépwmv, 1.500.000 &idon
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HUUKNTOV Kot Tapdpowns Taéng peyébovg mpokapvmtikol opyavicpol. Meydieg opddeg omd
avtd To €10M mpooapuodoTrkay va {ovv pall péca og TOMKG OKOGLGTNHOTO, OTOL Ot
punyovicpol mov teMkd kafopioav T cLOTACT] AVTAOV TOV OKOGLOTNUAT®V, EUTAEKOVV GE
peyoro Babud pnyoavicpodg dnuovpylog ETEPOYEVEINS GTOVS TOPOYOLEVOUS OEVTEPOYEVELS
petafolitec.

Aappavovtog vToyn tov pHeydAo aptBpd opyavioU®VY Kol Gpa TOV HEYAAO aplOud Tov
VEOTAPEVOY  OAANAETOPACE®DY, €lvar  OvapEVOUEVO O  OoplBUOS TOV  OELTEPOYEVDV
HETAROMTOV TOV TOipVOLV UEPOG GTOLG UNYXOVIGLOVG TPOCHPUOYNS va givor e§onpetikd
vynAdc. Eivan epgoavéc Aoumdv 0Tt 1 o amoteAel pio TOAD GNUOVTIKY TNYT EIGPODV GTNV
mpoomdbelo Yo €0pecn Kot Onuovpyio vémv eapudkmv. Aopupdvovtag emiong vwoOyn TO
YEYOVOS OTL HOMG €val LUKPO TOGOGTO TMV QULTIKGOV WMV £yovv eleyyBel yoo v vmapén
OVCIMV LE KATO0 PLoAoytKT dpAoT|, POIVETOL TO SVVALKO Yo TV avaKAALYN VEWV SOUDV LE

owkovopkd evdiapépov (Harborne and Williams, 2000; Verpoorte, 2000).

dutikd exyvAiopato ypnogomoovvrol and T apyaio ypdvia Yoo v Bepameia
TOAADV E10MV 0GOEVELDV 1] PLGIOAOYIKMOV OOTOPUYDV OV KOl Ol EUTELPOTEYVES «npoucm(oil»
oTé Oev yvopllav akpiBdg TOVG UNYOVIGHOVS OpAcNS TOV QOPUAK®OV oVTOV. AKOHO Kot
onuepa ektipdton 0Tt o 80% ToL TANBVoUOV TG YNG, otnpiletarl o TAPASOCIUKES HOPPEG
watpikng (Farnsworth, 1988). Tote, oty dekaetio Tov 1980, o1 mpoomddeieg GTpépovTay TNV
€0PEDN PLTIKAOV EOMV TV OTOIMV T EKYLMSUOTA OIVOVTOV VO £IVOL OTOTEAEGLLOTIKG GTHV
TOPOOOGLUKN 1TPIKT. AVTO TO KEVTIPIKO 00V £E0KOAOVOEL VO LITAPYEL GTOV OyDVA YLl TNV
gvpeon VEOV PlOEvEPYDV GLOTATIKOV, OV KOl CNUEPN VTAPYEL TAPAAANAQ QVENUEVO
EVOLAPEPOV YO TNV OTOGOENVIOT TNG Ploynukng evong tov Ploevepydv cvototik®mv. H
YVOON OVTN TOPEYEL TEPUITEP®D OTO YDPO TNG EPELVOAG, TNV SVVATOTNTA VO avamrTVYOoHV
EVOALOKTIKEG PEHODOL Y10l TNV TOPAYWDYT TOV OLGLOV AVTOV EITE LE ¥NUIKN oVvOeon glte pe
xpnom Proteyvoroyikmv pebodmv. Arotéreoua eivar amd ) po 1 Propnyavia TpoPipmy vo
Exel QVENGEL TO EVOLOPEPOV TNG Y10 TOV EUTAOVTIGUO TOV TPOPIKMOV CKEVAGUATOV LE TETOLES
ovoieg Kot amd TNV GAAN Ol KATAVIA®TEG Vo ETOVIOLY VO TPOGHEGOLY GTIV SUTPOPT] TOVG
OKEVAGLOTO TTOV EUTEPLEXOVV TETOLOV €100VG evdaels. [IpdTov yroti elvar ovsieg mov Tapdyet
N eHom Ko deVTEPO £YEL cLoYETIOTEL 1 0e1Bel N BeTiKn ToVC emidpaon otV avBpdmivy vyeia,

OMWG VOADETOL TOPAKAT.

L o1 GvBpwmot mov EPAPHOLAY TIC TPAKTIKES OVTEG



Etepoloyn frooovlean plofovocidomv kar atilfevoeldmy evagewy - Eioaywyn

A7 OToL KL av TPoEPYovTal ot devuTePOyeVeic petafoAitec, eite amd ta PuTA, o {da M
amd T pkpoPia, eaivetor va moilovy £vav moAD onUovTIKO pOAO GTN SoTPNOT TNG KOANG
VYElOG 1| OTNV AVTIPETONION TOV 0cbeveldv Tov avBpomov kot tov eutdv (Newman et al.,
2000). T meplocoTEPO amd TO deVTEPO UICO TOV EIKOOTOD OOV, TO QUVOIKG TPOIOVTOL
AMOTELECAV KEVIPIKO TESIO EPELVOG GO TNV CUYYPOVN GUPUOKELTIKY Prounyavia. Me v
ayopd TOV QUPUAK®V Vo, omoTeEEl maykoopuiong po tepdotia owkovoutkn a&io (Verpoorte,
2000), ta puTikNng TPoEAELONG TPOIOVTO amoKTOVV akoua ueyolvtepn afio. I'a Topdadetypa,
10 49% TV VEOV EVOCE®MV TOL KatoympnOnkav v KAwvikny xpnomn peta&d 1981 ko 2002
fitav GLOIKE TPoidVTa PUTIKAC TPodhevonc (.. Bvpmlaotivt kot viyko&iv? amd &idn tov
vévovug Catharanthus kot Digitalis avtiororya), pe to mocootd vo avéavetar 6to 75% otov
AVOQEPETOL OE  QOPUOKO TOVL  YPNOCLOTOMONKAY Y TNV  OVIHETONTION coPapmdv
kataotdoswv g avOporivng vyeiog (Wilkinson and Micklefield, 2007).

Eivar capég 0t o puotkd mpoidvta Kol Kupimg ovTd Tov Tpoipyoviat and T0 UTIKO
Baciielo, mailovv onuavtikd pOAO STV TPOSTADELN Y10, EEEVPECT PUPUAKEVTIKMOV OLGIOV 1
TPOJPOU®Y EVHOGEMV 01 OTO1EG UTopoHV va. ¥pNGLLoTomBovy € dadikacieg cuvleong véwv
QOPUAKELTIKMOV ovoldv. H guphnta ko 11 ToOADTAOKOTNTO TV SOUMV TOV OLGLOY AVTAOV TIG
KOVEL 1010{TEPO. EAKVOTIKEG OE J1OIKAGIEG GYESUGLOV KO TAPAYMYNG VEWV QUPLOKEVTIKOV
poioviov. H amopdveon 1oug Oumg amd Quotkég mny£EG €ivol pUn omodoTIKY HE OTOTEAEG LA
VO KAVEL EMMTOKTIKY €1TE TNV YMUIKN TOvg ovvOeo gite v Proteyvoloyikr| Tovg mapaymyn. H
VOLOTAPEV OUMG TOAVTAOKOTNTO TOLG OMOTEAEL GUVALA KOl £VOL EUTOSI0 GTNV TOPUYMYN

AVTAOV TOV 0LGLOV G€ Bropnyavikn KAIpaKo pog Kot givot otadtkacio SVGKOAN Kot EEPETIKE

axpipn.

1.2 Tevixa oroyeia yio to plofovoeion

O 0po¢ «UETABOMOUOG TOV POLVVAOTPOTOVOEIDMVY, TEPIKAEIEL OO EKEIVL TOL PETAPOAKEL
TPOIOVTa, OV UEYPL E0YATMOG ToTEVaE OTL Teplopilovtav oto euTikd Paciieio (Moore et al.,
2002), ko mov TpoépyovTal amd TOV UETOCYNUOTIOUO TNG QOIVOAAAAVIVIG TTPOC Lo Evpeia
KMUOKO OTULOVTIKOV SEVTEPOYEVDV UETAROMTOV OTMG Yo ToPAdELYHo Elvarl ot Alyviveg, ot

€0TEPEG TOV OVATIKOV 0EE0G, TOL oTIAPBEVOEN Kol To. pAafovoedn. Ta mpoidvta avtd dnwg

! vinblastine
2 digoxin
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Kot OA0 T0 TPOTOVTA TOV OELTEPOYEVOVLS HETAROMGHOD OV Kot gV €lval amapaitnTa Yo TNV
KOVOVIKT] o0ENoN Kot avAmTLEnN TOV QUTOV EUTAEKOVTOL GE TOALES PUGIOAOYIKEG OlEPYOTiEg
TV eLTOV. opeova pe toug Metcalf kon Kogan (Metcalf and Kogan, 1987) eaivetal va.
vrdpyovv petacy 50.000 ko 100.000 wpoidvia QUTIKNG TPOEAEVONG TPOEPYOUEVA OO T
devtepoyevi HeETaPOAIKA povordtio pe mepimov 10 20% tov dvOpaka mov deCUEVETOL [IE TNV
emTocHvOeon va kaTeLOHVETOL GTO LOVOTATIOL QVTE, SNUOLPYADVTOG TNV TAEWOVOTNTO TOV
QOLVOMK®V EVOGEMYV OV EVTOTILOVTal 6T V0N, CLUTEPIAOUPAVOUEVOV TV PAABOVOEIODV

Kot Tov otidBevoeddv (Ralston et al., 2005).

AvAuesa 6€ QVTEG TIG EVDOGELS, TOL PAAPOVOELDN £XOVV OMOKTNGEL IO10ATEPO EVOLUPEPOV
KO 0VIIKOUV G€ U0, OO TIG O PUEYAAEG OUAdES QUTIKOV petafoMtmv. To peydro evolapépov
TOV QAUPOVOEIODV OPEILETOL OTI EVEPYETIKES TOVS WOOTNTEG GE GYEOT e TNV avOp®OTIVN
vyeio (Dixon, 2004). Emmpocbeta £x0uv onpHavTIKE EUTAOKT GE QUGIOAOYIKEG SIEPYAGIES TOV
eLTOV mailovtag Tov pOAO YPOOTIKMOV 1] OVCLOV avTiuetdmong towv gxdpov (Dixon and
Paiva, 1995; Yedidia et al., 2003). Av ka1 &govv yapaktnpiotel Tdvm and 6.500 drapopetikég
eLloPovoeldng evioelg oe dtdpopa putikd €ion (Harborne and Williams, 2000), vroloyileton
6t 0 apBudc avtdv cvvolikd Eemepvaer Tic 8.000 (Forkmann and Martens, 2001; Pietta,
2000) xor avauévetar vo owénbodv (Baon oeuowkdv mpoidviov NAPRALERT otnv

niextpovikn dievbvvon http://www.napralert.org).

H PocvvBeon tov ovoidv 1oL HETOPOMGHOD TOV  (QOIVOAOTPOTAVOEODV GE
OLYKEKPIUEVOVG 10TOVG eAEYYeTOL avamtuélokd oAAd umopel vo emayBel o €merto omd
epebiopato mpoepyoueva. amd to TEPPAALOV T.Y. £MELTO ATO TPOVLATIGLOVGS, TPOGPOAN Ao
naboyova M axtvoforioc UV (Douglas, 1996). Mo Guvomtik) €KOVO TOV SOU®OV TMV
QAOPOVOEO®V, TOV GTIAPEVOEIODV, TOV MYVIVOV KOl TOV AyVovev Kabdg kot ot Tpddpopes
avTOV ovoieg, eaivovtal oto Xyfua 1. H eatvoloravivn tpogpyduevn amd ToV TpmMTOYEVN
HETOPOAIOUO, OUEGOV TOV HOVOTATIOL TOL OIKYKOD 0EE0G, amotehel €vo eSapeTikd
ONUOVTIKO €VOLAUECO TPOIOV OV GLVOEEL TOV TPMOTOYEV] UETOPOMOUO HE TO LOVOTATIOL
BloovvBeong TV  EAABOVOEO®V, TV OTIABEVOEWODV Kol TOV  (QOIVOAOTPOTOVOEWOMOV
yvevikotepa. To HOVOTATL TOV GIKYUKOV, TOV EKTOC OO TOL PUTA EVTOTILETOL KOl GE LUKPO-
opyaviopovg (Herrmann and Weaver, 1999), nepiiaupdaver eptd Pruata. To npdto Prinoc

nepopPGVEl [0 AVTIBPUOT GUUTOKVAONC TOV  (QOGPOEVOROTLPOSTAPLAKOD.  0EE0G,

! phosphoenolpyruvate (PEP)
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TPOEPYOUEVO OO TO HOVOTATL TNG YALKOALGONG, KOU NG 4-QOCGEOPIKNG spUOpéqul,
TPOEPYOLUEVT] IO TO LOVOTATL TV POGPopKdY mevtoldv?. To tehevtaio fripa mepihapPavet
™V oVVOEGT TOV YOPIGUIKOV o§é0g3 (ZyMua 1) mov kataAnysl oty cvvEyeln ot chvbeon TV
OAPOUATIKOV OIVOEE®V QOVOAOAAVIVT), TVPOGTVI] KoL TPLTTOPAVT).

H epedvion peyding motkiAog oTig OOUES TOV EVAOCEMV TOV TPOEPYOVTAL OO TO
HOVOTATL UETOPOAIGHOD TMOV PAIVOAOTPOTAVOEWO®MY, OT®MG &V UEPN Qaiveton oto Xymua 1
opeiletor oty dpdon eviopwv kot evEDUIKOV GUUTAOK®OV AV 6ToV Pacikd OKEAETO TOV
LOVOTIOTION, TPOKOAMDVTOG KOTAALGT TOL 00NYeEl €lTe O YWPO-EOIKY] GLUTVKVMOOTY|, GE
YAVKOGLAI®GON, € OKVAI®MOY|, GE TPEVOM®MOT, 68 GOLVAPLWIWoN, o peBvMwon, gite Ko o€
oopeptopud (Noel et al., 2005). Ze avtd 10 dikTVLO BLOGVVOETIKOV HOVOTOTIOV OV EEKIVAVE
amd TV eavvAoAovivn, TOAAG évivua  emtelobv TV {0100 KEVIPIKN  avTidpaom
YPNCLOTOIDVTAG GOV VTOGTPMUO EVO VPV aplOUd EVOGEMV UE OMOTELECLO T LETATPOTN
Tov Kovpapkov 0&og (pavolkd o0&y pe Cq-Cs Poocikd OKEAETO QUIVOAOTPOTAVOEIOOVG,
Yymua 1) o éva apketd peydio aplBud dsvtepoyevav evacemv. o mapaderypa to £viopo
FLS xoatalver v Kevipiky oviidpoon o&eldwong g eAaPavovoing mpog ¢eAafovoin
(Zymua 2) xpNoYoToI®VTAS GV VIOGTPOUN TOGO TNV EAUBOVOVOAT STVOPOKAUPEPOLN OGO
Kot TNV AaBavovorn dtwdpokepketivy (Zynua 3).

‘Eva 1€1010 cuvovBdAevpa Tpoidviov petaforopol ivol amotéAecpa e adtiKonng
dwdkaciog e€EMENG KOOGS Ta UTA SVVOLIKG AVOTTOGGOVV YNUIKES AoTidES €ite Yoo va
apvvBovv gite ya va Tpocsappoctovv (Dixon and Paiva, 1995; Harborne and Williams, 2000;
Noel et al.,, 2005). H mepoutépm perétn e Asrtovpyiog avt®v TV PlocLVOETIKOV
LOVOTOTIOV £0MGE GTOLXEID Yo TNV UEUPPAVIKY) OPYAVOOT TOAV-TPOTEIVIKOV GUUTAOK®OV
ov glvan avaykaio yio v pvouion ¢ dadikaciog chvleons TV eVOAUES®Y KOl TOV
tehMkdv mpoidviov (Winkel, 2004). H katavonon tov pnyoviop®v ovT®V ETITPENEL TOV
opBoroyikd oyedlacud oTpaTNYIK®OV Yoo TNV Proochvieon TETOIOV QUTIKGOV UETAROMK®V
npoioviov og puta (Davies, 2007; Treutter, 2005) kot o€ pukpoPuo (Becker et al., 2003).

Avaueca oTIc EVAOGELS TOV UETOPOAGLOD TOV QOIVOAOTPOTOVOELODV, TO, PAOPOVOEION
(Ce-C3-Cq, Zynua 1) o ta otdfevoedn (Cs-Cr-Cq, Zymuo 1) Aappdvovv eEaipetiky

amodoyn e&antiag Tov YEYOVOTOS OTL TPOGHId0LV Eva EVPV PAGHLO IBLOTHTMOV GTO ATOWO TOV TIG

! erythrose 4-phosphate (E4P)
2 pentose phosphate pathway (PPP)
8 chorismic acid
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TOpAyovv: @) Opovv GOV EMAY®UEVO, Kol un  pkpoProktova  (putoodegiveg kot
(QLTOOVTICITIVES avTioToLya), ) OPOVV GAV POTOVTOOOYEIS, P) LE TO YPDUO TOVG GVUPIALOVY
og UNYOVICHODC TPOGEAKVONG EVIOU®V (QPUTIKEG YPWOOTIKES), 0) TPOCTATEDOVV Amd TNV
vreptdon (UV) aktvoPolria, €) amotpémovy pe Tn YELON TOVG TNV KATAGTPOPH amrd EVIoua 1
{da, o1) V100eTOOV T0 POLO pHOPi®V ONUATOSOTNONG 6T GVUPLOTIKEG oYEoels PakTnpimv-
QLTOV, {) £QoVV POAO PLOUIGTOV TNG HETAPOPES LEWVAOV KAl 77) EUTAEKOVTOL GE UNYOVIGLOVG
Braotnong g yopne (Harborne and Williams, 2000; Williams et al., 2004). EmutAeov ot
EMBPACELS TOVG 6TOV AVOPOTIVO opyovioud TEPIAAUPAVEL SPACELS OTTMG: ) AVTINALEPYIKES,
L) avTipAeyovAdOELS Kat ovaAyNTIKES, 7)) avTiBpoufotikéc Kot d) avtikopkvikég (Dixon and
Paiva, 1995; Goldberg et al., 2003; Pietta, 2000; Williams et al., 2004). Emnpdcbeto to
QAOPOVOELIN KOl TO CTIABEVOEION £YOVV EAPETIKA VYNAT OVTIOEEIOMTIKY TKOVOTNTO KO AP,
TPOGPEPOVY 0EI0CNUEIMTN TPOCTAGIO EVAVTIO GE POIVOUEVO EKPUAIGLLOD TTOL TPOKAAOVVTOL
a6 v Tapovcia erevBepmv piiav (Biondi et al., 2003; Kim et al., 2006; Soleas et al., 2002;
Yu and McGonigle, 2005).

YOUTEPACUOTIKA, TO  QAOPOVOEDN OVAKOLV OTIG 7o APBoveg EVAOOELS TOV
devtepoyevols petafolool Tv eUTOV. To avEAVOUEVO EVOLNPEPOV YOl OVTEG TIG EVAOCELG
OPEILETOL OTIG EVEPYETIKES WOLOTNTEG TOL KATEXOVV KOl KOTAOELYTNKE e TOAD €OGYNUO TPOTO
a6 tov Dixon (Dixon, 2004). H tAnbmpo avtdv Tov evOoe®v £600E TV OQOPUN Yo TNV
KOTNYOPlomoinoy| tovg o€ opdoeg pe Pfaon 1o potifo vrokatdotaons 6to Pactkd GKEAETO

TOVG,.

12.1 Adowsj

H dmopén mAnbopog @AaPovoeld®dv evidoemv OAAG KOl 1 ETIOTNUOVIKY €UpOTNTO TOV
EPELVNTIKOV OUAO®Y OV OCYOAOVVTOL HE TO YDPO awTdV (ymueia, ProAoyia, vysia), €kave
amopoiTnTN TNV dNUIoVPYia EVOG KOWVOU TPOTOV TOEIVOUNGNG KOl OVOLATOAOYIOG, £TGL MOTE
va gival duvarh N emkowvovia petald ToV oOpdd®mV avT®dv. Mo oA KOAN EMLTNOSLUEVT
EMOTNUOVIKT TTpaypoteion pe tatvopunpuéveg MoTeC TV TEPIGCOTEPMV PLTIKOV QUIVOAMK®V
evooewv &yel empueinbei o Harborne (Harborne, 1999). Eniong onueia avagopdg yio tnv

ovopatoroyio TV evioemv Tpoceata dnuoctevtnkay (Davies, 2006; Marais et al., 2006).
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(C¢-C,-Co) (Ce-C5-Cy) (C¢-C5-Co) (Ce-C4-Co) (Cs-C5-Co)
2TIABEVIQ *®AaBovoAeg *lco@Aapoveg *4-ApuAkoupapiveg  «2’-OH xaAkoveg
0 *®AaBavoveg *lco@Aapavoveg *NeopAaBévia +2’-OH d1udpOoXaAAKOVEG
C +A1UdPOPAABOVOAES slgo@AaBavOAEg +Aé0EUXTAKOVEG T
i *®AaBoveg sloo@Aapadveg *Aoupobveg
! *®AaBav-3-6Aeg slgo@Aap-3-évia *AoupovoAeg
] *®Aapav-4-6Aeg *Koupeotdveg
i *®OAapav-3,4-016Aeg *[Mrepokapmdveg
1
1

v v v
Bivigepiveg NMPOANOOKYANIAINEZ-TANNINEZ AIFNANEZ
(CeCoCelnnss  (CeC3Cely nx2 (Ce-Cy),

AIFNINEZ
(CeCan

Zyjua 1. Ouodomomuévo uédn plafovoeidwv kor otilfevoeidwv kobws kar o1 uetold tovs oyéoels Omws
TPOKVOTTOVY ATO TO P1OGVVOETIKO LLOVOTATI TWV POIVOAOTPOTAVOEIODV (YKPL TEPLOYH) KOL TO THUELO TOVOETHS TOVS
ue wov mpwtoyevy petofforiond. Or SIOKEKOUUEVES YPOUUES DTTOONADVOVY THY TOPOVOIO EVOIGUETOV EVDULKDY
AVTIOPATEWY EVE 01 GUUTAYNS YPOUUES VTTOONAMVOVY dradoyika Proovvletikd fruota. Aioxpivovior ot focikol
oxeletoi Twv plofovoeiddrv (Cg-Cs-Cg) kar twv otidfevoeidmv (Ce-Cy-Cs), Omas emions kou n yevikn ynuixn doun
v pavoiomporavoelddv (Ce-Ca) (Ververidis, Trantas et al., 2007a).
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R,
Ry
Ry o.
Ho.
\
e |
oH ’ \R‘
FLAV R1 R2 R3 FLAV. R1 R2 R3 4-ARYLCOUMARINS R1 R2 R3 R4 R5
Kepkerivn OH H OH Tevioteivy OH OH OH NraAumepykivn OMe OH H H H
KapgepoAn H H OH Nraivigeivn OH H OH MéBuA-viaAuTrepykivn OMe OMe H H H
MupiceTtivn OH OH OH Bioyavivn A OMe OH OH looviahumepykivn OH OMe H H H
TkaAavykivn H H H Popuovoverivn OMe H OH Nopvraiptrepykivn OH OH H H H
loopapverivn OMe H OH Mpouvetivn OH OH OMe Koutapeaykevivn OMe H OH OH OH
Ry
Ry
HO, o. R,
HO, o
Rs
&
& e,
FLAVAN R1 R2 R3 R4 FLAVAN R1 R2 R3 NEOFLAVENES R1 R2 R3
EpioBikiuoin OH OH H H 2-hydroxyisoflavanone OH OH OH Dalbergichromene OMe OH H
naringenin
Eomeperivy OH OMe H H 6-hydroxy-2,7- OMe OH OMe
2,7-dihy y-4'- OMe H OH dimethoxy neoflavene
Napiykevivn H OH H H methoxy isoflavanone
DIHYDROFLAV R1 R2 R3 R4
(FLAVAN ) o o
Awdpokaupepdin H OH H OH \Qij
AwdpokepkeTivn H OH OH OH
-~ ~
Awdpo pupicetivn OH OH OH OH Ri Ri
) FLAVAN R1 R2 PROP-2-ENE-1,1- R1 R2 R3 R4
o DIYLDIBENZENE
7,2-dihydroxy-4'- OMe OH
HO 0. methoxy isoflavanol AatipoAivn OMe OH OMe OH
R
NTaAPTTEPYKIQAVOAN OMe OH OMe H
oH
AEYTEPEYONTA ®AABONOEIAH (A)
FLAV R1 oH
Amiyevivn H Ho.
Nouteohivy OH
= o
AURONES R1 AURONOLS R1 R2 R3 2'-OH CHALCONES R1 R2
i SOUAPEPETOAN H Mageoorroivi H OH H Napiykevivi XaAkévn OH H
OH
Mapinigetdin OH Apapovoin A OH OH OH Boureivn H OH
HO, ; .
R, AeTT100156AN oM Apapovoin B OH OMe OH
e
OH 2'-OH DIHYDROCHALCONES R1
FLAVAN R1 R2 R3 R4
P Aoperivn OH
Flavan-3-ols
Karexivn OH H OH H R
ITIABENOEIAH (E)
TkaAokatexivn OH OH OH H O
Emikarexivn OH H OH H e O AN -
Emiykahokarexivn OH OH OH H # -
Flavan-4-ols L]
ANTHOCYANIDINS R1 R2
MouteopopdAn OH H H OH
. Kuavidivn OH H
ATTIQOpOAN H H H OH
Achpnidivn OH OH STILBENES R1 R2 R3 R4
Flavan-3,4-diols
(Leucoanthocyanidins) MaABISivn OMe OMe PeoBepatpoin OH OH H OH
AcukomeAapyovidivn H H OH OH MeAapyovidivn H H MrepooTiABévio OMe OMe H OH
Aeukokuavidivy H OH OH OH Merouvidivn OMe OH Mioearavéin OH OH OH OH
AeukoBEAI 1BV OH OH OH OH Meovidivn OMe H MivosuABivy OH OH H H

Zynquo 2: 2vlloyn omo OVUTPOCWTEVTIKG UOpla. om0 kale xkAdon o, omoio. otnv dedvy Pifiioypopio yevika.
OVOPEPOVTOL TaV PAABOVOELDN. 2T OKLOOUEVA KOVTIG EUPAVIOVTAL OPLOUEVO. XOPOKTHPIOTIKOL EKTPOCWTOL TWV
ploflovoerdwv g i1og kldons. Me ypauo. Exovy anuovlel o1 OUGIES TOD GOVELTPEPOVY TTHYV OVOUATOOOTIO TWV
ouadwv e kébe kldong (Ververidis, Trantas et al., 2007a).
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Zyjpa 3: Ze kdbe Prooovhetid Priua to sumlexdueva évivua paivoviar oe ovvietunuévy pope (livaxag 1).
Erniong évivuo ue 1o idro ypaua aviikovy oty ioio. KAGon avaloya e Tov TOTo TwV OVIIOPATEWY TOD KOTAADODY
Kol TOD ovTIoTOLYovY oty othin « Evivuixn xidon». Me kokkivo ypoua oniovovior ta P450 évivua, ue umle
xpouo to. eCoptouevo, ard oloylovtapiko olv, ue mpdoivo ot eaptaueves omo NADPH avaywydoes ko ue nodpo
XPOUO. THUEIOVOVTOL TO, U KOTHYOPLOTOWMUEVE. EViDU0. Me O10KeKOUUEVES YPOUUES OpILETal 1 TOpPOLTIO.
evoiauecmv froovvletikav Prudtwv mov ouws doev eupaviCoviar. O ovumoyeis ypouués opilovv diadoyika
SroovvOetika. frinoro. Koabe mpoiov tov oynuatos axolovbeitar amd éva koivo ovoua (0mov vrapyel) 1 omo Evo,
nui-erionuo ovouo. koro, IUPAC (mov ouws xpnoyomolsiton otigc avopopes oebvovs Piflioypapias mepi twv
plafovoeidwv) kar uéoa oe mopévlean paivetar To dvoua e KAdons mov avikel 1 kabe évwaon (Zynua 1). Otav
70 SL00VVOETIKG LLOVOTIATI KOTOMYEL O€ TOLDUEPES TPOIOV TO OVOUO. 1] | KAGON TNV OTOI0. AVAKEL EUPOVILETOL OE
oK1001EVO, uE YKpL, KovTi. TO YpwuUaTIoTo KOVTI 0T YWVIO TOV GYHUATOS OEiYVeEL ue UEYOADTEPY AemTOUEpELD. EVar
U0, TOV UETOLOMOUOD TV POIVOAOTPOTAVOEIOWDY TOV EXEL OOV TPOOPOLUT] EVWOTH THYV VOPLYKEVIVI] KO KOTOANYEL
oty Procivleon twv plourapevioy ko twv 3-déolv-avBorvavivaov (Ververidis, Trantas et al., 2007a).

Yto mhaicto TG Topovoag JTPIPNG EMYEPNONKE WO AVAGKOTNGT TG TPEXOVGOS
Biproypapiog pe okomd v 0pHoAoyIKn TAEIVOUNGCT) GE GYEOT LLE TOV EMKPOTEGTEPO OPO TOL
agopd Tic ddpopec kotnyopies/ opddeg tv eAaPovoedmv/ otilBevoedmv (Ververidis,
Trantas et al., 2007a). Onwg gaivetar oto Zypua 1, to kovuaptkd 0&H mTPoepyOUEVO and Tov
petafolopd g eovoloraviving, amotelel Eva kopPikd poplo oty Procvvieon 1660 TV
oTIABevoed®V 000 Kot TV QAafovosdmv. Ztn Piploypapic 0 O6pog «@AaPovoedn»
YPNOLUOTOIEITOL YEVIKOTEPO, Y10 VO TEPLYPAYEL €VOL GUVOAO QPUOIKAOV TPOIOVIWV TOV
nepropPdvel evooelg pe évav yopaktnplotikd Cg-C3-Cg okehetd. O okeAetdC 00TOC
amoteAeitan and dvo daxtuAiovg PBevioriov kot Evav daktOAlo Tupaviov (Zynua 4 A), pe tov
JOKTOAL0 TOV TTVPavViov va glvar gite KopeGrEVOS (dAKTOALOG TETpavdpomVpaviov I o&aviov,
Yyua 4 B apiotepd) eite akdpeotog pe évav OmAd deopd avdapeca otig 0éceg C-2, C-3
(daktvAloc drwdpomvpaviov, Zynua 4 B 6e€1d). H opdda kappovouriov otnv Béon C-4 (Zynuo
4 T) dev amoterel uéPOg TOL PacIKOD GKEAETOD MG KoL EVD EUPAVICETAL OTI TEPIOCOTEPEC
EVOOELS, amovatdletl and Tig AaPav-3-6iec N kateyiveg kat Tig avBokvaviveg. H povada mov
amotedeiton amd €vav doaktoAo PevioAiov (dakTtoAlog A) evopévo pe tov  eapen
ETEPOKVKAIKO OaKTUALO Tupoaviov (daktoitog ') ovoudletor povada ypwueviov 1 povada
Bevlomvpaviov (Zynua 4 A «itpwvo mhaiclo). Av oty 0éon C-4 vdpyel Kot 1 KETO-OUAd0L
161E 1M povada ovoudletot ypopoviov 1| Beviomvpoviov.

Avéhoyo pe v 0éon cbvdeong e povolopddact oty povada ypopeviov 1
YPOUOVIOV, dMUIOVPYOHVTOL Ol KAAGELS T®V QPAOPOVOEODV EVOCEMV: @) TO TPMTEVOVTO
ehoPovoedn (2-eaivor-Beviomvpavia, Zynua 2 A), f) 1o coprofovoedn (3-poaivur-
Bevlomupdvia, Zynua 2 B) kot p) ta veoprafovoeidn (4-eaivor-Beviomvpdavia, Tynua 2 T).

1 _Ph 1| —C¢Hs
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Emnpdcheta, GAAN o kKAdon evoocewv €xel dnuovpyndel, avty pe to «devtepedovia
eAafovoedny. H kAdon avt ovopdotnke €161 Oyt yroti Oempeiton Arydtepo onpUavTikny aAld
v va dgryBet 0TL 01 evaroelg e okedetd Cp-C3-Cg mOv €vTAGGOVTAL GE QLTH, OEV dOTNPOVV
TOV KEVIPIKO TLPNVO TOV QAAPOVOEIO®V OAAEL O €TEPOKLKAIKOC dakTOAl0g ' elvar elte
avolKTOG, Om®G ovuPaivel otig yoAkoveg (Zynuoe 2 A) eite o dakTOAOG TVPOVIOL Exel
avtikatootadel and évay SukTOMO povpaviov’, 6nwg cvpaivel pe TV aoVPOVY (COLPOVES

KOl lOVPOVOAES, Zynua 2 A).

Zyjua 4: Aowrp Pocikod oxeletod plafovoeiddv evioewv. (4) O Pacikés okeleTos TV pAAPOVOEIdDY EVADGEDY
amoteleiton omo ovo daxtvAiovg fevioliov (daxtorior A kou B) kor évav eCouern etepoxviiixo (daxtoliog I), pe to
aropo tov O va fpioketor oty Géon 1. O doxtoriog Pevioriov B, mov eivau pépog e porvoiouddas, evavetar oty Oéon
C-2 tov etgpokvrdikod daktvliov otnv mepimtwon TV @lofovoeddv, oy Oéon C-3 oy mepimtwen Twv
100profovociowy kor oy Oéon C-4 oty mepintwon twv veoplafiovocidowy. (B) O etgporvrlikoc doxtorios I tov
mopaviov umopel vo givau ite KOPETUEVOS (OOKTOAIOC TETPADAPOTVPOVIOD) iTe AKOPETTOS LUE EVAY OITAG OEOUO OVOUETOL
otig Oéoeig C-2, C-3. (T)) H povéda mov amoteieiton amo évay daxtolio feviodiov (daxtdliog A) evwuévo ue tov eloueln
ETEPOKVKAIKO dokTOMo (daxtdlios I') ovoudletar povada ypwueviov # povada Peviomvpaviov. Av otnv Géon C-4
VEAPYEL OGO KOPPOVDIIOD, TOTE 1 LOVAIO, OVOUAGLETAL XpWUIOVIOD 1] feviomvpoviov.

O)eg avTéG 01 OUAOEG EVOGEMV TPOEPYOVTAL OO £va KOVO TPOSPOLO HOPLO YOAKOVIG

1 teviaperic e1epokvKAKOS SOKTOMOC He £va GTopo 0EVYdVoL
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Kot dpa givar evdoelg mov oyetilovron dopka (Marais et al., 2006). Awapépovy otov Babuod
KOPEGLOL Tov dakTuAiov I, atnv Béom cVvdeong Tov apopatikov daktuiiov B atov daxtdio
I' xou oto Pabud vdpobuAimong tov popiov (Zynuo 1, EZyqua 2). Toa @Aafovoedn
Tpomomolovvtal Le VOPoELAImOT|, peBviimon, O-yAvkocsvMmon twv vopocviopadwv 1 pe C-
YAVKOGUAI®oN TV atdpmv dvBpaka Tov okeAeToy TV popiwv. Emmpdcobeta opddeg
OAKVM®V PTopovv vo TpooteBohv 6ToV KEVIPIKO OKEAETO 1 EmmPpdsOeTol SaKTOAIOL pmopel
Vo oXMNUoTIoTovV (aVTég o1 TeEAevTaiec mepmtdoelg dev epgavifoviatr oto Tynuo 2). Eniong ta
YAVKOGIOUEVE PAOPOVOELDN CLYVA EVTOMILOVTOL OKLAMOUEVO HE OAQPATIKEG OUAOES M
apopatika o&éa (Stobiecki et al., 2003).

210 Zynuo 2 @aivoviol ol ONUOVTIKOTEPES KAACEIS TOV QAAPOVOEWODV UE TIG
ONUOVTIKOTEPES OUddeG KABe KAdong. Avaueco oOTIC 7O  ONUOVTIKEG OUAOEG TMOV
TPOTELOVI®V PAAPOVOEWO®V, oL potpdlovtol Tov 1010 Pacikd okeretd Peviomvpaviov, ivat
ot. a) eAaPovores, f) orafovoves, y) dwdpopraPovores, 0) erapoves, &) eAapavorec M
Kateyiveg kot ot) avBokvaviveg (Zynqua 2) . AAeG opadeg eivar ot SpAaBOVES, ot YaAKOVES, OL
aovpoveg Kot ot kovpapives. Ot poplakég Béoelg 3, 5, 7, 37 kot 4’ amoTEAOVV TO O KOWVE
onueio Tov okeAeTol Yo vOpoLVAimon evd ot Béaelg 3, 5, 6, 7, 8 kot 4’ givon ta Kat® e&oynv
onueia yuoo C- ko O- yAvkoovAioon tov eArapfovov kot erafovolov (Stobiecki et al.,
2003).

Me v 1d1o Loyikn Ta&vounong, ot oNUOVTIKOTEPES OUAOES IGOPAAPOVOEODV (Zyn Lo
2 B) givan ot: ) 1ooprafoveg, f) 1ooprafavovec Kat ) 160PAABAVOLEC. TE OVTEC TIG OUASES
o1 B¢oe1g mov gppavifovral To cvyva VOpoLvAMmuEveS elvat ot 5, 7,2, 3° ko 4’ evd o1 Bécelg
6, 7, 8 ko 4° gpoaviCovror va givor ot o cvyva C- kovn O- yhvkolvilovueveg (Stobiecki et
al., 2003). Ta veoplofovoeldn eivor omd TG vedtepeg KAGGES QAOPOVOEO®V TOV
onuovpyndnkayv, pe v eotvorloudda va covdéetar otny Béon C-4 tov Pacikoy GKEAETOV
omw¢ ovuPaivel: @) otig 4-apvikovpapive, f) otig 3,4-51dpo-4-apvAKovpapives, y) oTa
veopAafévia kat d) ota mpom-2-év-1,1-6wAdiBeviévia (Zynua 2 T).

H «\don tov devtepevoviov proPovosd®v mepthapupavel tig ERG VToOUddes: o) 2°-
OH yoAxkoveg, f) 2°-OH dwdpoyorkdves, y) aovpoves Kot d) aovpovores (Zynmuo 2 A).
[Tpdopata ToAD CNUAVTIKES Kol GOV EVOLLPEPOVLGES OVGIEG TTOL £XOVV EVTOMIOTEL glval N
EavOoyovoAn (Lo TpevolMmpévn HEBoELYAAKOVT]) Kol TO 1GOUEPES aLTNG, 160EavOoYOLUOAN
(Lo TPEVOAIOUEV VOPIVYKEVIVT]), TOL OTOTEAODV TTOAD LIOCYOUEVES OVGIEC, EMELON 1| ANYN

TOUG HEC® TNG JTPOPNG €yl Gpeca ovoyetiobel pe v TPOANYN SAPOPOV LOPPDV
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kapkivov (Gerhauser et al., 2002).

AmO 6AeG TIG PAOPOVOEIONG EVOGELS OV EVTOTILOVTOL GTIS TPOPES Ol O CNLLOVTIKEG
ouadeg eivar  ovtég TtV eAafovav, @AaPavovav, ovOOKLOVIOVOV, 1GOQAABOVAYV,
eAofovordv, AaPavOLOV 1 KOTEXIVAV, S1dpolafavordv, yaikovdv Kot aovpovev (Tsang
et al., 2005). 'Eva mopddetypo @AOBOVOEWB®V GNUAVTIKOV Yo TNV OPVNTIKY ETIOPOOT] TOV
£Youv otV OTpoePn TV OOV Kol TOV EVIOU®V glval ot rowvivsgl, moAvuepY| TV PAaPav-
3,4-310 v kot Aofav-3-oddv (Zynuo 2). Extoéc amd tig tavviveg, GAla ToAvpEPT TOL
Tpogpyovtal and Tov UETOPOMGHO TOV QOLVLAOTPOTOVOEW®V, &ivar ot Pwvipepives, ot
Myvaveg kot ot Myviveg (Zynpa 1, Zymua 3).

Yto @utd, Tto QAafovoedny Kot To oTiAPevoedny ocvvnbwg evtomiloviol o€
yYAvcosvAouévn poper). To yeyovdg avtd deiyvel OTL Ol pUNnyavicUOl OV TI UETOTPETOVY
ATOTEAOVV OTOLYEID TV SLOOIKOCLDY OIKOVOUING TV QLTAOV UG KOl GTNV HOPP1 ot €lval
TEPLOCOTEPO OOAVTEG KO BP0 TEPIGGATEPO KEVKIVITEG» GE GYEOT UE TIG OPYIKEG AYAVKEG
popeéc tove. Emmpdcbeta, ot ovsieg 0vTéG YAVKOGLAIDOVOVTOL Y10 VL UMV DITAPYEL TEPITTMOOT)
VO EUITANKOVV Kol VO, KATAoTEILOVY {OTIKES Y100 TO GUTO O1OdIKAGIEG LG Kol otV GyAvkn
HOpPOT TOVG Qaivetal va elval Teplocotepo evepyés. Ta O- YAvkosidla Tov AaBovodv Kot Twv
QAABOVOADY GUVIGTOVUV pio TOAD peYAAN opdoda erafovoeldav pe méve amd 2.000 yvootég
evooelg. Kortdlovtog mpooektikd Tig OOUES OVTEG, LEPIKE YPNOLULO GUUTEPAGLOTO UTOPOVY
va e&ayBovv (Harborne, 1999; Williams et al., 2004). Otav to popio givar yAvkosvAMopévo,
whvto vedpyel éva odkyapo ommv C-3 Béon tov okeletov. Edv 1o pdpu  givon
YAVKOGLAIOUEVO Ko 6g 0e0Tepn Béom 1oTe avtn glval cuvBwg 1 Béon C-7. Ot Béoelg Tov
Bacikov okeletov TOL gpPavifovtal To cuyva VIpovAmpEVES akoAovBOHV TV €ENG oyéon:
3>>7>4’>3" (Harborne, 1964). To yAvkoc1dkd potifo tov gAofavovdv givol Topouolo e

avTO TOV PAAPOVAV LE T 7- YALKOGIOLN VO EIVOIL O1 TTLO GLYVA OTAVIMOUEVES LOPPES.

Av kot 1 ovvnbéotepn pope1| mov evtomilovtatl Ta GAAPOVOELDN OTA EVTA gival T
YAVKOGIS10 LITAPYOVV KOl O1 TEPUTTAOGELS, AV Kl Ol TOGO GUYVEG, TOV aLTA EvToTilovTol 6TV
dylokn pope1 Tovg. AAAEG LOPPEC TTOL UTOPEL VO EVTOTIGTOVV EIVOL GE EVAOCELS LE OUAOES
Beiov. Av kot T Aafovoeldn| pe Tig Belovyec opddeg evrtomilovtal HOVO GE GLYKEKPLUEVOL
QUTIKG €ldn (m.y. péoa otV owoyéveln Asteraceae) ovTO Qaivovtol Vo £XOVV OPKETH

evolapépovoeg 1010tnteg (Guglielmone et al., 2005). And v GAAn pepid, Osrovya mapdymya

! condensed tannins
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TV QAAPOVOEIODV Kol GTIABEVOEIO®V OTOTEAOVV U EVEPYEC LOPPEG TTOV ONULOLPYOVVTOL OO
TOLG VTOTIKOVG UETAPBOAIKOVS Unyaviopovg tov avipmmov kot tov {dov (de Santi et al.,

2000; Guglielmone et al., 2005).

1.3 BiocivvOcson piafiovociodv kat 6TIABEVOELdDV

To povormdrtt mov kataAnyel oty Proocvvieon dAwV Twv PAABOVOEODV EVOCEDY KABMG Kol
TOV  oTIAPevoedmy,  glvor  €vo  TUAUO.  TOL  €VPVTEPOVL  UETAPOMGHOD TV
(QOLVOAOTPOTAVOEOMV, OO TO OTOI0 TPOEPYOVTAL KOl AAAEG CUAVTIKEG KOTIYOPIiES EVOCEMV
omwg elvar Ta d1dpopa eavolkd o&€a, ot Alyviveg, ot Aryvaveg kot ot avBokvaviveg. Xtnv
Blocvvheon OA®V OVTOV TOV EVOGE®MV TPOOPOUES O0vLoieg &ivar 1M @otvolodavivn,
TPOEPYOLUEVN OO TO LOVOTATL TOL GIKIUIKOV 0EE0G Kot To UnAGVVA0-COA, Ttpoepyoduevo amd
v anokapPolurimon tov akétvAo-COoA, popiov Tov EUTAEKETOL GTNV TOPAYMYY] EVEPYELNG

otovg aepoflovg opyaviopovg (Tovar-Mendez et al., 2003).

Ol o @Aafovoetdn kot ta oTiAPevoedn ProcvvtiBevion omd €otépec VIPOEL-
Kivva kol 0&€og (kovpopikd 0&0) pe 1o ovvéviopo A (4-kovpdpvrio-CoA) av kot vdpyovv
MEPUITAOGES OmOL umopel vo ypnoomombovv tOco 10 KAPeOLA-COA OmmC Kol TO
@epoLAOVA-COA (Davies, 2006). Ot tpeig S1000)IKEG AVTIOPAGEL TOL KOTUANYOUV OTNV
oLVOESN TV «EVEPYOTOMUEVOVY ECTEPOV TOV KOVLUAPIKOD 0&EE0C, KaTOAvOVTOL Omd TO.
évlopa PAL, C4H kot 4CL ([Mivaxag 1, Zynupa 3). Ta evepyomomuéva popo. fpickovtot otnv
TPAOTY CNUAVTIKT O100TOVP®CT TOL UETOPOAICHOD TV POIVOAOTPOTOVOEIOMY Kol UTOPOVV
elte vo pLeTatpamovy o€ oTIABEVIA €1TE VO LETATPATOVV GE PAOLOVOEON aVAAOYW LE TOV TOHTTO
™G oLVOAONG TOV TOAVKETIOIWV OV B0l TAL YPNGULOTOUCEL GOV VITOCTPOA. ATO TNV dpAcn
tov evlbpov RS mave ota popa 4-kovpdporo-CoA, tapdystor n pecfepatpoin eved amd v
dpdon tov evlopov CHS mapdyovion ot yarkoves. Omolog TVTOC cuvhAGT S TOAVKETIOILV Kol
va Opdoel movew oto 4-kovpdpvro-CoA oymuatifovtor aAvcidec TOALKETWIOV omd TV
SadoyIKN GVUTVKVOGT e povadeg ool o&éog amd to uniovuro-CoA (Ferrer et al., 2008;
Lanz et al., 1991).

Av kot ot yoikoveg xatéyovv évav Ce-C3-Cs okeletd Oev ta&vopovvior oto
QAOPOVOEIDN HOC KoLl O ETEPOKVKAIKOG dakTOA0G ' dev €xetl dnpovpyndei axopo (Zymuo 2
A). H oavtidopaon omovpyiag tov Pactkod GkeAETOV pe TOug dvo dakTuAlovg PBevioAiov

(daxtoAol A kot B) kat tov évav etepokukAiko (daktoMog ') umopel va yiver eite avBopunta
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elte pe mv opaon tov evlopov CHI. To évlopo CHI givar amapaitnto amd v o oot
EMTAYVVEL TNV TOYVTNTO TNG OVTIIOpOoNG Kol amd TNV GAAN owtt e€acpalilelt 41l o1
eraPavoveg mov oynuatiCovrotl Oa £xovv v 2S- popen, mov gival 1 Pfroroyikd evepyn (Jez

and Noel, 2002).

Amd 10 onueio avtd Ko petd ot profavoveg petacynuotiloviol MoTE Vo dOGOLV TIg
onades TV VITOAOMOV KAACEDV TOV QAAPOVOEW®OV, HEGH Omd Eva JIKTLO TEPIMAEKOUEVOV
povomatidv (Zynpo 3). Xty apbovio TOV EVOCE®V TOL TPOKVTTOLV UEGO OO OVTO TO
diktvo povomatidv, GuvteAOLV dvo Yeyovota. To mpdto eivar 611 amd GLyKeEKPEVL
gvoldipesa mpoidvta (m.y. vaprykevivn) uropobv vo tpoEABovy mepIoGOTEPE TOV EVOS TEMKAL
TpoiovTa (T.Y. YEVIOTEIV, KOUPEPOAN Kot KEPKETIV, ZyMua 3) OGS KoLl TEPLGGOTEPA TOV EVOC
évOupol LTopovV VoL ¥PNGLLOTOGOLV TV d1a £veoT oav VIdsTpOe OTMS cupUPaivel e To
évlopa IFS xan F3H. To devtepo yeyovog etvar 1t suykekpiéva Eviopa pmopodv va dexfodv
TEPLOCOTEPA TOV EVOG LIOGTPOUATA O™ cupPaivel pe o Evlopo FLS mov pumopet va deybet
ooV VTOGTPMUO TNV SIPOKAUPEPOAT, TNV SVOPOKEPKETIVI] KOt TNV SOPOUVPLGETIVN.

To diktvo ProcvvBeong Tov eAoPovoedmv meptapfavel éva moAlv peydio oaplOuo
avtidpaoemv mov Koralvovtat omd Evivpo (TTivakag 1) mov Tpononotovv tov facikd okeAETO
TPOG TNV TOPAYMYN TNG TANOOPO TOV EVOCEMY OV UEYPL CUEPO EYOVV EVTOMIOTEL, LEPIKES
amd TG omoieg gaivovtal oto Zynuo 3. Ztmv tAnddpa oty tov eviiuwv mepthappdvovton
évlopa g opddog tov kutoypdpatoc P450° (Bolwell et al., 1994), mov amoutodv TNV
evepyotnto. o avayoydons (CPR), évlvopo tg owoyévelag pe NADPH-g&optdueveg
avaywyacec, Eviopa g owoyévelag e 2-oEoyhovtapikd-eEaptodpeveg dto&vyevaoeg, Evivua
g owoyévelag pe O-péBvA-petapopdosg, viupa TG OWKOYEVELNG E GIKVA- Kol YAVKOGUA-
petagopdoeg (ITivaxog 1). Ta évlvpo ovtd eaivetor vo €xovv dnuovpyndel péco amd
olopkelg Oladkaocieg e£EMENG KOTA TNV €YKATACTOON TOV QLTOV OTN YN £NELTO. OO TNV
LETAPOPA TOVG amd ta vodTva mepiPariovta (Stafford, 1991). H idia cuyypagpéag dniodvet
O0tL ot mpoavapepbeiceg owoyéveleg evipowv TtV povomatidv  Prochvleong  tov
QAUPOVOEW®Y Kol TOV GTIABEVOEWO®V HAAAOV Tpoékvyay amd £vOLHO TOL TPMOTOYEVOLG
petaporiopov. Emmpdcbera, apnvel va evvondei 0ti 1 ELEAVION TOV EVOGE®V QLTOV TPETEL
va €xel aKoAoVONGEL TOL VTOAOUTO. LOVOTTATIOL TOV HETABOAMOUOD TMV (POIVUAOTPOTOVOELODV

aALG oe KOBe TEPIMTOON EUEAVIOTNKOV TPV TNV EUPAVIOT TOV AMYVIVOV, Ol OTOoieg

L To «P» mpoépyetan amd ™ ASEN «pigment» evéd 1o «450» omd TO WHKOG KOUMOTOG TNG XOPOKTNPLOTIKAG
amTopPPOPN GG TOV TPOTEIVIKOD GUUTAGKOL
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enpaviomkav pe mv e£EMEN tov ayyedorepumv eutov (Stafford, 1991).

Or loPavéveg amoteAoOV ONUOVTIKA HOpla otnv  mopeion  dnuovpyiog ToV
QAOPOVOEO®V oG Kol amd avTEG TPoépyovtal OAEG ot LIOAOUTEG Opades (PAaPovOrES,
QAaPOVES, 160QAUPOVES K.0.). [0 va TpoéABouv ot phafovOore mpémel mAV® OTIG PAAPOVOVES
va dpacovv mpadto Evivpo vopo&vAiinong tov I' (.. F3H) aAld kou Tov B doaktvriov (m.y.
F3’H) kaw otn ovvéyeto vo. dpdcovv évivpo dnpovpyiag evog dumhov deopov (m.y. FLS)
avapeca otig 0éoerg C-2 kat C-3 tov dtwdpoprafovormv (Davies, 2006).

Ta 1coprafovoeldn amoteAohv o TOAD GNUOVTIKY] KAAOT TV @AOBOVOEW®OV Kol
npoépyovtal kol ovtd oamd TG QAaPavoves. O mapdyoviog mov  Supopomotel  To
160PAaPOVOEdN amd TIG VITOAOITES OUAdEG PAAPOVOEO®V gival 1 GVVIEST] TOV daKTLAiov B
omv 0éon C-3 avti g 0éong C-2. tov daktviiov I'. T tov oynuaticpd tovg eivai
amopoitnTn po ovtiopaomn Hetopopds tov daktuAiov B amd v 0€on C-2 1ov etepoKLKAIKOD
dakTLuAiov TtV @AaPovoedmv, otnv Béon C-3 pe v tawtdyxpovn vopoLvAiimon g C-2
0éong, oynuatifovtag Tig evdoelg 2-udpoév-tsoprafavovec. H avtidpaon avtn katolvetol
amd 1o évlupo IFS (Davies, 2006). Xtn couvéyeia to popla antd yavouy évo LopLo vepoo &ite
avBopunta. gite pe v Opdon tov IFD evlopov (Akashi et al., 2005), divoviog Tig

160PAaPOVES (T.Y. TNV YEVIOTEIVN).

1.4 Bioloyikés 0pacels plofovoctomy Kot 6TIALEVOELODV EVOGEDY

Yta. @AoPovoeldn| kot oTIAPeVoEldT| amodidetan pio GEPE amd TOAD CNUAVTIKEG 1010TNTEG KOl
CLUUETEYOVV O€ o evpeia KATpaKa depyoastdv. Ot o ONUAVTIKES omd QVTEG AvaPEPOVTOL

TOPAUKATE.

1.4.1 IlIpocouoiwon isitovpyios pue avtij Ty 01GTPOYOVOY

Muw amd TIG Mo ONUOVTIKES 1WO10TNTEG TOV EAOBOVOEW®Y Kol TOV GTIABEVOEd®V &lval 1
OHOOTNTO.  TOLG HE TO  OWOTPOYOvVO, TIG OnAvkég opupdveg TV ONAUCTIKOV
coumepthappavopévonv Kot tov avlpmmov. EEautiag g QUTIKNAG TOvg TPoEAELONG KOl NG
Blodoywkng dpdong mov Ppébnke OTL umopel va €xovv aviikabloTOVTOS TA 016TPOYOVA,
OVOUAGTNKOY «PUTO-016TPOYOVO». Ot TPOTES AVAPOPES TNG TOPOLSIOS PUTIKAOV OVGIMOV TOV

Hpobvtot TV Spact TV 016TPOYOVAOV Tpoépyovtal and t dexoetio tov 1950 (Bradbury and
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White, 1954). O 016tpoydvog opaKTHPAS QVTOV TOV EVOGEDV OQEILETOL GTIG OUOIOTNTES TNG
Sopng TOVG pE TNV SO TOL OGTPOYOVOL EGTPASIOA . AVTO TO YOPAKTNPIGTIKO TOVG
EMUTPENEL VO OAANAETOPOVV LE TOVG OLGTPOYOVIKOVS VTOJ0YEIS TV KLTTAP®V TOV
Oniaoctikov ERa kot ERB2 €161 OoTE €lte va evioybovv gite va avtayovilovtal oty dpdon
mv eotpadioin (Dixon and Ferreira, 2002; Morito et al., 2002). To 2003, cav @uto-
01GTPOYOVO OPIGTNKAV Ol «PUTIKNG TPOEAELONG peTaPoriteg ot omoiot emdyovv ProAoyikn
opdon oto GMOVOLAMTA Kol UTOPOVV va. UUBovV 1] va TPOMOTMO GOV TN OpAcn TMOV
EVOOYEVADG TOPAYOULEVOV 010TPOYOVAYV, cuvBmC pe alAnienidpaon pe tovg ER vmodoyeic»
(Hughes, 2003).

AvAues OTIC TOAVQOIVOAIKES EVAOGELS TTOL £YOVV OTTOJESELYUEVT] (PVTO-O01CTPOYOVIKN
evepyodtnta, ot dopopésg oty Proloyikn tovg dpdor ogeiletor oTov OlopopeTikd Pabud
déopevong pe toug vrodoyeic ER (Ososki and Kennelly, 2003). H duvauikn tTov ovcudv oe
oYéon He TNV OAANAETIOPOAOT LE TOLG OIGTPOYOVIKOVG VLTOJOYELS &ival €o0TpadioAn >>
yvevioteivn > vroviletvn > Poyaviv A = KOUEEPOAN = VOPLYKEVIVI] > QOPULOVOVETIVI] =
KkepKetivn yio tov vodoyéa ERa kot e0tpadioin >> yevioteivn > vraiviieivn > Boyaviv A =
KOUQEPOA = vaplykevivn > KepkeTivr = poppovovetivn yio tov vrodoyéa ERP (Kuiper et al.,
1998).

Avapeca oTa QLTOOIGTPOYOVO, HE HEYAAO QUPUOKOYNUIKO €VOlPEPOV glvar 1)
yevioteivn, 4°,5,7-1p1-00po&u-160QAaOVn Kot 1| KEPKETIVN TOL ATOTEAOVV EMPOVY LEAN TOV
OUAO®V TOV 160PAAPOVOEd®Y Kol TV PAABOVOED®V avTioTtoryo. AapBdvovtag vroyn to
TAN00¢ TOV OPYNTIKOV ETMTOCEMV TNG YPNONG YNUIKDOV VTOKOTOUCTOTOV TOV owrpoy()vmv3
oTOV OvOpOTIVO 0pYavVIGUO, SopaiveTol TO SLVNTIKO OPEAOG Oomd TN YPNoN TOV (ULTO-

olotpoyovav yevioteivng (Mazur et al., 1998; Tham et al., 1998) koupepoAng kot kepKeTIVIC.

1.4.2 Euunvomavon

Ot podipeg 660 Kot o1 pokpompoecues cuvémeleg amd v EAAEWYN 010TPOYOVOYV, OTM®G
ovuPaivel oTIC YOVOUKEG TOL £YOVV UMEL GTNV KALOKTNPO 1 TAGYOLY a0 O0GTEOTOPWO,

Oepomevovral pe avtd mov ovoudletar oppovikn Oepaneior (Lindsay and Tohme, 1990), ue

! estradiol
2 Estgrogen Receptors a kot B
% Hormone Replacement Therapy (HRT)
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eEoyev mpoOcANYn OMAad TGOV OPHOVOV Tov adLVaTEl Vo cLUVOEGEL O OpPYOUVIGUOG.
Amotedéopata, amd TUYOLOTOMUEVEG KAVIKEG LEAETEC, GLGYETIONY TNV OPUOVIKY Bepameia
le vyNAo picko eupdviong kapkivov tov evdountpiov (Beral, 2003; Chlebowski et al., 2003;
Colditz et al., 1995; Magnusson et al., 1999) kot pAefikd Opoppo-euporopnd (Rosendaal et
al., 2002; Ross et al., 2000). Emunpocheta, edv n oppovikny Bepameio Eexvioer Kotd v
nepiodo TPV TNV EUUNVOTOLGT, TO PICKO Yol TNV avAmTLEN Kapkivov Tov otnBovg awéavetot
(Aggarwal et al., 2004). Eivou gugavéc 6t 1 opuovikr] Bepameio dev amotedei Avon ywpig
pioko pe v Omuovpyio TG ovAyKNnG yw €0PECT] EVOAMOKTIKOV HOPOOV Oepomeidv.
Evalloaktikég Oepomeieg mov vo unv mepLEYovv T€T010. VYNAGL TOGOGTAE PIGKOV, ATOTEAOVV Ol
Oepaneiec Omov M WPOSANYM OwOTPOYOVEOV  avTiKoBioTATOl pE TNV TPOGANYTN  QLTO-

ototpoyovev (Hughes, 2003).

1.4.3 Avrioéeidwtixny opdon

M amd 11§ To YVOOTEG WO10TNTEC TOV PAOPOVOEWDMY KOl TOV CTIABEVOEWOMOV, TOV® GTNV
omoia. otnpiletar m xpNoN TOVG CAV POPUAKEVTIKG TPOiOvTa, €lvol 1 KAVOTNTE TOVG va
amooPEvoLV TIC evepyéc Hopeéc ofuydvou®. EEautiog g 1810TnTd Tovg auth dev eivon kdT
V€0, ToL PAAPOVOELDT AITOKTOOV OO Kol LEYAAVTEPT) PN, e€antiog TV emPBAABdOV cLVEREIDV
TOV EVEPYOV HOpe®V 0&VYOVOL 1000 6T PLGIoAoYia Tov avOpdmov (Guarnieri et al., 2007)
660 kot Tov eutodv (Reddy et al., 2007). Ot evepyég popeég 0&uydvou Ommg ot povipels pileg
o&vyovov (10,), ta vepoteidia (O2), ta vrepoteidia Tov VEpoydvoL (H202) Kot ot ehevBepeg
pilec vépo&vriov ((OH) emnpedlovv v euoioloyio TV peufpovdv kot TV domepatdTnTd
TOVG KOl EUTAEKOVTOL O OAOIKAGIEG OTMG 1 0EEOWTIKY O10GVVOEST TOV TPMTEIVMOV KOl TOL
DNA, n 0&eldwon Tov YpOoTIK®V, 1 HEIMON NG POTOGLVOETIKNG OpacTNPLOTNTOS Kot
avVomTVong, M YHpaven Kot o Kuttaptkog Oavatog (Potapovich and Kostyuk, 2003; Williams et
al., 2004).

Eivar emopkdg tekpumpliopévo 6Tt 1 kovotnTo. Tov £X0VV HEPIKA OAoOVOEdT| Kot
oTiABevoetdn va amocBévouv Tig ehevbepeg piles, otpiletor oto potifo vrokaTdoTAoNg TOV
KEVIPIKOD okeAetov TV @AaPovoedmv (Harborne and Williams, 2000; Pietta, 2000;

Williams et al., 2004). H dpdon oavty oyetiCeton a) pe v mopovsio g povadag tng

! reactive oxygen species, ROS
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TEI)pOKOL’ESX(')M]Ql pe T LOPLoL TOL TNV KATEXOLV VO UTOPOVV VO 3PAGOVY GOV dOTEG TPOTOVIDY
LLE OTOTEAEGLLOL TV OTOGPECN TOV eVEPYDV plav, f) pe v ynueio tov daktvAiov I' kot mo
CLYKEKPLLEVA e TNV Tapovsio TG opdoag kapPovuriov oty Béon C-4 avtov, mapdiinia
pe tov Kopeopd ovapeco otig Béoelg C-2 ko C-3 (Eynua 2) kot y) pe v mopovciol
vdpo&uiopddag ot B¢on C-3 1 oy Béon C-5 1 kdmotag GAANG opddag otn Béon C-3 mov va
TPOKLTTEL ATd TNV £0TEPOTOINGN TG 3-VOpoELAOUAdAS e TO YoAAKO 0£D. Ot dvo terevTaieg
TEPMTMOGELS ELVOOLV TNV ONUIOLPYIL YNAKOV dECUOV TOPOLCIO UETAAA®V KOl OTOTPOTN
KOTOATIKOV avTdpdoenv pe tig elevbepeg pileg (Rice-Evans et al., 1996).

Ot pAafavovodrec, ot pAafovoreg kot eAaPOveS Tov TEPIAAUPAVOLV TIG TEPIOCCOTEPES
amd TIG mopamave 1010tnTeg evromilovian og apbovia 610 PLTIKO Paciielo, pe To LEAN NG
TPOTNG OUAdOG VO Elvol TO ATOTEAECUATIKA 0md T LEAN TG 0e0TEPTG Opddag e€ontiog TG
mapovsiog g vopoLvAopddoas oty Béon C-3 tov Paocikod okeretod Tov popiov. H
emPePaimwon EpyeTon Pe TNV KEPKETIVN Yo TO LOPLO TNG OTOIOC 1GYVOLV TO TEPIGGOTEPH. OO
TOL KPUINPO. OV TPOOvVaPEPONKAY Kol €Yl TNV HEYLOTN OVTIOEEOMTIKY OpacTPLOTHTA

avaueco oto rafovoeldn (Rice-Evans et al., 1996).

1.4.4 Avuxapxiviky opaon

Ot pAofovoetdelc kot oTAPevoeldel evaoelg €xouvv cvoyetiotel pe TV peimon g
mhavotTToc va mposPAndel Kdmolog and cuykekpluévovg TVToVG Kapkivov. Me Bdorn v
OVTIKOPKIVIKT] TOLG OpAoT), To GAABOVOEION KOl TO. OTIABEVOELON UTOPOLV VO YMOPIGTOVV CE
VO KATNYOPIEG: VTA TOV EMBPOVV &) 6TV TPOANYN Kot f) oty Bepameio. Av Kot To péEypt
TOPO ATOTEAEGHLOTO TTOV avopEpovTal 6t PifAtoypapia dev elvar oe Béom va vrootnpiEovv
pa Thovny BepamenTiKny OpACT AVTAOV TWV OVCMV, Ol PLTIKNG TPOEAEVONC, U TOEIKES 0VGIES
eaivetal 0Tl pmopovv vo ypnowomombodv cov TPOANTTIKA HECOH OVTILETOTIONG TOV
KopKivov.

Yrapyet évac apketd peydlog aptOpog in Vitro kot emONUIOAOYIKOV UEAETMV OV
dgiyvouv OTL M| TPOGANYN 100PAABOVOV Kol GAADV TOAVPOIVOADY TOV UETAPOAGHOV TMOV
(QOVVUAOTPOTAVOELODV UTOPOVV VO GLUGYETIOTOVV WE TNV TPOANYM Tov Kapkivov (Messina,

1999; Nair et al., 2007). Avaueca ce avtég Ppioketal 1 YEVIGTEIVY, 6TV omoio amodidovrol

1 Saxtontog Peviorion (Saxtoiog B) vdpoluhmpévog otig Béoelc 3 kat 4. Ty Piproypapio epoavieron kot oov
LOVASa KaTEXOANG
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WM Teg OMWG 1 EUTAOKN TG TNV PLUOUIGT TOL KLTTOPIKOV KUKAOV, TMV KVLTTUPIKAOV
LOVOTIOTIOV CNUATOOOTNONG KoL TNG OVOGTOANG TNG ayyeloyéveons. Avtég ot 1010t teg poli
HE TNV OUOOTNTA TNG LE TO OLOTPOYOVOE KOOIGTOOUV TNV £VMOT] 0T TOAD ONUAVTIKY TNV
AVOOTOAY TNG AVATTLENG KOPKIVIKOV KLTTApOV oe mpowe otddie (Sarkar and Li, 2004).
Ievikd, o1 TOAVPAIVOAIKES 0VGiES OTTMG elval Kot To. PAAPOVOELDT EPEAVILOVV YOPOUKTPLOTIKA

TOV TIG KAVEL VTOYN P LOPLO GTIV TPOANYT TOL KOPKIVOL.

1.4.5 Kaporonpocrarevtixy dpaon

Emonuoloyikég peréteg oetyvoovv 0Tt mAnBucpol ot 0moiol KoTavaA®vouy TPOPILN TAOVGLO
OE (QUTO-01GTPOYOVA TOPOLGLALOVY HIKPOTEPO TOGOOTH oTEQOVIainy voonudtwv (Barnes,
1998). Emumpocheta vmdpyel kot to Aeyopevo «I'aAlikd mapddo&o», 6mov evd ot [odiio
VIAPYOVY VYNMAQ TOGOGTH TPOCANYNG KOPESUEVOV MTOpDV 0EEMV, LYNAL TOGOCTA
KOTVIOT®OV Kol EALEWYT AGKNOMG, TOPAYOVIEG TOV GUVIGTOVV VYNAO KivOuvo GTEQOVIOI®MV
voonuatwv yo Tov tAnfucud, mopadoEmg to televtaio epgavifovrol o pkpd mocootd. To
QOVOUEVO OVTO OmOdIdETOL G PEYAAO PaOUO GTIG PUIVOAKES EVDGELS TOV TPOEPYOVTIUL OO
LOVOTIATIOL TOV UETAROAMGHOD T®V (QOIVOAOTPOTAVOEWO®V, OTMC Yot TOPAOEYHO &ivor 1
pecfepatpoin kot n Kepketivy mov evromilovial oto KOKKIva Kpaotd o omoio ot I'dAlot

Katavoldvouy og peyaiec toodtnteg (Das et al., 1999; Soleas et al., 1997).

"Evog dAAhog mapdyovtag mov givar yvootd Ot cuviedel oty vyela TV oyyeiov Kot
apa TG KaPOdG eivar To MmdKO TPOPIA. YTTAPYouV TOAVPAIVOAKES EVIGELS TOV OAIVETOL

[HDL]

VO LELOVOVV TOL GUVOALKA entimedo Mmdimv Kot va BEATUOVOLV TV GYETIKY avaloyio [LDL]’

VYNNG TokvOTNTOG  AMTOTPMOTEIVEG TPOG  YOUNANG mukvotntog Amompoteives. [
mopdaoetypa, £xel Ppedet 0L PeATidvovTal Ta EMITESN TV AMTIOI®V GTO TAAGO TOV OAILATOC
OT®G €MiONG KOl TO EMMESN TNG YOUNANG TUKVOTNTAG AMTOTPOTEIVAOV Kol TOV EMTEIDV TOV
TOAD YOUNANG TUKVOTNTOC AMmompmteivdy tdéoo o melpdpata pe Rhesus (Anthony et al.,
1996) 660 kot og KAMvikég pehéteg (Anderson et al., 1995). 'Evag amd tovg mopdyovteg mov
eumiékovtar oty Peitioon Tov Aoy mpogik @aivetor va eglvar - avénon g
gvatonoiog Tov vrodoyfwv TG YauUnAng mukvotntog Amompwteivov  (LDL)  mwovu
napatnpeiton Enerta and v tpdoAnym woprapovav (Kirk et al., 1998).

Agdopévou Ot 1 0EEIdMON TOV MTOTPOTEIVOV OmoTEAEL vl oNUOVTIKO Prjpa otV
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€YKOTAGTOON TNG aAONPOUATIKNG TAAKAG, Ol OVTIOEEWMTIKES 1O10TNTES TOV PAOPOVOEBDV Kot
TOV oTIAPEVOEDDV, QaiveTal va. amoTehovV EUpecn ADON GTNV TPOCTACIO TOV OPYOVICUDV
amd TETOWG UCEMS KOPOOAOYIKA TPoPANUOTE, UE TO VO QVEAVOLV TNV OVTIOTOON OTNV
0&eldmoN TOV YOUNANG TUKVOTNTOG AMTOTPOTEIVOV Ontwg £xel derybel e T 16oQAaPOveS NG
ooy (Tikkanen et al., 1998) kot v peoPepatporn (Frankel et al., 1993). Emnpoceta, n
pecPepatpdin €yxetl deybel 6t emnpedlel OAOVS EKEIVOVG TOVG TAPAYOVTEG TOV EUTAEKOVTOL
omv avamtuén g afnpookinpwong in Vitro, av Kot 1 OTOTEAECUOTIKOTNTO TNG
pecPepaTpding otovg avBpmmovg in Vivo dev £yl EekdBapa amoderyOei axoua (Delmas et al.,
2005).

1.4.6 Avripieyuovion opdon

ZovNOmg ot EAEYHOVEG OMOTEAOVV UEPOG LLOG OVOGOAOYIKNG OVTIOPOONG TTOV TPOKOAEITOL
HETOED GAA®Y amd PBokInplokeés TPOGPROALS, TPAVUOTICHOVS Kol £kBeomn o VTEPLDON
axtivoBoMa. ‘Etot elvan amopaitntn 1 avtidpacn Tov GOUATOS Y10, TV TPOGTAUGIO 00 OUTEG
TIG TPOGPOAEC KOl TNV EMOVA®ON TV TANYOV. Ot ¥povieg QAeyHovéG avéavouv to pioko
AVATTLENG EKELMOTIKOV acbeveldv 6mwg givarl n apOpitida, 1 abnpookAnpmaon, n achévela
tov Alzheimer kot 0 kapkivog (Brod, 2000). O oynuotiopds tTmv evepYmV HOPP®V 0EVYOVOL
KOl 1 ETAKOAOVON EVEPYOTOINGT TOL UETAYPUPIKOV TOPAYOVTOL NFkB?, nailer poAo KAEWL
otV mpdkAnon eieypovig (Schreck et al., 1991). I'o avtd TOAAG 0O TO AVTIPAEYUOVDOIN
OKEVAGUOTA OTOTEAOVY €V dUVAUEL OVTIOEEWOMTIKEG OVGIEG OV UTAOKAPOLV TO LOVOTATL
gvepyomoinong Tov petaypapikov tapdyovio NFkB. Ao ™ otiyun mov moAhd pAafovoeidn,
Omm¢ elvol 1 yevioteivn, petafoAilovtal ypnyopoa mPog AyOTEPO 1GYVPE AVTIOEEIOMTIKEG
EVAOOELG, O KLPLOG TPOTOG Opdong Tovg HOAAOV elvar pEC® TNG EUTAOKNG TOVG OF
onuoatodotikd povordtio (Williams et al., 2004).

H yevioteivn kot GAAo @AaBovoeldn Ommg eivar n AovteoAivn, M KepKeETiv Kol M
amyevivn Pertiocav To TOCOGTA TPOKANGNG PEVHOTOEWOOVS apOpiTdag o6& HOVTEAD LE
novtikie (Kumazawa et al., 2006). H peofepotpoin, emiong, eaivetal vo. givor £vag KaAdg
avaoTOAENG TNG Opdiong Tov petaypaptkov moapdyovto NFkB 6mmg eniong kot g Ekppaong

TOV KLTOKIVOV, oL oyetilovion pe Vv évapén eAeypovav. EmmpdcOeta motedeton 0TL M)

! Nuclear Factor kB
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pecBepatpoin avactéArel TV petagopd tov NFkB otov mupnva kot v enakdAovdn dpdon
tov (Surh et al., 2001). Av ka1 ot meplocdTEPES PEAETEG €XOLV Yivel In Vitro, n dpdon g
peofepatpOAng in Vivo Ba pmopovoe opoimg vo kataderyBel aAld 1 frodobeoiudmra v

QAAPOVOEIO®VY KOt GTIABEVOEODV 0VGLOV YEVIKA QaiveTOL VO EIVOL TEPLOPIGUEVN.

1.4.7 Avryuxpofroxij opaocn

Mw ond T 7o evOQEPOVOEG 1O0TNTEG TV  KOPLWV  QAUPOVOEWO®OV Kol  TOV
160PAaPOVOEBDV KaBMG emiong Kot TG opddas TV STIABEVOEO®V givar 1 avTipikpofiokn
ToVG dpdiom. Avtod divel TN SLVATOTNTA GTOVS OPYAVIGLOVS TTOV TIG TAPBEYOVV VO EAEYYOLY TNV
avamtuén tov tafoydvev pukpoPiony, 0nmg eivol o faktiplo o1 LOKNTEG Kot Ot 101. AVvTo TO
eCEMKTIKG OVOTTTUYUEVO YOPOKTNPIOTIKO, OMOTEAEL €va OmO TO «OTAM» TOL £XOVV OTN)
«PApPETPAY TOVG Ol QUTIKOL opyoviopol Yy vo avtiuetonilovy to maboyova. AAlot
LUNYOVIGHOT aVTIKPOPBLOKNG GULVOG TOV QLTOV gival a) 1 cOvOeoT TPOTEIVOV TaboYEVELNG
(La Camera et al., 2004), B) n oavtidpaon vrepevaicOnoiog (Stintzi et al., 1993), y) n
nopayoyn evibpmv Aong tov kuttapikov toyopatov (Vigers et al., 1991), 6) n eroyoym
«ofedmticnc ékpnénc’» (Wojtaszek, 1997) kot &) 1 enaydpevn AMyvivomoinon tov QuTIKdV
Kuttapikov toyyopdtov (Vance et al., 1980). Olot 1| KGmowol OO TOVG TOPOTAVED
unyovicpovg Exovv avamtuydel yia va fondncouvv to «apetaKivnta» UTd Vo TPOsOPHOGTOOV
oe éva gfpwd yoo v avdmtuén tovg mepidiiov. H avaxdioyn véov emaydpevov 1
npocvvtifepévov aviyukpoPlakdv ovowdv (La Camera et al., 2004; VanEtten et al., 1994)
QmOTEAEL QVTIKEIHEVO EVTATIKNG £PEVVOC TIC dVO Tehevtaieg dekaetieg (Dixon, 2004; Dixon
and Ferreira, 2002; Dixon and Paiva, 1995; Harborne and Williams, 2000; Jeandet et al.,
2002) oto mAaicto TG €pevvag Yo TV eEEVPEST EVOAAOKTIKOV TPOTMV OVIILETOTIONG TOV

LIKPOPLOK®V 0GOEVEIDV TOV PUTOV.

Av ko  avtykpoflokn opdon Tov eAOPOVOEWMOV Kol TV OTIABEVOEIODV EYEL
capng tekunpuwdei (Cowan, 1999; Cushnie and Lamb, 2005; Nowakowska, 2007), n oan’
gvbeiog ypnoM TOLG Yo TNV OVTILETOTIOT LOAVGUOTIKGOV ac0eveldv Oev givarl dtadedopévn,
eCantiog ¢ petwuévng OpaoTiKOTNTOG TOV TOPOLGLALOVV Ol OLGIEG PVTIKNG TPOEAELGONG OE

oyéon pe oTég Tov mapdyovron amo to uikpoPia (Lewis and Ausubel, 2006; Yamada, 1991).

! oxidative burst
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Emumpdcheta, n vmapén tAnbdpag StoabEécimv TAnpoopidv YOpw omd Tig 10TTEG TOVG, TIg
KaO1oTd PN EAKVOTIKEG Yo TV Katoyvpwon Tovg (Duke, 1990), pe anotéheoua v omoTpémel
TIG eToupeieg va enevovcovy oe avTéc. Ilap’ OAeC OUM®G TIC APVITIKES TPOOTTIKEG TOV UITOPET
VO DTTAPYOVV YOl TV YEVIKELUEVT] YPNOT TOV PAABOVOEODV KOl TV CTIAPEVOEO®VY, UTOPOHV
Vo XPNOIHOTOIN 00UV GOV AVTYIKPOPLOKEG OVGIES Y10 TV OVTIKOTAGTOCT TMV TOPUIOGIOKMV

avTIBLOTIK®V, 1 ¥pNOoN TOV 0moimV £xel dnpovpynoet ovhektucd otehéyn (Cowan, 1999).

H dpdon tov ovoidv mov €xovv avtipikpofrokn dpdon oeidetal mbavotata GTo
AmOTELEC A TNG OAANAETIOPOOTG LE EEMKVTTAPIKES KOl SIOAVTEG TPMTEIVEG AP’ EVOS Kol GTNV
OAANAETIOPOOT LE TOL GVOTATIKA TOV KLTTOPIKAOV TOYOUATOV 0’ £tépov. Ta eAafovoeion
oL dgv Exouvv VOPoLLAONAdES oToV doKkTOAMO B 10U PBoocikod okedetod €xovv avénuévn
avtipikpoPloky Opdon oe oxéon pe To QAaPovoedn mov @Eépovv daxktOAMo B e
vdpo&uiouddeg (Cowan, 1999). H vopo&vropada ot 0éon C-3 ko n opdda kapPfovoriov
o1 0éomn C-4 tov daxtvAiov I' givan amapaitnta ototyeia yio v aviipoaktnplokn opdon TV
erapovoedmv (Zhou et al., 2007) evd o dimhdg decudg avaueoa otig 0éoeig C-2 kar C-3 tov

{010V dakTLAIOL deV gival ATOPAITNTOG Yol TNV AVTIBOKTINPLOKT OPACT] TOV OVGLOV AVTOV.

@aivetar 6t 01 SAPOPEG OUASES TV PAABOVOEIO®OV OTWG Kol TOV CTIABEVOEODV,
e€eAlyOnrov mopdAinia pe v e£€MEN tov putdv. AfloonueimTo gival To yeyovog OTL ot gv
AMOy® oupdoeg dev eppavifovior HOVO GE OCUYKEKPIUEVEG OLKOYEVEIEG QUTAOV OAAL oF
TEPIGOOTEPEG, U TMOALEG ammd avTég va eivan e€glktikd amopakpocpéveg (Stafford, 1991). Ta
QLT eEEMEAY TOLG UNYAVICUOVS TOPAYOYNG TOV EVOCEDV OVTMV Y10 VA TIG XPNCUYLOTOM GOV
EVAVTIOL GE HKPOOPYAVICHOVS KOl HE TOV TPOTO aLTO VO TPOGTOTEVTOVV OO KPOPLOKEG
KataoTpoPés. Ta mpoidvta HETOPOMGHOD TOV  POUIVOAOTPOTOVOEWDADV 7OV  KOTEYOVV
AVTIKPOPLAKES IOOTNTEG SIOKPIVOVTOL &) OTIC PUTONVTICUTIVES, PAUPOVOEIST CLOTATIKAG
napaydpevo, (VanEtten et al., 1994) kot ) otic purouietived?, enaydpeva erafovoetdn,
omm¢ ol mrepokapmiveg oto yoyavorn (Hinderer et al., 1987; Jeandet et al., 2002), ta
oTi\Bevoeldn oto apméd Kot ot 3-6é0&v-avbokvavidiveg oto copyo (Snyder and Nicholson,
1990).

Ov @ploPovoedeic evaoelg €xet avagepbel 0Tl avactéAlovv TNV oviaTTLén TOV

HKpoPimv Tov TPOKAAOVY HOAVGUATIKEG acbéveleg T0c0 otov dvBpwmno (Basile et al., 1999;

! phytoanticipins
2 phytoalexins
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Baydar et al., 2004; Cowan, 1999; Cushnie and Lamb, 2005; Friedman, 2007; Gibbons, 2004;
Gradisar et al., 2007; Kuete et al., 2007; Lee et al., 2005; Nijveldt et al., 2001; Nowakowska,
2007; Rios and Recio, 2005; Yamada, 1991) 6co kot oto gutd. Onmg avapépovv ot Lewis
kot Ausubel (Lewis and Ausubel, 2006), to yevikdtepo TPOPANUA TNG TAELOVOTNTOAS TOV
QUTIKNG TPOEAEVONG OVTIROKTNPLOKAOV EVOCEOV €lval OTL 1 OVTIPOKTNPLOKY TOVS OpaoT
neplopiletar povo ota katd Gram Oetikd Poaktipia, e€ottiog TG S10POPETIKNG GVGTUCNG TOV
eEOTEPIKOV pEUPpovdv TovG. Ot QpVVTIKOT INYOVIGHOTL ToV UTOV givol apevoc 1 cuvBeon
oYETIKA aoOevOV avTIBlOTIK®V Kot 1] 6VVOEGT OVOGTOAEWDY owesmucérnwgl KOl OPETEPOV 1
oLVOEGN OVOIDV OV GTOYO EYOLV TO PUKTNPLOKG GVCTHHATO TAOOYOVOL wxl')oqz Kol Oyl TV
Baktnplokn avamtoén.

Meta&d TV QUTIKOV HETAROAMTAOV LE LUKNTOGTATIKEG WO10TNTES £ivotl Ta GTIAPEVOELON
(Hart, 1981), ot pAafovodreg kot ot AaPav-4-0leg kar ot 16oeAaPoves. Ot televtaieg omd
LOVEG TOVG TOPOVGIALOVY OVTIIKPOPLoKT OpAcT oV KOl To TOPAY®YE TOLG, TTEPOKAPTAVES
Kot YAvkeoAives, epeaviovol va gival meplocdtepo evepyd oe in Vitro meipdauata (Graham
and Graham, 1996; Subramanian et al., 2005). H wkopgepidn®, éva tprylvkosido tng
KopupepOAng, eivar gvepyn evavtio oto Fusarium oxysporum ssp. dianthi évav poxknta mov
npooParrel T yapveailo (Dianthus caryophyllus) eved n Aovteopopoin, wa erafov-4-0An,
givon evepyn evavtia oto Poktipto Erwinia amylovora (Spinelli et al., 2005).

O yevikdTEPOG YOPOUKTNPIGUOS TOV PAABOVOEWOMOV GOV QUTOTPOCTATEVTIKEG OVGIES
TPOKVTITEL KOl HEGOH OMO TO OMOTEAEGULOTO TOAADV EPYOCUDYV TOV OMOOEIKVOOLV  TIG
avtifoktnplokés 1810tteg tove. Onmwg avoaeépovv ot Gnanamanickam wkow Mansfield
(Gnanamanickam and Mansfield, 1981), vdpyovv pepikd 1o@rafovoeldn Kot GAoPOVOEdN
ov €YOovV Aueon opdom evavtia ota katd Gram Ostikd PBoaxtipro Bacillus megaterium,
Corynebacterium  betae, Corynebacterium  fascians, = Micrococcus lysodeikticus,

Mycobacterium phlei ko Streptomyces scabies.

1.4.8 Avaoctoin evibuwv

Ynrdpyovv @aivolMkég ovoieg ol omoieg £xovV TNV KOVOTNTO Vo OVAGTEAAOLY TNV Opacm

! multi-drug resistance inhibitors
2 bacterial virulence
% kaempferide
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evQOUOV OV EUTAEKOVTOL OE JLOOIKAGIES TAPAYWYNG EVEPYDV HOPPDV 0ELYOVOL, OTTMG Eivat
n ofewdon tov EavOwvov, m Amobuvyevdomn, m petapopdon g yAovtabeidvng, m
prtoyovoplakn 0&elddor Tov NAEKTPIKOD oc“;éogl kot 1 NADPH o&eddon. Meta&d avtomv tov
evooemv coumeptlopfavoviar tooo eAafovoeldn 6co kot otiAfevosdn (Azmi et al., 2006;

Hanasaki et al., 1994; Middleton et al., 2000).

1.5 Merafoiikny unyaviky

‘Eva and ta mAéov evdtapépovia emtedypato g ovyxpovine Moprakng Bloteyvoroyiog elval
N ovvatdTNTa 6Tov EAEYY0 WIKPOPOKAOV HETAPOAIKAOV LOVOTATIOV 7OV 0ONYOUV GTNV
Blocvvbeon evdcewv pe Waitepo gvdtapépov. TIponyovpeva, o TpoOTOG LVAOTOINGONG TETOLOV
gyxepnuatov doev Mtav €OKOA0G, MG kKot otnpiloviav o YNUIKOLS TAPAyOovVTEG TOV
TPOKAAOVCAV TUYAIEG LETAAAAYES LEGO GTO YEVETIKO DAIKO Kol G EMAOYN TOV KLTTAPWOV TOV
eUEAaviCov 1o EmBLUNTO YAPAKTNPIOTIKO, LE TNV GAPWON EKATOVIAOMV 1] Kol YIAMAO®V CEPDOV
Kuttdpov. Oro avtd péypt TNV OTIYUN 7OV TEKUNPOONKE 1 TEXVOAOYIDL TOL YEVETIKOD
OVOGLVOVOGHOD 1 TNG YEVETIKNG unyovikng. Il mpdceata ovamtdybnke o KAGOOg NG
YEVETIKNG UNYOVIKNG TOL 0QOPE TNV UETOPOAIKN HNYOVIKN Kot oyetiletonr pe v AQueon
dwdwacio Peitioong eite ¢ ProocvvBeonc Kamolov HeETAPOAIT 1 KATOOL YEVETIKOV
LETAGYNUOTIGLOV KATOL0G KVTTAPIKTG WO10TNTOG HECH TG TPOTOTOINGTG KATOL0G PLloynpikng
avtidpaong N HECH TNG E00YWYNS KATOWOL VEOL PlocuvBeTikoy Prpatog 1 Kot 0AGKANPOL
LOVOTATION, PE TN Xpnom texvoloyiog avacvvovacpod tov DNA (Stephanopoulos et al.,
1998).

H embBopia yioo mopaywyn QOpUOKEVTIKGOV TPOIOVIOV UECH UETOPOAIKNG UNYAVIKTG
001NyNoE GTNV dMNUovPYia VEOV KOVOTOL®Y Blroevepydv TTpotdovimv kabmg emiong kol otnv
Beltimon ¢ mowotnTog Ko NG omddoone ovtdv (Lee et al., 2009). H mopaywyn tng
TEVIKIAAIVIG o€ Prounyavikny kAipoko omd tov poknto Penicillium notatum otig apyég tov
1940 amoteAel TO TPOTO EMTLYNUEVO TOPAOELYLO XPNOLUOTOINGNS (OVTOVAV KLTTAP®OV Yl
TNV TOPOy®Y EVOG QapUaKov evaviio o€ tpocPforéc tov Staphylococcus oAld kot GAA®V
Boaktnpiov (Carlile et al., 2001). And to1e Ko petd, n xpRon LOVIaVOV KLTTAP®V Yo, TV

TopOy®yn OEPATELTIKOV TPOTEVOV YEVIKEDTNKE Kol MON UETPOVVIOL EKOTOVTAOEG

L succinic acid
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nopadeiyparta (Rodney and Gibaldi, 2003).

H naykdéopa ayopd @oppoxevtik®dv mpoidvtwv vroAroyileton 0Tt o avérBel ota 1,3
Tproekatoppvpla dordapia to 2020 (Abdullah et al., 2008). Eve ta dppoka wov tpoépyovtan
amo YNk ovvheon ovveyifovv va amotelodv v mTAgoyneia, o lipoc mov dnpovpyncav
okevdopoto Tpogpyduevo amd ypnomn Protexvoroyiag to 2003 extyunmOnke ota 30-35
doekoToppvpla dordpia, 15% tov cuvolikol tlipov TV eapuakevTik®V Tpoidvimv (Walsh,
1999a). An6 avtd, exeiva mov Tponibav amd eutd eiyov tlipo 9-11 dicekoToppdplo Sordpio
etnoimg (Abdullah et al., 2008). H cuvépyeto akadnUaik®V Kol EPEVVNTIKOV WVGTITOVTOV LE
™ Pounyovie €xet  odnynoer oty avdmtuén  vEmV  TEYVOAOYIDV KOl VE®OV
LOPImV/CKEVAGHAT®V Y10, TV avTiuetdmion tov acbeverdv (Rodney and Gibaldi, 2003).

IMa v vAdomoinon g texvoroyiag avg eivol amoapaitntn 1 AVTANGCT YvVOONG Kot
TEYVOYVOGSIOG amd &va gupd QACUO EMOTNUOV Omwg elval n ynueia, n Proynueia, ot
VTOAOYIOTIKEG EMGTAUES KoL 1) poplakn Proroyia. Ovolactikd 1 texvoroyia avty dvoice to
nedio Yo TNV e100ymYT| Kot eEarymyn YoVIdimV 1 pPLOLLCTIK®OV TOPayOVI®V TPOEPYOUEVOV OO
OPYOVIGLOVG EEEMKTIKG OTOUAKPVGUEVOVS OO TOV OPYOVIGUO OEKTY, EMITPENMOVTOS UE TOV
TPOTO QLTO TNV UETAPOPEA YEVETIKOD VAIKOD HETAED OpYOVIGU®V TOL TOTE OV Ba umopovoav
vo ovamtoEovy ox€on avTaAAOyNG YEVETIKOL VAKoV. O AQUECOG aVTIKTLUTOG GLTAG TNG
teyvohoyiag oty Prounyovia (Miller and Nagarajan, 2000) €yet va kavel pe tv dnpovpyia
KOLVOQOV®V OPYOVICUOV TOPAY®YNS LETAPOATMOV OIKOVOLKOD £VOLOQPEPOVTOG OTTMG Eivat Tol
apvo&éa, ta avTiPloTikd, ot dtodvteg, ot Prrapiveg k.o. (Bailey, 1991; Stephanopoulos, 1999).

H avantoén teyvoroyudv yio ToV YEPIGUO TOV YEVETIKOD LAKOD KpoPiov yio Tnv
eTepOLOYT EKQpacn TPOTEIVOV oto Paktipto E. coli kot tov pdknta S. cerevisiae enétpeye
TNV OIKOVOUIKN TOPOY®YY] QLUGIK®V TPOIOVIMV TTOV TOPAYOVTIOL GE TOAD HIKPEC TOGOTNTEG
OTOVG OPYOVICUOVG 6TOVG omoiovg guotkd oviyvevovtor (Khosla and Keasling, 2003). H
ouveylLOpEVT] AVATTVEN TOV TEYVIKOV ovacLvovaouod tov DNA €pepe 6TO TPOSKNIVIO THV
SUVOTOTNTO Y10, TOV YEPIGUO OAOKANP®V HETOPOMKOV povoroTidy Tev pkpoPiov (Cameron
and Tong, 1993) gite péow g TPOMONOINGTG TN EKPPOONG EITE HEGH TNG TPOTOTOINONG TNG
evepyotntag optopévev yovidiov (de Vos and Hugenholtz, 2004; Koffas et al., 2003) 1 péow
™G EVOOUATOONG VEDV YOVISIOV 6T0 YeVETIKO Tovg VAKO (Agius et al., 2003; Martin et al.,
2003; Shimada et al., 1998) 1| axduo HEC® TNEC TPOTOTOINGT TOV TEMK®OV EVHOGEMV Y10 TNV

Tapaymyn VE®V o evepymV Tapaymymv tovg (Katsuyama et al., 2007a).

Bio-@appokevtikd mpoidvta mov mopdyoviol amd UIKPO-OpYaVIGHOLS Kol £xouy Ppet
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™mv €£080 TOVG TTPOC TNV ayopd mapdyovtol amokielotikd amd to E. coli K12. To otéleyoc
avTd omoteAel 10aVIK] AVON Yo eKTEAECT HEDOOOAOYUDV YEVETIKNG TPOTOMOINGNG Yid
AEITOVPYIKT £KQOPOOCT] TPOTEIVOV HOG Kol &) eivor ToAD KoAd pehetnuévo, B) emtpénet v
EKQPOOT TOV ETEPOLOYOV TPOTEIVOV G TOAD LYMAAQ emimeda (Léxpt 25% TV GLVOMKOV
TPOTEVAOV GTNV TEPITTMOOT TNG Y-IVIEPPEPOVIG), P) OMOUTEL CYETIKA OMAG KOl OIKOVOUIKA
péca avamtuéng Kot d) mn texvoAoyia Kol Teyvoyvmaeio aviamtuéng tov oe {Luuotipeg eivat
tekunplopévn (Walsh, 1999b).

Mewovektmpata g ypnong tov E. coli cav &eviot) ywo v €1epOdA0YT EKPpaon
TPOTEVOV  pmopel va  Bsopnbodv @) M  INovpPYid GLUTVKVOUEVOV  TPOTEIVIKOV
csvcscs(ouarcoudr(ovl, OV UTOPOVV VO EMNPEACOVY TNV AEITOVPYIKY| EKPPUCT] TOV TPOTEIVOV,
) n mapovcio Amo-roAvcakyapdiov oTig HepPpaves mov dpovv Toékd oTovV AvOp®TO €AV
@Taoovv otV kKukAoeopia tov aipotog (Walsh, 1999b), y) cuvyvé dev avayvopilovtot
VoSG oTolyein Yovidimv mov Tpoépyovtal omd POKTHPLO GAL®Y YEVAV 1) OIKOYEVEIDY, J) M
VIopEN avaeop®V Yio. To&ikn dpdon Tev ekppalopevov tpeteivov oto kuttapa (Abdullah et
al., 2008) ka1 &) n vmopén Bépatog acearelog amd TNV VOEXOUEVT] TAPOLGIO VIOAELUUATOV
DNA ota teAikd Tpoidvta.

[ToAAég Bepamevtikig QUOEMG TPMTEIVEG, OTAV TAPAYOVTAL PE QULGIKO TPOTO GTO
ocopa, yAvkoocvAidvovtol. Otav Odumg ovtég ol mpwTeiveg Tapdyovial GE  KATOOV
TPOKOPLMOTIKO OPYOVIGUO 1M OpAcn TOVG GLYVA &€ival TEPOPIOUEVY] LIOG Kol Ogv €Yovv
avamTOEEL EMOPKT UNYOVIGUO UETO-UETOPPOCTIKNG TPOTOMTOINCNG Y. TNV YAVKOGLAI®ON),
QPOoPOpPLAI®OT, LeBLA®OT, 0EEIOMOT), TPMOTEOAVTIKY TEYT CLYKEKPIUEVOV KOTOAOIT®MV K.0.
(Walsh, 1999b; Walsh and Jefferis, 2006). Ene1d1] katd v €1€pOA0YN EKOPOCT] TPOTEIVAOV
oe E. coli dev e€acparileton mavtote n evepydTNTa TOLG, TETO GLOTAUATA TTEPLopilovTat
otV £Kepacn Kuplog mpoteivav amAng dounc. Oco aviaver n molvmAokdTnTo TOV
TPOTEIVOV, EVKAPLOTIKA cvoThuata Ekepacng eivar mpototepa. (Gomord and Faye, 2004;
Lienard et al., 2007).

ATO TV GAAN TAELPE, VTTAPYOLV Ol ELKOPLMOTIKOTL LKPO-0pYaVIGHOL (OTmG elvan €1dn
Tov yevov Saccharomyces, Pichia kou Kluyveromyces) mov cvvovalovv ta mAeovekTnuoTa

mov £€yovv omd TN ML Ol HOVOKDTTOPOL TPOKOPVLMOTIKOL opyoviopol (m.y. €VKoAlo otnv

Yinclusion bodies
2 ypstream
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avamTuEn Kol OTOV  XEPIOUO  TOV  YEVOUOTOS) HE  TOLG  UNYXOVIGUOVG  EKQPOOTNG,
TPOTEIVOGVVOEONC KOl LETO-UETAPPACTIKOV TPOTOTOMGEMY EVKapL®TIKoD Tomov (Gellissen
and Hollenberg, 1997; Khosla and Keasling, 2003). Avtd emtpénel yio mopdadetypo, v
éxppaon P450 mpwteivov, mov eivor omapaitmteg otnv  Procvvleon  devtEPOyEVDV
uetafortdv, Tpdypo mov dev cvpuPaivel oto Paxtmpio (Hotze et al., 1995). Idwitepa 660
apopd otov S. cerevisiae, TapdAAnAao pe TNV EVKOAO GTOVG YEPIGUOVG, 1) EKTETAUEVT) LEAETN
o€ eminedo yeveTikng, Proynueiog kot euololoyiog kKabmg kot N Kataywpnuévn aAAniovyio
tov yevopatog tov (Yeast Genome Database, http://www.yeastgenome.org/), tov Kkdvet
Wwovikd  opyavicpd-Eeviot) yio TV €kepaoctn  yovidiwv PlocvvBeong  devTEPOYEVAOV
HETAPOMTOV GAAOV EVKOPVOTIKOV Opyovicpdv ontmg tov eutov (Goffeau et al., 1996;
Sudbery, 1996). EmumpdoBeta o opyoaviopdc ovtdc Oewpeiton 011 givon meptPailovtikd
QCQOANG (GRASl) Kol un-tafoydvog mov upmopel va ypnoipomombei oe  dladiKkaoieg

TopaymyNg Katavolotikov tpoioviov (Chemler et al., 2006).

H mopaywyn devtepoyevav petafoltodv dev mpémel vo Bempeital g Lovodtiotatn
dtdkacio OOV M E10AYOYN €VOG 1] TEPICCOTEP®Y YOVIOI®V KATAANYEL 6TV cvvHeon TV
TEMKOV TPOiOVTOV OTM¢ pmopel va, dtapaivetol oto Tynuo 3 (oA, 10) kot 610 amlomoinuévo
Yynua 5 (oeh. 47). Avtd 1oybel 10W0HTEPO OTIC MEPMTOOELS OTOVL YIVETOL OVAGVGTOCT
TOAVYOVIOIOKAOV HOVOTATIOV OTM¢ €ival VTG TOV OTIABEVOEWODV Kot TV QAAPOVOEDDV.
Evooeig pe wiaitepn aéia mov Exovv mapaydel pe tov tpdmo avtd eival LEPIKH IGOTPEVOELDT,
Tepmevoeldn kot moAvketiowa (Martin et al., 2003; Mijts and Schmidt-Dannert, 2003), ovocieg
mov mpocdidovy yevon kot dpmpo (Krings and Berger, 1998) xofd¢ xot to QUTIKAG
npoéhevonc eAapovoedn (Ververidis, Trantas et al., 2007a).

Ot mpdTEC PEAETEG TAVD GTNV ETEPOAOYN EKOPACT] PLTIKNG TPOEAEVOTG YOVISI®MV TOV
HETOPOAICHOD TOV QOIVOAOTPOTOVOEWO®Y oTNPILOVIOV oIV EKTIUNOM NG EVEPYOTNTOG
OLYKEKPIUEVOV eVEOU®VY KO GTNV EKTIUNOT TG IKOVOTNTOS LETACYTUATIGLOD CLUYKEKPIUEV®V
VTOGTPOUATOV. AVTEG Ol TPMTEG TPOSTAOELES Y10 TOV S10YOVISIOKO EAEYYO TV UETUPOMK®DV
fnudtov oe pikpoPuo, €5eie To SpOUO Y TNV UETOPOAIKY) UNYOVIK OAOKANp®V
BloGuVOETIKOV HOVOTOTIOV £TGL OGTE VO YIVEL OLVATH 1 TOPOUY®YN] CVYKEKPIUEVOV QUTIKDV
petofoirtov. H dvvopkn pog térotog mpocéyyions edvnke péca and dvo epyacieg. Xnv

TpdT™ o1 SzCzebara kol cvvepydteg KOTOOKEDOGOV YEVETIKG TPOMOMOMUEVO GTEAEXOGC

! Generally Regarded As Safe
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COKYOPOUVKNTO TO 0moio Ntav 6g BEomn va ProcuvBéoel vopokopTildvn pe v cuvépyela 13

Swayovidiov (Szczebara et al.,, 2003). v odevtepn ot Hauf ko ocvvepydreg métvyav

TaVTOYPOVN £KPPacT 7 Yovidiov mov Kodtkorolovy yia évivpa g yAvkoivong (Hauf et al.,

2000).

1.6 Zwomoi tng dratpifijc

H mapovca epyacio emkevipodvetat yOpw omd toug eENg Aoveg:

NV Olepeblivnon NG TEPOYNG TOV QAUPOVOEWO®MV EVAOCEOV TOV UETOPOMGUOD TMV

QOIVLAOTPOTOVOED MV (XMUkn etepoyévela, Katnyopromoinon),

™V vwobéton g pebodoroyiog TG HETAPOAKNG UNYOVIKNAG YO, TV OVOCVOTOCT TOV
BlocuvleTikdV povomaTIdV eKEIVOV TOV UETARBOMGUOD TOV (QOIVOAOTPOTAVOEWOMV GE
KatdAANAo otedéyn Coung (S. cerevisiae) mov KotoAnyovv oty Procvvlecn 1Tng
peoPepatpoing (oTiAPévio), ™G YEVIGTEIVIIS (1G0QAAPOVN), TG KOUPEPOINS Kol NG
KkepKeTivg (PAaPovoreg) kaBmG Kol TV EVOLAUESHOV OVTOV EVOCEMY TOV KOVUAPLKOD
o&éog Kot TG vaprykevivng (eAafavovng), Kot

NV PEATIOTONOINGT TOPAYOYNG TEAMKOV TPOIOVTOV Kol 0E0TOINeN VTV TOV TEMK®OV
TPOIOVIOV GE TOUEIS EMOTNUOVIKOV EQPUPUOYDOV, OT®S PLTOTPOCTOCIO KOl TEYVOAOYin

tpooipwv (Owonotia).
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2 YAIKA

«Ta  coPapd mpoPAnuoto  mov
avtipeTomilovpe dgv umopovv va Avbodv av
petvovpe oto 1010 emimedo ok€yng mov
elyape OTOV T ONLOVPYCOUEN

Adlumept Aivotdy (1879-1955,
PLGIKAQ)

2.1 'Evivua, avtiopoactiipia Kal dilo avaldoiua vAIKd

Ta évlopo mov ypnoipomomOnkoy Kotd TV eKTOVNON TG Tapovoas datpPng mponAboy
and T etapeiec Minotech kot New England Biolabs (evoovovkiedoeg mepropiopov),
Finnzymes (Phusion moAvuepdon, MMLV avtictpoen petaypagdon), Takara (Kivdon,
DNasel). Ta ovoldowa vAkd (doyeioa, ©THAEC) 7mOL  ypnowomombnkav yw TV
TOCOTIKOTOINGT OTNV TPLY0oedn Niektpodpnon Nrav g etotpeiog Agilent Technologies
evd to mpdTua detypata mpofAbav amd T etoupeieg Sigma (pecPepatpOAn, YEVIGTEIVT,
voprykevivn), TRANSMIT (vaprykevivn kaBapdmrog >98%) ko Fluka (kopeepodn ko
kepketivn). O TPocOopodc TG VOLKAEOTIOKNG OoAANAoLYioG TV KA®VOTOMUEVOV
tunuatov DNA éywve oto gpyactiplo g Mwkpoynueiog (IMBB, ITE) kot omv etapeio
Macrogen (Kopéa).

30



Eteporoyn froadvOean plofovoeidmy kor otilfevoeiomy evawoemy - YAikd,

2.2 Opertika péooa

2.2.1 Opertiko uéco kalliépyeioas faxtyproxdy kvrrapwv Luria-Bertani (LB)

H obotaon avtod tov Bpentikod pécov mov givar KOTAAANAO Yo TNV avAaTTuEn PoKTnplokdv
KaAMepyewmv givar 10g/L tpomtovn, Sg/L exydhopo {oung, 10g/L yroprovyo vatpro. T tnv

avayKn xpnong otepedv vrooTpomudtomv LB tpootédnkav 15g/L dyap.

2.2.2 IDajpeg Opemrtino puéoo xalliépyeiag corxyopouvxnta (YPD)

Mo mv avantoén tov cakyapopdknto ypnotporomndnke Opentikd péco mov mepieiye 10g/L
ekydMopo {oung, 20g/L mentovn, 20g/L yAvkdln pe to pH va otabeponoteitan oto 5,8. To
ekyoMopa {Oung elval 10 VOUTOOINAVTO TUNUA TOPUcKELAoUOTOS (OUNG pe oképoro -
COUTAOKO TPOTEIVOV KOl TO OLYKEKPEVO glvor  pelypo  opvoééwv, TENTIOIMV,
VOOTOSAVTOV Prropvev Kot vdatavOpdakwv. o TV TopacKELT] GTEPEDV VIOGTPOUATOV

YPD éywve mpocOnkn 20g/L dyop.

2.2.3 Opertiko uéco kalliépyeios caxyapouvknto yia extloyy (CM)

[Mo Vv emioyn TOV UETOUCYNUOTICUEVOV KLTTAP®V GOKYOPOUDKNTO PN CLLOTOONKaY
KOTAAANAD TpOTOKOALD emAOYNG pe Pdon Tic aw&otpopieg tov kdbe oTEAEYOVLS. AVTO
onpove 6Tl To KOTTOPO KOAAMEPYOUVTAY GE OPENTIKA TOV TOVG éAewne €va fOCIKO GLGTATIKO
onwc N Iotdivn (HIS), n Aevkivn (LEU), n Tportopdvn (TRP) kot n Ovpokiin (URA).
Movo ta KOTTOPO OV E1YOV UETACKNUATIOTEL PE TAOGUIO 7OV £PEPOV TO YOVIOl0 TOV
CUUTANPOVE TNV avtioToym petarayn avéotpoeiag og BEon va avartuybovv. H chotaon tov
Opentikod pécov Ntav 6,7g/L yio to Opentikd VAIKO TNYNHg aldTOL Yo TOV GOKYOPOUDKN T
yopic apwotéal, 20g/L yAvkoine, 10mg/L woevkivn, 150mg/L Borivn, 20mg/L odevivn,
20mg/L apywivn, 30mg/L Avcivy, 20mg/L pebeiovivn, 200mg/L Bpeovivn, 30mg/L tupocivn

kar 50mg/L eowvvraravivi. To pH tov Opertikod kvpaivovtav yopo oto 5,8 10 omoio

! yeast nitrogen base without aminoacids
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, r ;1 r ’ ’ J
otafeponoovvtay pe yoAokTikd o&L. Ta apivoléa 1oTidivn, Agvkivn, TPLTTOEAVY KOl
ovpakiin TpootédnKav avdroya Le TIC aVEOTPOPIEG TOV GTEAEXOVG-EEVIOTY| GE GUYKEVTIPMOELG

20mg/L, 100mg/L, 20mg/L a1 20mg/L avtictouyo.

2.2.4 Opertioé uéoo avarntolng forpvTy
[Na mv avédntoén tov Potputn oe tpuPiia Petri ypnowomomOnke Opentikd péco

kadépyetog PDA? tne etarpeiog Lab M.

2.3 Xtéleyog Escherichia coli

To Bacikd otéleyog tov E. coli mov ypnoponomdnke ce owtd to £pyo rav to IM83 (F ara,

A(lac-proAB), rpsL (Str"[®80, lacZAM15], thi).

2.4 Avamroén kot 6teléyn cokyapouvknto Saccharomyces cerevisiae

2.4.1 TIevika ororycia

O S. cerevisiae giva £vag opyovioHOS OV TOAATAAGLALETON TOGO EYYEVAC GO Kat ayevdC .
210, GTEAEYT TOL OLPTVOVTOL VO TOAAUTANGIOCTOVV OYEVADS, amd Kabe KOTTOpo eKPAUCTAVEL
éva vEo KUTTOPO OV BploKeTal TPOGKOAANUEVO GTO UNTPIKO. TEAMKA TO VEO KOTTOPO QTAVEL
T0 péyebog tov unTpkov kot aroywpiletat. To amoTéAesHO VTOV TOL HOVTEAOV OVATTTUENG

TOV KOTTAp®V TG Coung ivar 1) ekBetikn avénon tov aptfpod Tov KLTTapwV.

Otav 1o Opentikd péso avantuEng poAdvetan pe kottapa {oung, ovtd ypetdlovton po
nepiodo mpocsappoyng (edon votépnong). e avtn TV edon o apBudc ko 1 pdlo tov
KUTTOpoV dumhactaletal oe otabepd ypovikd dtaotiuota. Akolovbel o mepiodog émov o
pLOUOS avamTuéng TV KVTTdpoV givar otabepds (ekBeTikn avdmTuén). XN cuvéyeln, Kabdg
To. OpenTIKA OTOVYElD KATOVOADVOVIOL KOl 1) CLYKEVIPMOT TOV TOEKOV UETUPOAMKOV
evaoemv av&dvel, N avantuén TV KVTTdpov emPBpadHveTal Kol EIGEPYOVINL GTNV GTOTIKN

@AoT. XT0 6TAO0 aVTO 1 AVATTLEN TOV KLTTAP®V QOIVETOL GTAGIUN MW 0 apOudS TV

! actic acid
2 potato Dextrose Agar
% 10 6TéLEXOC TO OTOT0 YPNOLLOTOMENKE OE CVTO TO EPYO HTAV ATAOEISEC
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véov Kuttdpov etvar icog pe tov aplBpd avtov mov mehaivouv ot povdda tov ypdvov.
Amotéheopa givar 1 GUVOAKN KapmdAn avartuéng va ivar orypogdng (Adams et al., 1997).
O poknrag S. cerevisiae &yt 16 KaAd YOPAKTNPIGUEVA YPOUOCOUATO, TO HEYEDOS TV
omoiwv kvpaivetat amd 200 péxpt 2.200kb. H cuvolikn aAiniovyio tov ypopocopukod DNA
eivon 12.052kb (Goffeau et al., 1996), £xet 6.183 avoiktd mAaicto avayvmong pe meptocdTepa
arnd 100 apwvo&éa, pe mepimov 5.800 amd avtd v avIioTOl(00V GE TPAYUATIKEG TPMTEIVEG. To
YEVOLO TOV GOKYOPOUDKNTO EIVaL 0PKETE COUTVKVOUEVO, PE TO 72% anToD Vo avTIoTOl El o€
yovidwa. To péoo péyebog tmv yovidiov givor 1.450bp 1 483 kwdikdvia pe Eva €DPOG KOIKOV
pnkovg amd 40 péypt 4.910bp. To 3,8% tov oavowtdv mAAGIOV OvAYVEOONS TEPEXOVV

wTpovio kot mepimov o 30% Eyovv yapaxtnpiotei Asttovpykd (Goffeau et al., 1996).

2.4.2 Xreléyn cokyopouvknta

To PBacwd otédeyog (UG mov ypnotponomdnke nrav o YPH499 (MATa, ura3-52, lys2-
801%™ ade2-101°°", trp1-463, his3-4200, leu2-41). To yeveticd TPOTOTOMUEVO, OTEAEKM
OV KATOUOKELAGTNKAY GTA TANIGL0 AVTOV TOL €pyov otnpiytnkay oto YPH499 kot paivovrot

010 Ke@dAato v amotedeopdtov (ITivakag 4, oel. 64).

2.5 IDacuidwexoi popeig

Ot popeig mov ypnoyoromndnkav oty datpiPn avt apopodv PakTnplokoVs Popeig

KOl Opelg cOKyapORHKNTA KOl TEPLYPAPOVTOL TOPUKATO.

2.5.1 Baxtypraxoi popeic

2.5.1.1 pBluescriptll KS+

To macpidio pBluescriptll KS+ (Stratagene) mov ypnoyomombnke yio. KA®VOTOMOELS Kot
Y aAAnAovynoels tumudtov DNA. H alAniovyio tov @opéo mepiapPdvel g meployn
TOAVCLVOET Tov @épel 21 povadikég Béoelg avayvopiong (Zynuo 48, ced. 118) amod
neproplotikd Evlvpa. Emiong ota dikpa Tov ToAVGUVIETN VITAPYOLY LTOKIVITES Yo Tig T3 Ko
T7 RNA moAlvpepdoeg Tov pumopovv va xpnoiporombovy gite yio tv odvheon RNA in vitro

elte Y100 TNV OAANAOVYNOT VTOKA®VOTOMUEVOVY TUNHAT@V DNA.
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2512 pGEM T-Easy

To mloouidio pGEM T-Easy (Promega) emitpénet v xlwvomoinon mpoidviov PCR. O
eopéac Nrav kKouuévog e ECORV kot £pepe mpoe&éyovoeg Oupiveg (T), un empénovtag v
EMOVAGHVOEST] TOV KOUUEVOL TTAAGHOI0V, Tapd povo émetta and v evOLHIKT GUVOEST TOVG
ue tupoto DNA (m.y. mpoiovta PCR) mov @épovv mpoeEéyovta kotdrotmo adevivng (Zynuo
49, oeh. 119).

2513 pT20
O @opéag pT20 civar éva vPpidio peta&d tov eopéa pTsT7lac kol Tov @opéo pSPTBM20.
[Tpoékvye omd v vroklwvomoinon tov tunuatog ECORI-HIndIII tov moAvovvoétn tov

pTsT7lac otov popéa pSPTBM20 o115 avtiotoryeg 0éoeig (Zynua 50, oel. 120).

2.5.2 ®opeis éxppaons cakyapouvknTo

O1 popeic pESC (Stratagene) sivat emoopkd mtAacuidio opng (YEPs) mov otnpilovtol oto
Baocwo kopuod tov popéa pBluescript I SK (+). Kdbe popéag pépet ta €ENG apaKTNPIOTIKA:
a) apyn ovirypoene tov mhacudiov pUC kat yovidio avBektikdTnTag oty apumikidivy (f-
Aoktapdon, bla), mov emtpémovv v avtiypagn kol v €mMAOYN o€ oteAéyn E. coli mov
TEPLEYOVV TO POPEQ, ) TNV OPYN QVTLYPAPNG 21 TOV EMTPENEL TNV OLTOVOUN OVTLYPAPT] TOL
oe KOTTOPO TOL S. Cerevisiae oe mOANOTAG avtiypogo ovae KOTTapo, p) £va Yovidlo mov
coumAnpdvel petahoyés avéotpopiog tov otedéyovg (HIS3, TRPL, LEU2 77 URA3) ywo v
emioyn oe CM Opentikd péco mov dev eiye mpootebel avtiotouyo 10TV, TPLITOEAVY,
Agvkivy 1 ovpakiln, J) TNV KAGETO EKEPOCNG T OTMOloL TEPLEYEL TIG OAANAOVLYIEG T®V
vrokwvntdv GALL ko GAL10 tov S. cerevisiae, €) 6vo meployég KAmVOToinong Kat ot) amod
pio oAANAOVYI0 TEPUATIGIOD TNG HETOYPAPNS KaBOdIKA TOL KAOE LITOKIVNTY.

O gopeig pPESC ypnowomombnkav yioo v AEITOVPYIKT EKOPOACT YOVIOI®V GTO
COKYOPOUVKNTA VO TOV EAEYXO TOV emayduevov pe yoraktoln vmokwntov GALL kot
GAL10. ®Dépovv OvO OpPKETA HEYOAES TEPLOYES VTOKAMVOTOINONG KOl OLO  TEPLOYES
TEPUATICUOD TNG UETAYPOPNS. Me avtoldg Tovg Qopeis £va 1 dVO KAwvomomuéva yovidio

umopovv va eleoyfovv oe oteAéym caxyapopvknta. Kabe popéag pESC €xetl éva dtopopetikd
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yovidlo emhoyng (HIS3, TRP1, LEU2, URA3), 6nwg avapépinke mapondve. ‘Etotl yivetot
duvatn 1 £KEPOON Kot avAAVGOT) 00O SUPOPETIKMV YOVISI®V ova popéa (Zymua 44, Zynqua 45,
Zynua 46, Tynua 47, celideg 116-118).

‘Eva povtédo mov e€nyel tov unyovicpod e Tov omoio yivetatl o EAeyyog TG EKQpaoNg
Tov yoviov mov Ppiokovror kabodwda tov GALL 1 GAL10 vmoxwvmtdv opilet 0tL 1
npoteiv GAL4 dpa cov petaypa@ikdc mapdyoviog (evepyomomthc) vmedbvvog yio. tnv
pUOOIoN YOVISi®V OV eUTAEKOVTAL GTOV KATOPOMGUO NG YOAOKTOING. Xe N EMOYOYIKES
ocuvOnkeg (0tav 10 Bpentikd VIOoTpOUL TTEPLEYXEL YAVKOLN) N TpwTelv GAL4 aAAniemdpd
pe v mpwteiv GALSO, pe amotéAecua vo TNV KOTAGTOAN NG UETAYPOQPYS TOV YOVIOI®mV
petafoAopod g yoAaktolng (oto dyplo otédexog). Me v mpooHnkn yoraktolng oto
Bpentcod vocTpoua, evepyonoteiton  mpwteivi) GAL3 1 omoio aAiniemidpd pe v GALSO
TPOTEIVY OMOTPENOVTAS TV Vo, aAANAemdpdoet pe v tpwteiv) GAL4. Mg tov tpdmo avtd
EVEPYOTOLEITOL M HETAYPOPT TV YOoVIdimV Tov Ppickovrol kabodikd tmv vrokvntov GALL

kot GAL10 (Johnston, 1987).

2.6 Aliniovyics OltyovovkieoTIdiwv

Ot oAAnlovyieg xow M TPoéAevon TV YOVISI®V OV YPNCIHOTOMONKOY GTNV TPOVCa
SwTpiPn] etvon katatednuéva oty Paon dedopévov Genbank pe kwdikovg Tov divovtal 6Tov

TOPOKATO THVAKAL.

Hivaxag 2: Olryovovkieotidia wov ypnoyomojdnkay o avto épyo. Lo v emelnynon twv ooviouoypopiany twv
yovioiwv fAemete Tov Tivaka othv geAIda X.

Tovidwo/ IInynq Katgv0vvon Alnhovyia (5°237) Kodikdg
OTOPOVOGNS Genebank
(MéyeBog
aiinirovyiog,
bp)
avOdIKOG TGTAATCCATCGATTCTAGAAAAATGG L11747
PAL / P. trichocarpa X | xafodukoc CTCTAGAAGCTTAGCAAATAGGAAGAGG (2181)
P. deltoides 0vOdTKOC ACAAGGCGGTGCTCTTCAGA Eocwtepikoi
K0B0d1KOG GGTGACTGGATTGGCGAGAT EKKIVNTES
C4H / G. max avVOdIKOG GTCGACAATGGATCTCCTCCTTCTGGA FJ770468
' K00081KOG CTCGAGTCTAAAATGACCTTGGCTTTGCC (1530)
4CL / G. max avVOOIKOG ATGATAACTCTAGCTCCTTCTCTTGATAC FJ770469
' K00081KOG GCTATCGATTAAGGCGTCTGAGTGGCGGCGG (1697)
RS / V. vinifera cv. avodIKOC GGATCCATGGCTTCAGTCGAGGAATTTAGAAAC FJ770470
Soultanina K00081KO¢ CACTTAATTTGTAACCATAGGAATGCTATG (1188)
IES /G, max avVOOIKOG GGATCCACGATGTTGCTGGAACTTGCAC FJ770473
' K00081KOg GATGGCAAGACACTACTATTG (1565)
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Tovidro/ Mnyn Katgbv0vvon AMhovyia (5°23%) Kodikdg
OTOPOVOONG Genebank
(MéyeBog
aliniovyiog,
bp)
CHS / G. max avodikdg ATGGTCAGTGTTGAAGAGATCC FJ770471
KkoBodtkde TTAGACAGTGACACTGCGGAG (1165)
CHI/ G. max avodikdg ATGGCATTTCCGTCCGTAACC FJ770472
' KoBodtkd¢ TCACTTATGAGATTGAGGGTCAC (680)
F3H / G. max avodikdg CAACATATGGCACCAACAGC FJ770474
' KoBodtkde TTAAGCAAGAATCTCCTTCAAAGG (1128)
F3'H/ G. max avodikdg TGTAATCCATCGATTCTAGAAAAATGG FJ770476
' KkoBodtkde GTCGACAATTATAAGGAAG (1540)
FLS / Solanum avodikdg ATGAAAACAATTCAAGGTCAG FJ770475
tuberosum K0D081KOG CCCATAATTCTTCACTGAGG (1049)
CPR/ P. trichocarpa x | avodukdc TACAGCGGGCCCAACATGCAATCATCAAGCAGCTCG | AF302497
P. deltoides K00081KOG TACAGCGTCGACCCATACACGCAGATACCTGC (2140)
ACT avodiKog TGGATTCCGGTGATGGTGTTACTCAC V01288
S. cerevisiae Ka00d1UKOC ATGGAACAAAGCTTCTGGGGCTCTGA (332)
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3 ME®OAOI

«H mpoetopacio etvar to kKAEWL NG
emruyiog

AreEbvtep I'kpayap Mmeh (1847-
1922, pvokdg)

3.1 Ilpwtokolia mapocKevHS OIAAVUATOV ATTOUOVWIGHS VOVKAEIKDY 0EéY

3.1.1 Ovodérepn parvoin

Mo ™y mopackevy TG ovdétepng  QavoAng ovapiybnkav 300ml TEMS yopic
pepxamtooifavorn (100mM Tris-HCI pH 7.5-8, 10mM EDTA, 100mM NaCl, amocteipoon),
250ml CHCl3, 1gr 8-vopo&ukivodrivn kat 1kg poatvorn kot avaktviydnikay péypt va dtolvfovv.

3.1.2 O&wvy pavoin

Ye 20ml vepov odwAvOnkov 100gr eoawvoing pe 0épuavon otovg 65°C. Xtn ocvvéyewn
mpootétnkay 0,2gr vopo&Kvorivg kat To dtdAlvpa apédnie va kpvmaoet. [Ipoostédnkay dAla
10ml mepimov vepov péypig 6tov 10 vepd eavnke va Eeympilel oty empdvela. Tote pdévo N

QavOAN ivon KOpEGUEVT GE VEPO.
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3.2 Amouovwon miacuioiaxod DNA arno E. coli

[Tocotnta 1,5ml amd kaAd avamtoypévn vypn KaAAépyela o€ OPenTIKO pe KATAAANLO
avtiflotikd, euyokevipnOnke oe doyeio Tov 1,5ml kot n melétao emavoadorvdnke oe 100ul
Kpvov Soivpotog I (S0mM yivkoln, 25mM Tris-Cl pH 8, 10mM EDTA). Xt cvuvéyewn
npootédnkav 200ul ppéokov drwivuartog I (0,2N NaOH, 1% SDS) kot petd and avadevon,
T KOTTOPO 0pEdnKay otov mhyo yioo Smin. Ipootédnkov 150ul epéokov kpvov daiduatog
I 3M o&wd xaho, 11,5% xaBapd ofwd 0&0) ko petd amd avdoevon to Oeiyuo
euyokevtpriOnke ota 10.000g. H vdatikn @don petagépbnke oe kabapd doyelo kon €ytve
Kabopiopog pe icov 6ykov ovdétepn @oavodn [300ml TEMS yopig pepkoamtooa®oavorn
(100mM  Tris-HCI pH 7,5-8, 10mM EDTA, 100mM NaCl), 250ml CHCI;, 1gr 8-
vopolukivorivy kot 1kg @owvoAn ovakwvnOnkov péyxpt vo Swdlvbovv] kot icov Oykov
YADPOPOPLLO. TN CLUVEYELX TAL VOUKAETKE 0EE WnaTOTO100VTOL LE KPpOa amOAVTY atBovOA.
H nehéta mhvbnke pe 70% oBovorn kot 1o DNA emavadiodlvdnke o vepd | TE (10mM Tris-
Cl pH 7,5, ImM EDTA) 1 NE (5mM Tris-Cl, pH 8.5). O é\eyyog g moldtnTog Kot Tng
mocOTNTOG TOL amopovopévour DNA éywve pe avdivon oe miktopa ayapdling pe Bpopovyo

a10id10 (Sambrook et al., 1989).

3.3 Amouovwon oliko DNA ano S. cerevisiae

Ta wottapo amd 1,5-3ml kahd avertuypévng KoAMEPYELOG GLAAEYONGOV e PUYOKEVTPNON
yw Ssec, mpootédniav 0,2ml tov dwwivuatog Aong (2% Triton X-100, 1% SDS, 100mM
NaCl, 10mM Tris-Cl pHS, ImM EDTA) xot 0,3gr mAvpupévov oe 0£0 caiptdiov volov.
‘Eywve 1oyvpn avapeiEn (vortex) yiwo 2min Kot to Oelypa QuYokevipnOnke vy Smin ota
10.000g. To vrepkeipevo cLAAEYONKE Ko ypnopomomOnke oe PCR 1 yia petasynuoatiopno

BoakTnplokdv oTEAEYDV.

3.4 Amouovwon gpvtikov RNA

H amopudévoon ohkod RNA oand matdto kot amd coyio £Yve GOUEMOVO [LE TO TPMOTOKOAAO Tri
reagent ¢ etoupiag Sigma (T9424). Ilepiinmrikd €ywve opoyevomoinon oe vypd Glmto

100mgr 1otov ko Tpootédnke 1ml TriReagent. 'Enerta and Smin oe Ogppoxpacio dopatiov
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mpootédnkav 0,2ml yAopogoppiov kot €ywve toyvpn avddevon ywoo 15sec. Ta deiypota
apédnkav yioo 15min oe OBepuokpocio dopatiov kot 1 edon tov RNA (emdve @don)
aropovodnke énerta omd puyokévipnon ota 12.000g. Ilpoostédnke 0,5ml 1compomavoing Ko
émerta omd avakivnon ta deiypata apédnkav yioa 15min og Beppoxpacio douatiov. Telkd to
RNA cvuAréyOnke pe puyokévipnon oto 12.000g yuo 15min otovg 4°C. H meléto mAvONKe pe

70% o1BavOoAn Kot ETavadlaADONKE GE ATOCTEPOUEVO KoL OTOVIGUEVO VEPD.

3.5 Amouovwen RNA amno cakyopouvknta.

H oamoudévoon olxkod RNA oand koAlépyeln coxyopouvknta Eekivnoe amd  S0ml
KaAMEPYelog S. cerevisiae og péco emhoyng otovg 30°C. Eyive guyoxkévrpnon yio Smin ota
1500g otovg 4°C. To vrepkeipevo aparpédnie Kot Tpootédnke 1/2 tov dykov amoctelpmuévo
vepo. ‘Eywve puyokévipnon yio Smin ota 1500g, otovg 4°C ko 1 meAéta emavadiolvdnke ce
Iml kpYOL ATOGTEPOUEVOL VEPD. XT1 GULVEXELWD £YIvE QULYOoKEVTPNoT Yo Smin ota 15009,
otovg 4°C ko omopakpovOnke to vmepkeipevo. H meléra emavadioivOnke oe 500ul
dwAvpatog Avong (10 mM Tris HCI pH 7.5, 10 mM EDTA, 0.5% SDS) kot mpoctédnkayv
500ul (kopeouévng oe vepd) 0Evng govoinc. ‘Eywve oyvpn avddevon yia 1,5min kot to
detypo tomoBetnOnke Y 2 dpeg otovg 65°C. Kdbe 20 min yivoviav woyvpr] avadevon yia
Imin. Xt ovvéyela to. delypoto oaeédnkov otov mayo Yy tovAdywotov 10 min kot
npootédnie 1/10 tov dykov CH3COONa 3M pe pH 4. AxohoObnoe @uyokévipnorn 10min
otoug 4°C, 1o vmepkeipevo cuAAEXONKe ko TpootéOnkav S00ul (kopeouévng oe vepd) dEvng
QavoAng kol 500ul yYAwpogoppiov. ‘Eyve 1oyvpn avadevon kot 1o detypo guyokevipnonke
v 10 min otovg 4°C. 'Eywvav dAlo 300 TALGIHaTe LE QavOA/YA®POo@OpLLO Kot GVAAEXONKE
n vrepkeipevn vooatikny eaon. IIpootédnkav 2% dykor amdivtng abavoing kot To detypa
tonobetnOnke otovg -20°C ywo tovAdyotov 30 min. ‘Eywve euyokévipnon otig 13000rpm,
otovg 4°C ywo 30 min kou 1 teAéta mAvnke pe 1ml 70% oabavoing. Tehkd 1 meAéta pe to

RNA d1oA00nke og 50-100ul amootelp®pévon Kot amoviGeEVoL vepo.

3.6  Evivuikoi yeipicuoi too DNA

H akohlovBolpevn oTpatnyikn KATaoKELNG TOV POPEDY TOL PEPOVV TO YOVIOLO OOLTEL Lo

akolovBio amd KA®VOTOMOEL, TEWYELS LE TEPLOPIOTIKEG EVOOVOVKAEACES, AMYOTON|GELS,
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ATOPMGPOPVAIDCELS KOl QOCPOPLAMGES TV Tunudtov DNA mov cvppetéyovv otnv
OTPATNYIKN. X& KAOE TEPIMTM®ON 01 XEPIGUOL £YIVOV GOUP®VO LE TIG 0ONYIEG TOL VITNPYAV GTA.

eyyepiota ypnong twv evOORmV amd Tov EKAcTOTE TPOUN LY.

3.7 Iapackev dextikov kvotrapwv Escherichia coli

Yypo Opentikd péco LB oykov 100ml porvvOnkav pe @péokio KOAAEPYELD TOV GTEAEXOVG
JM83 1ov Paktnpiov E. coli ko apébniav va avartoybovv €mc n amoppoenorn ota 600Nm
etaoer oto 0,6-0,8. Apéowg petd mn koAMEPYE  @ULYOKEVTPHONKE Kol 1M TEAETA
emavadtolvdnke og 30ml kpvov dwddvpatog Tb I (30mM CH,COOK, 50mM MnCl,, 50mM
KCI, 10mM CacCl,, 15% yivkepoin). Metd and enmacn otov wdyo yio 30 min n kahAépyeia,
euyokevtprnke, ta KoTTopa enavadoivbnkay o 4 ml kpvov dwAivpatog Ttb 11 (10mM
MOPS pH 7, 75mM CaCl,, 10mM KCl, 15% yAokepOin) kot HOpAGTNKAY GE doyElo TmV

1,5ml (100ul/d0yeio). MaymOnkav og vypd almTo Kot amodnkevnkay ctovg -80°C.

3.8 Meracynuarticuos farxtypiony ue Ocpuiky karamovyen (Heat shock)

Ye 100ul JM83 dekTik®V KLTTAp®V TPOooTEOdNKE TO pelypa TG avtidpacng e Atydons M
KAmolo mAoouidto kot to piyua avakwvindnke elaepd. Eywve endacn otov mdyo yio 30min ko
ot ouvvéyew mpokAnOnke OBepuikd ook  otovg 40°C vy Imin. Ta  kOtTOpa
emavatonobenOnkav otov mdyo yio 3-5min kot tpootédnie 1ml LB ywpic avtifrotiko. Eyive
endaon otovg 37°C pe avadevon yio 45-60min kot tehkd ankobnkav oe mdta LB pe to

KATAAANAO ovTIPLOTIKO Y10 ETAOYN.

3.9 Ilapackevij OeKTIKOV KOTTAPWY S. cerevisiae Kol UETACYNUATICUOS

O petaoynuatiopdg éywve pe Baon v pebodoroyio tov Gietz (Gietz and Woods, 2002). I'a
TOV UETACYNUATICUO CAKYOPOUVKNTA £ytve pOAVVEN Tpobeppacuévov otovg 30°C Bpenticon
uéoov YPD pe kol avertuyuévn kolhépyeta. Otav uetd amd 3-5 dpeg avadevong (200rpm)
n ODegoo €ptace oto 0.1 (2XlO7 kottapo/ml) ta KOtTapa cvAAEYONoav pe @uyokEvipnon
(3000g, 3min), mAOOMkav pe 25ml oamoctelpoUEVOL Kol emavodaAvOnkav oe  1ml

amooTeEPOUEVOL vePoD. Ta kiTTapa petaeépnkav oe doyeia tov 1,5ml, euyokevrpnOnkav
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v 30sec kot 10 vrepkeipevo oamopokpuvOnke. Ilpootébnke 1Iml omootelpopévov kot
AMOVIGUEVOL VEPOD KOl TAL KOTTOPO ETAVASIHAVON KOV e VIOV avASELOT. ZTN GLVEXELN TO
QLOPNUA TOV KVTTAP®V popaotnke oe doyeia. tov 1,5ml £161 dote kdbe doyeio vo mepiéyet

100ul cnwpnpatog, euyokevtpiOnKav Kot amopakpHvOnKe 10 VITEPKEILEVO.

o tov petaoynuatiopd etidymrov 360ul pelypatog peETaoyNUOTIOHOD TO OTOi0
nepieiye 33,3% moAivebvlevikny yAvkoan 3350 (PEG 3350), 0,1M o&wd Aibwo, 0,28mg/ml
amootatoypuévov pe Ppoaocud DNA  omépuatog colmpov kot 1-3pugr tov mAacpudiov.
AxoAovOnoce TpocOkn TOL TopaTdVE pelYHOTOG o d0YElD OV TTEPIElYE TA OEKTIKA KLTTAPO.
Meta and endaon 30min otovg 30°C kot 30min otovg 42°C ta kOTTAPA PLYOKEVTPHONKAY
yw 30sec ko to vmepkeipevo omopakpvvOnke. Ilpootédnke Iml omootelpopévov Kot
QMOVIGUEVOL VEPOL Kol akolovOnoe toyvpn avadevor. TENOG, OO0y IKEG OPULDGELS

amhodnkav oe TpuPAia pe TNV KATAAANAN avEoTpoPia.

3.10 2vvOijkeg Kalliépyslag 6aKyopoOuvKyTa.

To dypiov tomov otédexoc YPH499 walhepynbnke oe YPD Opentikd péco eved to yeEveTika
TPOTOTOMMUEVO. OTEAEYT] KoAMepynOnkav o€ avéotpogikd Opemtikd péoo pe yAvkoln 1
YoAoKTOLN avAAOYO e TO €AV EMOVUOVCALE TNV EXAYMOYN TNG EKOPOCNG TOV YoVidimv 1 Oyl. Xe
KkéOe mepintwon ot kaAMEpyeleg yivovtav pe toyvpr] ovadevon (200rpm) kot oe €0pog

Oepuokpaociov 25-30°C.

3.11 Exkivyon KOAMEPYELOS YEVETIKA TPOTOTOINUEVY KOTTAp®V
COKYAPOUVKNTO

Mo v exkivnon oV KOAAEPYEUDV TOV EKACTOTE YEVETIKA TPOTOMOUUEVOD GTEAEYOLG

COKYOPOUVKNTO poAldvovtov 2-4ml tov KotdAAniov Opemtikod HECOL GE SOKIUAGTIKO

coAva pe poilvopa omd tpuPAiio Petri. H koAAiépyela avt) a@od a@voviay va HEYOAMGEL

apketd (1,8-2 ODgoo povadeg omTikng mukvottog) yoo 24 dPES, YPNOLLOTOI0VTAY Yol TV

ekkivnon g kuprag 100ml kaAmépyelag. Edv énpene va ypnoipomondei 1 id1o kadépyeia

pe SlopopeTIKES cuVONKeS avamTLéNg N KOPLEL 0VTH KOAAEPYELD YPTGILOTOOVVTOV Y10 VL

exKivnovv o1 KAAMEPYEIEG QVTES.
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3.12 Alverowtiy avriopaon tis molouepdong

H olocdoti avtidpaon g molvpepdong’ omotehei pio amd T Mo PrloCTACTICEG
avoKOAOYELS M omoia Otevpuve PLoTeXVOLOYIKEG £QOPLOYES TNG HOPlakNG Proroylag kot
omotelel ovolooTkd pio pEB0S0 TOAOMAAGIOGHOD? GUYKEKPIUEVOY Tunudtov DNA.
Booiletor otnv enavainym tpudv aridv avidploemy, ol omoies dtaupépovv ot Beprokpacio
Kot o ypovo. Kabe koxhog amoteAeitor amd ta e€Ng otadio: @) amodidtosn tov dikAmvov
DNA, /) vBpdicprog tmv ekkivitadv, y) oOvOeon cLUTANPOUATIKGOV oAvcidmv DNA pe
BonBeta pog BeppoavOektikng DNA moAivpepdong.

Ye o TVmKN avtidopoon, 6To MPOTO PrHo Tov KUKAOL Yyivetal omodldtoén Tov
dikhwvov DNA, pe avénom tg Beppokpaciog g avtidpaong covnbog peta&y 92°C kot
96°C. Xg avt) TV Beppoxkpacio omave ot dEGUOL VOPOYOVOV TOV KPUTAVE EVOUEVOVS TOVG
dvo KAdvovg tov DNA. Zto devtepo Prjna 1 Beppokpacio katefaivel ota enineda twv 50-
65°C 6mov Kot emTLYYAVETAL O VPPOIGUOG TOV EKKIVIITOV OTIC CUUTANPOUATIKEG TEPLOYES
tov DNA. Xto tpito frpa mov mpaypatonoteitar 6tovg 72°C mpaylatonoleiTonl OLGLOGTIKA 1
ONUOVTIKOTEPY] aVTIOPAOT TNG TEYVIKNG, 1| GUVOEST TV GLUTANPOUATIKOV GAVGIO®V TOV
DNA. Xt0 rtelevtaio oavtd Prua €va OBeppoavOextikd évlvpo DNA  moivuepdong
YPNOLUOTOIDVTOS TNV (o oAvcida tov DNA cav ekpayeio ouvhétel v aAln. Ta tpla avtd
Baocwd Prpata (amodidtaéne, vPpdopod kot cvvleong véov DNA) emavarapfdvovtaol yio
30 pe 40 @opég, evioybovtog To cvykekpipévo Tupa tov DNA mov oprobeteiton and tovg
dvo exkivntéc. H advvapio evioyvong peydAov tunudtov DNA kow 1 éAkewyn 3’5’
evepyomnta eEmvovkiedong mov dwopbovel AdON katd 1 obvbeon g véag aAvoidog
amokatacTtddnKe pe v ypnon tov evivpov Phusion (tporomompévo éviupo KA®VOTOuéEVo
amd 10 yévog Pyrococcus) g etapeiog Finnzymes mov ypnoiomodnke ce OAeG TIG
avtdpdoelg kKiwvomoinong. H extipmon g amoédoong tng PCR yiveror ocvvnbog pe
NAEKTPOQOPNOT GE TNKTOUA oyopOlng.

3.12.1 Avrictpopn Metaypoapdon - AJveldwt avriopacy THS TOAVUEPLGHS

H Avtiotpoen Metaypagdon-Ailvcidmt avtidpaon g no?wuspéccmg3 EXEL OKOTO TN HEAETN

! Polymerase Chain Reaction, PCR
2 511 BiAtoypapio xproipomoteitatl kot 0 6pog «evisyvon»
3 Reverse transcription PCR, RT-PCR
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NG YOVISLOKNG EKPPAONG 0ES0UEVOD OTL EMTPENEL TV OvAAVOT| TOV ayyeAopopov RNA. Xe
pa tomiky) avtidpacn RT-PCR 1o oAikd RNA amopovovetor amd 16100¢ 1 KOTTAPO Kot TO
mRNA mov Bpioketor péoa oto detypa petarpénetor o6to cvumAnpopatikdé DNA pe 1o
évlopo avtiotpoen petaypoedor. To évlopo avtd amaitel dikhowvo DNA yio v mapaymyn
cDNA. Avtd e€acporiletor amd tov €O Yo kbbe mepimtwon ekkivnt) o omoiog Ha
vPpdicel 610 cvpumTAnpopoaTkd Koppdtt Tov mRNA kdto ond KatdAinAeg cvvOnkes. To
cDNA evioyvetan otn cvvéxewa pe v pebodoroyio g PCR pe toug KatdAANAOLG EKKIVITES.
H teyvikn) RT-PCR £ye1 onpovtikéc epoppoyég oty kKAmvomoinotn yovidiov Kot 6TV HEAET
NG YOVISLOKTG EKQPOACTG.

3.13 Eleyyog éxppacns yovidiwy

["a tov €Aeyy0 TG UETAYPAPIKNG AEITOVPYIOG TV OYOVIOIWV GTO YEVETIKA TPOTOTOUEVAL
OTEAEYT OCOKYOPOUVKNTA, &YWVE YPNON NG TEYVIKNG NG OVTIOTPOONG UETAYPOPAONS-
aALGOTG avtidpaong g moivpepdons. H texyvikn avt) otmpiletan oty evioyvon puévo
TOV UETAYPAPIKE EVEPYDV YOVIdi®V, TV yovidiov dnAadn mov exepalovior péca GTO
KotTapo. o Tov Adyo avtd €ytve po avtidopaon e avtioTpoer HeETaypoa@don 1 oroio fTov
arapaitntn v v petatpony] tov mRNA oe cDNA. AkoAovOnoe pa avtidopaon pe DNasel
vy ™V oamoddunon Tov vmoAslpupdtov DNA kot koBoapiopdg e avtidpaong pe
Qovo/YAmpoopuo. H akdAovdn adlvcidwt avtidpacn g moivuepdong evioyvoe udévo

exetva ta cDNA mov giyoav mpoéifet amdé mRNA.

3.14 Ilpwtokolio ekyviions pLABOVOEIODY Kal GTIABEVOELODY

Mo v ektipgnon g TOGOTNTOS TOV CTIAPEVOEDOV KOl TOV QAAPOVOEWBDV oTa UEGH
KOAMEPYEWOG EMPENE VAL YIVEL EKYOAMON HE KATOOV TINTIKO OPYaVIKO SOADTN £T61 OOTE vV
gtval duvotn 1 cvUTOKVEON TeV delYudTOV. To TeEAevTaio MOV EENPETIKE CMUOVTIKO HLOG
Kol 1 dvvatdTNTO OViYVELONG TOV DAD! AVI(VELTI TNG TPLYOELB0VS NAEKTPOPOPNONG NTAV
oxetikd pkpd. T tov okomd ovtd emhéydnke o ofkdc obvAestépac’ o omoiog eivol

eEa1peTikd TTINTIKOG Kol EMETPENE TNV GYETIKG EVKOAN GLUTVKVMOOY] TOV EKYVAGUATOV

! Diode Array Detector
2 Ethyl acetate
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(Leonard and Koffas, 2007).

Mo v amoudvoon Tov QavoMk®v ovoldv Aappavovtav detypato tov 1ml kot
yivovtav omAn exyvion pe 0,7ml o&wkod abBviestépa. H devtepn exydAion yivovtay yio va
yivelr ekybMon OANG TG TOGOTNTAG TOV POIVOMK®OV OO TO, OElypoTo Hog Kot OTmg eivat
YVooto and v Oeopia Tov dwwivtdv kapio ekydion dev givar 100% amodotiky|, pe v
anddoon kdbe exyvAong va eivon otabepr| yio kdbe cHGTNUO YPNCILOTOIOVUEVDV OIAVTMV

(Avdaxng-Znuavimpng, 2007).

3.15 Mé0odog avaivong aTiifevocldmv Kal pLafovoeldmv

[No v avdivon tov EAOPOVOEWODV KOl TOV CTIAPEVOEWODV EVAOCEOV GTINV TPLYOEON
niektpopdpnon dnuovpyndnke pa eviaio ko Pacwkn péBodog n omoila Ntav oe Béon va
OVOADOEL OAEC TIG EUMAEKOUEVEG OTO. OVOGVOTAGOOUEVA PlocuvOeTikd povordtio ovoieg. H
avOADLOY TOV OVCI®V £YIVE GE YUUVN TPLYOEON OTNAN m)pniovl EVEPYOL uﬁlcongz 72cm
EOMTEPIKAC SUETPOL  S0pum, TOMOV «Povokac»’, SMAUSH pe memhotvopévy Satopn
Sdpopng emtog pésa otn otAn. H avdivon €ywve oe Beppokpacio 25°C pe pvbuotikd
dwhvpa 25mM tetpapopucod vatpiov pH 9,2. Tlpwv and xabe avdivon to pvOuoctikd
Sraldpata ™G avalvong avavedvovrav® kol akolovBovss £va Hkpd OTASI0 Omov 1 GTAAN
kaBapilovtav kot mpoetodlovtay ywo. v oaviivorn. To o1ddo avtd mepreddpfave éva
EEmopa pe NaOH 1IN yia 2min kot éva EEmAvpa e 1o puOGTIKO dtdAvpa TG oVOAVOTG Yo,
4min. AxoAovBovoe éva fripa 6mov ota PLOCTIKG dlaAvuaTH TNG OvAALGONG ePaprOlovTay
otafepn 1dom 20kV yia 2min. AkolovBovoe n éveon e T0 dyvwaoTo delypa, n onoia yivovtay
vd migon SOmbar yia 4sec. H avdivon dwopkodoe 16min, ypdvog apketds yio v avaivon
oAV TV evicewv. H aviyvevon tov ovoumv €yive oe DAD aviyvevutn, o omoiog Katéypape
TIC AMOPPOPNGELS 6TO €0po¢ 192nm-598nm pe e0pog dopatoc’ 10nm kol oNpo ovapopdg
ot 550nm. T v peiwon g e€dtuong tov deypdtov 6co Ppiokoviav 6To

JEIYHATOANTTY], 0L TOG Ppiokoviav povipa otovg 10°C.

! bare fused silica
2 effective length
% bubble cell

4 replenishment

® bandwidth
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3.16 IIpoypauuara (software) wov ypyowomoujOnkay cro épyo

Y10 épyo awtd ypnoporomdnkay ta TapakaTe® Tpoypdupota: o) Microsoft Word 2003 yia
mv enefepyacio ke ovyypaer tov kewévov, ) Microsoft Powerpoint 2003 yw v
dnuovpyia  dwpaveidv kot oynuatov, ) EndNote X2 vy v dwyeipnon tov
Biproypapikedv avagopwv, d) Visual Cloning 2000 yio thv KOTOOKELT TOV YOPTOV TOV
Tpomomompévey TAacdiov Ekepacne, ¢) to DNAman 5.2.2 yio mv dayeipnon tov
OAMAOLYIOV  TOV  KAOVOTOMUEVOV  YOVISiOV Kot TNV Be@pnTiki] KOTOOKELY] TMOV
TPOTOTOMUEV®V TAGSimV, oT) To Origin 8 yio TV GTOTIOTIKY avAAVOT| Kot TV dnutovpyia,

TV oynuatov kat ¢) 1o Adobe Photoshop CS3 yia v enelepyacio tov elkOVOV.

3.17 Amouovwan kovidimwy fotpity

Amd kol ovemtuypévn KoAAépyelo BotpOtn oe omopoyéveorn, 2 efdopddmv mepimov
avantuéng oe oteped vrootpopa PDA, aropovodnkav to kovidia omd 10 PLUKNAMO HE TNV
pocsnkn 20ml aroctelpmpévon vepov Kat TpiPovtoc To HUKNALO PE OTOCTEPOUEVO YUAAIVO
Tplymvo. ZvAAEYYOnKe TO oldpNUO KOVIOIWV/VEPOL KOl TEPOCE WEGO OO OTOCTEPMUEVN
vala og doyeio tomov falcon twv 50ml. "Eywve @uyokévipnon tov alopnipuotog yloo Smin Kot
amopokpOvOnke 10 VIEPKEiLEVO. X1  ovvéyela  mpootébnkav oty meAéta  2ml

OTOGTELPOUEVOL VEPOL KOl VITOAOYIGTNKE 1) GLYKEVIPM®OT] TV KOVISI®V LE muomréusrpol.

! hemocytometer
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4 ATIOTEAEXIMATA

«O amoc10d0Eog PAEmel dvokoAia
o€ kaOe evkapia. O a1o1000&0g PAEREL TNV
evkapia og KaOe dvaroroy

Ovivotov Towptotd (1874-1965,
Bpetavoc moAttikdc)

4.1 Karaokevn popéwv Ekppocns

411 Kiwvomoinon yovidiwv

H de novo etepdroyn ProocdvBeon tov kovuapitkod o&Eog, NG pecPepatpoing, g
VOPLYKEVIVIIG, TNG YEVIOTEIVNG, TNG KOUQEPOANG KOl TNG KEPKETIVIG GTOV COKYOPOUVKNTA,
anaitnoe TV KAWVOTOiNoTn TOV EUTAEKOUEVOV 0T BLOCLVOETIKA TOVE HOVOTATIO YOVISi®MV
(Exmua 3). Ta yovidia mov ypnowomombnkav ywo. v ovachotoor Tov Pfrocuvietikon
povomatiov Tov kovuaptkod o&Eog Nrav ta PAL, C4H, CPR (ITivakog 1, ogd. X yio Tig
GUVTOUEDGEIC TV YOVISI®V Kol Zynua 5 yia o amdonomuéve froouvietikd povordania). o
TNV 0VOGVOTOOT TOV HOVOTATION NG pecfepatpoing ypnotpomombnkay ta yovidwoa PAL,
C4H, CPR, 4CL ko1 RS. T'la v avacidotaon tov frocuvOetikod povormatiod g eAafavovng
vaprykevivng, ypnoomomdnkav to yovidowe PAL, C4H, CPR, 4CL, CHS ka1 CHI. Xmv
TEPIMTOON NG AVACHOTACNS TNG IGOPAAPOVNG YEVIOTEIVIG Ta YOVidlo TOL YPNGLOTOm oMK
ntav to PAL, C4H, CPR, 4CL, CHS, CHI «ou IFS. Xmv mepintwon g erafovoing
KOP@ePOANG ypnoworomdnkav ta yovidwe PAL, C4H, CPR, 4CL, CHS, CHI, F3H ka1 FLS
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eva yuo TV Proovvieon tng kepketivng ypnoponombnkayv ta yoviola PAL, C4H, 4CL, CHS,
CHI, F3H, F3’H «ou FLS.
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Zynpo 5. Zynuotikn omeikovion twv floovvOeTikdy HOVOTOTIOV TOD KODUGPIKOD 0CE0S, THG PECPEPATPOANS, THS
VOPIYKEVIVIIG, THG YEVIOTEIVHG, THS KOWUPEPOANS KoL THG KEPKETIVHG OTWS QDTC GVOCTDOTHVOVIOL 0TO. KOTTOPA THS
{oung. Me xoxxrvo ypouo onuoaivovtar to. P450 évivuo, ue uadpo ypauo to eloptouevo, amd oloylovtapiko, ue
TPAOIVO  YPAOUO. OQUTA TOV OVIKOVY OTHV OUGO0, TV oOVOOoWOV TOLVDKETIOIWY KOI UE UTAE YPOUO TO UK
Katnyoplomonueva evEoua
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To yovidio PAL' ané tov gopéo pESC-HIS mov siye Mdn khmvomomsi (Ro and
Douglas, 2004), vrokiwvomombnke pe PCR otov gopéa pGEM T-Easy divovtag 1o
mhacpidio pGEM-PAL. To yovidio PAL éyel péyebog vovkieotidikng aainiovyiag 2.180bp.
IMa va propéoetl vor aArnAiovynBei oAOKANPO TO AVOIKTO TAOUGLO OVAYVHOGNG TOL YOVISTioL Kot
1pog T1g dvo KatevBHveelg (5’237 kot 3°257) oxedidomray dvo EMTAEOV OAYOVOLKAEOTIOWN
®OTE VO Yivel AAANAODYNON KoL TOV KEVIPIKOV/ECMTEPIKOD TUALOTOG TOVL Yovidiov ([Tivaxag

2, oel. 35, eomtepkoi exkivntég PAL yovidiov).

Ta yovidwa C4H, IFS, CHI, F3’H kAovoromnkav and evAro coylag pe RT-PCR, og
Koppévo pe ECORV gopéa pT20 divovtag ta mhacpiowe pT20-C4H, pT20-1FS, pT20-CHI kot
pT20-F3’H avtictotya. T'a va eieyybel m allomotio Tov yovidiov pe aAAniovynom, To
tunua Sall-Sall tov pT20-C4H, 1o tuua BamHI-BamHI tov pT20-1FS kot to tunpa Sall-
Sall tov pT20-F3’H vroxiwvoromnkav otov @opéa pBluescriptll KS+ ot avrtictouyeg
Béoelc, divovrag ta mlaouiow pBluescript-C4H, pBluescript-IFS kou pBluescript-F3’H. T
tov €heyyo ¢ motdétnrag tov CHI pe aAdnAodynomn, cDNA avtod kAwvomomOnke
an’gvbeiog o pBluescriptll KS+ divovrag to mhaopioo pBluescript-CHI.

Ta yoviowa 4CL, RS, CHS, FLS, F3H xiovorombnkav pe RT-PCR and 16tobg puAiov
ooylog kot o CDNA tovg stonydnke oe popeic pPGEM T-Easy divovtag ta mhaouidie pGEM-
ACL, pGEM-RS, pGEM-CHS, pGEM-FLS «a1 pPGEM-F3H avrtictoyo.

H emBePaiovon g tovtdomrag tov kdbe €vOg yovidlov €yve apylkd HE TNV
aAANAOVYMON TOV KAMVOTOMUEVOD TPOTOVTOG KoL TNV GVYKPION TNG UE TNV KOTOXWOPNUEV
o010 NCBI aAAniovyio. Ao Tig aAAniovynoelg avtés Bpébnike 6ti ta yovidwo PAL, C4H, CHI,
IFS, F3H ka1 F3’H dgv gppdvicay dtapopés otny Tp®ToToyt TOLG OUVOEIKT oAANAovYia GE
avtifeon pe ta yovidww 4CL, RS, CHS kot FLS mov gppdvicav and 1 g 5 apvolikég

drapoponomoelg (IMivaxag 3).

4.1.2 Karackevij facikdv mlocuidiwv

Olo T TAaopido TOL KATOOKEVAGTNKOV GE OLTO TO £PY0 Kol YPNCILOTOMONKAV Yo TV
avaoLOTOCT TOV PLOGLVOETIKOV LOVOTTATIOV BacioTNKAY GTN ¥PTOT TOV GLGTHHOTOS POPEMV

KAovomoinong PESC. H otpatnyikn KaTaokeLNg 0VTOV TOV TAAGHOI®OV QAIVETOL GUVOTTIKA

! Avagépetat sav PAL2 oty avagopd Ro and Douglas, 2004
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oto0 Zynua 6. Olo 1o @uTIKNG Tpoéhevong yovidin kAwvomomOnkav pe RT-PCR amd
amopovmcelg oAkod RNA dtopdpov mydv, kdvovtag ¥poN CLYKEKPIUUEVOV EKKIVITOV

(Mivaxoag 2, oeh. 35).

Hivaxag 3: Alayég otnv mpwtotoyn alinlovyio ouivoéwy twv eviduwv mov ypnooroiOnkay. I'ia tyy edpeon
TV oAlaydy o1 vovkieotidkés arinlovyiec vrofiibnxav oe in-silico ustdppacn koi avuortoiyion ue g
rxatoywpnuéves oto NCBI alinlovyies. Yroypouuilovror ot adinlovyies ue un oudroyn aviikotaotoon ouivoEeog.

T'ovidwo AlLoyn T'ovidwo Alrayn
PAL Xwpic oAAayég CHI Xwpic oAAayég
C4H Xwopic arlayég IFS Xwopic arlayég

Asn123->Ser123
Alal40->Glul40 , .
4CL lle143=>Val143 F3H Xwpig arhayég

GIn231Val232>Lys23111e232

His329-> Asp329

RS F3'H Xopig arrayég
Gly258->Arg258 aa254->+GlyLeuGIn
CHS FLS Asn321->1ys321

To yovidio PAL (Populus trichocarpa x P. deltoides, pog napacyébnke and tov kab.
Carl Douglas, University of British Columbia, Canada) kafmg kot to yovidto C4H mwov ftav
Khovomomuéva  and  vPpidto  Aedkag kot coyw  (Glycine  max)  avtiotouya,
vrokhovorombnkav otov pESC-URA evd 10 yovidolto CPR mov mpoépyoviav amd vBpidio
Levkag omwe kat To PAL yovidio (Ro et al., 2002), vrokiwvorombnke oto mAacuido pESC-
TRP. To yovidio C4H khwvoromOnke pe RT-PCR and oAkd exydhopo RNA @oiiov G.
max otnv 0éomn ECORV tov pT20 (ITivaxag 2). To Sall-Sall tufpa and tov pT20, mov wepieiye
TO OVOIKTO TAOUG10 avdyvmong tov yovidiov C4H, vroklwvormomdnke oto mlaouioio PESC-
URA onuovpyodvtag to mAaouidoo PESC-URA-C4H. Opoiwg 10 PAL  yovido
vrokhmvoromdnke pe PCR and to miaouioo pESC-HIS-PAL2 (Ro and Douglas, 2004) cto
mhoopidto pPGEM T-Easy kot and ekel to Notl-Notl tpuqpa vrokiovorombnke oto pESC-
URA-C4H onuovpymvtag to mAacpidto pESC-URA-CAH-PAL (Eyque 6 A). To tuquoa
Apal-Sall tov mhaoudiov pESC-LEU-C4H-CPR2 mov mepieiye to yovidio CPR (Ro et al.,
2002) vroklwvomombnke oto mhacuidio PESC-TRP otig avtictoyeg 0éoeig dnpovpydvrog
10 mhacpidto PESC-TRP-CPR (Zynua 6 I).

Ta yovidww 4CL a1 RS mpoéhevong G. max koau Vitis vinifera cv. Soultanina
avtictoyo, vrokAmvoromnkay 6to mhacuioo pESC-HIS (Zynua 6 B). ITo cvykekpuéva,
to yovidlo 4CL kKhwvomomOnke pe RT-PCR and olkd exydiiopo RNA euiliov G. max oto

macpidio pPGEM T-Easy. And ekei to tufua ECoRI-Clal mov nepieiye oAdKANpo 10 avoiktd
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mAaiclo avayvmong, vrokiovomomnke oto mAacpidio pESC-HIS divoviag 1o mhaopidio
pPESC-HIS-4CL. To yovidio RS xlwvomombnke pe RT-PCR oamd oAikd exydiicpo RNA
@VAlov V. vinifera cv. Soultanina oto mloouidio pGEM T-Easy kot amd ekei to tufupa
BamHI-Apal mov mepieiye oAdxAinpo 1o RS yovidio vrokAwvomomnke oto mhacuioo pESC-
HIS-4CL, dnuovpydvtag o mhacpidio pESC-HIS-4CL-RS.

Ta yoviora CHS xow CHI mpogpydpeva amd G. max kot ta. 600, VITOKA®VoToOnKay
oto mhacpidto pESC-LEU (Zyaua 6 E). To yovidto CHS khovomombnke apycd pe RT-PCR
a6 oAko exyviopa RNA @OvAlov G. max oto mhacuidio pGEM T-Easy. Ano ekel to tunpa
Notl-Notl mov mepieiye oAOKANPO TO YOVidl0, vTokAmvomoOnke oto mAacuioo pESC-LEU
dtvovtag 10 pESC-LEU-CHS. To yovioro CHI xAwvomominke pe RT-PCR omd olikd
ekyoMopo RNA @vAlov G. max oto mAacpido pT20 kot amd exel to tuiuo BamHI-Hindlll
nov weplelye 1o CHI  yovido, vmoxkAwvomomdnke oto mhacpidio pESC-LEU-CHS,
dnuovpymvtog to maacuioto pESC-LEU-CHS-CHI.

To yovidwo IFS mpoéhevong G. max eixe apyikd kiovomombei pe RT-PCR oo
mhoopido pT20. Anod exel to tuiua BamHI-BamHI mov €épepe oAdkAnpo to avoiktd miaictlo
avayvoong tov IFS, petapépinke oto mhacpidito pESC-HIS-4CL (mov 1o £pepe t0 yovidlo
4CL) oty avtictoyn Béon, dnpovpydvtog 1o mhacpidto PESC-HIS-4CL-IFS (Zynua 6 A).

To yovidio FLS mpoérevong Solanum tuberosum xAwvomombnke oapyikd oto
macpidlo pGEM T-Easy wg npoiov RT-PCR (Zynua 6 XT). Ano exei to tunuo Notl-Notl
nov £€pepe 0AOKANPO TO Yovidto FLS, petapépOnke oty avtictoryn 8€on tov pT20. And exei
petapépbnke oto pESC-HIS-4CL énerta amd wéyn pe Apal-BamHI, dnpovpydvrog to
nhacpiolo pESC-HIS-4CL-FLS.

To yovidro F3H mpoéievong G. max iye kKAwvorom0el oto mAacuidoo pGEM T-Easy.
Ano exelt 1o Tuqua Notl-Notl mov £pepe oAdKANpO 1O GVOIKTO TANIGIO avVAYVOONG,
petapépOnke oy avrtiotoyn 0éon tov pPESC-TRP-CPR onpovpydvtog to mAacuiolo pe my
ovopacio. pESC-TRP-CPR-F3H (Zynquo 6 Z) xabdc kot o éva adeio pESC-TRP @opéa
dnpovpymvrog to mAacuioo pESC-TRP-F3H.

To yovidio F3’H mpoérevong G. max xiwvomombnke apyikd pe RT-PCR oto
mAacpidto pT20. And exel to tunqua Sall-Sall mov €pepe oAdKANPO TO AvOIKTO TANIGLO
avhyvoong, petapépdnke oty avtictoryn 0éon tov pPESC-TRP-F3H divovtag 1o mAacuidlo
ue v ovopooio pESC-TRP-F3H-F3’H (Zyfuo 6 H).

50



Etepoloyn frocovieon plofovoeidomy ko atilfevostdmv evacewy - Amoteléauoto,

Kataokeun pESC-URA-PAL-C4H
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Karaokeun pESC-LEU-CHS-CHI ]

NotI NotI

| mm} CHS <GAL1 Op| GAL1;> CHI E|Dl:|
I}tl T T

ool 000 pGEM T-Easy

NotI BamHI HindIII
E Dnuﬁmrnnu pT20
HindIII BamHI
Katagkeu pESC-HIS-4CL-FLS ]
* Clal

EcoRI

DDD*UDD pGEM T-Easy

|

clal ECoRI ﬂ BamHI EcoRI Apal

DDD*TDDD pT20

ooo ooo

apal NotI ﬂ Notl BamHI
Z T DDD+DDD pGEM T-Easy
1
Notl Notl
Karagkeun pESC-TRP-F3H-CPR I
Apal Sall

EIEIEIJ CPR

OO0 C4H-CPR2-pESC-LEU

ooo ADH1t T GAL10p] GAL1D CPR CYCi1t mmm]

NotI NotI Apal 5al1

Z DDD*DDD pGEM T-Easy

Notl NotI

Kartagkeun pESC-TRP-F3H-F3'H I

Sall * Sall

ooo ooo  pT20

EEIEII:II:II:I

NotlI NotI 5211 ﬂ 5al1

H DDDWDDD pGEM T-Easy

NotlI NotlI

Zynipa 6: Ieprypopn e oTPOTNYIKHG TOV 00NYNOE OTHY KOTAOKEDY TV foocikav kacetwv (A éwg H) etepoioyng
EKQPPOONS YOVIOIWY ylo. THV avooDoTach TV PlocOVOETIKOV HOVOTOTIOV TV EVAGEWY KODUOPIKO 0D,
peafiepatpoly, yevioteivy, koupepoln koai kepketivy. Me aotepioko onuelmdvovial o1 TEPLOPLOTIKES BE0EIS OV
ONuIoVPYNONKOY UE TOV CYEILAOUO TWV KATOAANAWY eKKIVITOV
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Ot KOTOOKEVEG AVTEG TOV TTEPLYPAPN KOV TOPATAVE® Kol ametkoviloviol oto Zynua 6,
YPNOOTOMONKAY Yo va dNUovpyNnBovy KATAAANAQ YEVETIKA TPOTOTONUEVO OTEAEYXM
GOKYOPOUVKNTA, TOV £YOLV TN SLVATOTNTA TNG £TEPOLOYNG ProcvvBeonc eAaPoVoEd®Y Kal
otiMBevoedav. Ta otedéym avtd mov @épovv v enwvopuio COUMI11 1 COUMI2 eivon
Kava vo apdyovv kovpapikd o&y. Ta otehéyn mov eépovv v enovopio RESV11, NAR12,
GEN23, KAE34 xor QUE44 givon wkavd vo mopdyovv mg TeMKE €TEPOLOYO TPOIOVTO TIG
ovoieg pecPepaTpOAT, VOPIYKEVIVY, YEVIOTEIVI], KOUQPEPOAN KOl KEPKETIVI oOvTIoTOLYO.
Avdivon g duvatotntag TepOAoyNg ovvieong Yo 1o kB Evo TEAMKO TPOoidV Kol GTEAEYOG,

yiveTon oTOL ETOUEVO KEPAALL.

4.2 Ilepauora ueyioTOMOINGHS ETEPOLOYNS PLocivicons

4.2.1 Belitimwon uedodov avaioens 6Ty TPIYOEIOn HAEKTPOPOPHGH

210 TPOTOKOALO  aVOALONG  OTIAPEVOEd®Y Kot  QAOPOVOEWODV  GTNV  TPLYOELON
NAEKTPOPOPN O, OTTMG TTEPLYpAPNKE 0TI MeBOdoVG (kepdiato 3.15), cuumeptAfpdnkay dvo
emmAéov Prpota ta omoio Ppénke OTL NTav amapaitnta Yo TV oTafepdTnTa TOV YPOVOV
KOTOKPATNONG TOV avoAlvduevov ovotdv. Ta PApoto avtd MTov o) GOEopo Kot
AVATANPOOT TOV S0YXEIMV €16O00V Kol ££000V He PPECKO PpLOUOTIKO dtdAvpa TPV amd KEOe
avaivon kot f) otabepn epapuoyn taong 20kV ota pubuiotikd avtd dteAdpoTo yio 2min. X
OLPOPETIKN TEPIMTMOT TTapaTNPNONKE CALAY TOV YPOVOV KOTOKPATNONG GE O000YIKES
avoADGES AOY® MAEKTPOALGNG TOV PLOUICTIKOD JIAVUATOG 6T doYElD €160d0V Kot £E600V
KOTA TNV Oowpkew TG avdivong. Me v ovykekpiuévn tpomomoinon g pebosov m
EMAVOANYIUOTITA KOUAVONKE 6€ TOAD VYNAG emtineda, 1060 o€ TpoOTLTTA detypoTo (Zynuo 7),

060 ka1 6€ deiypata Tov maipvovtay amo Tig KoAAEpYeleg (Zynua 8).
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T T T
= 10 1=

Zyiua T: Eleyos emavolnpiuotntos TEVIE UETPHOEWV OVOADONG TPOTOTOV OEIYUATOS OTHV  TPLYOELON
NAEKTPOPOPNON TOL TEPIEIYE Vapiykevivy e ovykévipwan 136mg/L

mAL —

R =
5 = ———_————
s T
o
-

=

T T T T T T
a 10 11 12 12 min

2yniua 8: Eleyog emovalnyiuotnrog e avaloons atny tpifoeion NAEKTPOPOpNol, oxTed IELYIUETWV TOv TapOnKay

omo  koddiépyeia GEN23 e diapopetika  ypovikd dwaotquota  avamtoéng. Me v ypnoiomoioduevy
pomomouEvH HEBodo, o1 KOPLPES IOV OVTIOTOLYODY G TOVTOOHIUES EVATEIS COUTITTOVV.
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4.2.2 Merafolicuos @aivolalovivng, Kovuapikov oEE0S Kot VapIyKevIVHS amo

«AYPLO» OTEAEYOS

Ta apyikd avtd mepdpato elyov cav otdéxo vo emPeforwbel 011 T0 «Ayplo» GTEAEXOG
YPHA499 dev fitav oe B€om va petafoAricel To Kovpoaptkd o&D Kol TNV VOPLYKEVIVY], TIG 0VGiEg
ONAaON TOV ¥PNGIULOTOMOINKAY Gav TPOSPOUES EVAGELS 6TO £pYo. OTtav avtd avarntdydnke og
Opentucd péco pe 0,5mM kovpapikod o&éog N pe 0,5mM vaprykevivng dev katdpepe vo
LETAPOMOEL TIC GVYKEKPIUEVEG OVGIEG aKOUa Kot merto amd 8 uépeg avantuéng (Zyqua 9).
Avtd onuaivel 0Tt OmOONTOTE HETAPOAMKT dpacTNPLOTNTA  TPAYUATOTOMONKE OF
OTOLOONTOTE OO  TO LETOCYNMOTICUEVO OTEAEYN NG OwtpPng avtnig, ogeilovtay
QOKAELOTIKA G€ éval omd TaL yovidio Tov giyov eicaybel 6To €V AOY® GTELEYOG Kol pOPOVCAY
BrocvvOetikéc avtidpaoels kabodikd Tov kovpapikod o&éog (Zynua 5). Otav avtictoyyo to
dyplo otélexog avoamtoyOnke oe kaAAiépyewo pe 10mM poavoraraviving @avnke va v

KOTOVOADVEL, OT®G MTAV  OVOUEVOUEVO, @O0 TO OUIVOED OUTO  GULUUETEXEL OTINV

TPOTEIVOGHVOEST).
1400 J
1200
1000 -=
-
= 200 -
E ]
g 150
g 4
Q
3 ]
3 e
¥ 100
>
)
I~ {p0in o0>727o——» @@ -
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04

T T T T T 1
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XpOvog (WPES)

Zynipua 9. Metofoln e ovykEVIPWONS QAIVOAGAAVIVIG, KOVUOPIKOD 0LE0C Kol VOPIYKEVIVIG OTO TO Gyplo
otédeyog (oung YPH499 mov xoalliepynOnke oe Opemtiké péco CM mopovoio twv mpodpopwmyv ovolmv twv
prafovociocrv. B=pavolatavivy, (=kovuapixd old, * =vapiykeviv.
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4.2.3 Kaiiiépyeia otedéyong COUMILL o6 avéavoueves  o0YKEVIPOGELS

Qawviaiavivyg

Onwg mpoavapépOnke oto kepdiao 2.2.3 (cel. 31), n eowvvloroavivny amotedel Poacikod
OLOTATIKO TOL BPENTIKOD PHEGOV AVATTLENG TOV GOKYOPOUDKNTO Kot TpooTifeTon pe Pdomn to
TPOTOKOALO TOL VIooTpdpatog CM ot Pacikn cvykévipmon tov S0mg/L. And v GAin
mAevpd, M eowvvlodavivn elvar M gvapkple  TPOOpoUN EVOON TOV  ETEPOLOYMOV
BlocLVOETIKOV HOVOTOTIOV TTOV UETOPEPONKOV GTOV GOKYOPOUDKNTO KOl 0dNyodV GTnV
mopay®yn eAoBovoed®v kol oTiAfevoeddv. H gatvoraiavivny Aoudv amotelel 10 GLUVOETIKO
HETOPOAIKO Kpiko HeETOED TOL Pooikod HETAPOAMGHOD TOL GOKYOPOUVKNTO KOl TOV VEO-
gloayféviov etepdAoymv PlOGVVOETIKOV HOVOTOTIOV amd To QUTA. AVTO onuaivel 6Tl ot
avaykeg o€ @ovLAOAOVivn Yoo TNV avartuén g {OUNG ko tavtdypova yio v PEATIO
€TEPOAOYN TTAPAY®YN PAAPOVOEODV Elvort avEnueéVeC.

Mo va Bpebel 1 BéATIoT OLYKEVIP®ON QOIVLAGAAVIVIIG TTOL £TPETE Vo £XOVV Ol
KOAMEPYEIEG TMV  YEVETIKA TPOTOTMOUUEVOV OCTEAEYMDV GOKYOPOUDKNTO, TO OTEAEYOG
COUML11 10 omoio avamtoyBnke ce kovikég grareg pe CM emaymyikd Opentikd péoo kot
AVEAVOUEVEG GUYKEVIPMOGELS OVLAOAOVIVIG. Ol GUYKEVTIPMGELG OV EMAEYONKOV NTAV: @) M
Baown ocvykévipoon 50mg/L, ) 170mg/L, y) 330mg/L, ¢) 830mg/L, ) 1650mg/L «oi o7)
3300mg/L. Ao kGbe KOAMEPYELD TOIPVOVTOY GE TAKTA YPOVIKGA SlaoTHOTO SElypoTo 0o TO!
omoia. exyvAilovtav ot @oawvolkéc ovoieg (telkd mpoidv tov COUMI1 amoteiel To
Kovpaptkd o&D) kol avoAvovtay oty TPLoed] NAEKTpoedpnon. Ot KaUTOAES Tapay®YNG
KOVUOPIKOV 080G Kol  ovATTLENG TOV  KOAAMEPYEW®V Yoo TNV KAabe ovyKévipwon

eovvraraviving eaivovton oto Zynua 10 kou oto Zynua 11 avriotovyo.

Mo v ektipnon g BEATIOTNG GLYKEVTIP®OONG TNG QPALVLAOAAVIVIG 6TO OpemTiKd
Héco axolovOndnke m mopaKat® JStodikoacio podnuatikng avédivone. Xpnoipomomdnkay,
apPYIKA, Ol HEYIOTEG TIUEG TV TOPAYOUEVOV GUYKEVIPOOEMY KOVpaplkoD o&foc (Zynua 10).
AvTo¢ OpmG 0 TPOTOG dev divel TANPOPOPIeg OGO APOPA TN SVVOAIKY NG KAAMEPYELNS, TV
TOGOTNTO KOLHOPIKOD 0EE0C TOVL TAPAYETOL GTN LOVAIO TOV XpOvov. Mia T€Tota TAnpogopio
o pmopovoe va ypnowwomomBel yio v gbpeon g PEATIOTNG TEPLOOOV EMMOONG LUOG
KaAAEPYEWOG. [ ToV oKOmd aVTO KATAOKELAGTNKAY Ol KOUTOAEG pLOUOV mopaywyns. o
™V €0peon Toug vrotédnke OTL kdbe KOTTOPO TPONAOe amd KAWVIKY dwipeon kol OTL M
petafoliky] tov dpactnpoTa NTav otabepn kab’ OAn v didpkel Tov ProAoyikod TOL

Kokhov. H pedétn avt mpaypatomomdnke pe to otédeyog COUMI L, mov €yl v ikavotnto
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VO LETOTPETEL TNV QAVLAOAQVIVY] o€ Kovpapikd o0&, ywti dev mepthapPdvovtor moAAd
Blocvvletikd Prpata (LOVO Vo) Kol £TGL Ol AVAYKEG GE GUIVLANAAVIVY] GTO LLOVOTATL OVTO

STGTAOVOVTOL AUESH amd TV cHVOEST] TOL TEAIKOV TPo1dvTog (Kovuapiko o&p).
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Zyipua 10: Iopoywyn rovpopikod oléog amo 10 otédeyog COUMIL oec ovlavousves OOYKETPWOEIS
povvlalovivig. Ta obufolo avamapiotodv tic avlaviueveg ovykevipwaoels govolaiovivne E=50mg/L,
@=170mg/L, A=330mg/L, =830mg/L, *=1650mg/L, X=3300mg/L
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Zyiua 11: Kourvies avamroéne xallicpyeicov COUMII oe avéavoueves ovykevipwoeis poivoialavivis. To
obufola avamapiotody tig avéaviueves ovykevipawoels povoliaiovivne l=50mg/L, @=165mg/L, A=330mg/L,
4=826mg/L, *=1650mg/L, X=3300mg/L
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Apywd katackevdotnkov ot OeopnTikés KapmbdAes mov mpocapuolovior oo
TEPAUATIKE SEOOUEVAL TNG TOPAYWYNG KOVUAPIKOD 0EEOC OTIS SLAPOPES CLYKEVIPMGELS
eavvraravivig (Zyxquoa 12) pe ™ Pondew tov mpoypdupatog Origin (OriginLab). Xt
OULVEYELDL OVTEC Ol KOUTOUAEG YPNOWOTOMONKAV Yoo TNV KOTOOKELY TOV TOPAYDY®V
ovvapTHcEV (Zynuo 13) 1oV 0VCLUGTIKE AVTITPOCSHOTEVOVV TIG KAUTOAES PLOLLOV TAPAY®YNS
TOV YEVETIKO TPOMOMOMUEVOV OTEAEYDV. ATO TNV UHEAETN OLTOV TOV TOPAY®Y®V
OLVOPTNCEDV QAVNKE OTL e aOENCN NG CLYKEVIP®ONG TG ParvvAoraviving and 50mg/L
péypt 3,3g/L mapatnpovvtay pia mapdAAnin adénon otov pulud mopaymyng Tov KOLUOPTKOV
0&£0G OV KoL e [0l LETOTOTIGT TOV GNUEIOL TOV EMTVLYYAVETAL QLT T UEYIOTN HETAPOAIKN
dpacTNPOTNTA.

Ao TN HEAETN OVTAOV TOV KAUTOA®V HE TOLG 000 avTovS TPOTOLG Pyaivel to 1010
ocoumépoopa, OtL 1 PEATIOTN GLYKEVIP®ON QOIVLAOAOVIVIG TOL divel TNV HEYOALTEP
napaymyq kovpapikod oféog eivar ta 1650mg/L. Avtiy 1 apyikn  GLYKEVIPOOT
QovLAoAOVIVIIG  xpNoWomomOnKe oOTIG KOAAEPYEIEC YO TNV AvVOCLOTOCT OA®V T®V
VTOAOITMOV LOVATOTIOV KOTA TIG KAAMEPYEIEG OAMV TMV YEVETIKA TPOTOTOMUEVOV GTEAEYDV

COKYOPOUVKNTO QVTHG TNG dlaTpPng.
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Zyipa 12: Ocwpnrikés koumbdleg mapaywyng kovuapikod oléog omd 1o otéleyoc COUMII oe avéavousves
ovykevipawoels  porvolalavivyg.  A=50mg/L, B=170mg/L, [7=330mg/L, A=830mg/L, E=1650mg/L,
2T=3300mg/L
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Zyfua 13: Iopdaywyor coVopTHOEIS TV KOUTOAWY TOPAYWYHS KOvUapLkoD oléog (Zynua 12) yio tov vmoloyiouo
700 pvOuod Tapaywync tov. A=50mg/L, B=170mg/L, '=330mg/L, A=830mg/L, E=1650mg/L, XT=3300mg/L

4.2.4 BelTIioTOMOINGY EMTEIOV APYIKNS COYKEVIPWOHS HOLVOCUATOS

‘Evag amd tovg mopdyoviec mov emnpedlovv v toyvnTo avdmtuéng kot kobopilovv
OVGLOCTIKG TO TOLOTIKA YOPOKTNPLOTIKA TOV KOUTOA®V OVATTUENG Etval 1 apyikn TocoTNTO
TOV pOAVGpHOTOC Mg koAMépyelac. [o v ektignon g emppong G OpyKNg
GLYKEVIPMOONG TOV HOAVGLATOG, GTNV TOPAY®YIKOTNTA NG KaAAEpyelag otedéyovg GEN23,
Eywvav Tpelg KAAMEPYEEG e aLEAVOLEVT] APYIKT] CLYKEVTIPMOOT] LOADGULOTOC. ATO OVTEG TIG
KAAMEPYELEG TAPVOVTAV GE TAKTA XPOVIKA Olacthpate delypato To omoio avoAvovTay GTo
oVGTNHO TPLYLOEWOVS NAEKTPOPOPN OGNS YL TV EVPECT) TNG CVYKEVIPMOONG TOV PULVOAKOV.

Ot KoumOAEG TOV deiyvouy TNV TTopeia. OVATTLENG TOV KAAMEPYEIDV ALTOV KaODS Kot
v mopeio 6OVOeoNG TG YeVioTEIVNG paivovtol 6to Zynua 14 kot oto Zynua 15 avrtictoryo.
And ovtéc oaivetar 6Tt Otav Yoo apyikd poOAvoua ypnopomomnkoyv KHTTOPA OV
neptEyoviay o€ Sml KOAQ OVETTUYUEVNG KOAMEPYEWS, 1 YEVIOTEIVN] Tov mopdyOnke rftov
0,28mg/L, o6tav yo apywkd poéAvcouo ypnopomomdnkay kotrapo and 10ml avertvypévng
KoAMEpYelog mopayOnkav 0,26mg/L yevioteiviig evd Otav ypnotpomomdnkay yuo. apykd
poéAvopo to KOttopo omd 25ml avemtuypévng KoAMEPYEWNS, M YEVIOTEIVY] £QTOCE OTA

0,15mg/L.
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2yiua 14: Tporog avamroéng kalliépyeias oreAéyovs (ouns GEN23 oe oyéon ue 1o drapopetico apyixo uolvoua.
W =xoliépyera pue apyicé polvouo Sml, @= xalliépysia ue apyixoé udlvouo 10ml, A= xalliépyeio pe opyikod
uotvauo 25ml polvouarog.

0,30
0,25
0,20
0,15

0,10 4

Zuykévipwaon (mg/L)

0,05

0,00

L T B T B T L T
50 100 150 200 250
Xpovog (Wpeg)

o -

Zynqua 15 I'papnuo mov deiyver v mopaywyn vevioteivyg amo tov kAwvo GEN23 oe oyéon ue to avéovouevo
opyixo polvoua. M=ralliépyeio ue opyixé udlvouo mov mponlbe omd Sml polvouotos, @= rolliépyeia ue
opyiko potvouo wov mponAle omd 10ml polvouarog, M= kolliépysia ue apyiko polvoua wov mponibe arwd 25ml
HoLvouoTog.
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4.2.5 O polog tov @uvtikov CPR ota eminedo e erepoloyns eCopTnuévng
opactypiotyras tov C4H

Aglypata mapOnkav og ToKtd ypovikd dtactiuata and v kaAlépysio COUMI1 mov épepe
ta yoviolw PAL, C4H xo éva emmAéov yovidlo CPR oamd vBpido Aevkog (MéBodor,
apaypoeog 3.14, ced. 43) ko and v KaAMépyelo COUMI2 mov épepe pdvo 10 €vOOYEVEG
yovidto CPR tov caxyopopdknta, yio Ty HETPNCT ToV Tapayouevoy Kovpaptkov o&éog. I
ovykekpuévo to otéleyoc COUMLL, avomtvecoupevo oe Opentikd péco pe 1650mg/L
eowvviaravivy mapdyest kot éiver 96,7mg/L kou 108,6mg/L xovpapikd o otig 227 Kot oTIg
280 mpeg avtiotoyo eved 10 otédeyog COUMI2 diver 24mg/L ko 26,25mg/L otig 227 ko
o115 280 dpeg avtiotorya. AmO TNV GUYKPIOT] OVTOV TOV THOV HETAED TOLg QaiveTal OTL 1)
napovcio Tov CPR yovidiov mpokodel por adénon oty mopoymy KoOLpopkoh 0EE0C KOTA

nepimov 4 popég (Zymua 16).
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Zynipua 16: dioapopa emimedwy etepoloyng Proodvleons kovpapikod oééog anod otéleyog mov péper emmAéov CPR
yovidio (COUM1L) ko atéleyog mov dev péper emmiéov CPR yovidio (COUMI2) o¢ dvo ypovika onusio. Xtig
227 wpeg 1o oréleyog COUMIL éyer mapaler 4 popég ueyalitepn ovyrévipwon kar otic 280 wpeg el mopaler 4,1
POPES TEPLEGOTEPO KOVUAPLKO 0LD amo 0T1 To otédeyog COUMI2. Motifo ue evbeiec mhayies ypouuéc=COUMI 1,
Mortifo ue draoravpoueves ypouuss=COUMI2
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4.2.6 Extiunon telik@v mpoiovrwy f1o6ovOsens mov mopopuével uéca 6To KUTTAPa.
copng

INo va Bpebel edv petd v exydAion pe o&ucod abviestépa (MéBodot, mapdypapog 3.14, cel.
43) vInpye MOGOTNTO QUIVOMK®OV 7OV TOPAUEVE UEGO OTO. KOTTOPO, OKOAOLONONKE uia
EAALPPDC TpOTOTTOINEVT LEDOSOG amd avtv mov meptypagetor amd tov Ro (Ro and Douglas,
2004). Ta kotrapa and 20ml kedlépyeiag GEN23 mov eiye ypnoponombet yio tnv ektipnon
TOV TEMKOV KOl TOV EVOLAUEC®V TPOoiovImV (BAémete Tapakdto otV Tapdypago 4.3.4, cel.
68), cuALEXONKOV pEe PuYoKEVTPNOT Ko TADONKAY 2 opég e 20ml vepov kar 1 opd pe 70%
aBavoin. X ocvvéyeta tomoBetOnKav yio tovAdyiotov 24 dpeg otovg -20°C. H mivon pe
70% ouBavodn €ytve Yoo Vo amopakpuvBohv amd To KLTTOPIKA TOLYDOUATO, TUYX®V adldAvTa
0T0 vepd VLTWOAEIUUOTA TOV OLCLOV, TOV VANPYE TEPimT®ON va gival mwpooskoAinuéva. H
arofnkevon otovg -20°C Bondnce 6to vo vToGTOHY BPAVOT TO KLTTOPIKE TOLYMUATO KOl VO,
elevfepmBovv 610 TEPIPAALOV TOL SLOHADTI TLYOV EVAOCELS TOL Ppiokoviay eykKA®PBiopéveg
HEGO OTO KOTTOPM. TN GLVEXELD Eyvay 2 dtodoyIkES ekyvAicelg pe 20ml o&ikod abvieostépa
kot 20ml yAwpopoppiov. Ta vrepkeipeva mov cuvolkd cvAAEyOnoav egatpictnkav og
TEPIGTPOPIKO GLUTLKVOTN Kot o inua emavadtaAvdnke oe 500ul 70% abavoing. Me v
dwdwacion oty ot PAIVOMKEG evdoelg mov vafpyov ota 20ml g apykng KaAMEPYELOG
cvumvukvodnkay oto 0,5ml, vréotnoay dnAadr cuurdkveoon kotd 40 opéc.

To Odetypo o1 ovvéyelo petpnOnke oV TPLYOELWN MNAEKTPOPOPNON Yo TOV
VTOAOYIOUO TNG YEVIOTEIVIG OV AVTIGTOLYOVCE GTNV TOGOTNTA OV TOPEUEVE PECH GTO
KOtTOpa. Amd v avdAvorn Tov delylotog mposkvye OTL LIAPYOLV 1YVn YEVIGTEIVIG, OV
TMGTOMOLEITOL OO TNV EUPAVION OGS TOAD UIKPNG KOPLPNG GTO YPOVO KATUKPATNONG TNG
YEVIOTEIVNG, 1 VTOPEN TV omoimv Ouwg Oev ival oe BEon va mocotikomomBel pog kot n
OVLYKEVIPMOOT TOVG ivor mhpa oD pkpn (ZyAua 17). vvomoAoyiloviog Kot To YEYovog 0Tt
10 Ogtypa elvan 40 eopég cupmuKVOUEVO, Paivetal 0Tt gite 1 HEB0SOG EKYOAIONG e TOV 0EIKO
aBvieotépa givar oe BEoMN Vo EKYLAICEL TIG TOGOTNTESG TV OVGIMV TOV TOPAUEVOVY HEGO GTA,
KOTTOPO £iTE OTL HECO GTOL KOTTOPO OEV TOPOUEVOLY OPKETE PEYAAEC TOGOTNTES POLVOAIKOV.
Omnota amd TIC dVO TEPWMTMOELS Kol Vo, 1oYVEL YeYovog glvarl 0Tt 1 néBodog exyvAloNg sival
TOAD 1KOVOTOUTIKY Yo TNV EKTIUNGCT TV TOCOTHTOV TOV QUIVOAMKAOV OLGL®V OV

TOPAYOVTOL OTTO TOL YEVETIKO TPOTOTOMUEVA GTEAEYT] TOL GUKYOPOLVKTTO.
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mAU

Zynpo L7: Extiuncn uétpnong emméoon YeVIGTEIVIG TOD TOPOUEVEL UEGO, aTO. KOTTOPA THS (OUNG UETC OO THY
exyvrion ue oéiko aibvieotépa. To PELOS iy VeEL TOV AVOUEVOUEVO XPOVO KOTOKPATHONG THS YEVIOTEIVHG

4.3 KoaldMEPYEIES YEVETIKA TPOTOTOINUEVIV CTEAEYDV COAKYAPOUVKNTO

Mo mv mopayoyn tov oTIABEVOEW®V KOl QAABOVOEWO®OV EVAOCE®MV YPNCLOTOMONKE TO
otéhexog Coung YPH499 1o omolo petacynuatiotnke €161 OGTE Vo QEPEL TO. KOTAAANAQ
TAQGUIOW, T Oomoia. 0N YoHV TNV EKEPOCT TV Yovidiov yw ™ BroocvvBeon g kabe pog
évoonc. Xtov mapokato wivoko (IMivakag 4) eaivovtol GUYKEVIPOTIKA To. TAOCUIOW [E TO
omoia TpomomoOnke 10 KABE £vol YEVETIKG TPOTOTOMUEVO GTEAEYOG KOl Ol OVGIEG OV givat
oe 0éon va ProovvBécer to KABe éva. OAlo TO PETOCYNUOTIOUEVO OTEAEYN, 7OV
Kataokevdotnkay e EyyOnkav (Mébodot, mapdypagpoc 3.13, oed. 43) kot emPefordOnke o1
To. TAOGLIOI0 TTOV £QepaV TOL Yovidlo elyov peTapepOel LEGH GTOV TLPNVO TOV KVLTTAP®V Ko
OTL T0 YOVIOL0L 0T LETAYPAPOVTOV KOVOVIKA.

[Ma v KaAOTEPT O1EPELVNON TG KUETAPBOAKNG PONG» OO TNV PALVLAAANVIVY] TPOG
To TEMKE TPoidvTa (KOVHOPIKO 0EL, PecPepatpOin, VOPLYKEVIV, YEVIGTEIVY], KOUEEPOAN,
KEPKETIVY)) Kol TNV eKTiunom g KavomTog PlORETaTPOmnS TV TPOSPOUOV Kol TOV
EVOLIUEC®V  TPOTOVIMV, KATOOKEVAGTNKAV KOUTUAEC OTIG Omoiec moapaKoAovbeitar 1
GLYKEVTPMOOT TOV TEAIKADV TPOIOVIMV OTME EMIONE KOl TOV EVOLAUEC®Y EVOCEMV GE GYECN UE
tov ¥povo. Ot KoumOAeg OVTEG aPOPOVGOV TNV TOPAY®YN TOL KOVLUAPIKOV 0EE0G omd
QovVAOAOVIVY, TNV TOpay®YN pecPepatpoAng amd GotvoAalovivi Kot KOvpaptkd o&y, v
TOPOYMOYN VOPIYKEVIVIG a0 PAIVOAOAOVIVY] Kol KOUHOPIKO 0&D, TNV Tapaymyn YEVIGTEIVNG
amd EAVOAOAOVIVY], KOLUOPIKO 05D KOl VOPLYKEVIVY], TNV Topoymyq KOUPEPOANG omod
@oawvoloravivy, kovpopkd o&D Kol vaplryKeviviy Kol TNV TOpOy®yn KEPKETIVIG amd

QOVOAOAOVIVY], KOLHOPIKO 0EL KOl VOPLYKEVIVT).
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Iivaxag 4: [evetikd TPOTOTOINUEVO, OTEAEXN GOKYOPOUDKHTO, TOV KOTOOKEDGOTHKOY UECW® THG UETAPOMKNHG
Lxovikng e katddinlovs pESC gopelc yio v e16p0)0yn mapaywyn pALoVOEIdDY Kol OTIAPEVOEIdDV T oyéon

UE TNV ypnoiuomoroduevn mpoopoun évwon. ®=parvovloiavivy, K=rovuapixo oo, N=vopiykevivy

IeveTikd TpomoTOINpPéEVO Hepreyopeva pESC DuTikég petoforitng mov
otéleyog Lopung TAoopion TapayeTOL
(mg/L)
pESC-URA-C4H
C4H-CPR12 pPESC-TRP-CPR Kovpopkd o0&y (0] 0
(Zxpa 6 AT)
pPESC-URA-PAL-C4H,
Coum11 pESC-TRP-CPR KOLHOPIKO 0&D (O] 108,6
(Zxua 6 A1)
COUM12 p('gigug EAA)PAL CaH, KoUHapIKS o6 | @ | 26,25
pPESC-URA-PAL-C4H, [0) 0,29
RESV11 SE?E_?;{SP_“(?PLRRS' pePepatpoin
(Zyuo 6 A,B,T) K 0,31
pPESC-URA-PAL-C4H,
PESC-HIS-4CL, @ 8.9
NAR12 pPESC-TRP-CPR vaprykevivn
pESC-LEU-CHS-CHI
(ZyMue 6 A,I',AE) K 15,6
(0] 0,1
pESC-URA-PAL-C4H,
pPESC-HIS-4CL-IFS,
GEN23 pESC-LEU-CHS-CHI, YEVIOTEIVY K 0,14
pESC-TRP-CPR
(ZyfHua 6 A,TAE)
N 7,7
(0] 1,3
pESC-URA-PAL-C4H,
pESC-HIS-4CL-FLS,
KAE34 pESC-LEU-CHS-CHI, KOROEPOAN K 1
pESC-TRP- F3H-CPR,
(Zynuo 6 AEXT,Z)
N 4,6
o ,
pPESC-URA-PAL-C4H, o
pESC-HIS-4CL-FLS,
QUE44 pESC-LEU-CHS-CHI, KEPKETIV K 0,26
pESC-TRP- F3H-F3’H,
(Zynuo 6 AE,XT,H)
N 0,38
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4.3.1 Karaockevn oteiéyovg COUMII yia tnv firocivOsen kovuapikov oééog oty
{oun
To BrocvvOeTiKd LOVOTTATL TOL KOLHOPIKOD 0EE0C OMOTEAEGE TO TPATO OO TO. LLOVOTATLOL TTOV
aVOCLOTAONKOV GE YEVETIKG TPOTOTOMUEVO GTEAEYT COKYOPOUVKNTO KOt TEPLEAGUPave TV
LETAPOPA TV Ayotepmv, oe apliud, eteporoywv yovidiov (PAL, C4H kar CPR, Zynqua 5,
oeh. 47). Koalépyewn tov otedéyovg COUMIL ypnowomombnke vy tnv ekkivnon
KOAMEPYEWG OMOV oav TPOSPOUN EVMOT YPNOHOTOMONKE 1 QotvvAcAlavivy, 1 omoia
Bpébnke o011 émpeme va Ppioketon oe ovykévipoon 1650mg/L. e avtég Tic cuvOnkeg to

ovotuo katdeepe vo frocvvbioet £mg 108,6mg/L kovuapikod o&éog (Zynua 18).

120 — 2000

100

~ 1500
80

60+
— 1000

40

Juykévtpwon (mg/L) (L)
Zuykévtpwon (mg/L) (M)

- 500

Omrmikry TukvéTnTa (0D, ) (X)

0 Jo—o

T T T T T T T T g T y

-50 0 50 100 150 200 250 300
Xpovog (Wpeg)

Zyjua 18: Xvoowpevon mapaywyic kovpopikod oléog ([0) oe ocuvdptnon pe 10 ¥pOVo, amd 10 YeVETIKG,

pomomomuivo otéleyog oaxyopoudrnto COUMII avartvooduevo oe OGpertié uéoo CM (X). Amotondverar n
Kotaviéiwon e mpoopouns évaons parvoiolavivye (M)

4.3.2 Karaockevn eteiéyovs RESV1I yia v frocivleon peofiepatpoing oty {oun
Mo mv ProcHvleon g peoPepatpding akorovOnbnkay dvo TPOGEYYIcES. TNV TPOTN
YPNOLOTOMONKE KOLUOPIKO 0ED Gav mpddpoun Evmon Kot 6TV GAAN xpnoLomoonke n
eavoAiaiovivi. Ot dvo avtég mpooeyyioelg kpinKav amopoitnTeg Yoo TV EKTIUNON NG
evepyoTNTOG TOV Yovidiov Tov ProcuvBeTikod povomatiohd mov Ppickoviay kabodkd g

TPOJIPOUNG EVMOONG GTO LOVOTATL, OO TNV KOVOTNTO TOV GUGTHUATOG VO Blo-UETATPENEL TNV
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TPOJPOLUN 0LGi TTPOG TO TEMKS TPoidy. Otav Eekivioe KOAMEPYELD LE OPYIKT] CVYKEVIPOON
Kovpopikov o&éog 125mg/L, n cvykévipmon g mapayouevng pecepatpding Eptace 6To
0,3Img/L émerta amd 80 dpeg kaAMépyelag (Zynua 19). Otav n kardiépyewo Eexivnoe pe
avénuéEVN oLYKEVIPOON GOVVAOAOVIVIG TOTE TO EMimEd0 NG PESPeEPATPOANG £PTOCE TO

0,29mg/L érerra and 120 dpeg kaAlMépyelag mepimov (Zynua 20).
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Zyjpa 19: Xvoowpevon mopaywyrc peafepatpioine (@) oe ovvdptnon pe to xpovo, amd to otédeyoc RESV1L
ovartvooouevo oe Opentikd uéco CM (X). H mpddpoun évwan mov ypnoiuorouinke rav to xovuopikd ofd ()
OOV 0TO GYHILO OTOTOTWDVETAL 1] KOTAVEAWTH TOV

0,40 — . T . . . . , . . 2,5
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'/\' -
4 E
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0,00 4
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0 50 100 150 200 250

Xpovog (Wpeg)

Zjua 20: Xvoowpevon mopaywyrc peafepatpoine (@) oe ovvdptnon pe to xpovo, amd to otédeyoc RESV1L
ovartvooouevo oe Opertid uéoco CM (X). H mpddpoun évawon mov ypnoiuoroninke frav n panvolalovivy. Xro
OO OTOTOTWVETOL KAl 1] TOPELQ TOV EVOLGUETOD KovOpIKoD oléog ()
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4.3.3 Karaockevnj oteléyovs NAR12 yia Ty frocvvleon vapiykevivys oty {oun

To petaoynuaticpévo pe ta yoviola Procvvleong g vaprykevivng otéheyog {oung NAR12
yPNooTomOnKe yio v ekkivnon KaAMepyeldv Bpentikov pécov (CM) 6mov o1 mpddpopeg
EVAOGELS POIVOAOAOVIVY) KOl KOUUOPIKO 0&ED TapEYOVTOV O EMOUPKEIC CVYKEVIPDOGEIS OOTE VO
Blo-petatpamodv ce vaprykeviviy. Otav 10 podo g mpoddpoung éveong tov Enoule T0
Kovpapkd 0&0, pe avtd va tpootifetan kKdbe 2 NUEPES MOTE VO AVOTANPAOVETOL 1] TOGOTNTO
ov petaforleTon, N GLYKEVIpWON TNG TOPAYOUEVNS vaptykevivng éptace to 15,6mg/L
énerta amd 180 mpeg mepimov (Zynua 21). Ouowo 6ty KaAAEpyelo Tov otedéyovg NAR12
Eexivnoe pe 1500mg/L eorvvAiaioviving to emimedo TG mopoyOUEVNC VAPLYKEVIVIG £PTacaY

ta 8,9mg/L émerta and 200 dpeg kaAMépyelag Tepimov (Zynua 22).

T T T v T T T T T 450
-— 400
-— 350
_— 300
- 250
-— 200

150

(m) (7/6w) LomdiA3dANz

— 100

Suykévrpwon (mg/L) ()
Ok TrukvéTnTa (0D, ) (X)

-~ 50

v T v T T T
0 50 100 150 200

Xpbdvog (WpEG)

Zyfua 21: Xvoowpevon mopaywyns vopiykevivys (X) ae ovvdptnon ue 1o ypovo, amo to otédeyos NAR12
avortooodusvo oe Opertikd uéoo CM (X). H mpddpoun évwan wov ypnoiuomoniOnke oy 1o kovuopikd old. Xto
OO ATOTOTWDVETOL Kl 1] Katovaiwotj tne parvoloiovivie ()
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Zyjpa 22: Xvoowpsvon mopoywyns vopiykevivig (X) e ovvdptnon pe 1o xpovo, omd to otéleyos NARI2
avartooeouevo oe Opertid uéoo CM (X). H mpodpoun évwaon mov ypnoorominke frav n povolalovivy (M),
270 OYNUO. ATOTOTWVETOL 1] KOTAVOAW®ON THS PaIVOAOAVIVHG KaBn¢ Kai 1 mopeia UETaPoAITUOD TOV KOVUAPIKOD

o&éog (L)

4.3.4 Karaocxevn oteiéyovs GEN23 yia tyv frocivleon yevioreivys oty {oun

To petaoynuoaticpévo pe ta yovidwn ProochvBeong g yvevioteivig otéleyog LOhung GEN23
YPNOUOTOONKE Yo TNV EKKIVIION KOAMEPYEIDOV KATAAANLOVL VYPOD Opentikod pécov (CM)
OOV 01 TPOSPOUEG EVAGELG PAVVANAOVIVY], KOVUAPIKO 0EL KOl VOPLYKEVIVY TOPEYOVTOV GE
IKOVOTIOMTIKEG GUYKEVIPADGES MOTE Vo, Pro-petatpamodv o€ yevioteivy. Otav 10 poAo g
podpoung Evmong tov émaile n vaprykevivn og apyikn cvykévipoon 160mg/L, n yevioteivn
nov TopdyOnke Eptace oto 7,7Mg/L érerta and mepinov 200 dpeg kaAlépyelag (Zymqua 23).
Otav o610 Opentikd péco 10 pOAO NG TPOJPOUNG EvoNS ToV Emale TO KOLHOPIKO 08D, e
avtd va mpootifetatl kdbe 2 pHéEPEG Yo VoL OVATANP®OVOVTOL Ol TOGOTNTEG Tov peTaforilova,
1 GLYKEVIPMON TNG TaPayOUeEVNG yevioteivng petwbnke ota 0,14mg/L énetta amd 80 dpeg
nepimov (Zynua 24). Opota, 6tav KarAEpyeia Tov otedéyovg GEN23 Eekivnoe pe 1500mg/L
QowvvAaAovivig, pe TV @otvoAaAavivr dnAadr va Plo-HETOTPENETOL G YEVIGTEIVT TOTE TO

eminedo g terevtaiog peiwdnke etavovrag ota 0,1mg/L énerto amd 100 dpeg KoAMEPYELOG

(Zxfpa 25).
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Zyijua 23: Xvoowpevon yevioteivig (®) ae covaptnon pe to ypovo, amo to otéleyos GEN23, avartvooduevo oe
Opertio péoo CM (X). H mpddpoun évwon mov ypnoworominke frav n voprykevivy (X) omov oto oyfua
OTOTOTWDVETAL 1] KATOVEAWOT TN KOOGS ETioNs kar mopeia tov kKovpopikod oééog (L)
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Zynpa 24: Xvoowpevon yevioteivng (®) o oovdptnon e to xpovo, aro to otédeyos GEN23, avartvooouevo oe
Operrtikd péoo CM (X). H mpédpoun évawon mov ypnoworoujdnke fitav to kovuapiké ofo (1)), Adyw g
KOTOVGAWONS TOV KOVUOPIKOD 0EE0G YivovTay ek vEéov mpoolnkn 164Amgr oto Opentiko uéoo kdbe 50 mepimov wpeg
270 GYNo. OTOTOTAVETOL 1] KOTOVAAWGN TOv KaOMS Kai 1] Topokoioddnon the mopaywyns e EVOIGUETHS
vaprykevivig ()
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Dyjua 25: Xvoowpevon mopoywyng yevioteivig (®) oe ovvaptnon ue to xpovo, amd to otédeyosc GEN23
avartvoeouevo oe Gpertié uéso CM (X). H mpddpoun évawon mov ypnoworouibnxe frov n pavoiotavivy (M)
OOV OTO GYNUO. ATOTOTWVETOL 1| KOTOVALWON THS KBS Kol 1] TOPEIQ. TV EVOIGUETWV EVOCEDY KOVUAPIKO 0D
(O) xoz vapiyrevivy (k)

4341 Kalliépyeies pyeverika tpomomoiquévov oteléyovs GEN23 o6e avéavoueves
OVYKEVTPWOELS VOPIYKEVIVYG
Mebodoroyion mapoOpoll PE VTV 7OV Ypnoomombnke vy v evpeon g PEATIOTNG
OLYKEVTIPMOONG  (QOIVOAGAOVIVIIG ypNOILOTOMONKE Kot Yoo TV €vpeon TG PEATIOTNG
GLYKEVIPMONG VAPLYKEVIVIG Y10l TNV TTAPUY®YT] YEVIOTEIVIG OO TO YEVETIKO TPOTOTOUUEVO
otédexoc GEN23. O okomdg ovTod TOL TEWPALOTOS NTOV 1) EDPECT] ATAVTIONG OTO EPATNLLOL
edv KOTd TNV OVOGVOTOCT] TOL HOVOTOTION TNG YEVIOTEIVNG KOl KOTA TNV TPOPOd0Gio. TOV
otedéyovg GEN23 pe poawvoralovivn, umopel n evOOKLTTOPIKG TAPOYOUEVT] VOPLYKEVIVY] V.
QTAVEL GE GLYKEVTPOOT KopeooL mote To Eviupo IFS va éxel v péyiotn evepyodtta tov.
To otéheyoc GEN23 kollepyndnke oe avEavOoUeEVES CLYKEVIPAOOELS VOPLYKEVIVIG KoL
amotundOnke N mwopeio. avantuéng (ZyMuo 26) Kabmg Kot 1 Tapaymyn TG YEVIGTEIVIG 6N
povada tov ypoévov (Zynuo 27). Amd Tic KAUTOAES OVTEC KATOGKEVAGTIKOV Ol OVTIGTOUYEG
Be@PNTIKEG GLYHOEONG KOUTVAES HE TV YpNRon tov mpoypaupatog Origin (Zynua 28) kot
KOTOMY OO aTEG TPOEKLYOV Ol KOUTVAEG TOV TOPAYDY®V TOL OVIIGTOLYOLV 6TO pLoud
avENONG NG YEVIOTEIVIG 6T Hovada Tov xpdvoy (Zynua 29). Amod v HEAETN Kl TOV TPLOV

VTGOV CYNUATOV cuuTEPAivoLpE OTL 1 BEATIOTN GUYKEVTPMOOT VOPLYKEVIVIG Yo TNV PEATIOT
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evepyotnrta tov IFS, Tov evibov mov Ppioketan kaBodikd tng vaprykevivng 6to frocuvOetikd

povordrt, givar 136mg/L (Zynua 28).
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Zyfua 26: Kourdleg avamroéne kailigpyeicov GEN23 oe avlaviueves ovykevipwaeis vopiykevivyg. Ta abuforo
avamapiorody Tig avéavoueves ovykevipwoels vopiykevivye l=27mg/L, @=82mg/L, A=136mg/L, ¢=191mg/L,
X =272mg/L
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Zynipua 27: Meyioromoinon eteplloyng mopaywyns VevIoTEIVHG OO KOAMEPYELQ VEVETIKG TPOTOTOUUEVOD
areléyovg GEN23 oe ovvdptnon ue eéwyevac rapeydoueves ovykevipwaoeig voprykevivye. l=27mg/L, @=82mg/L,
A=136mg/L, ¢=190mg/L, *=272mg/L
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Zyiua 28: Ocwpnrixés koumdles mopoywyng yeviateivng amo 1o otédeyos GEN23 oe avéavoueves ovykevipawoeic
vaprykevivg.  A=27mg/lL  vapiykevivy, B=82mg/L vapiykevivy, T=136mg/L vapiykevivy, A=190mg/L
vaprykevivy, E=272mg/L vapiyrevivn
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Zyjua 29: Topdywyor ovvaptioeis TV KOUTDAWV TOPOywYNS YEVIOTEIVIG YLo. TOV DEOAOYIOUO TOV poOUOD
TOPoYwYRs e amd v vypn kalliépyeio, too GEN23. A=27mg/L vaprykevivy, B=82mg/L vaprykevivy,
I'=136mg/L vapryxevivy, A=190mg/L vapryrevivy, E=272mg/L vaprykevivy
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4.3.5 Karaockevnj oteléyovs KAE34 yia tyv frocivlcon koupepoins oty {oun

To yevetikd tpomomompévo otédexos KAE34 mov mepiéyer oAdkAnpo 10 ProovvOetikd
povomdtt yioo v ovvleon g kapeepoing (Zynmuo 5, ceh. 47), avamtoybnke o€ vypég
KoAAEpyeleg CM, Omov cav TtpoOdpoun £vmor EvapENG TOV HOVOTATION SOKIHLAGTNKAY £Vl
KOs @opd €K TOV TPLIOV EVOLAUEC®Y HETARBOMTOV (VOPIYKEVIVY], KOLHOPIKO 0&D Kot
@owvAioravivn), mov TEMKE Plo-petatpamnkav oe KapeepoAn. Otav oto Opentikd péco
TPOOTEONKE VAPLYKEVIVN, TO EMIMESO TAPAY®YNG TG KAPPEPOANG EpTace ta 4,6mg/L (Zynua
29), evd O0tav cov TPOSpoUn Eveot TPOoTEONKE TO KOLHAPIKO 0D, 1 KAUEEPOAY TTOL
napdydnke éptace ta 0,9mg/L (Zyqua 30). Ztnv televtaio mepintmon 6mov ®¢ TPOdpoun
évoon mpootédnke @otvolodavivr, TO EMIMESO TOPAYWYNS NG KOAUPEPOANG £PTACE TO

1,3mg/L (Zynua 31).
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Zyjua 30: Zvoowpevtiky mopaywyn koupepolns (A) o ovvdpTnon e T0 xpovo amo TO YEVETIKA TPOTOTOLNUEVO
otéleyoc KAE34 mov kalligpyibnre oe Opentiké uéoo CM (X). Amotvmadveror n katavaiwon e opyikig
TPOOpouns Evawong vapiykeviviig (%) mov mpootéOnke eéwyevas (0,5mM). Ermionc xotaypapoviolr to eminedo.
Topaywyns kovuopikod oééog (1)
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Zjua 31: Xvoowpevtiki mopaywyi kKoupepoins (M) oe ovvapton ue To Ypovo omo TO YEVETIKG TPOTOTOLUEVO
otéleyos KAE34 mov ralhiepyibnre oe Opemtikd péoo CM (X). Amotomdveror 1 koTavdAwon e apyikig
rpoopouns évawons rovpopiké ol (M) mov mpootéOnke elwyevag (ImglL). Adyw e Kkaravdiwons tov
KODUOPIKOD 0Céog yivovioy ek véov mpoobikn 164mgr oro Opemtiné uéoo kabe 50 mepimov apeg. Emiong
KOTAypapovol to. exinedo. g vaprykevivyg (%)
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Zynpa 32: Xvoowpevon Topoywyns koupepoine (M) oc ovvaptnon ue to ypovo, amd to otéleyos KAE34
ovartvooouevo oe Gpertiké uéco CM (X). H mpddpoun évawon mov ypnoorouibnxe frov n pavoioiavivy (M)

OOV TT0 GYHUA OTOTOTWVETOL 1] KATAVAALWTH THS KaOMS Kol 1] TOPEIQ TWV EVOIGUETWDY EVITEWY KODUOPIKO OCD
(O) kaa vaprykevivy ()
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4.3.6 Karaockevnj oteléyovs QUEAS yia Ty frocivicon kepretivys oty {oun

To yevetikd tpomomomuévo otéleyos QUE44 mepiéyer oAdkAnpo to ProouvOetikd povomdrt
vy v ovvBeon g kepketivng pe ta oxt® dwyoviowe PAL, C4H, 4CL, CHS, CHI, F3H,
F3’H ko FLS. T tqv avantvuén vypov Opentikodv kailepyeimv (CM) ypnoiporodnke Eva
amd to Tpia TPpddpopa popla Kabe Popd, vaprykevivr, KOLLOPIKO 0&D Kot Gotvolahovivr, To
omoio. TeAMkd Pro-petoTpammkay o€ kKapeepoAn. H dwpopd pe v avoovotacn Tov
VITOAOITMOV LOVOTATIMV OV ovoQEPON KAV LEYPL TOPO Y10 To TPOooVapEPBEVTA oTeAEYN LOUNG
COUML11, RESV11, NAR12, GEN23 ka1 KAE34, Bpioketar oto 011 T0 01éAeyoc QUE44 dev
@épel 10 yovidro CPR amd ™ Aedka. O Adyog mov £yve avto, elval ETEON 01 OLVATOTNTES TOV
ovotiuatog eopéwv pESC pe ta téooepa mhaouiow (PESC-URA, pESC-LEU, pESC-TRP,
PESC-HIS) mov ypnoiponombnkay yio mv £K@pacn TV yovidiov ota kbTTapa g {OUng dev
EMETPENE TNV VIOKA®VOTOINoN TepliocdHTeEp®V amd 8 yovidiwv. ['a tov Adyo avtd aArd kot
eMEWN 0 coakyopopdkntoag eépel evooyevég CPR yovidwo, emdéyOnke vo mapoainebei to

YOVIO10 OVTO Atd TNV GTPATIYIKT Y10 TNV AVAcLGTOCT TNG PlocvvOeong TG KEPKETIVIG.
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Zyfua 33: Zvoowpevtiky TOpoywyn KEPKETIVIG (Y5) € GUVAPTNGN UE TO YPOVO OTO TO YEVETIKG TPOTOTOUEVO
otéleyoc QUEA4L mov kalliepynOnke oe Opemtind uéoco CM (X). Amotomdverar 1 kotavaAwon e opyikig
TPOOpouns Evawons voprykevivie (k) mov mpootéOnke eCwyevas (0,3mM). Ermionc gaivoviar ta eminedo

TOPOYWYHS TS Koupepolns (M) omd v uepixii extpomi tov Proovvletikod povomwatiod oto onusio e
Owdporaupepoing (Zynua. 5, el. 47)

Otav oto Opentikd pEGO TPOoTEOMKE VOpPLYKEVIVY), TO EMIMESO TAPAYWOYNG TNG

kepketivng éptace ta 0,38mg/L (EZynua 33), evd 6tav yio mpddpoun Evaon mpootédnke to

Kovpapikd 0&L 1 kepkeTiv oL TapdyOnke éptace ta 0,26mg/L (Zynua 34). Ztnv tedevtaia
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TEPITTOON OTOL Y10 TPOSPOUT EVMOOT] TPOSTEONKE POVLAAAAVIVT, TO ETITESQ TAPAYWYNS TG
KEPKETIVNG OV UTTOPOVCAV VO OVIXVELTOOV LE TNV SATaén NS TPLYOEWO0VG NAEKTPOPOPONG

ue tov aviyveuty DAD (Zynuo 35).
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Zynpa 34: Zvoodpevtiky Topoywyn KEPKETIVIG (3%) 06 GUVAPTNON UE TO YPOVO OO TO YEVETIKG TPOTOTOUUEVO
otéleyoc QUEALS mov kalliepyniOnke oe Opemuikd uéoco CM (X). Amotvmaverar n katavéAwon e apyikig
poopouns évawons rovuopiké olv (L) mov mpootéOnke elwyevag (ImglL). Adyw te rkaravéiwons tov
KOOUOPIKOD 0&Eog yivovioy ek véov mpoobikn 164mgr oto Opemtiké uéoo kdbe 50 mepimov wpeg. Emiong
QaivoVIOL TO ETITE0. TOPAYWYNC THS KOUPEPOINS (M) amd v uspixij ektporii Tov Proovvletikod povomatiod oro
onueio g o1wdporaupeporns (Zynua 5, oed. 47) kot to. enimedo e vopiyrevivyg (k)
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Zynpua 35. Zvoowpsvon mapaywyng Kepketivig (ve) o€ ovvdptnon pe to xpovo, amo 1o otélsyoc QUE4L4
ovartvooouevo oe Gpertiké uéco CM (X). H mpddpoun évawon wov ypnoworouibnxe frov n pavoioiavivy (M)
OOV OTO GYNUO. ATOTOTDVETOL 1| KOTOVALWON THS KBS Kol 1] TOPEIQ. TV EVOIGUETWV EVOCEDY KOVUAPIKO 0D
(O) oz vaprykevivy (k). Exiong paivoviar T eximedo. Topoymwyns e Kapupepoins (A) omd v uepiklj extponn
700 S106VVOETIKOD HOVOTIATION GTO GNUELD THS OLIPOKAUPEPOINS (Zyhuo 5, oel. 4T)
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4.4 XoyKaAlEPYEIES YEVETIKD TPOTOTIOIUEVY CTEAEYDY COKYAPOUVKNTO

Emedn o andtepog oKomOG TG TEPOAOYNG TAPAYMYNG TOV PAABOVOEWDMY NTAV 1) TEPOUTEP®
YPNON TOV TEMK®V TPoidvTemv ToL KABe YeveTikd tpomomomuévov oteAéyovg COung,
dokiaoOnke M dvvoardtTa NG ocvvovacuévng Procvvieong eAafovoelddv amd  dHo
ocvykodepyovpeva oteréyn. Ta 600 otedéyn GEN23 ko KAE34 ypnoomomnkay yio vo
poAvvOel KatdAANAo av&otpoPikd Bpentikd pHEGo Ppovtilovtag £T161 MGTE TO aPYIKO LOALGLLOL
™G kéBe KaAMEPYeLag va glval To 1010, MOTE va amo@evydel 1| ETKPATNON TOV EVOG GTEAEYOVG
évavtt tov GAov. H ave&aptnm avdmtuén tov kébe evog péoa oto kowvd Opemtikd
VIOOTPpOUN ENETPpEYE TNV emiong oveEdptntn ProovvBeon g Kabe pog and TG Svo

QAOPOVOEIING EVDOELG, TNG YEVIOTEIVIG KO TNG KAUPEPOANG.

30

20

Tuykévtpwon (mg/L) (¢,A)
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L 10
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Zyniua 36: Xvoowpevon mopoywyns yeviotsivig (%) kol koupepoins (M) amd ovykolAiépyeia twv oteAey@v
GEN23 ko1 KAE34, oc ovvdptnon ue to ypovo, ovamrtvooousves oe Opemtikd uéoo CM (X). Xto oynjua
OTOTUTOVETAL 1] KOTAVOAWOY THG TPOopouns évewong vopiykevivy (k), n onoia giye mpootebel oe apykn
ovykévipoon 0,3 mM

H ovykévipoon tov mapoaydpevov ovcladv kot miit eaptiOnke and 1o €idog g
TPOdpOUNG Evwong mov ypnoworomdnke. H cvykévipwon g yevioteivng £ptace péypt ta
1,7mg/L evd avth TG Kapeepoing éptace kovtd ota 4,6mg/L détav n mpddpoun Eveoon nTov
N vaprykevivn (Zynua 36). Otav cav tpddpoun Evmon ypnoonotdnke 10 Kovpapikod o&H
TOTE Ol CLYKEVIPMOELS TV mopayduevov ovotwv ntav 0,1mg/L ko 0,4mg/L avrtictouya
(Eymua 37). Zmv mepintoon mov wPOSpoun Eveon NTOV 1 QOIVOACANVIVI) TOTE Ol

GLYKEVTPOGELS TV ovaldv Tav 0,05 kot 0,5mg/L avtictorya (Zynua 38).
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Zyjpa 37: Zvooipevon mopaywyng yevioteivig (%) kot koupepolins (A) omd ovykarliépyela twv oTedsydv
GEN23 ko1 KAE34, oc ovvdption pe to ypovo, avomrvoooiueves oc Opentikod puéco CM (X). Zto oyniuo
OTOTOTWVETAL 1] KOTOVOAWON THS TPOIpouns évaons kovuopiké ol (L), 1o omoio avaminpwvoviav ue v
npoobikn 164mgr kale mwepimov 50 wpeg, kaOab¢ kar  wopeia ™S evordueons Evawang kovpoptkd oo (L)
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Zyjpa 38: Zvoodpevon mapaywyng yevioteivig (%) kot koupepolns (M) omé ovykoelliépyela twv otedeydv
GEN23 ka1 KAE34, oc ovvdption ue to ypovo, avomrvooousves oe Opentikd uéoo CM (X). Zro oyriua

OTOTOTAVETAL 1 KOTOVOAMON THG TPOSPOUNS EVONS @aivoiaiavivy n ormoio. opyiko. eixe mpootebel oe
ovykévipwon 10mM (M) kaOab¢ ko 1 wopeia Twv evdidueowy evaroewy kovpopiko ofo (L) ko vapiyrevivy ()
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4.5 Xpnoeis tov mapayfivrmy 6Teisymdv Kal 0vGIaY

4.5.1 Hepapara uikpo-orvonoicewv

Ta oteléym caxyapopdknto GEN23, KAE34 ka1t QUE44 ypnopomomOnkay g melpopoTikég
UIKPO-01vOTOMGELS Y10, Vo Bpebet edv Ba pumopovcav vo avoartuyfovy Kot v EUTAOVTIGOVY Ta,
TOPUYOUEVO KPOGLA LLE TIG OLGIEG YEVIOTEIVN, KaUQePOAN Kot KepKeETivn avtiotorya. Ola Ta
TEPALATO TOV UKPO-OVOTOGEMY TPAYLATOTOMONKAY GE YDOPO AmOAVLTO, EAEYXOUEVAOV
CLVONK®OV Kol OOKAEIGTIKA Yo TIG OvAyKeS NG mapovoos dtpirg. Me 10 mépag Tov

TEPALATOV, TO VAIKO T®V OIVOTOMGE®MY OQVTAOV KATUGTPAPNKE LLE ACPAAT TPOTO.

Yg dvo mAaoTikd Bapéiia tomobethOnkav amd S0L povotov g motkihiog Mourvedre
Kol oto €vo mpootédnkav 50gr eoawvvioravivig. EmmpocBeta oe éva dAlo Papéi
npootédnkav S0L tng mowiiag BnAdva. Xt ocvvéyelo oe kabe éva Papéh mpootédnke
porvopo amd KAbe €vo YEVETIKA TPOTOTOUNUEVO OTEAEYOS COUKYOPOUVKNTO ETCL (MOTE
cvvolkd To kBe Papéit va €xet gpPorlactel Ko pe to Tpio oTEAEYN. TN CLVEXEWL TO
Bapéla KieloTnKav Kol EpOPUOCTNKAY Ol GLVNOIGUEVOL YEPIGHOTL TOL aKoAoLOOVVTAL KOTA
TIC OLVOTOWGELS.

A@ob tedeiwoe M otvomoinon (éva punva epimov petd) ta Papéiia amoracmdOnKay,
amopokpOvVOnKe onAadn To KatokdOr mov amotehovviav Kupimg amd KOTTapa JLUdV Kot
oTEPEA VIOAEILOTO TTPOEPYOUEVA OO TOV HOVGTO KOl GTH GUVEYELD TO KPAGT ELPLOAMONKE.
Amd tov KABe éva yepopd mapbnke detypo SOml, exyviiotnre dvo @opég pe oBviikd
a1Bvleotépa, EATUIOTNKE GE TEPIOTPOPIKO CUUTLKVMOTH Kol To delypuaTo pHetpriinkav oty
TPLYOEWN MAEKTPOPOPNOT. ATO TIC AVAAVCELS OVTEG OEV EVIOMIGTNKOV KOPLYEG TTOVL VO

UTTOPOLV VO TOVTOTON 00UV LE TIG 0VGIEG YEVIOTEIVN, KOUOEPOAN 1| KEPKETIVN

4.5.2 Iewpauata in vitro EAEy)0v THS PUTOTPOGTATEVTIKIGS OPAGI] TWY OVGLOY

‘Evag and 100G 610)00G TV TEWPpapdTov Blocivieong Twv oTIABEVOEO®OV Kot GAAPOVOEdDV
EVOGEMV NTOV 1 01EE000G TOV AMOTEAECUATOV GE TPMOTOKOAAN PLTOTTPpOocTAGiag. [IpwTapyikd
in vitro mepdupoto pe nuikabopn popen PeoPepaTpdine, OTOUOVOUEVNS amd GTaPVAL,
éoe1&av Ot N pecPepatpoin Ba umopovce va ypnoiponombei yio Tov Edeyyo tov emiProafav
EMOPACEDY TOV TPOKAAEL O ocATPOPLTIKOG MOKNTaG Botrytis cinerea, oe kaAAiépyeleg

aUTEMOD OAAG Kol GAA®V KoAAepyelmv. Xe Opentikd vmootpopato PDA mpooténke 1
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KOTOAMNAN mocotnta nuikdBapng popeng peoPepatpoine (Lekakis et al., 2005). X
GUVEYELN KOl 6TO KEVTPO TOL KAOe TpuPiiov mpootédnkav 10ul ciwpnpatog Kovidimv Kot To
tpuPAic aeebnkav vo avamtvyBodv oe Bdhapo avantuéng. ‘Emerta amd eptd muépec
avVATTUENG TO AMOTEAEGLOTO MTAV OVTA OV Qaivovtal 6to Zynpo 39. v cvykEvipmon
173mg/L @aivetar va vapyel poe pikpn avamtuén Tov pOKNTo VO GTHV GLYKEVIPWOOT)

300mg/L gaivetat 6TL | avaoTOAN TNG avATTLENG Eivorl TAPNG.

2ynua 39: Enidpoon nuikdBopns poppns peofepatporns, amouovousvns amo otapvria, otny avartoln kovidimv
Potpotn. A: Omg/L ,B: 60mg/L peofepatporng, I': 173mg/L peaPfeporpolng, A: 300mg/L peofiepatpioing

H emrtuyne Proohvbeon tov oTiAfevoctddv Kot GAUPOVOEDV EVHOCEWV ETPETE VO,
axolovOnbel amd celpd TEPAUATOV Y100 TOV EAEYXO TNG PUVTOTPOCTOTEVTIKNG dpdong TV
ovowdv avtdv. [a tov éleyyo ovtdv, moocdto and to Opentikd péco ota omoin eiyov
ueyohmoetl ta yevetikd tpomomompéva oteréyn RESV11, GEN23, KAE34 ka1t QUE44 wou
oto omoia giyov mopaydel ol evdoelg pecPepatport), YEVIGTEIVY, KOAUPEPOAN Kol KEPKETIVN

avtiotoryo, ovouiyOnke pe peiypa PDA oe vepd, dote va dnuovpynbodv oteped
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VTOGTPOUOTO EUTAOLTICUEV e TIC Topaydeiceg ovoleg. Xto KEVIPO TV LIOGTPOUATOV
avtdv TomofetOnkayv 10ul amd aidpnua kovidiov Potputn Kot to TPVPAln aeédnkav ce
Bdarapo avantuEng Yoo v avamtuén g acbévetag. [a v axpiPéotepn aviimapafoin kot
epunvein TOV anoTeEAEGUATOV 10100 TOcOTNTA KOVISi®mV TomoBetOnke 6to KEvipo TPLPAiIoL
OV NTOV EUTAOVTIGUEVO (oTnv 1010 oLYKEVIPWON) HE OKETO OoLEOTPOPIKO Opemtikd
VIOGTPOUN Kol GTO KEVIPO TPLPAIOL 7OV NTOV EUTAOVTICUEVO HE HECO KOAMEPYELOG
avemtuypévng kaAMépyetog YPH499 (Betikdg paptupag avantvéng maboydvov). Me tov
TPOTO OVTO OTOLAONTOTE OLOLPOPA GTNV OVATTVEN TOL HVKNATOL HETAED TV TPLPMOV HE TIG
EVAOOELG-0TOYOVG Kol TV TPVPAIwV pe o opynTikd TpuPAia ehéyyov Ba opeileton oTig VEO-
napoydeiceg EVOOELS.

‘Eneita amd v odvvapio ovaotoAng g avdmtuéng tov Potpdtm pe Vv
ovykekplpévn  pebodoroyia eAéyybnke mn  woavommta ™G QAaPOVOANG  KEPKETIVIG va
avaoTEALEL TNV avamTuEn tov Potputn. O mopakdato Ilivaxag 5 epeavilel amoteAéopoTo TOV
delyvouv 011 N kepKeTivn oTig ovykevipmoelg 50, 100 ko 200mg/L dev éxel TNV kovoThTa VL

nePLopiceL TNV avanTuén Tov Taboyovou.

IHivakag 5: Eleyyoc e ovartoéng tov Botpdty oe in vitro meipduata. Ot TiUES 0.pOPODY TO TOCOTTO UEIWONS THS
owopétpov avamtoéng tov Potpdtny oe povflio oto omoio eiye evowuoTwOEl TOGOTHTO. KOAMEPYEIQS YEVETIKA
TPOTOTOUUEVOD TTEAEYOVS TE Oyéon UE THY avarTuln o€ Tpofilio ato omoio giye evowuatwbel okéto Opemtind uéoo
CM (Betixog pdpropog ovamrolng). Emions paivetor n ikavotnro. avactors tg avartoéng tov fotpdtn ot tpvflia
PDA pe mpeig 10popetikés ovyKeVIpMOEIS KEPKETIVIG

50% PDA
+
[0)
50% PDA + 50% PDA + 50% PDA + 50% PDA + zg&) A)GFI’E["\]AZL
0, [0) [0)
50% RESV11 50% GEN23 50% KAE34 50% QUE44 2506 KAE34
Em g
ekt (%) 0 0 0 0 0
peioon
avantoéng
PDA
+ KepKeTivy
50mg/L 100mg/L 200mg/L
Em g
ekaté (%) 0 0 0
peioon
avantoéng
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5 YYZHTHIH

«ZTOV TOHEN TNG EMIGTNHOVIKNG
TopaTnpNong, M toyn Ponbhet povo TOV
KOAQ TPOETOLUAGIEVO VOLY

AovdoPikog [Taoctép (1822-1895,
LKpoPLordyog, yMutkoc)

‘Evog amd tovg Pacikong 6tdyovg Tou Epyov NTav 1 €1epOA0YN Plocuvhecn Tov KOLUAPIKOD
o&éoc, evog eavoAKoy 0&E0g, TG pecPepatpOANG, evOC oTIAPBEVIOD, TNG VOPIYKEVIVIG, HLOG
QAaBOVOVNG, TNG YEVIOTEIVIG Lo 1G0PAAPOVIG KOl TNG KAUPEPOANG KOl TNG KEPKETIVIG OLO
OTUOVTIKOV QAOPOVOEIO®Y OV aviiKovy otV KAdor Tov eAafovordv (Zynua 3, oel. 10).
Kot ot €& avtég eviooelgc amotehovv  e&éyovia  péEAN TOoL  petafoMopold  Tov
(OLVOAOTPOTOVOEWMV OTOL QUTE, AP’ &VOC O10TL gUmMAEKOVTOL GE KOPIEG QUOIOAOYIKEG
dlepyocieg TOV QLTOV Kol 0@’ €TEPOVL OOTL M KOTOVAA®OTN TOVvG amd Tov AvOpmmo
ovoyetiletol pe ToAAEG gvepyeTikég dpacelg (Dixon and Ferreira, 2002; Nijveldt et al., 2001;
Pace-Asciak et al., 1995).

Av ka1 m Poocvvbeon TOV EVOGEMY OVTOV G€ €TEPOAOYO UIKPOPLOKA GLOTHUATO
ékppaong yovidiov dev givar 1 TpdTN eopd mov gueavifeton otnv Piploypagpio, givar n
APOTN QOPAE TOV PUVTIKE YOVIOL YPNGLUOTOLOVVTAL YLO TIV GVUGVGTHGCT] OLOKAN POV TMV
HOVOTTOTIOV MG TOGO £VPEiOg KAMPOKOS PlogvepydV 0VoI1OV 6TOV GUKyopopvknta. H
ETEPOLOYN EKQPOACT] TOV EUTAEKOUEVOV YOVIOI®V o€ KOTTOPO {OUNG OVGLOCTIKA OmOTEAEL Lol

eVOALOKTIKY] HEBOSO TNC EKYOAIONG TOV OVGLOV OO PLTIKOVS 16TOVE KOl VOV UEAAOVTIKO
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TPOTO Y10, TNV TOPAYMYN TOVG LE OIKOVOULKOVG OPOLG, Y0 EUTOPIKOVG okomove. H mopaymyn
TOV OVGLOV oVTAOV and TN {OUN TPOGPEPEL TO TAEOVEKTNLO TNG ATAOVGTEPTS PLOIIONG TV
YovdlwV o€ GYEoM LLE TO QLT KOl TNG EALELYTG PUTIKAOV UNYOVICUAOV OEVEPYOTOINONG TOV
popimv avtav.

Ot 1Wwitepeg 1010TTEG TOL TAPOLOIALOVY Ol PAAPOvoeldel Ko oTIAPEVOELDELG
EVOGELS £YOVV UETATPEYEL TNV €TEPOAOYN ProohvOeot| Tovg e Evav TPMOTNG TAEEWS GTOYO.
ZyeTikd TpOSPATO EMTELYONKE Y10 TPAOTN POPA 1| EKPPAUGCT YOVISI®V TOV HETAPOAIGHOV TOV
QUVOAOTIPOTTAVOEW®MY G€ Poktnpla, Kévovtag dvvaty v Plo-peTatpony pog tpoddpoung
£voong otov avtiotolyo UeTaPOAiTN, Emelta amd TNV KOTUAVTIKY Opdomn NG ek@palonevng
amd 10 yovidlo mpwteivng. ITio ovykekpiuéva, 0TaV EKPPACTNKAYV JSLAPOPES IGOUOPPES TNG
PAL, armopovopéveg amd tov paivtavo, oe kottapo E. coli, avtd onéktnoav myv kavotnto
LETATPOTNG TNG PoavuAadavivng o€ Kvvapkd o (Schulz et al., 1989). Emnpdcbeta, dtav
éva. RS yovidio amopovopévo amd wotovg V. vinifera ekgppdotnke oe E. coli, kvttapika
eKyvMopaTo iyov TNV KOVOTNTA VO, LETATPETOLY TNV TPOSpoUn Evmon 4-kovpdpvro-CoA
oe peoPepatpoin (Melchior and Kindl, 1990). Am6 tote wou petd, opxetd apHpa
onpoctevTnKay pe Bépa v Prochvieon oTIAPevoelddv Kot AABOVOEId®MV EVOGEMV, TA 0Tl

ovvoyiotnkav tpoceata (Ververidis et al., 2007a; Ververidis et al., 2007b).

O woxnrog S. cerevisiae, cav evkoPLOTIKOS opyaviopds, Exst eEehilel évav
LETAYPOPIKO KO LETAPPAGTIKO LUNYOVICUO 0 0Tt0i0g Hotpaletal TOAAY KOwd onpeio e Toug
AVTIGTOLOVE UNYOVICHOVS TV GLTOV. TO YEYOVOS 0TO, AvAYEL TOV GAKYAPOUDKNTA GE VY
10EMOT OPYAVIGUO Y10 TNV EKPPACT] PUTIKMOV YOVIOI®V TOV 001 YoV 61NV locivOeon QLTIKOV
dgvtepoyevmy petafoAtdv. Avtiy 1 vrdbeon PéPata moté dev emPePfardbnke pog Kol og
TOAAEG TEPUTTAOCELS 1 TOPAYOYT PAAPOVOEWDV evdGe®V € Paxthiplo. aivetal vo givat

neplocotepo anodotikn (Beekwilder et al., 2006; Watts et al., 2006).

O Ab0yog mov odnynoe otV ONUIOVPYID TOV YEVETIKA TPOTOTOUUEVOV GTEAEYDV
coKyapopvknTa Yo v Proovvleon @QAaBovoeld®dv kol CTIAPEVOEWODV EVOGEMY, NTOV 1
avacVOTOOT TOV BLOCLVOETIKGOV LOVOTATIOV TOVS Y10 LEYIGTOTOINGN TNG Blo-HETATPOTNG TOV
APOUOTIKOD aUVOEEDS PavuLoAavivy oTig avtioToryeg TeMiég evaoels. [a v emiPePaimon
avToV Oa €npene AP’ VO VO LITAPYEL IKOVOTONTIKY £KOPUCT T®V dlayovidimv Kol amd TV
AN To evepyd KEVTIPA TV eVEOU®V VO €Vl «KOPEGUEVOY UE TIG PEATIOTEG GUYKEVIPADGELG
™G QOWVVAOAOVIVIG KOU T®V VLTOCTPOUAT®OV TOV LIOAOITOV EUTAEKOUEVOV  VOOUOV

avtictolya.

83



Adaxtopixn owatpifn Tpavra Euuovooni

To mpdto éviopo OA®V TOV aVOCLOTOUEVEOV BLOGLVOETIKOV HOVOTATIOV TNG
dtpiPng avtg eivar n PAL, 1o vroéotpoua e onoiag o npene va Ppioketal o t€TO10
ovykévipmon o€ khbe Opentikd péco, dote vo delyvel v péyom evepyomta. To Poacikod
enaymYIKO Opentikd péco (CM) KOAAEPYELNS TOV COKYOPOUVKNTO, OTMOSC OVTO OVOPEPETAL
omv Piphoypapio (Ausubel et al., 1994), nepiéyxer parvvroravivn oe cuykévipwon 50mg/L.
And melpopo kaAhépysog tov otedéyovg COUMIL oe av&avOpeveg GLYKEVIPOGELS
QovLAaAavViviig Tpoékuyay Ovo onpavtikd ototyeia. [Ipmtov, pe v avEnon g apyKng
OLYKEVIPMONG TNG QoIVLAGAOVIVIG 010 Opentikd péGo mapoatnpeitor po avénon oty
atOd0GN TOL GLGTHUATOG PlocHVOESN S KOVUAPIKOV 0EEOC, e TNV PEATIOTN GLYKEVTPMON V.
eivor ota 1650mg/L (EZynua 10, cel. 57). Aedtepov, Ppébnke 011 otV GLYKEVIPMON
eowvloravivg 3300mg/L mapatnpeitar avénpévn mopaywyn KoOvpopikod 0&Eog oALG
emmpdobeto. mapatnpeitor o emPpadvvon oty avamtvén (Tynua 11, oed. 57).
Emumpdobeta, 660 av&dvoviav n apylki cuyKEVIPOOT NG GALVLACAAVIVIG TOGO To gvpeia
yivovtav 1 eAaon g AoYapBknig ovENoNS Tov GOKYOPOUDKNTA YEYOVOS TTOL VTOONAMVE [a
votépnon oto pulud oviamTvEne. Avtd oesihovtav HAAAOV OV EUOAVION TOEIKMV
QOVOLEV®V GTO OpenTIKO HECO KOAAEPYELOG.

H Broroyum dpdon tov P450 eviouwv onwg ivon ta C4H, IFS kol F3’H ompileton
o€ éva cvotnua 00tn niektpoviov. To CPR yovidio petapépel niektpdvia and to NADPH
oto. P450 évlopa (Porter et al., 1987). Apyikd ehéyyOnke €av n yprion ™ CPR amd vfpidio
Aevkog Ba pmopohoe va LTOGTNPIEEL EMAPKADS TNV TOPAYMYT TOV TEAMK®V TPOIOVIMV L0G KO
omwg avoeépovv ot Urban kot ocuvepydrteg, to €vOOYEVEG YOVIOO0 TOV GOKYOPOUDKNTO,
advvatel va vrootnpi&el emapkdg v ékppaocn dwayovidiov (Urban et al., 1994). Ano v
TOPAAANAN KOAMEPYELWL TOV YEVETIKA Tpomomoinpévoy otedéyovg COUMI1, to omoio
nepéxel 1o evooyevég CPR poll pe éva emmpdcBeto CPR amd vPpidio Aevkog kot tov
yeveTikd tporomompévon oteréyovg COUMI2, mov mepiéyel puoévo 1o evooyevég yovioro CPR,
eavnke 6t Tapovsio Tov CPR Aevkag, | mopoyOpevn mocoOTNTA KOLUAPIKOD 0EE0G avEdveTal
Kkatd 4 wepimov popéc (Zynuo 16, oed. 61), yeyovdc mov emPefoidvel v Topathpnon towv
Urban ka1 cuvepyotdv kot enttdocel Ty ypnomn tov eteporoyov CPR.

H adénon avt) g mopaymyng Tov KOuUopKoy 0EE0G amd TNV GLVEKPPACT] TOV
yovidiov CPR amd tv Aevka givar 1d1a pe avtv mov avaeépetor oy Piloypaeio yio v
nepintmon mov ypnoiporomdnke CPR and to pvl1 (Kim et al., 2005), 6mov eniong n advénon

KopdvOnke yopw otic 4 popéc. Emiong, 1o yeyovdg Ot e v ékepacn tov yovidiov CPR oto
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otéheyog COUMI1 mapoatmpeitor avénpévn mopoaywyn KOVHOPIKOL 0EE0G GE GYEOT LE TO
otéheyog COUMI12, ntav mopdiinio kot po éppeon amnddeién ot 1o kKAwvoromupévo C4H
yovido, kwowkomotel pia P450 mpwteivn pog kot Omtmg avagépnke mpornyovueva, ot P450
TPOTEIVEG YL TNV €vePYOTNTA TOLG YPEWlETAlL VO CLUVOVAGTOUV HE  OVOY®OYICEG
KUTOYPOUAT®V, Ol 0TToieg TapéYovv T0 avaykaio avaywnywko dvvaukd (Werck-Reichhart and
Feyereisen, 2000).

"Eywve emiong mpoomdOeta yio e0peon Tng moGOHTNTAG TOV 0PYLKOD LOAVCUATOG IOV Oa
EMpeme va £XEL o KOAMEPYELD £TOL DOTE VO, EYEL TNV UEYIOTN TTOPAY®YN. ATO TV HEAETN TV
CYNUATOV 7OV GLOYETICOLV TNV APYIKY) CLYKEVIP®OY TOV HOAOGUOTOS HE TOV TPOMO
avamTuEnG Kol TIGC TOPAYOUEVEC GCULYKEVIPMOELS YeEVIOTEIVNG, omd 10 otéleyog GEN23,
Byaivouv dvo cvumepdopata. To TpdTo cvunépacua givarl 6tL n KaAlépyeia Tov Eekivnoe pe
TNV LEYOADTEPT] TOGOTNTA LOAVGUATOG PTAVEL GE LEYOADTEPT] CLYKEVIPWOGT] KUTTAPWOV LE TO
TOLOTIKA YOPOAKTNPLOTIKGA OU®C TOV Kapmdiov vo unv aAlalovv (Zynuo 14, oei. 60). To
OeVTEPO CLUTEPAGL. TTOV Pyaivel elvarl OTL 1] KOAAEPYELD EKEIVT TOV PTAVEL GTA PLEYOADTEPOL
enineda mopaywyns yevioteiving eivar m kaAMépysio mov Eekivnoe amd TNV pIKpOTEPN
nocoTTa poAvopotog (Zynfuo 15, oel. 60), pe gupovi v Tdon vo TEPTOVV T, EMITES
TOPAYMYNG HE TNV adENCN TNG APYIKNG GLYKEVIP®ONG TOL HOAVGUOTOS. To yeyovog OTL 1
KOAALEPYEWD TTOV Eekvael amd HIKPOTEPT] GLYKEVIPW®OT UOAVCUOTOS OTAVEL GE PEYOADTEPN
OUYKEVTPMOT] YEVIGTEIVIG EVOEYOUEVOS VO OPEIAETAL GTO YEYOVOG OTL TOL CUUTMUATO TOV
VIEPTANOLG OV YivOVTOLl ELPAVT] OPYOTEPD OTIG KOAMEPYELEG OVTES KOl APOL TO, KOTTOPO, EYOVV

peYOADTEPT TEPTIOOO TTAPAYWYIKOTNTOG.

5.1 Avacvoraocn frocvvleTikod uovomariov Kovuapikov oEéos

To wovpopikd o0&L omotelel pi TOAD ONUAVTIIKY €VOOT TOL  UETABOMOHOD  TMV
(POLVUAOTIPOTOVOEOMV HIOG KOl OTOTEAEL TNV TPAOTY ONUOVTIKY S0GTAOP®GT] TOL OIKTOLOV
pwv T Procvvleon tov otidPevoeldmdv N tov eAafovoeddv (Zynua 3, oeA. 10). T v
Blocvvbeon| tov, dyplo GTEAEYOG GUKYOPOUDKNTO LETACYNLOTIOTNKE £TCL MOTE VO PEPEL TA
yovidie PAL, C4H xou CPR divovtag 10 yevetikd tpomomompévo otéleyogc COUMIL. Ta
yovidln avtd elval kowd Kot amortyOnkay yioo tnv Proocvvieon kol TV VTOAOUT®V TEAIKOV
TPOIOVTOV ovToD TOL £pyov (peoPepatpOin, vopLykevivr, YEVIGTEIVN, KAUPEPOAN Kot

kepketivn). Ta éviupo Tov kK®OKOTO0VVTOL OO T YOVIOI aVTH TPOKOAOVY SAOOYIKE pio
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avtidpaoT amapivoong g eUIVOAGAOVIVIIG HETATPETOVTIAS TNV € KIVVOUIKO 0D kot Vv
VIPoELAMMEN TOL TELEVTAIOV TPOG KOLLOPIKO 0&D (Xynpa 5, oel. 47).

AxorovBdvtag avty v ProocvvBetikr] mopeio, mov €Ttol KU 0AMOG omoterel TV
Kuplapyn mopeion cuVOEGNG TOV KOLHOPIKOV 0EE0C GTOL LT, TO YEVETIKG TPOTOTOUUEVO
otéheyogc COUMI1 mapryaye 108,6mg/L ([Tivakoag 4, oel. 64) g évoons. Yrmdapyovv
avagopés omov avti va ypnowpomomBovv ta évlvpa PAL xor C4H ypnoiponombnke 1o
évlopo TAL, éva opudrhoyo PAL yovidio mpoepyopevo and tov poknta Rhodotorula glutinis.
To yovidio awtd €xet v kovotTTa vo fro-petotpémet Ty tvpocivn o’ evbeiag o Kovpopikd
o0&V og o povo-gviupikn avtidpaon (Vannelli et al., 2007). To moapaydpevo kovpapikd 0&H
LE TNV TPOGEYYIon ot £pToce o€ GuyKEvIpmon o 91mg/L, cuykévipmon pkpoTepN OTd
avTnv oL Tapryaye To otérexog COUMI 1, delyvovtag, av kot 6to Bpentikd HEGO avamTuENg
elye mpootebel povo ImM gavvroravivig, 6Tt dev €xet tOon peydAn onpacio o apdudc twv
EUTAEKOULEVOV YOVIOLOV AL 1) WOIKOTNTA TTOV £Y0LV T EVEVLLA [LE TOL VTOGTPAOUATA TOVG,.

Ye po mapoépoln pe tn Okn pog mpooéyylon ot Ro xar Douglas xatdeepav,
YPNOUOTOIDVTAC €V UEPEL YOVIOlOL OO OSPOPETIKEG TNYES, Vo ovuvBécovv 9,2mg/L
kovpopikov o&éog (Ro and Douglas, 2004), mocotnto mov votepel mepinov 10 gopég oe
oxéon He TNV TocoTNTO ToL TopdyOnke otn okn pog nepintwon. Ta yovidwe PAL kot CPR
Tov ypnoonoince o Ro Ntav ta idia pe autd mov ypnotporomonkay 6e avtd 10 £pY0 OTMG
eMIONG Kol TO CVLOTNUA EKPPaoNS TOV dtoryovidiov ftav to 1610 (PESC cvomua). Avtd mov
SEpepe PETAEL TV OV0 EPYACIOV NTAV 1| APYIKN CLYKEVTP®OT Gotvurlaiavivng kot to C4H
yovidolo mov eved o Ro to KAwvomoince amd Aevka, gueig 10 kAwvormomoape and coywa. To
veyovog avtd €d6eiée 6tL 10 C4H amd ™ oy eixe xoAvtepn amOO0CN LETOTPOTNG TOL
KIVWWopkoD 0EE0C o€ KOLHOPIKO 050, AVTO NTOv ONUAVTIKO MG KOl 6TOYOS HOG NTOV M
aVOoLOTOGT TOAD HEYOADTEP®V PLOGVVOETIKAOV LOVOTOTIOV Kol dpol TOV ammopaiTnTa Yovidla,
pe BérTIoT amddooom.

H emPePaiowon o611 o1 mopaydupevec mOGHTNTEC KOLUOPIKOV 0EEOG TPOEPYOVTAV
OTOKAEIGTIKA amd TNV Opdomn TeV dlayovidimv @avnKe OTav Ayplo GTEAEYOG COKYOPOUVKNTO
EMMACTNKE G€ OPenTIKO PEGO TAPOLGIO POVLAAAOVIVIG, KOLLOPIKOD 0EE0GC 1 VOPLYKEVIVIG,
LLE TNV GLYKEVIPMOOT] T®V VO TEAELTAI®V EVDGEMV VO LEVEL avorroiot (Zynua 9, cel. 55).
Av Kot vVapyovv avoeopic mov dniAmdvovv 0Tt o S. Ccerevisiae £yer v kovoTTA VO

uetaPoiriler ta (Vopoév)-kvvapkd o&éa (Clausen et al., 1994; Goodey and Tubb, 1982) ue
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mv ékppaot Tov evdoyevoic PADL yovidiov, to otéhexoc YPH499 mov ypnoonomoape
dgv umopeoe vo petafolricer to kovpapikd o&v, yeyovog mov pmopel vo ogeidetal otnv
npotiunomn Pro-petaTpomng Tov and to EvEuua Tov UETOPOAIGHOD TOV QOIVUAOTPOTAVOEWDDV
AOy® ™G vep-ékppaong avtdv. EmmpocHeta to otéleyog YPH499 dev eixe v woavotnrta
va petaforicst v voaprykevivn. Xto 1010 Telpapo 1 GLYKEVIPOON TNG OVOAOAVIVIG
HEIOONKE AL 0VTO TG KL 0AMMG NTOV OVOUEVOUEVO LLOG KOL EKTOG Atd TPOSpOoUN VMo
v Vv Proocvvheon Tov eAaPOVOEO®Y Kot TV GTIAPEVOEIO®V amoTeAel Kot Eva apvold 1o

07010 GLUUETEYEL OTNV TPOTEIVOSHVOEDT).

[TopdAinia, eAréyydnke kot to Katd mwoco 10 otédeyos YPH499 nrav oe Béon va
mopagel Kamowo amd TIC TEAIKEG evmoelg otoyovs. H avikavoétnta petafoiopov tov
KOVUOPIKOD 0&E0G Kol TNG VOPLYKEVIVIG KaOMDC Kol 1 Un oviyxvevon kovpopkoh o&éoc,
pecPepatpding, vapryKeviving, YEVIGTEIVIG, KAUPEPOANG 1 KEPKETIVIG OE KOAMEPYEIEG TOV
dyplov 6TeEAEXOVE, LTOINAMYVOLV OTL TO TEAEVTOLO OV £XEL TOV KATAAANAO UNYOVIGUO YioL TNV
Blopetatpomn Tov KOvUaPKoL 0EE0C N TN VOPTYKEVIVIG TTPOG KATO10 amd To pAABOVOEdN M
oTIAPEVOELON.

EmnpocBeta, 10 yevetikd tpomomomuévo otédeyog cakyopopdknta C4H-CPR12 mov
épepe povo ta yovidiw C4H wor CPR evd Mtav oe Béom vo ovamTOGGETOL KOVOVIKG GTO
enmoywykd pé€co ovimruéng, Oev elye TNV KOVOTNTO VO UETATPEMEL TNV TOPEYOUEVN
eowvvAiaravivy og kKovpaptkd o0&y (Zynpa 40). Avtd emPePfardvel T0 yEYOVOG OTL TO YOVISL0
PAL eivat 10 mpotopyikd Kot dxpmg omapaitnto yovidlo yuo v Broohvieom Tov Kovpapikon
0&€0g aAAd Kol TG peSPeEPATPOANG, TNG VOPLYKEVIVIG, TNG YEVIOTEIVNG, TNG KAUPEPOANG Kol

™G KEPKETIVNC.

5.2 Avacioracn frocvvOeTinod povoratiov pecfepatpoing

Av kot 1 pecfepatpdin anotelel Eva mapa moAD evdlapépov poplo (Fremont, 2000) dev €xet
akopo avoeepbei 1 eteporoyn de novo odvBeon NG OmO TV QUIVLACAQVIVI) ©F
COKYOPOUVKNTA. XTO0 £PY0 OUVTO TOPOVOLALeTaL Yoo TPAOTN Qopd N Procvvleon TG
peoPepatpoing omd @owvoraiavivi, pE  OvVOoLOTAOY] ONAXON] OAOKANPOVL TOV

BrocvvleTiko TG povomatio. Ot cuykevipdoelg mov mopiyOnocav frav 0,31mg/L xot

! Phenylacrylic Acid Decarboxylase, omokopBoEuréon QavulakpvAikod 0&£og
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0,29mg/L 6tav ocav mpddpoun Evmon ypnoyomombnke 1o Kovpopwkd oH kot M

QovoAalovivn avtioTotya.
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Zyjua 40: Hopaywyr tov kovpopikod oféog (L) armd v kaAliépysio Tov YeveTIKd TPOTOTOUEVOD OTEAEXOVS
C4H-CPR12 nov avarticoeton o CM uéco (X) oe aoviptnon pue to ypovo. 2to otéleyog avto omovoidlel to
yovioio PAL kou étor dev eivar dvvotn i Tapaywyn KOVUopikov 0&Eog, yeyovos aviifeto (e avto mov ovuflaivel ue
10 atéleyoc COUMI 1 émov to yovidio PAL eivau Asirovpyco (Zynua 18, gel. 65)

O1 Becker kot cuvepydtec Tov avapépovy 0Tt KATAPEPUY Vo TOPAEOVY PEGPEPATPOAN
amod KOuVpopkod o0&y pe ocvvékppaon tov 4CL ko RS yovidiwv. Xty mepintoon avtr, ta
YEVETIKG TPOTOTOMUEVA GTEAEYN cakyapopdKknTa HTav o€ 0éon va mapdyovv uéypt 1,5ug/L
peoPepatpoing (Becker et al., 2003), mrocotnta mepimov 200 @opéc KkpOTEPT GO VTNV TOVL
épyov. Apydtepa, 0KOAOLVOMOVTAG OLPOPETIKN OTPUTNYIKE OCULVEKPPOONG TOV QPUTIKAOV
dwayovidiov, ot Beekwilder kot ocuvvepydteg koatdpepav kot mapryoyav péxpt 6mg/L
YPNOUOTOIDVTOC ETIGNG TO KOLUAPIKO 0&D cov Tpddpoun évwon (Beekwilder et al., 2006). H
dwpopd omv egpyocioe Tov Beekwilder nrav O6t1 Tol Stoyovidlw Oev EKQPACTNKOV OE
TAACUIOIOKOVG QOPEIC OAAG Emerta amd eVemUAT®ON Tovg o€ Ypoudsopa. To yeyovog avtd
£0e1&e OTL dev gival TavAakewn 1 EKEPACT) TV SoyovidiwV 6€ TAAGLO0KOVS POPEIS Yo TNV
TOPOYMOYT VYNADV TOGOTHTMOV LETOPLOAITOV.

Ye o mpoomdOela va fpeBovv amodotikdtepeg oTpaTNYIKES PlocvvBeong tov popiov,

ol Zhang Kot GLVEPYATEC KOTACKELAGHV U0 YULOUPIKY] TPOTEIVI] OMOTEAOVUEV Omd TIG
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npoteiveg 4CL kot RS evopévec pe 1o tpi-nentidio Gly-Ser-Gly (Zhang et al., 2006). Me
aVTH TNV TPOGEYYIoN KATAPEPAY Kot Procvviecav péypt 5,8mg/L pesPepatpoing, mocdtnTa
nepimov ion pe avtnv mov mapdydnke pe v tpoctyyion tov Beekwilder, aAld tovAdyiotov
Tpelg Taéelg peyéboug peyarvtepn (>3800 popéc) amd v mocodTnTO, TOL TOPTYaye o Becker.
H ovénuévn ovt) mopoyoyn HOAAOV o@eihetonr ©TO YEYOVOG OTL HE TNV YLUEPIKT] OV
KATOOKELT TO. V0 evepyd KEVTpa TV evEON®V Ppiokovial mhpa TOAD KOVTA, |LE OTOTEAEGLLA
TO TPOIOV NG MG avtidpaong dueca va maipvel BEon oto evepyd kévipo Tov akoOAovHov
evlhpov pe amotéleopo avtd Vo Unv Yavetot Adym dtdyvong 1 A0Y® aAAoiwong.

H ékppaon tov @utikdv dtayovidiov yio TNV Topaywyn 0EVTEPOYEVAOV UETAROMTMOV
6€ KOTTOPO GOKYOPOUVKNTO OPYIKE @aivoviay OTL TAEOVEKTOVOE AMEVAVTL GTV EKQPOCT OE
Bakmpla. Avti n aroyn ompiloviav 6to YEYOVOG OTL TaL KOTTOPO TOV GOKYOPOUVKNTO
potalovy ToAD TEPIGGOTEPO E TO. KOTTOPO TOV GLTOV ard OTL HE VT TV Paktnpiov Kot
emmpdcobeto £xovv a) eEeliel évav UETAYPAPIKO KOl UETOPPACTIKO UNYOVIGUO O 0m0i0g
popaletar TOAG KOWA OnuEio. HE TOVG OVTIGTOLOVE UNYOVIOUOVS TV QUTOV, f) &vav
UNYXOVICUO UETO-UETAPPOCTIKNG TPOTOMOINGNG TOV TPOTEIVAOV TAPOUO0 HE EKEIVO T®V
QLTOV Kol ¥) LEUPPAVEG TOL EMTPEMOVY TV GVVIEST) TV PLTIK®OV P450 evibumv, dnmg sivat
10 C4H, IFS a1 F3’H (Ro et al., 2001). Avtd duwg dev amodeiytnke va givar oAndwd otig
TEPIOCOTEPEG MEPMTMOGELS TNG PESPEPATPOING, O Kol o€ mepmTdoel; omov 1o E. coli
ypnoorombnke cav EeVIOTNG TV €TEPOLOYOV YOVIOI®V, 1 TOPAYOUEVT] GLYKEVTIPMON
pecfepatpoing éptace ta 16mg/L (Beekwilder et al., 2006), to 37mg/L (Katsuyama et al.,
2007a) kot oo 100mg/L (Watts et al., 2006). O onuavtikdtepog AOYog mov cvVEPREL owTd
pbAlov givar o toyvtEPOg pLOUOS avaTTLENG oL axoAovBovv Ta Paktpla. O ghagpd
OLOLPOPETIKOG  UNYOVIOUOG  HETAQPOOTC KOl  UETO-UETOPPUCTIKNG TPOTMOTMOINoNG T®V
TPOTEIVAOV 6T0 PokTipla dev eavnke va dnpovpyel TpodPAnUo otV evepyotnTa TV EVEOU®V
TOL YPNCLOTOW ONKOV.

H pikpn amddoon tov GUGTAUOTOC TOPAY®OYNG GVTOV TOV £pYov dgv @aivetal vo
OPEILETOL OTIG JPOPES TOL TOPATNPOVVTAL GTIS TPMOTOTOYELG AUVOEIKES aAAnAovyies TV
evlip®mV Tov avVOCLOTOUEVOL PBlocLVOETIKOD HOVOTTATION GE OYE0T HE TIG OAANAOVYiEC OV
givon korareOnuéveg (ITivakag 3, oek. 49). To évlopo 4CL yovidio mov kKAwvomomdnke amd
™V ooyl Yo TIG OVAYKEG TOV £PYOV, €UEAVIGE TOLAdyloTov 68% tavtoonueio kot 80%
oporoyio pe tig 4CL mpwteiveg mov eviomiloviat oto yévoua g Apapidoyig (IMivaxag 8,

Mapdpmua II, oel. 121) ko gpeaviler mévie apvolikég avavtiotoryieg (Asnl23->Serl23,
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Alal40->Glul40, 1le143->Vall43, GIn231Val232->Lys23111e232) oe oyéon pe v
aAAniovyio mov vrhpyel Kotoywpnuévn 6to NCBI A ovtég T 5 vToKaTOoTAGELS Ol TPELG
amoTEAOVV OLOAOYEG AVTIKATOGTAGELC.

Ta 4CL yovidia, £xet Ppebel 1L otV Tp®TOoTAYn TOVS OAANAOVYia Slatnpodv peptkd
CLUVINPNUEVE YOPOKTNPIOTIKA, Omw¢ pwoe AMP  mpoodeduevn aAiniovyia, éva evepyod
KOTOALTIKO KEVTIPO Kol peptkéc cvvinpnuévee kvoteiveg (Allina et al., 1998). Ta kprmpila
avtd emPePordvoviar kot otV aAAniovyic tov evldpov mov mponibe omd GOy oTNV
napovca epyocia ([Tivaxag 11, Tapaptnua 11, cer.125), pe T1¢ avavtiototyieg va Bpiokovtan
€ amd avtég TG meployés. To yeyovog avtd emitpémet v vdbeon OTL o1 dAAAYEC TTOV
EVIOTOTNKOY HE TNV OAANAODYNON TOL KA®VOmOMUEVOL Yovidiov dev eivar mOavoe va
TPOKOAEGOLV ATMAELN TNG EVEPYOTNTOS TOL €VIDUOV KOl HAAAOV OQEiAOVTOL GE EVOOELOKN

TOPOALAKTIKOTITO.

A7d v adinrodynon tov kKhdvov ¢ RS kot v in silico petdppaon, Ppébnke ot
10 opwvolikd kotdAouwmo 329 Sweépel amd TO avTIoTOUXO0 KOTAAOWO NG OAANAoLY)icg
DQ366302 (ITivakag 10, mopaptnua I, cei.123) pe Pdon v omoia oyedidoTnkav ot
exkvntés. H aAdayn avt) €161 K1 aAAidg Ppioketar oe onueio €KTOG TOL €vePYoD KEVTPOL
®ote va aAlowdvetar n gvepydmra tov eviopov (Austin et al., 2004). To yeyovog otL T
ApVOEIKE KATAAOITO TOV GLVIGTOVV TIG TEPLOYES TPOGOESNG TOL UNAOVLAO-COA, Tov gvepyoD
KEVIPOL KOL TOV GNUEIOV TPOGOEONS TNG TOPAYOUEVNG PEGPEPATPOING vl GUVINPTUEVEG,
VTOONAGVEL HOVO OTL 10 KAwvomompévo Eviupo €xel  evepyodTnta. ovvldaong g
pecPepatpding ympig va divel TAnpopopiec yia v amddoct cvvheong avtig. Avtd onuaivel
o6tt mbovotato o AOGYOG TG YOUNANG OmAS00NG TOV GOKYOPOUVKNTIOKOD GUGTHLOTOG
Topay®yNG pecPepatpoAng etvar  pikpn anddoon cvvheong g ovaiag amd to Evivpo RS.

H xoAépyein tov xhovov COUMIL odnysl oe oyetikd LYnAn ovykévipwon
noapayopevoy kovpaptkod o&éog (108,6mg/L), mocdmra Opmg oV dev UIOPEl va aviyveELTEL
0€ KOAIEPYEIEG YEVETIKA TPOTOMOINUEVOV OTEAEYDV TOL TEPLEYOLV &V 1| TEPLOCOTEPQ
yoviolon kaBodikd tov C4H ota ProcvvBetikd toug povomdtia (RESV11, NAR12, GEN23,
KAE34, QUE44). Avtd onpaivel 6Tt To TpdTo Yovidto kabodwkd tov C4H, mov givon to 4CL,
OéxeTal GOV VITOGTPOUO OVLTH TNV TOPOYOUEVY] TOCOTNTO KOLUHOPIKOL 0&E0G Kol TNV
HETOTPEMEL GTO EMOUEVO UETOPOAIKO TPoidv mov eivan to 4-kovpudpvAo-CoA. 'Eyxet deiybel
TPONYOVUEVA OTL O COKYAPOUVKNTAG OV £YEL TNV dvVOTOTNTA VO LETAPOAGEL TO KOVLOPIKO

o0&y (4.2.2, oeh. 55) kot dpo n un aviyvevon Kovpopikoy 0EE0G 0modidETOL OAOKANPMTIKA
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omv evepyodmra tov 4CL. Xt0 povomdtt OP®MC 7OV KOTOAYEL OTNV TOPOY®YN| NG
pecPepatpding to emduevo ko teAevtaio €vluopo eivar 1o RS, 10 omoio emitelel pia
avTIOPOOT CLUTVKVIOGCNS TOV TOPUYOUEVOD KOVLOPIKOD 0EE0G e Tpla popta unAdvuAo-CoA.
Amo O0tTL @aivetal to KAmvomomuévo RS dev elvar oe Béomn va amoddoel v péylom)
evepyodTNTa TOL Ko Vo, petatpéyel to 4-kovpdpvro-CoA oe peoPepatpdin. Amd v oty
mov 1 Wwitepa LYNAEC GLYKEVIPMOOEIS TAPAY®OYNG KOLUOPIKOL 0EE0G Qaivetal va
eCapaviCovron pe v ékppaon tov 4CL 610 yeveTikd Tpomomomuévo otéheyog diyvel Ot
010 UECO, OV Kol OV £YVE OLVATO VO OVIXVEVLTEL, TPEMEL VO LANPYXE GLOGMPELOT 4-
kovpdpovro-CoA kot dpa Beopntikd 1o RS Oo émpene va eivor oe 0éom vo moapdéet
IKOVOTIOUTIKT) GLYKEVTPWOT pecPepatpoing. Ymobétovpe 6Tt avtd dev £yve TpayuaTikdTnTOoL

AOY® ™G pkpng e€etdikevong mov epedvile 1o KAmvomompévo RS yia 1o 4-kovpdpvro-CoA.

5.3 Avacioracny frocovlOeTinod povoratiov vapiykevivyg

[a v Procdvleon ™G QAoPavovng voplyKeVIvIG KOTOOKEVLAGTNKE TO  YEVETIKA
tpomonmomuévo otédexog NARI12, to omoio épepe €1 putikng Tpoérevong dwayovidia (PAL,
C4H, CPR, 4CL, CHS kot CHI). An6 ovtd, ta PAL, C4H ka1 CPR givar ta idio mov
avaeépOnkay mponyovpéveg (mapdypapotr 5.1) kot ekppdlovior oto otéheyog COUMII.
Amo ta vroroma, povo N KAwvoroinon tov CHS, mov givatl vehOuvvo, yia v GLUTVKVOOT
tov 4-kovudpvro-CoA pe tpion popa unAdvoro-CoA mpog v YoAKOVN vaprykevivi,
eUPAVIoE aAAaYEG OTNV apvoEikT| TG aAAniovyia. ['evikd, n KAwvorompévn adiniovyio Tov
CHS nopovciace 83% tavtoonpio kot 92% oporoyia pe 1ig CHS mpwteiveg oto yévopua g
Apofidoyic (ITivaxog 9, IMoapdptmua II, ced. 122) kor o€pepe oe €vo poOvo apvo&d
(Gly258->Arg258) oe oyéon pe v katatednuévn olinlovyio. H avavtiotoyio avty dev
opeileton og petddhaén mov onydnke pe v PCR 0Ald oe petdhialn tov khdvov X53958
pe Paomn tov omoio oyxedldoTnKaV Ol EKKIVNTEG Yo TV KAwvomoinot tov. Emmpocheta n
aAlayn vt 0gv evtomiletal otV TEPLOYN TOL £vEPYOD KEVIPOL (Kvoteivn 164) 1| oe kamola
GAAn onuavtikny meproyn (Austin et al., 2004) omote dev BewpnBnke 611 Ba umopovoe vo
npokarécel aAloimon otnv evepydtta tov evivpov (IMivakag 12, mapdaptnua I, ced. 128).
To CHI mov glvat vevBuvo yio v 1oopepimon TG vapLyKevivng YaAKOVING TPOG VapPLyKEViv)
dev eueavice kapio dtopopomroino.

To otéheyog NARI2 &xet v wovotnTo Vo Plo-HeTOTpETEL TNV TPOJPOUN EVOOT OF
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VOPLYKEVIV] LE OYETIKG LYNMAN 0mtOd00T, 6 cvykévipmon 15,6mg/L dtav mapéyetor 610
Opentikd péco kovpapikd o kot 8,9mg/L dtav mapéyetatl oto Opentikd pEGo parvvraiavivn
(ExMua 21 kot Zynuo 22 avtiotoya). Avti 1 avénon KoTd VO POPEG TNV CLYKEVIPWOOT TG
TOPOYOUEVIC VOPIYKEVIVIG, OTAV TOPEXETAL KOVHOPIKO 05D, QavepOVEL OTL 1] GLYKEVTPWOON
TOV VTOGTPAOUATOG €VOG TOLAGYIOTOV €viOHOL amd ovtd mov Ppickovror kaBodikd Tov
KOVUOPIKOV 0£E0G 6TO PLocVVOETIKO HOVOTATL, OV Elval APKETT MOTE VO, KOPESTEL TO EVEPYO
KEVTPO TOoL VOOV MOOTE Vo deiEEL TNV HEYIOT EVEPYOTNTA TOV.

levikd @aivetor 6t1 660 ov&aver o aplBUdg TV YoVdIOV TOL GLVIGTOOV TO
BloocvvBetikd povomdtt petafoAlopuod TG TPOdpouNng Eveomns, TOGO  UEUMVETOL T
CLYKEVIPMOOT TOV Topayoueveoy tedkov evocemv (ITivakag 7). Xapaktmplotikd sival 0Tt
otav 610 dyplo otéAeyog ewonyOnoav ta Tpio TPMTO Yovidla, Tov eivol KOWE Yoo OAES TIG
EVOOELS, N TOPAY®OYN KOLHOPWOD 0&€og, Eekvaviag omd @ovvlodaviviy, £QToce To
108,6mg/L (0,66mM) xor Otav oto otéheyog elonyOnoav ta emdueva Tpion yovidio
Blocvvheong Tov PAABOVOEODOV 1 TAPAYOLEVT] VAPLYKEVIVY EMECE G GLYKEVTpWON Katd 19
eopég ptavovrag ta 8,9mg/L (0,03mM, Iivakag 7, oel. 104).

O Jiang kot cuvepyATEG XPNOILOTOIOVTOG TOV S. CErevisiae yio v cLVEKQPUCT TV
yovidiov PAL, 4CL xor CHS (ITivakag 6, oeA. 101) katdpepe va Procvviéoest uéypt 7mg/L
vaprykevivng omo gatvororovivn (Jiang et al., 2005), cuykévipwon pkpotepn amd oVTHY TOV
emTevyOnKe o€ AVTO TO £pY0 AV KOl Y10 TNV OVO.CVOTACT 0T YPNCLOToince tpio yovidla
Mydtepa o€ YoM LE VT OV ¥pMoipomomOnkay oty dwtpPn avt. Amd v GAAn 0 Yan
KOl GUVEPYATEG KOTAPEPAV VO TPOTOTOINOOVY 6TéAEY0G Loung wote va. frocvvBéoel 28,3mg/L
vapykeviving  (Yan et al, 2005) ypnowomowdvtag ovo yovidia Alydtepa  GTO
OVO.GUGTOCCGOUEVO HOVOTATL. AVTO TO TEAELTOAO YEYOVOG Ogiyvel OTL dOgv givar mhvta O
ap1Opog TV Yovidimv avtdg mov kabopilel TV amdd00 TOL GUGTIULATOG.

Kot og avm) v mepintwon emPefordbnke n mapotmpnon 0Tt | ¥pNCOTOINcN TOv
Baktnpiov E. coli eivon mpotipwdtepn yio v etepdroyn Procvvleon erofovosidmdv. Mg
OYETIKOL  OLLPOPETIKEC TPOCEYYIOELS, OLUPOPETIKES EPELVNTIKEG OUAOEC KOTAPEPOV V.
ovvbéoovv 0,45mg/L (Hwang et al., 2003), 20,8mg/L (Watts et al., 2004), 57mg/L (Miyahisa
et al.,, 2005), 119mg/L (Leonard et al., 2007) wor 155mg/L (Leonard et al., 2008)
vaprykevivig avtiotoyo. O Hwang kot cuvepydteg akolovOnoav v KAOGIKN GTPOTNYIKY|
exepalovtag ta dlyovidln oe TAACUIOKOVS POPElG HEG OTO KVTTAPL TV Paxtnpiov, ot

Watts kot cuvepydteg ékavay 1o 1010 He TNV Sapopd OTL Yo TNV TOPAY®YN TG VOPLYKEVIVIG
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dev mpochecav Kapion mpodpoun &voon mapd uoévo yaAvkoln o6moc kor ot Miyahisa kot
oLvePYATEG TOV EKTOG OO Ta YOVidlo TOv GyNUATICOVY TNV VOPLYKEVIVI] GUVEKPPAGOV KOL TG
ovo vrmopovadeg g ACC mov elvor oamapoitnn vy v ovénon g GLYKEVIPOONG
unAovoro-CoA péca oto kottapa. O Leonard kou ovvepydteg mpoydpNoov TOpATEPQ
exppalovtag pali pe to amopaitnto ywoo v Procvvheon dayovidin Kol TIC TEGGEPLG
vropovadeg g ACC kaBdg kat 10 yovidto ACS yio v adénomn g evO0yEVONE TOGOTNTOG
axétvAo-CoA. Emiong ta puéAn g televtoiog opddag, o€ pio OLOPOPETIKY TPOCEYYION,
KaTaeepoy vo  Plo-cuvBécovy  axOuo UEYOADTEPEG GLYKEVIPMOGELS VOPLYKEVIVIG OTOV
GLVEKQPAGAV T, TPia Yovidla Tov PBlocuvBéTovy Ty vaprykevivn amd Kovpaptkd o&H pall pe
Vo yovidla mov gUTAEKOVTOL GTNV AOENON TV GLYKEVIPOGE®WV UNAOVLA0-COA péca ota

KOTTOPO.

5.4 Avaciocracny frocovOeTiKod povomatiov yevieTeivyg

m JwIpn avT TEPOVOLALETAL Y00 TTPMOT] QPOPA 1 CVOCVOTHOY] KOl €TEPOAOYN
TOPOYOY] YEVIGTEIVIIG om0 TNV QUIVOAGAOVIVI]  KAVOVTOS  YPNOY]  YEVETIKA
Tpomomouévov oteELEovg cukyapopvknta. To otéheyog GEN23 (ITivakag 4), to omoio
épepe €ptd QLTIKNAG mpoéievong yoviowa (PAL, C4H, CPR, 4CL, CHS, CHI, IFS),
OVOTTUVGOOUEVO GE BPENTIKA HEGO OOV TPOOPON OLGIN NTAV N VOPLYKEVIVI, TO KOVLLOPIKO
o&0 M M eowvviaravivn mapnyaye 7,7mg/L, 0,14mg/L xon 0,Img/L avtictoyya yevioteivng
(Zympa 23-Zynua 25, oel. 69-70).

Apyikd vpyov avapopES LOVO Yo TV Aettovpyikn ékepacn tov IFS mapd yio v
XPNON NG ETEPOAOYNG EKPPOIOTG YLO. TNV TTopay®yn yevioteivng (Akashi et al., 1999; Kim et
al., 2003; Tian and Dixon, 2006), pe avtv tov Tian va gival 1 To eVOPEPOVOA IO KO
KOTAPEPOY VO KATOUOKELAGOVV [0 YLUALPIKTY TPOTEIVN e ototyeia 1060 g IFS 660 kot g
CHI pe v dwtnpnon tov evepyoTitoVv TV 0V0 eVODU®V. LTI GUVEXELN TOPOVGLAGTIKOV
gpyooieg otig onoieg €ywve mpoomdbelo chHvOeon TG YEVIOTEIVING amd vaplykeviv 1060 o€
caxyopopvknta 660 kat oe PBakmpe. O Kim kot cvuvepydrteg katdeepav vo cuvBEécovv
20,8mg/L (Kim et al., 2005) evé o Leonard kot cvvepydrtec 2mg/g Enpng nalag kuttdpwv
(Leonard and Koffas, 2007) kot o1 dvo gpevvnTikéc opadeg oe KOTTOpa cakyopoudknta. Otov
Eeviotc ftav to E. coli n mapaywyn yevieteivig éptace ota 0,34mg/L (Katsuyama et al.,
2007b) kot ot 18mg/g Enpng nalag xuttapwv (Leonard and Koffas, 2007).
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Ooco agpopd ™V avacHoTac TANPOLS HovomaToy PlochvOeong, oNUovTIK) givol 1
npoondbeio Tov Katsuyama kot cuvepyatdv 1 omoio OU®G EMTELYXONKE LE Lo SLUPOPETIKN
TPOGEYYION. ZTNV TEPIMTOON VT £YIVE CLYKOAMEPYELL E€VOC YEVETIKO TPOTOTOUUEVOD
otedéyovc E. coli kor evog yevetkd tpomomomuévov oteAéyove cokyopoudknta. H
napayopevn and to E. coli vaprykevivn mpociapfdvoviav amd tov cakyopopdKnTo yio Ty
uetpatpomn g o€ yevioreivn (Katsuyama et al., 2007b). Mg tov tpoémo avtd TopdyOnkov
6mg/L yevioteivng mov gival HeyaAdTepT amd TNV CLYKEVIP®OT oL Tapdydnke o avtd ToO
€pyo aAAd omd TV o ovtd emtedyOnke pe ypnomn ovykoAlépysiog Poktnpiov pe
COKYOPOUVKNTA KOL 0td TNV GAAN 1] TOGOTNTO OVTH TOPAYONKE Amd TV £TEPOAOYT EKOPOOT
£E1 yovidimv avTi Y10 To €QTA ALTOV TOL £PYOV.

Otav 10 otéheyog GEN23 koAilepynOnke oe  owEovOUEVEC GUYKEVIPDOGELS
vaprykeviving (27mg/L émg 270mg/L) Bpébnke 611 1 BEATIOTN GLYKEVTP®ON VOPLYKEVIVIG M
omoio divel v péylotn mapaywyn yevioteivig (7,7mg/L) sivar n 136mg/L (Zyfuo 29, oel.
72). Avtf oVGLOOTIKA ATOTEAEL Kot TNV UEYIOTN GLYKEVIPMOTN YEVIGTEIVIG TOL UTOPEL va
Topdyel T0 cuoTNUA OTaV TPoPodoTeital pe @avvriaiavivn. 'Evag amd toug Adyovg mov 10
CUGTNUO OTTEYEL AT OVTH TNV GLYKEVIP®OT OTOV TPOPOJOTEITAL e PatvOAoAavivn Etvat OTL T
OLYKEVIPMOT TNG TOPOUYOUEVNG EVOLAUEONG EVOONG VOPLYKEVIVIG &lval pokpld omd tnv
Bértiot ocvykévipwon (136mg/L). To otélexyoc NARI2 mov @épet ta idior yovidio pe to
GEN23 yia tnv mopaywyn vaprykevivng sival oe 0éon va mapater poig 8,9mg/L (0,033mM),
17 popég OmAaodn HkpOTEPT Omd TNV BEATIOT GLYKEVTIPMON VaPLYKEVIvVIG oV ypetdleTot To
otédeyog GEN23 yia v mapaywyn yevioteivng avtictorya. O AOYOC mov 10 GLGTHUA dEV
elval og B€on mopdyel TV OTOUTOOUEVT] GLYKEVIP®ON VOPLYKEVIVIG €lvol LOAAOV 1) LUKPT
anddoon eite tov evlopov CHS eite tov evlbpov CHI pog ko to wponyodueva éviopa
(PAL, C4H/CPR, 4CL) odeiéape 6t givar oe 0éon va mapd&ovv kot va petaforicovy,
tovAdyotov 108,6mg/L (0,662mM) kovpopikod 0EE0C, GLYKEVTP®GN TOL Elval GYETIKA

VYNAN.

9.5 Avaciotacn frocovOsTIKOD HOVOTATION KOUPEPOINS

o v avachoeTaon Tov HOVOTATION \TaV amapoitnt 1 evepydmra oxtd® yovidiov (PAL,
C4H, CPR, 4CL, CHS, CHI, F3H ka1 FLS), 6cwv prmopodoe dnAadr vo QEPEL TO GUOTILLOL

PESC, couminpdvovtag kot Tig T€66eplc av&oTpoeieg Tov mepapatikov oteléyovg YPHA499.
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Téoo 1o évlvpo F3H mov eivar vebBuvo yuo v mpocsOfkn pog vdpo&viopddag otny 0éon
C-3 tov daktvriov I, 660 kot 10 Evlupo FLS mov mpochétet Evav dumhd decpud avapesa otnv
0éon C-2 o omv Béon C-3, dev mapovGiaoHY OVOVTIGTOLYIES OTIC TPMOTOTAYEIS TOVLG
aAlniovyiec. Kat og avt) v mepintmon Eyvav kaAlépyeieg tov khawvov KAE34 6mov ot
EVAOOELG VOPLYKEVIVT], KOVLOPIKO 0D Kl Qoatvoladovivi ypnoiporomdnkay cov tpddpopes
ovoieg, Proovvbétovrag 4,6mg/L, 0,9mg/L ko 1,3mg/L avtictotya. Eivar  Tpd™n @opad
nov ovoeépetar oty Piprloypagic n Proocdvleon ™S @rafovoing avtig otov
GUKYOPONDKN T KL EIVUL 1] IPAOT QOPE OV TUPAYETAL atd Qorvvialavivy. 1o E. coli
amd TV GAAN TALLPA, €xovv avapepBel 2 TEPMTOCELS AVOGVOTUONG. LTV TPMTN EYVE
ovvheon ™G KapeepOANg and tvpooivn o€ cvykévipoon 15,1mg/L (Miyahisa et al., 2006)
KOl 0TV OVTEPT] TOCO VOPIYKEVIVY] 0G0 Kot KOLHOPIKO 050 UETATPAMNKAY G KAUPEPOAN
ovykévipoong 0,8mg/L kot 0,3mg/L avtictoyo (Leonard et al., 2006), cuykevipdoelg Tov
VTOAEIMOVTOL QVTMOV TOV TTOPaYONKaY 6TV Tapovca dSaTpLP.

AmO ™V PEAETN TOV OTOOOGEMV TOPUYWYNG KOAUPEPOANG amd 10 otéAeyoc KAE34
eoatvetar 6Tt 1 amdO0CT TOL GLUGTNUATOG NTOV CYETIKA UIKPY, 0TS GUVEPREL KOl PE TIg
VIOAOIMEG MTEPMTMGELS TOV UETAPOAKE TPOTOTOMUEVOV CTEAEXDV. ATO TNV GAAN TAELPA
oUW, evd TO PloocvuvOeTiKd pOVOTATL TG KOUEEPOANS, Tov Ppioketon kaBodikd g
voprykevivn éxel dvo emmAéov yovidwo (F3H kot FLS) xor oy éva dmwc cvopPaivel ue to
otélexoc GEN23 mov kotoinyet otnv Procvvleon tng yevioteivng (IFS), n anddoon eivar
LEYOADTEPT] OTAV YPNGLLOTOLOVVTOL GOV TPOIPOUES EVAGELS 1] POVOAAAOVIVI 1] TO KOLHLOPIKO
0&y ([Mivaxag 4, cel. 64). Avtd emPeParmdvel To 0TL T0 Khwvoromuévo éviopo IFS dev €xet

Vv BEATIOTN €EE1OIKEVOT OC TPOG TNV VOPLYKEVIVI Y1 TNV LETATPOTN TNG O YEVIOTEIVT.

5.6 Avacioracn frocvvlOeTinod povomatiov KEPKETIVYS

['a v ProocvvBeon g KepkeTivng ¥PNICILOTOMONKE TO YEVETIKA TPOTOTOMUEVO GTEAEXOG
QUE44. ®a mpémel va onuelwbel 611 €dv akoAovBoboae TOPOUO0L GTPATNYIKY UE TNV
Blocvvbeon tv Tponyovpevev evcemv Ba ypetdloviav 1 cuvépyela 9 yovidiov (PAL, C4H,
CPR, 4CL, CHS, CHI, F3H, F3’H ko1 FLS). To ocbVomua pESC opwmg emnétpeme v
VTOKAWMVOTOINGN HOVO 0XT® amd avtd. o tov AdYo avtod, av Kot Tay yvootd 0Tt 1 xprion
CPR amd Agvka NTov omopaitnn yio TNV a0ENCT TOV ETMESOV TOPAYOYNG TOV LETAPOMTOV,

emMAEYONKE va unv ypnoworomBel n evepydTNTOL TOL, HIOG KOl O GOKYOPOUOKNTOG PEPEL
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evooyevég CPR ot0 yovidioud tov. Emopéveoc ywe v ProcdvBeon g @Aafovoing
KePKETIVNG ypnopomomdnke n evepydtta twv yovidiov PAL, C4H, 4CL, CHS, CHI, F3H,
F3’H won FLS. Xe xaAlépyeteg 0mov mpdopoun Eveon NTav 1 vaprykevivn 1 T0 Kovpapikd
o0&y (tplo ko €51 ProovvBetikd Prpoto aviictoyo) M Kepketivig mov mapdyOnke Trav
0,38mg/L xor 0,26mg/L avrtictoya ([Tivakag 4, ceh. 64). Otav mpddpoun €voon frav M
eowvvroravivn (oxtd ProcvvBetikd Prpata) dev Nrav duvatd vo yivel TOGOTIKOTOINOT TG
KEPKETIVNG AOY® TNG LIKPNS TG CLYKEVTPMOTG.

Avti] givor N TPOTN QOPa TOL YiveTol @voovoTEol TOL ProocvvOeTiKOV
LOVOTTOTION TG KEPKETIVIIG OTOV GUKYUPOUVKNTO. YTAPYEL HOVO 10 OvOQOpd Yo
napaywyn g o€ E. coli og ovykevipmoeig 0,18mg/L ko 0,05mg/L (Leonard et al., 2006). Ot
OLYKEVIPAOOELS OVTEG VITOAEITOVTAL QLTAOV OV ToPayONKay 68 aVTO TO £pyo Ko pali pe TV
TEPITTOGT TG YEVIOTEIVIG givar amd TS Alyes Qopéc 0mov évag petafolriting mapayeTan
OTOV GOKYOPOUVKNTA GE VYNAOTEPT CVYKEVTP®OT) 0O OTL 6TOY TO.PAYETOL 6€ faxTipla.

Ta dvo ProcvvOeTiKd LOVOTATIO TOV KATOANYOLV GTNV cUVOEST TG KAUPEPOING Kot
™G KepKeTivig elval mopdpota, pe v Evvola 0Tt SPEPOLY LOVO GTIV VTTOPEN TOL YOVISiov
F3’H. A6 v dAAn, Kou Ta 0vo ProcvuvBeTikd povomdtio Epovv to yovidro FLS puag kat to
tehevtoio pmopel va dgytel cov vIOSTPOUA TOGO TNV SWIPOKAUPEPOAN OGO KOl TNV
dwopokepkeTiv (Zymua 5, oeih. 47). Avtd emPePordvetor amd TIC KOAMEPYELES TOV
otedéyovg QUE44 o6mov ek1dC Omd TNV TOpAy®YN NG KEPKETIVIG, aviyvedovTol Kot
nocoTNTEG TG Kapeepdinc. H mapayouevn kapgepoin, otaver to 5,9mg/L, 0,37mg/L kou
0,42mg/L o6tav ypnoLomolovvIol 6oV TPOOPOUES EVDCELS 1) VOPLYKEVIVI], TO KOLHOPIKO 0EL

Ko 1 ouvoiadavivn avtiotoyo (Zymuo 33-Xynua 35, cel. 75-76).

5.7 Avdivon uetafolikns pons etepoloyns frocvvlsong

Baokdg 0100¢ ™ avaivong g HetaoAkng pong sivor n e€aywyn cupmepaspitov 660
aeopd TV oamdooon TV eml UEPOVG PlOGLVOETIKOV Pnudtwv Tov gUmAEKOVIOL GTNV
TOPOYOYT TOV GTIABEVOEIO®V Kol PAAPOVOEIO®V evioemV ot {Ourn. Me tov tpdémo avtd Ha
elvar dvvatn mn ektipnon TV mopayovieov ekeivov mov elval vrevBuvol doTE OpIGUEVaL
oTeAEYN ™G STPPnG QLTS VoL PNV £XOVV LYNAY TOPAYOYIKOTNTO Y10 TO. TEAMKE TPOIOVTaL.
Eminpooheta mapovoidomrayv cvvontikd (ITivaxkag 6) OAo o €pELVNTIKG ETITEVYUATO TOV

&xovv OomuoctevBel oty debvr PiMoypapio MG oNUEPA Kol aPOPOVY TNV KOTAYPOOTN

96



Eteporoyn froadvBean plofovoeidmy kor otilfevoelomy evawoemy - 2olntnon

eteporoyNg Procvvieong eAafovoetddv Kot GTIABEVOEW®V GTOVG OpyavIGHOVG S. Cerevisiae
kot E. coli. Eniong oto Zynua 41 ko otov Ilivakog 7 amotumdvovTol T0. GUVOAKA emimeda
TAPOYOYNG KOVUAPIKOV 0EE0C, pecPepaTpOANG, VOPLYKEVIVIG, YEVIGTEIVIG, KOUPEPOANG Kot
KEPKETIVIG avAAOYOL LLE TNV YPTCLLOTOLOVULEVT TPOOpOUN EVOCT).

Amo ta mepopotikd dedopéva g stppng avtng (Ilivakag 7) eivor mpogavég Ot
OTOV YPNCUOTOLEITOL 1] PUIVVAXACVIVI] OC apyIKY] TPOOpoun Evmon ta enimedo ProcvvOeong
TOV TEMKOV TPOTOVTIOV HEIdGVOVTOL, KoOMG avsavovtol Ta PlocuvBeTikd Pripato Topaywmyng
TV TEMKOV Tpoidviwv. Etot, ypnoyonoidvtag ota Opentikd péco 10mM eoatvorarovivig,
SmoTdOnke OTL 01 TEMKEG GUYKEVIPDGELS TOPAYWOYNS KOLLOPIKOD 0&E0¢ (amd 10 GTEAEYOG
COUML11, 2 BroocvvBetikd Prpota), vaprykeviving (amd to otédeyog NAR12, 5 BrocvvOetikd
Pruota) kot kapeepoAng (amd 1o otéheyoc KAE34, 7 Brocvuvietikd Pripata) ftov dtadoyikd
662, 33 wor SuM oavtictoyo (Ilivakag 7) kol Ol TEAKEC GLYKEVIPAOGCELS TOPOYMYNG
VOPIYKEVIVIIG Kol KOUQEPOANG Nrtav  owdoyikd 57 wor 3,1uM  avrtictoyya  oOtOv
ypnooromdnke yoo Tpddpoun &voon to kovpapkd o&y. «EmPapivoviagy pe mpocHeta
BrocvvOetikd Prpato tov etepdAoyo petafoAiiopd g oung, oto otédeyoc GEN23 (&1
BrocvvOetikd Prpata, Eva mopomdve tov NARI2) 1 cuykévipmon YeEVIOTEIVNG £QTAGE GTO
0,1uM, oto otéleyog KAE34 (gpt1d ProovvBetikd Pruata, dvo moapomdve tov NARI2) 1
OLYKEVTPMOOTN KAUPEPOANG £ptace Ta SuM, evdd oto QUE44 (oytd ProovuvBetikd Prpara,
tpa wapamdve Tov NAR12) n cvykévipmon kepkeTivng NTav 6xeddV oUeEANTED.

Mo tov Vv mopaymyn TV HETAROMTOV TOV A@OPOVCOV TO TEMKA TPOidvTo, TO
otedéyn NAR12, GEN23, KAE34 ka1t QUE44 xoatavédiowoav katd puéco o6po 3,4mmoles
apYIKAG TPOdpOUNG Evaong eavvlodavivnc'. Opog pe dedopévo OtTL 1 earvorodavivn
ypnowonoteitor amd T Coun kol otov TpoToyeEv MeTOPoMouUd (mpwteivoohvOeon), M
nocotta avth (3,4mmoles) dev apopodoe OMOKAEIOTIKY] KATAVOA®ON GTOV €TEPOAOYO
UETOPOAMOUO TOV QUVVAOTPOTAVOEW®V. ['tor Tov Adyo avtd petprinke 1 KatovaAwon Tng
QoVVAOAOVIVIIG TOL ypeldoTNKE Yo TNV avamtuén aypov otedéyovg (YPH499) o¢
avtioTotyeg ovvOnkeg Bpéyng kat xpovo KaAlépyelag. Bpébnke 611 10 o6Téle)0C KaTavAA®GE
2,6mmoles @awvviaravivng. Emouéveog n dwpopd tov 0,8mmoles (3,4-2,6mmoles) mov
TPOKLTTEL, B0 TPEMEL VAL OPOPE ATTOKAEICTIKA TNV KATOVAAW®GCT TNG QOIVOANAAVIVIIG TTOV

oyetiletar pe Vv etepOA0OYN PlocHvOesT TV TPOAVOPEPHEVTOV HETAROAMTOV.

! Ta pmoles avapépoviar oe Tehticd dyko kaAMEPYELOG evOC AMTpov
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Eme1on n otoyelopetpio AoV tov avidpdoewv givar éva mpog Eva (Zynua 5, cel.
47), mpokvmrel 6Tt and 800umoles gavvroravivig Beopntikd Oa Empene va mapaybovv
avtiotoyo, 0,8mmoles kovpapikod o&foc (amd 10 otéheyoc COUMIL), 0,8mmoles
peoPepatpoine (oamd to otéheyoc RESV1I1), 0,8mmoles vaprykevivig (amd 10 otéheyog
NAR12), 0,8mmoles yevioteivng (oo to otéheyog GEN23), 0,8mmoles kappepding (omd o
otéleyog KAE34) kot 0,8mmoles kepketivng (amd to otédeyoc QUE4A4). Opmg, and 1o Zynuo
41 paivetar 6TL mapdyOnkov povo 662umoles kovpapikov 0&Eog mov avtiotoryel 6to 83% g
uéyotng dvvamge (tov 800umoles omwg eEnynbnke mopandvm). H vrolewmmduevn diopopd
pndAdov ogeiletor oty un PEATIOT SBECIUN GLYKEVIPMOOT TOV VTOAOITMOV EVOIAUECHOV
OVCIMV TO. 0TOi0, GVCCOPEVTNKAY (KvVopkd 0&D) Kot Yio To 0ol dEV VILAPYOVY OVOAVTIKE.
dedopéva. Daivetar OnAadn ot ta yovidra PAL kot C4H Aettovpyodv GYETIKA IKOVOTOMTIKE,
(amdo0oom 83%).

To yovidio 4CL emiong paivetal va AELTOVPYEL IKOVOTONTIKA LOG Kol G€ KOAMEPYELES
tov otedeydv NAR12, GEN23, KAE34 kot QUE44 10 e£myevidg mapeyOuevo, g tpoddpoun
£VOoT), KOUPOPIKO 0ED, KOTAVOADVETOL GYETIKA €0KOAO TTPOG TNV Tapoy®yn 4-KovpdpuvAo-
CoA (0wtd 0 GLVUTEPAVALLE OO TV KOTOVOAMGT] TOV KOLHOPKOD 0&€0G oL TpooTifovtay
oTIC KaAMEPYELEG Kt Oyt oo TNV amevbeiag pétpnon tov 4-kovpdpvro-CoA). To yeyovoc o1t
N oLYKEVIPpMO™N NG pEGPEPATPOANG TOV TapdyeTon eivon Tepimov dwa eite ypnoyLomoteital N
QovvraAovivny cav mpdOpoun Eveoon eite To KOLUHOPIKO 0&D, Oelyvel OTL 1 evepydTTO TNG
PAL eivar og 0éon va mapéyet oto C4H évlupo v BEATIOT) cLYKEVTPOOT KIvopikoD 0£E0G
®oTE aVTO PE TN 6€pd Tov va Ogi&el v PEATIOT evepydTTa GVUVBECN G MOTE VO KOADYEL TIG

avayKeg o€ KOLHOPIKO 0EL Tov enduevoL evibpov, mov givor to 4CL.

KaBodikd tov 4CL yovidiov ota povomdrtio frocvvleong Bpickovrot ta yovidiw CHS
ka1 CHI, ta omoio cuvBéTouy ™V YaAkOVN vaprykevivi Kot v vaprykevivny avtictotyo. [
o, yovidowa ovtd dev  umopovv va  egayboldv ovumepdopoto AOY® NG advvouiog
TOGOTIKOTOINGONG TOV eVOAUEC®V eVOGEDV 4-kKovpdporo-COA Kot yaAkdvn vaprykevivn.
Ieyovég givan dpwg 611 M mopayopevn vaprykevivn and 1o otédeyxoc (NAR12) dev Bpioketan
o€ VYNAA emimeda, VTOONADOVOVTAG OTL GTO GUGTNIO TOPOUYDYNG VOPLYKEVIVIG TOL dvo Evivua
CHS xotr CHI dgv Aettovpyodv otn PEYIOTN €vePYOTNTA TOLG. AT T oTyp] mov 10 4CL
évlopo emdekviel ikavomomtikny evepydtntd onpaivel 6tt to CHS évlupo €xel ot dudbeon
TOV TNV OWOPOiTNT GLYKEVIPMOGN VITOGTPAOUOTOS YO, TNV UETATPOT TOL OTNV YOAKOVN

vaprykevivi. H advvapio mocotikomoinong e yoaAKOVNG vaplykeviviig 0ev eméTpeyay v
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eCaymyn ovumepdopatog yio v evepydtnta tov evibpov avtod. Emumpdcbeta, n CHS
OVIAKEL GE L0 TOAVYOVIOLOKY] OIKOYEVELDL HECO OTO YEVOUO TNG 0OYLOG KOl OEV VITAPYOLV
EMOPKELG TANPOPOPiEg Yoo TNV eKTiUNON TOL Padprov g e&etdikevong yio T0 VTOGTPOUA TG,
4-kovpapvro-CoA (Wingender et al., 1989). Ta id1a 1oyvovv yio tv CHI ka1 1o vrdéotpoud
™, TV xaAkovn vaprykevivn (Shimada et al., 2003).

ATd TV GAAN dakAddwon tov povoratiov petd o 4CL (Zynua 5, oe)k. 47) to évlvpo
RS Swmotovetor 6tL dev dwbéter v PEATIoT dvvatn evepydtnTa PETATPOTNG TOL 4-
Kovpdpvro-CoA cg pecPepatpodn. Emnpdcheta, 010 supmépaco avtd KataAn&ape amd 1o
veyovdg O0TL evd amd 10 ProcvvOetikd povomdrtt ProcvvBeone g pecPepatpoing, Omov
gumiéxovtal mévte yovidwn (cvumeptropfovopévov tov CPR), mopdyovrar 1,27umoles
pecPepatpding, amd TO HOVOTATL TOV KataAnyel otnv ProovvBeon g vaprykevivng Pro-
ovvtifovton 32,7umoles vaprykevivng av Kot epmiékovral &L yovidia (cupmepilappavopuévov
tov CPR). Am6 v otyun mov ta téooepo mpmdta EviLpa  Plo-pETOTPOnnig NG
oavvrarovivng (PAL, C4H, CPR kot 4CL) eivan ta id100 kot 6TIG OVO TEPIMTMOELS, 1) SLOPOPL
otV anddoon ProcvvBeong opeileTar oTig WOOTTEG TOL VOOV RS amd v pia mAevpd kot
tov eviopwv CHS kot CHI and v dAhn. @aiveton Aouwtdv 6t amd v pa 1o RS évlopo
eppaviCer amddoon 0,16% evod ot evepydtmreg tov eviopov CHS xor CHI cuvolwd
amodidovv 4% g mpog v dvvaTdTNTA Vo BlocLVOETOVY TIG OVAULEVOUEVEG GUYKEVIPMOELS
pecPepatpding Kot vaprykevivng.

Ooco agopa to évlopo IFS, autd eaivetal va etval Aettovpyko, pe tnv évvola 0Tt eivon
o€ 0éon va Pro-petaTpéyel T0 VTOGTPOUO TOV (VAPLYKEVIVI) GE YEVIOTEIVI 0ALL EVOEYOUEVMG
pe Oyt apketd koAn e€edikevon ®ote va mopdyovior vynAég ovykevipwoels. Otav oto
otélexoc GEN23 mpoopépbnke emyevdg vapiykevivn o€ cuykévipmon 500uM (160mg/L)
Kot eved Ntav oamopaitntn 1 evepydtnta evog povo eviopov (IFS), avt) dev petatpdnnke
eEoAoKA POV o€ YevioTeEivn amodidovtag povo 28,5umoles (arddoon 3,6%). Xe avth ™) pikpn
amOd0GY, G GLYKEVIPW®ON TOPOYOUEVNG YEVIOTEIVIG, MUTOpel vo. cuvtehel 1 puKkpY|, Kotd
amoAvTn TN, BEATIOT cuyKEVTpoT TTapexOuevng vaptykevivng (500uM 1 136mg/L, Zynua
29, oeh. 72, oe oyéon pe ta 10.000uM BEATIOTNG CLYKEVTP®ONG TNG POIVLACAOVIVIG, ZyTLLOL
13, oeh. 59). Amb6 10 YeyovOg OTL 0 UEYOADTEPEC OGLYKEVIPMOELS VOPLYKEVIVIG OEV
wapotnpNOnKe OAAOI®MON GTO. TOWOTIKA YOPOKTNPIOTIKA TOV KOUTOA®V OvATTUENG TOL
otedéyovg GEN23 (Zyfuo 26, ceh. 71), umopei vo emwbel 6t m vaprykevivn dev dpa

OVOGTOATIKO GTNV OVATTLEN TOV OTEAEXOVG, OTIS CLYKEVIPMOELS TOV YPNOLomTomOnKay,
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avtifeta pe o6t ovpPaivel pe 10 otéheyog COUMIL oe avlavopeves CLYKEVIPAOOELS
eowvrloravivng (Zynquo 11, oed. 57) kot dpa amoxieietar 1 TOEIKOTNTO GOV TOPAYOVTOAG
VOTEPNONG TOV GLOTHHATOS ToPay®YNS. Otav 10 otédleyog GEN23 avamtvydnke oe Opentikd
HEGO pE TPOOPOLES EVACELG TNV POIVLAGAOVIVI Kot TO Kovpapikod o&d mapdydnoav 0,4 ko
0,52umoles yevioteivng avtiotoya (ITivakag 7). Avtd HTaV AVOUEVOUEVO Ol TN OTIYU TOL
1 EVOLIUESO TOPAYOUEVT VOPLYKEVIVI £PTOCE GE GLYKEVTPWOT UOALG T 17 ko 33uM, 29 kot
15 @opég pkpdtepeg avtiotoryo amd Vv PEATIoT cvykévipwon twv S00uM (mapdypopog

4.3.4.1, oeh. 70), avadewkvoovtag Ot to. Eviopa CHS kar CHI dev £xovv v Bédtiotn duvarn

amoOd00N.
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Zynuao ALl Xovortiky Topovoiaon TwV ATOTEAECUGTMOV OTO THY AVATOOTOOH TWV SLOCDVOETIKMOV HOVOTATIOV Yo
mv egtepoloyn mapaywyn (M) xovuopiod oléog, peoPepatpiOrng, Voprykevivig, YEVIOTEIVHG, KOUPEPOANG Kol
Kepretivig. O1 O10)OVIES YPOUUES 0POPODY TO, ETITEIQ TAPOYWYNS OTAV TPOIPOUN EVWION EIVOL 1] YAIVDAGLOVIVY,
o1 opilovTIES OTAV TPOIPOUN EVMON EIVAL 1] VOPIYKEVIVH KOL 01 OITAES OLOYMDVIES YPOUUES OTAV TPOOPOUN EVTH
eivar 10 kovuapiko olv. Méoo oe mopévOean avoypopeTor TO YEVETIKG TPOTOTOUUEVO GTEAEYOS OTO OTOIO0
o@eiloval  To. OVYKEKPYEVOD, emimedD. mopoaywyns. H ypouuéc pe upumle ypoupo avoamopiotodv TG THES
QOIVOAOAOVIVIIG TOD KOTOVOAWGOY TO. YEVETIKG TPOTOTOINUEVE. oteAeyn (duns kor tov YPH499 aréleyoc
avtiotoro. H ypopun ue KOKKIVO ypopo. ovemeplotd. v woootyto. (o€ mmoles) mov dpouoloyeitar yio. v
Prociovlean twv plofovogidmy ovaimv.
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H avtidpaon Pro-petatpomig g vaprykevivg oe YeVIoTEIVN elvan pol avtidpacn dvo
fnudtov. Xto mpdto Pripo n vaplykevivi peTaTpéneton g 2-00posu-tcoprafavovn pe tnv
evepyotnta ¢ IFS ka1 610 devtEPo M 2-VIpo&v-1G0QAaPovovn xdvel £va HOPLo vepoD Kot
UETOTPENETOL OE YEVIOTEIVN. AVTO TO TeEAevtaio Prpa emteAeiton eite avbopunta gite pe v
dpaon wog apuoataons, tng IFD (Akashi et al., 2005; Davies, 2006). Xtn otpotnyikn mov
akolovOnOnke dev ypnoipomombnke kamowo £vivpo yoo ™V aguddtwon g 2-vdpodv-
100PAUPAVOVIG TTPOG TNV YEVIOTEIVI Kol EVOEYOUEVMS OVTOG VoL €ivol 0 AOYOG TNG YOUNANG
amdd06NC TOL GLGTILLOTOG.

Téhog, amd T avorvoelg poaivetal 0Tt 660 aLEAvETOL 0 apPBUOC TOV YOVISI®V TTOV
elvol amopaitro ywoo v ProovvBeon pwog Evoong OGO UEOVETAL 1 OmOd00T TOV
ovotiuotog. Avtd eivon Eexdbapo oto Zynuo 41 (ITivakag 7) oto omoio @aiveror OTL Ot
TEMKEG GUYKEVIPMOOELS TOPUYMYNS KOVHOPIKOD 0EE0C, VOPLYKEVIVIG Kol KOUQEPOANG ivan
dwdoyikd 662, 33 wor SuM avtictoyo Otav ypnoilomoleitor yioo TPOdPoUn Evmor M
QOIVLAOAOVIVI] Ko 01 TEMKEG GLYKEVIPMOELG TOPOUYWYNG VOPLYKEVIVIG Kol KAUPEPOANG Elvat
Stadoykd 57 ko 3,1uM avtictorya OTOV XPNCUYLOTOLEITAL Yio TPOIPOUT] EVIOGT] TO KOVUAPIKO

0&V.

Ilivaxag 6: Xovoyn 1V eMITELYUATOV JLOPOPOV EPEVVITIKOV OUAIWMYV OTO TEOLO THS ETEPOLOYNG EKPPOTHS
eviOUwy 100 dEVTEPOYEVODS UETAPOIGUOD Yio. TNV TOPoywyN OTIALEVOEIO®V Kol PLOSOVOEIODV EVATEWY OTOVG
opyavicuovg S. cerevisiae xau E. coli.

Telko Tpoidv Mpodpoun éveon TInyég mpoéhevong yeveTikoy VALKOD ZevioTiig Hapoyépevy Avapopa
ovykévipmon
(mg/L)

Kovuapikd o&H QawvvAaAavivn P. trichocarpa x P. deltoides (PAL, Saccharomyces 9,2 (Ro and

C4H, CPR) cerevisiae Douglas,
2004)

Kovuapikd o&H QawvAaAavivn Rhodotorula glutinis (PAL/TAL), S. cerevisiae 91 (Vannelli et
Helianthus tuberosus (C4H, CPR) al., 2007)

Kovuop1Kod 0&H Qavvlaiavivy Populus trichocarpa x P. deltoides S. cerevisiae 108,6 Avtd 10
(PAL, CPR) épyo
Glycine max (C4H)

peoPepatpoin KOVLLOPIKO 0ED P. trichocarpa x P. deltoides (4CL) S. cerevisiae 1,45-107 (Becker et
V. vinifera (RS) al., 2003)

pecPepatpoin Qavvlaiavivy P. trichocarpa x P. deltoides (PAL, S. cerevisiae 0,29 Avtd 10
CPR) épyo
Glycine max (C4H, 4CL)
Vitis vinifera (RS)

peoPepatpoin KOVULOPIKO 0ED P. trichocarpa x P. deltoides (PAL, S. cerevisiae 0,31 Avtd 10
CPR) £pyo

G. max (C4H, 4CL)
V. vinifera (RS)

pecPepaTpOAn Kovpopikd o&vy A. thaliana (4CL) S. cerevisiae 5,25 (zZhang et
V. vinifera (RS) al., 2006)
pecPepaTpOAn Kovpopikd o&vy Nicotiana tabacum (4CL), S. cerevisiae 6 (Beekwilde
V. vinifera (RS) r et al,
2006)
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Telko Tpoidv TIpoédpopn éveon Inyég mpoéhevong yeveTikoy VALKOD ZeioTig Mapayépevn Avagopa
ovYKévTpmon
(mg/L)
pecPepaTpOAn Kovpapiko o&o Nicotiana tabacum (4CL), Escherichia coli 16 (Beekwilde
Vitis vinifera (RS) r et al,
2006)
pecPepaTpOAn Twpoaivy Rhodotorula rubra (PAL) E.coli 37 (Katsuyama
Lithospermum et al.,
Erythrorhizon (4CL) 2007a)
Arachis hypogaea (RS)
Corynebacterium glutamicum (ACC)
peoPepatpoin KOLULOPIKO 0ED Arabidopsis thaliana (4CL) E.coli 104,5 (Watts et
Arachis hypogaea (RS) al., 2006)
vaprykevivny QavoAoAavivn Rhodosporidium toruloides (PAL) S. cerevisiae 7 (Jiang et
A. thaliana (4CL) al., 2005)
Hypericum androsaemum (CHS)
vaprykevivny QavoAoAavivn P. trichocarpa x P. deltoides (PAL, S. cerevisiae 8,9 Avtd 10
CPR) épyo
G. max (C4H, 4CL, CHS, CHI)
vaprykevivny KOLULOPIKO 0ED P. trichocarpa x P. deltoides (PAL, S. cerevisiae 15,6 Avtd 10
CPR) épyo
G. max (C4H, 4CL, CHS, CHI)
voprykevivn KOvpapiko o&o Arabidopsis thaliana (C4H) S. cerevisiae 28,3 (Yan et al.,
Petroselinum crispum (4CL) 2005)
Petunia hybrid (CHS, CHI)
voprykevivn TVpOGivN Rhodotorula rubra (PAL) E. coli 0,45 (Hwang et
Streptomyces coelicolor (4CL) al., 2003)
Glycyrrhiza echinata (CHS)
voptykevivn xopic  mpooHikn  Rhodobacter Sphaeroides (TAL) E. coli 20,8 (Watts et
TPOSpOLNG Arabidopsis thaliana (CHS) al., 2004)
£Voong
voptykevivn TVpOGivN R. rubra (PAL) E. coli 57 (Miyahisa
S. coelicolor (4CL) et al., 2005)
Glycyrrhiza echinata (CHS)
Pueraria lobata (CHI)
Corynebacterium glutamicum (ACC)
voprykevivn Kovpapiko o&o P. crispum (4CL) E. coli 119 (Leonard et
Petunia hybrid (CHS, CHI) al., 2007)
Photorhabdus luminescens (ACC)
E. coli (ACS)
vaprykevivny KOLULOPIKO 0ED P. crispum (4CL) E. coli 155 (Leonard et
Petunia hybrid (CHS, CHI) al., 2008)
Rhizobium trifolii (MATB, MATC)
yevioTeivn QavoAoAavivn P. trichocarpa x P. deltoides (PAL, S. cerevisiae 0,1 Avtd 10
CPR) épyo
G. max (C4H, 4CL, CHS, CHI, IFS)
yevioTeivn KOLULOPIKO 0ED P. trichocarpa x P. deltoides (PAL, S. cerevisiae 0,14 Avtd 10
CPR) épyo
G. max (C4H, 4CL, CHS, CHI, IFS)
yevioTeivn VapLyKevivn P. trichocarpa x P. deltoides (PAL, S. cerevisiae 7,7 Avtd 10
CPR) épyo
G. max (C4H, 4CL, CHS, CHI, IFS)
YeVioTEivn vaptykevivny Trifolium pratense (IFS) S. cerevisiae 20,8 (Kim et al.,
Oryza sativa (CPR) 2005)
yevioTeivn VapLyKevivn G. max(IFS) S. cerevisiae 2mg/g &npng  (Leonard
Catharanthus roseus (CPR) padog and Koffas,
KLTTAP®V 2007)
yevioTeivn Tuposivn R. rubra (PAL) Svykalliépyeto 6 (Katsuyama
S. coelicolor (4CL) E. coli wxa S. et al.,
G. echinata (CHS, IFS) cerevisiae 2007b)
P. lobata (CHI)
Corynebacterium glutamicum (ACC)
yevioTeivn TPOMOTONUEVO G. echinata (CHS, IFS) E. coli 0,34 (Katsuyama
KOovpapiko o&o P. lobata (CHI) et al.,
2007b)
YevioTeivn VapLyKeVivn Xiuoapa and: E. coli 18mg/g &nprig  (Leonard
G. max(IFS) padog and Koffas,
Catharanthus roseus (CPR) KLTTAP®V 2007)
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Telko Tpoidv Mpodpopn évoon TInyég mpoéhevong yeveTikoy VALY ZevioTig Hapoyépevy Avagopa
ovykévTpmon
(mg/L)
KOHUPEPOAT Kovpopkd o&y P. trichocarpa x P. deltoides (PAL, S. cerevisiae 0,9 Avtd 10
CPR) épyo

G. max (C4H, 4CL, CHS, CHI, F3H)
S. tuberosum (FLS)

KOHUPEPOAT pavvlaiavivny P. trichocarpa x P. deltoides (PAL, S. cerevisiae 13 Avtd 10
CPR) épyo
G. max (C4H, 4CL, CHS, CHI, F3H)
Solanum tuberosum (FLS)

KOLPEPOAN vaprykevivny P. trichocarpa x P. deltoides (PAL, S. cerevisiae 4,6 Avtd 10
CPR) £pyo
G. max (C4H, 4CL, CHS, CHI, F3H)
S. tuberosum (FLS)

KOHUPEPOAT Kovpopikd o&vy Petroselinum crispum (4CL) E. coli 0,3 (Leonard et
Petunia hybrid (CHS, CHI) al., 2006)
Malus domestica (F3H)
A. thaliana (FLS)

KOLPEPOAN vaprykevivny P. crispum (4CL) E. coli 0,8 (Leonard et
Petunia hybrid (CHS, CHI) al., 2006)

M. domestica (F3H)
A. thaliana (FLS)

KOUPEPOAT TVpOGivn Rhodotorula rubra (PAL) E. coli 15,1 (Miyahisa
Streptomyces coelicolor (4CL) et al., 2006)
Citrus cinensis (F3H, FLS)
Glycyrrhiza echinata (CHS)
Pueraria lobata (CHI)
Corynebacterium glutamicum (ACC)

KEPKETIVN pavvlaiavivny P. trichocarpa x P. deltoides (PAL) S. cerevisiae v Avtd 10
G. max (C4H, 4CL, CHS, CHI, F3H, £pyo
F3’H)
S. tuberosum (FLS)

KePKETIvN KOVLLOPIKO 0ED P. trichocarpa x P. deltoides (PAL) S. cerevisiae 0,26 Avtd 10
G. max (C4H, 4CL, CHS, CHI, F3H, épyo
F3'H)
S. tuberosum (FLS)

KEPKETIVN voprykevivn P. trichocarpa x P. deltoides (PAL) S. cerevisiae 0,38 Avtd 10
G. max (C4H, 4CL, CHS, CHI, F3H, épyo
F3’H)
S. tuberosum (FLS)

KePKETIvN KOVULOPIKO 0ED M. domestica (F3H) E. coli 0,05 (Leonard et
A. thaliana (FLS) al., 2006)

Petunia hybrid (CHS, CHI)
P. crispum (4CL)

Catharanthus
Roseus (F3’5’, CPR)

KePKETivN vaprykevivny M. domestica (F3H) E. coli 0,18 (Leonard et
A. thaliana (FLS) al., 2006)

Petunia hybrid (CHS, CHI)
P. crispum (4CL)
Catharanthus

Roseus (F3’5’, CPR)
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Ilivaxag 7: Hopeio etepoloyov uetafoliouod v mpodpopmy ovoIdV POIVOAGLAVIVY, KODUOPIKOD 0CEOS Kol
VOPIYKEVIVIIG TPOG TOV GYHUOTIOUO PECHEPOTPOANG, VOPIYKEVIVHG, YEVIOTEIVHG, KOUPEPOANS Koi KEPKETIVHG OF
UETOPOAIKG, TpOTOTOINUEVO, OTEAEYN (OUNGS OTHY TOPoDaa dLaTpLfr].

. . . Awayovidre
BuocuvOeTikd Evowapeon mapayépevn OVOTUTLOP Mo6500un £vors
. p Tehk6 m0ois n po3popn n
HovomTaTlL EVOOT/ LEAMKO TPOLOV (Zréksxog)
Qawvviahovivy | Kovuapud o&d | Naprykevivn
mg/L mg/L mg/L
(mM) (mM) (mM)
o O PAL/C4H/CPR 108,6
g ovpapt (COUM11) (0,662)
g
£ .
2 , 0,29 031
S peopepatpéin (é%(/Rlsl) (0,00127) (0,00136)
o 5 ot PAL/C4H/CPR 108,6
g KODRAPUCO 050 (CouM11) (0,66)
g
g N 89 15,6
g vaprykevivy 4CL/CHS/CHI ! :
-
(NAR12) (0,033) (0,057)
5 ot PAL/C4H/CPR 108,6
KOVRAPIKO 05D (COUM11) (0,662)
w
s +
7 8,9 156
[ VOPLYKEViV 4CL/CHS/CHI . .
©
s (NAR12) (0,033) (0,057)
=
vioreis s 01 0,14 7.7
YevieTeivn (GEN23) (0,0004) (0,00052) (0,0285)
L PAL/C4H/CPR 108,6
Kovpapucd 050 (COUM11) (0,662)
w
i
g i N 89 156
& voprykevivi 4CL/CHS/CHI X :
3 (NAR12) (0,033) (0,057)
<
+
; 13 0,9 46
KapQepdin (th'\’gﬁ‘ (0,005) (0,0031) (0,016)
KovpapuUch 026 PAL/C4H 26,25
£ ovpapt (COUM11) (0,16)
£
£ + 0,26 0,38
g KEPKETIVY F3H/F3’H/FLS -
(QUE44) (0,0009) (0,001)
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5.8 Ilolvevivuika  cooTHUHOTA  HETAYOYNS  EVOIOUEGC®Y  TPOIOVTOV

(Metafoiovia)

‘Eva emmpocbeto onpeio mov eivar evolapépov kan Oa tpémet va sulnOei eivar o tpdmog mov
ta éviopo TV €TEPOLOYOV PLOCLVOETIKOV HOVOTATIOV Y®OPOBETOLVTOL MGTE 1 TPASPOUN
évoon eawvvlodavivny va Plo-petatpénetol o€ kébe po omd Tig TpoavapepBeiceg PaIVOAKEG
evooelg. H ProochvBeon tov kdbe éva petafolkov mpoidvtog oto @utd, mTpobmobitel v
EVOPYNOTPOUEVT OpdoT S0 KOV Proynuikov ovtidpdoeonyv. o va sivoar o tétowa
dlepyoacio. 0modOTIK TPEMEL VO VILAPYEL £VOL OTOOOTIKO GUGTNUO PONG TOV EVOLIUECHOV
HETAPOMKOV TPOTOVTOV 0md TO €vePYO KEVTPO TOL €vOg evibpov oto emdpevo (Winkel,
2004).

To eowvopevo ovtd amattel TV ELGIKT OAANAETIOpacT] TOV EVEOU®V TV SL0O0Y KMV
Bromuikov avtidpdoewv ®ote vo oynuotilovior moAveviupkd cOUTAOKO 1 uaraﬁokévwl
omm¢ ovoudlovtal, péca amd To omoia To EVOLAUESO HETAPOMKA TPpoidvTa aKoAovBovv pio
GLYKEKPLUEVN TTOPELD LE ATOTEAEGLOL VO OTOPEVYETAL 1) SLAYLGT TOVG GTOV KUTTOPOTANCUIKO
x®dpo (Srere, 1987). Avtod Tov TOHMOL 1 PON TOV EVOIAUECHOV UETAPOMK®OV TPOIOVI®V
EMTPEMEL TNV ATOOOTIKOTEPT TAPOUY®YY] TOV TEAIKOV TPOIOVIOV EVD TOVTOYPOVO TO
TPOGTATEVEL GTNV TEPITT®ON 7oV avtd givon gvaicOnrta. Ta meprocdtepa amd ta Evivpa Tov
(OLVLUAOTPOTTOVOELD0VS UETAPOAMGHOD OM®G QOIVETOL Kol 0T0 ZyMua 42, opyovmdvovtol €
OPopeTIKA HeTafoAdOVia To omoio Ywpobetovviol péso oTo KOTTOPO OVAAOYO, HE TNV
oopopen (w.x. ¢ PAL 1 tg 4CL) kot avéroyo pe ta Eviopo Tov GUUUETEXOVY KaOOSIKA
(Jorgensen et al., 2005).

Otav 6pog ta eviupukd avtd GLGTAUOTO HETAPEPOVTOL OO TA PLTO GE KOTTOPO
COKYOPOULKNTA, SYnuoTilovtal avTioToyo KavaAlo OoTE va. Yivel amodoTikdtepn N cuvheon
TOV TEMKOV TTpoioviov; And v epyacio tov Ro kol cvvepyatdv @oivetow OTL pe v
HETAPOPA TV eVEOU®V OEV UETOPEPETOL KOL 1 KAVOTNTO OVOCVLGTACTG TETOIWV KOVOAMDV
®ote va glvar duvaty M amnodotikdtepn ovvbeon oavtdv (Achnine et al.,, 2004; Ro and
Douglas, 2004). Apo, n mbovi un emtoyng avoacOoTOoN oVTOV TOV TOAEVILUIKOV
GUUTAOK®MV GTOV GOKYUPOUVKNTO Elval £vog emmpdcOeTog AOYOG Y100 TOV OTTOI0 1| TOPAY®YT
TOV TEMKOV TPOTIOVTOV gV QTAVEL 6TA EMimeda mov avapévoviav. EmPefaioon avtod umopet

va givor to yeyovdg 0Tt 600 avédvetal o aplBpdc TV yovidiov mov eUTAEKOVTOL GTO

! metabolons 1 multienzyme complexes
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BloouvOetikd povomdrtio, TOCO TEPTEL KOl 1) ATOS00T TOV GLGTNUATOV TOPAY®OYNS. AVTO
delyvel OTL T eVOdpES PETOPOAKA TPoidvTa OV TTapdyovial, KaODS amodespehovial and
TO €vePYO KEVIPO TOL €vOG VOOV, OEV OTAVOLV GUECOH GTO EVEPYO KEVTPO TOL EMOUEVOL
MOOTE VO GLVEYIOTEL TO PLOCLVOETIKO LOVOTATL LE OMOTEAEGLOL VO DITAPYEL OLAYVOT TOV GTO

KLTOPPOTAOGCLLOL.

ER lumen
""1. Cisercetin Cybsof
(lavanol)
Phenylalanine Malonyl Kaempferol
Cof {favonal)
™ ER lumen

Cyosol
j‘ 1 = lscflavoncids
Phenylalanine Malonyl
Col

Zyiua 42: Xwpobétnon twv 016popwv kKAGIwV Tov UETAPOLIGUOD TV PaIVDIOTPOTOVOEIODY o€ EEYWwpIoTd,
uetayoyika kovaiio. To Eviopo mwov CUUUETEYOVY 0E TEPICOOTEPOVS TOV VOGS Proynuikd kavidio eivol
JPOUCTIOUEVD, [E KOKKIVO Kol umle ypauo. Ta évlopua mov ovvovidvior e TepLoGOTEPES 100UOPPES EIVaL
onuerwuéva pe évo, aotepoxi. Oda ta PA50 évivuo mov paivovrar eivar peufipavikés mpmeiveg kol amotelovy ta
onueio opydvwaong twv puetaywyikav kovalioy (Jorgensen et al., 2005)

5.9 Hapaywyn pLlafovocldmv ue cOYKalIEPYEIR

Ta yevetikd tpomomompéva otedéyn GEN23 ko KAE34 6tav koAlMepyndnkav ympiotd,
amodelydnKav wovd vo Tapdyovy YeVIGTEIVY Kot KapueepoAn avtictoyya. To emduevo Prua
ntav vo eleyyfel 10 KOTG@ WOGO NTOV SVVATH 1 TOPAY®YN] OVTOV TOV OLGLOV OF
OLYKOAMEPYELEC, OE TOLTOXPOVN OVATTLEN ONANOT TV OTEAEXDV o€ £€vol KOO Opemntikd
HUEGO, DOTE VO, TAPAYOVTAL TEPIGGOTEPEG TNG MG PAAPOVOEIONG EVDoES. AvTd Ba pmopovoe
vo €L €QOPUOYN OTIS Prounyovies Tpoeinmv Omov petypo HeTaOAKE TPOTOTOMUEVDV
otedeydv {Oung Ba pmopovoay va epmiovtiCovv, yio Tapdostypo Kpoot.

To kdOe éva amd To. SLO YEVETIKA TPOTOTOMUEV CTEAEYT OV XPNOLLOTOMONKE Elye
uetaoynuotiotel (GEN23 kot KAE34) pe téocepic dopopetikong popeig pPESC (pESC-URA-
PAL-C4H, pESC-HIS-4CL-IFS, pESC-LEU-CHS-CHI, pESC-TRP-CPR kot pESC-URA-
PAL-C4H, pESC-HIS-4CL-FLS, pESC-LEU-CHS-CHI, pESC-TRP-F3H-CPR avrtictotya),
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MOTE VO PEPOVY OO EPTA KOl 0YXTD Yovidla To KAOe éva avtiotolyyo. Me avti TV oTpatnyKy
Kol To OVO YEVETIKOL TPOTMOTMOMUEVE OTEAEYN CLUTANpOVAV TIG 101eg av&otpopieg pe

AmOTEAEGHLA VO EIvart dSuvoT) 1] KAAMEPYELD TOVG OE £val KOO BpenTIKO HEGO.

Ortav ta dvo avtd otedéyn Koddepyndnkav pali, ol ToPayOUEVES GUYKEVIPADGELS TNG
YEVIOTEIVIG KO TG KoueepoAng fitav 1,7mg/L ko 4,6mg/L avtictoyo (Zynuo 36, ceh. 77)
otav mpdopoun Evoon frav 1 vaprykevivn, 0,1mg/L kot 0,4mg/L 6tav mpddpoun Evoon frav
10 KoLHOPKO o0&y (Zynua 37, oel. 78) kot 0,05mg/L xon 0,5mg/L avtictoya 6tov mpddpoun
évoon NMtav 1 eawvviorovivy (ZyMquo 38, oed. 78). Eivar @ovepd OtL M amd300M TOL
GUOTHHOTOG TaPAY®YNG QAaPovoeddv pe v UEBodo g ocvyKaAMEpYElag elval AKp®G
AVTOYOVIOTIKN UE TNV amdO00N TOV EEYMPIETOV KAAMEPYEIDV. AVTO deiyvel OTL EpOCOV lvar
emBoun M Onuovpyio €VOG CLGTHUATOG TOPAYWOYNG TEPICCOTEP®V TNG OGS EVOGEDV,

umopet va ypnotponombet 1o cOGTNHO LE TIC GUYKOAAEPYELEC.

5.10 Xproeic oty otvomoinon Kai 6Ty QUTOTPOGTAGIA

H dvvatdémra ypnong tov mpoidviov tov HeTABOMGUOD TV OIVUAOTPOTAVOEWO®MY GOV
avTyukpoflakodg  moapdyovies moapatnpnOnke omd mwoAv vopic. Moag 1o 1974 o
YOPAKTNPIGUOG KOl 1] TOCOTIKOTOINOT TOV 1IGOPAAPOVOEIODV EKYLAICUATOV GOYLOG £0E1EE OTL
KATELYOV LUKNTOCTOTIKEG 1010TNTEG OKOUO KOl GE GLYKEVIPAOGELS TG TaENg tov 0,005% og
oopAaPovec (Naim et al., 1974). Meiyua dylvkov 1coeAafovedv peimce v avartuén tov
Trichoderma lignorum, Rhizoctonia solani, Fusarium oxysporurn, Pythiurn sp., Sclerotium
rolfsii ko Rhizopus sp., xatd mepimov 80%, 45%, 65%, 85%, 45% o1 65% avtictorya (Naim
et al., 1974). Av kot 1 Ymopén YAVKOGIMOUEVOV HOPPOV 160QAafoveV meptoptle ™V
evepyotNTa EVAVTIA 6T TOB0YOVA, EEOMKVTTAPIKEG YAVKOCIOACES aHEAVAY TNV LUK TOCTOTIKY
dpaon TV eEKYLMOUATOV e TNV amelevbépmon tov dylvkov popeov (Rivera-Vargas et al.,
1993). Eniong eaivetat 011  pebBurdioon tov evicemv avgave KoL TV EVEPYOTNTO TOVG AOY®
™G avEnomng TG AMTodHALTOTNTOS TOV OVGLAV UE OTOTEAECUO TNV EVKOAOTEPT LETOPOPA
TOVG O10 LEGOV TOV KLTTAPIK®V pepPpovav tov pukpoPiov (Mead and McNair, 2006; Naim
etal., 1974).

Embopio pog Mtav n oaéomoinon TV mOpOyOUEVOV OLCLDV ONO TO YEVETIKA
TPOTOTONUEVA OTEAEYN OO TNV O GE TPOTOKOALN PUTOTPOCTACING KOl APETEPOL GTNV

Otepehivnon tov katd mwoOco Oa umopovoav va ypnoywomombovv yioo TV onuovpyio
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AELTOVPYIKAOV TPOPIL®V KOl O GUYKEKPYEVO AEITOLPYIKOV KPAGLOV, KPAGLov OnAcadn
EUTAOVTICUEVO e TIG TpoavapepBeioeg evdoels. Ta melpdpata mov Eyvay Yo TV €1epOAoY
Blocvvheon TtV evdoewmv pecPepatpOAr), YEVIOTEIVN, KAUQEPOAN Kol KEPKETIVI) MTOV
TETVYNUEVE OAMG OVOOETYTNKE 1 LUKPT TOPUYOYIKOTNTO TOV GTEAEXDV GE GLYKEVIPWOON
teMkov Tpotovtov (ITivaxkag 7) kot dpa 1 avikavotta gAéyyov tov Botpvt (ITivakag 5, ceA.
81) pe v ypnowomorovuevn pebodoroyia. Avtd mov Ba mpémer va yiver givor eite 1
TPOTOTOINGT TNG OTPATNYIKNG MOTE VO EMTEVYOOVV PEYAADTEPES 00dOGELS GUVOEDNG €lTE VUL
KaAAEpYNBOUV peYdAOl GyKOl KOAMEPYELDV MOTE VA YIVEL OLVATH 1 ATOUOVMOGT] TOGOTHTMV

TEMK®OV TPOTOVTI®V TOV VO LITOPOVV VAL YPTGLULOTOMO0VV GE TEPAUATO PLTOTPOCTUGIOG.

U Tvd
1 Tvd
667 Tvd
U HPD
)
857 HPD
U0
110¥
66 0%
U SHD
I1SHD
867 SHO
U HD
1HD
867 IHD
WS4
sS4l
867 S4I
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Dyjua 43: Hui-moootikyp PCR (semi-quantitative PCR) yia tov éleyyo g éxppaons twv diayovidiowv tov
oteléyovg GEN23 (A) kor KAE34 (B) oe emaywyixés kar un ovviikes. EAéyyOnrov to yoviora PAL, C4H, 4CL,
CHS, CHI, IFS, F3H ka1 FLS étav n korliépyeies avartoyOnray oe un exoywyikés oovOikeg (Ni) xor otav n
koddiépyeies avamtoyOnkay oe exaywyikes ovvlnkecs (i). H éxppaon kdbe evog yovidiov (w.y. PAL) eAéyyOnre oe un
emoywyirés ovvonkes (z.y. PALni) ka1 oe emoywyicéc ovvOnkeg (w.y. PALQ) kabwg emions eAéyyOnie kai n éxppoon
00 ¢ dypio otéleyoc YPH499 (m.y. C4H 499)

Amod ™V GAAN, M XPNOT TOV YEVETIKO TPOTOTOUUEVOV GTEAEYDV GE TMEPOUUOTIKEG
LLKPO-O1VOTIOGELG OEV OONYNOE GTNV TOPAY®YN TOV AVTIGTOLY®V EVOGE®V. To yeyovdg avto,
dev Bewpeitor omotuylo pog Kou GAAOL €ivorl Ol TOPAYOVTIEC MOV OEv EMETPEYAV TNV
Blocivheon T@V 0VCIBV AVTOV GTO HOVOTO. X& AVTOVS GUYKATUAEYETOL TO OTL TO YEVETIKA
TPOTOTOMUEVH OTEAEYN &lyov tpomomomBel petafoAiikd pe mAaouidi mov £eepav To
eumiekOeva yovidlo KAt amd tov €heyyo tov cvothuartog vrokivntov GALI-GAL10 nov
Om®G eivat yvootd, 1 EKQPOcT) TOVS KATAGTEALETOL OO TV TTapovacio YALKOING. [Tapodro Tov
YEYOVOTOG 0VTOV, OOKIUACOUE TO YEVETIKO TPOTOTOUMUEVE GTEAEYN OTNV OWVOTOINGN LE
LOVGTO oV mePLelye VYNAN cLYKEVTP®OT YAVKOLNG, emeldn elyape Bpet 6Tt OTOV TOL GTEAEYM
ueydAovay o ylokoln, vanpyxe po pikpn ékeppoon (Zynua 43), mov vrobécaue OtL Oo

umopovce vo odnynoer otnv Proocvvleon, g YEVIOTEIVNG, NG KAUGEPOANG M/KOL TNG
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KEPKETIVIG 0T AP YOUEVO KPOGIH. Aev fTay OHmG duvathi 1 aviyVeLoT) KOl TOGOTIKOTOINGN
KAmolag amd TIG 0VGieg 08 CLUTVKVOUEVE OEIYILATO KPOGLOU EITE EMEWON 1 GVYKEVIPMGT TOVG
Ntav TOAD UIKPN eite eMedN To GTEAEYN OEV Katapepav va avamtuyfodv oto mepifaiiov tov

HoVGTOL Kol GE OVTAYWOVIGHO LE TO VTOAOUT GTEAEYM CUUDV.
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6 XYMIIEPAXMATA — MEAAONTIKEX

EPTAXIEX

«H aAndela elvor éva 1600 GmAVIo
uoplo, mov o TPEMEL Vo TNG KAVOLUE TTOAD
TEPLOPLIGLEVT] YPTIOT»

Mopk Tovéwv (1835-1910,
GLYYPAPENC)

6.1 Xvumepdouota kot TpoonTIKES

[ToAAEG ammd TIC PUPUAKEVTIKES OLGIEG TTOV YPNCYLOTOOVVTOL CTUEPO OO TOV dvBpwmo givort
QLTIKNG TPOEAELONG, UE TNV EVvola OTL EITE TPOEPYOVTAL OO PLTA EITE OTL APYIKA 1 OPUCTIKN
T0VG ovcia Bpébnke oe eutd. Elvan emiong amodektd 0TL @uoikd mpoidvta Bo cuvieAécovy
010 PEALOV 6T OMovpyio VEOV apUAK®Y Kol OTL OPYOVIGHOL, [ KATAAANAOVS XEPIGUOVG,
Ba eivan og BEon va mapdyovv pun cvvnbiouéva LKA npo'ic')vwl pe PeAtiopéveg 1010tTEC M
véeg Proroyikég dpdoeig (Katsuyama et al., 2007a; Lee et al., 2009). H napaymyn ovtdv tov
QLOIKAOV TPOTOVTOV, KAVOVTAG YPNOT| YEVETIKA TPOTOMOMUEVOV GTEAEXDV GOKYOPOUDKNTA,
TOAVOTATO VO TPOGPEPEL OIKOVOUIKA OTTOJEKTEG AVCELS GTNV TOPAYMOYT VEDV PAPUOKEVTIKOV
okevoopdtov. IlapdAinia, 1 ovantoén ™G Plo-TANPOPOPIKNG KOl TOV  OVOAVTIKOV

epyoreiov PBornocav 1060 6TOV GYENIACUO TOV KATAAANA®V CTPOTNYIKOV 0VOCVLGTOCNG

! un-natural natural products
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TOAMTAOK®OV  BLOYNUIKOV  povomatidyv, O0co kot oty  oEAdYNon Tovg HECH NG
TOPAKOAOVONGONG TOV TAPAYOUEVOV TEMK®OV KOl EVOLALEC®V TPOIOVI®V.

Xe ovt) ™ SwTpiP] €ytve apyikd por Tpocmddeia Yo Ty dlepehivnon Tov mediov
ekeivov 10V deVTEPOYEVOLG HETAROAMGIOD OV 0dNYel otV 6OVOEST eEAIPETIKA OTULOVTIKOV
QOAOPOVOEOMY KOl CTIAPEVOEODMV EVOCEDV, AOY® TOV 1O0TNTOV TOV TOLG OTOdIOOVTAL, UE
ATMOTEPO GKOTO TNV EMAOYN AVTAOV TTov Ba eiyov evolapépov yia v etepdAoyn ProchvOeon
ToVG otov cakyopopvknta. O tedevtaiog omoteAel egoupetikny Adom Yo ™V TOPOY®YN
QUTIKOV OEVLTEPOYEVOV UETAPOMTOV HEC® TNG ETEPOAOYNG £KPPOONG YOVISI®OV Kol TNg

avaoVGTOCN S OAOKANP®V BLOCVVOETIK®OV LOVOTTATIOV.

2TV GUVEYEW KOTOOKEVAGTNKOV YEVETIKA TPOMOTMOINUEVO OTEAEYN KOVEL Vo
BlrocvvBEécouy TIC EVDGEIS OVTEC Kot 0ELOA0YNONKOV OC TPOS TNV TOPAYOYN TOV TEAKOV Kol
TOV gVOLAUES®V TTPOTOVTIOV. OAo TO YEVETIKA TPOTOTOMUEVO GTEAEYT COKYOPOUVKNTO TOV
oe 0éon va mapdyovv To TEAKA TPOIOVTO, Plo-HETATPENMOVTAG TNV TPOSPOUN ovaGio
QoVOAOAOVIVY, Lol OVGio TOV TOPAYETOL OO TOV TPOTOYEV] LETAPOAIGUO TOV OPYOVIGLOD.
["a 116 ovoieg pecPfepatpdin, YeEVIOTEIVN, KOUPEPOAN Kol KEPKETIVN €lvar 1 TPDOTN POPA TOL
TAPN ProcuvOETIKA LOVOTTATIOL XPNGUYLOTOIOVVTOL Y10, TV ETEPOAOYT TAPAYM®YN TOVS. AV Kot
VILAPYOVV Kol AAAEG OVOPOPES TTOV dglyvouv TV duvaTdTNTA PLOGVUVOESTG OPIGUEVDV EK TMV
ovoldV avtdv pe GAleg mpooeyyioelg (ITivokag 6, oel. 101) ov mepiocdTepeg amd AVTEG
nepthoppdvouy pkpdtepo aptud evivpotikov Pnudtov tov PlocuvBETIKOV LOVOTATIOV
Omm¢ cv{nMoONKOV 6T0 KEPAANLO 5, ¥PNOILOTOIDOVTAG GOV TPOSPOES OVGIEC TO KOVUOPIKO
o0& N Vv voprykevivn. Telkd Swapaiverar 6Tl 0 GOKYOPOUDKNTOC £XEL OPKETE LYNAN
SUVOLIKTY, OV KOl VOTEPEL, OTIG TEPIGGATEPES MEPIMTMOELS OVAGVOTAONS PAAPOVOEWDDV Kot
OTIAPEVOEDDV EVDGEMV, OTIG LEYIOTEG TAPAYOUEVES GUYKEVIPMGELS.

210 CUUTEPACUATO OVLTOD TOVL EPYOL TOL OYeTlovTol pPE TNV EUmEPia Kol TNV

TEYVOYVOGIO TTOV OTOKTNONKAV 6TV Topeia VAOTOINGTG TOL glvar Ta €ENG:

e Av Kol 0 GOKYOPOUDKNTOS OTOTEAEL Evay BemPNTIKA 100N 0pYOVIGUO Y10 TV
etepOrOYN  ProchvOeon TV EMAEYUEVOV  OELTEPOYEVMOV  UETAPOAITOV,
Brloypapid dedopéva otnpilovv v amoyn 0TL n ypnon Poktnpiov yio v
avacHOTOOT TOV PLOYNUIKOV HOVOTOTIOV QAABOVOEWDDV Kol GTIAPEVOEIO®V

vreptePEl, KPlwg AOY® TV ToVTEP®V PLOUDV AVATTVENC.

e O ghoppd OPOPETIKOS UNYOVIOUOS UETAPPOONG KOl HETO-UETAPPUCTIKNG
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TPOTOTOINCNG TOV TMPMOTEIVOV oTo Paxtiplo. dev @aivetal vo Onuovpyet
TPOPANUO otV gvepyoTNTAL TV €VOOU®OV  TOL  YPNOCLULOTOMONKAV.
Evdeyopévarg n ovykekpiuévn dwpopomoinon va ennpedlel apvnTikd Tnv
amdd00N O€ MEPICGOTEPO TEPIMAOKO SIKTLO TOPUY®YNS UETOPOMTAOV OTOV
eumiékovtar éviopa amd GALEC TPOTEIVIKEG OPAOEG TOV dEV VTAPYOLV CTO
Baktnpua.

Ooco aviavovtav m opylKy] CLYKEVIP®OT NG OPYIKNG TPOSPOUNG EVOOTG,
eowvvraAovivig, oto Opentikd péco TOcO avidvovtav 1 amdd00T TOL
CLGTNUOTOG GTNV TOPOY®YN TOL TEAIKOL TPOioVTOG, He TNV PEATio
ovykévipwon va givar 1650mg/L.

H evoopdtowon evoc CPR yovidiov amd vPpidio Aevkog, ot oTpOTNnyIKn
Blocvvleong Tov eAAPOVOEWO®V Kol CTIAPBEVOEWDDV aENCE TV ATOS0CT| TOV
CLGTHWOTOG KT TEPIMOV Té€ooePIS PopES. DaiveTar OTL TO EVOOYEVEG YOVIOL0
CPR tov caxyapopdknta oev givar iKovo vo vrootnpi&el Ty evepydtnta TV
P450 evlbopmv tov cakyapopvknta (C4H, IFS kot F3’H) mov epumiékovtar otn

Blocvvheon TV eV AOY® 0LGLOV.

AvENGT TOL aPYIKOL LOADGLOTOG OEV GUVETAYETAL AWOENGT TNG GVYKEVIPMONG
TOV TOPAYOUEVOV OVCIOV TOAVOTATO ENEWDN TO QOVOUEVO LITEPTANOVGLOD
enpavifovtor  apyotepa OTIG KOAMEPYEIEC Kol Gpo TO OTEAEYM EYOLV
peyoAvTepn TEPi000 TAPOUYWYIKOTNTOG.

H mopayoyn tov elafovoelddv Kot Tov GTIABEVOEO®OV EVOGEMY 0QeileToL
OTOKAEIOTIKA otV dpdon TV eTeEPOAOY®V YoVidimv mov swonydnkav oto
Gyplov TOTOV OTEAEYOC TOV GCOKYOPOULKNTO, TO OMOio Ogv &lvar 1Kovo
SPOPeTIKG Vo Plo-peTaTpéyel TNV QovvAoAaviviy oe Kamold amd Tig

EVOLAUETESC EVADGELG TOV HETAPOAIGHOD TOV POIVOAOTPOTOVOEIOMV.

H éxppoon tov dwoyovidiov pe kKAmvomoinon tovg oe TAACUIOKOVS POPELS
TOADV QVTLYPAP®V 0vVeL KOTTOPO Yol TNV EMTEVEN LYNAOTEP®V ATOIOCEDV
TOPAYOYNG TOV TEMKOV TPOIOVI®V, OV £Vl amapoitnTa 1 LOVASIKY ETIAOYT
oTpaTNYIKNG. YYNAEG GUYKEVIPMGELS UTOPOLV VO ETLTEVYOOVV KOl LLE EKPPOOT
TOV  Olyovidlov  KOTOAANAQ  EVOOUOTOUEVOV GE  YPOUOCOUNTO  TOL

GOKYOPOUOKNTO.
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o v mopoyoyq] vyniAov ovykevipooewv Ponbdasr o  opBoroyikodg
OYEOWIOUOC  YLOUPIKAOV  TPOTEIVOV  (OOTE TOAMATAEG  €vePYOTNTEG VO
evoouatmbodv cg éva TPOTEIVIKO cuvinyua. Me TV GTPOINYIKY OLTH TO
TPOTOV TOL €VOG evepyol KEVTIPOL glvar dpeca d1aBEcIo 6To evepyd KEVTPO
TOV EMOUEVOL EVEPYOD KEVIPOL KOl OEV LIAPYEL SLAYLOT| TMOV TOPOUYOUEVOV
UETOPOAMTAOV GTOV KUTTOPOTAAGLIKO YDPO. Avti 1 dmoyn evicoybeTal Kol amod
T0 YeYOVOG OTL 660 avEQvEL 0 aplBUOg TOV EUTAEKOUEVOV GE £€VO. LLOVOTTATL
yovidiov TOG0 HIKPOTEPN YIVETOL 1| GLYKEVIPMGN TOV TOPUYOUEVOL TEAIKOV
TPOIOVTOC.

H petapopd evdg olokinpopévov PlocuvOetikod povomatiod o€ Evav
opyaviopd Eeviotn, elvarl mBavo va umv €Yl TO. AVOUEVOUEVO OMOTEAEGLOTAL,
0G0 0QOpd TO EMIMESN TOPAYOUEVOV GUYKEVIPMOGEWV TWV TEAKOV OLGUDV.
Avtd pmopel vo 0QEIAETOL GE PUIVOUEVO OVTAYOVIGHOV, e GAAQ HETABOMKA
HOVOTATIOL TOV OPYOVIGUOD Yo TIG 101EG TPOSPOUES 1| EVOLAUESES OVLGIES.
[MopdAAnia pe v peTa@opd Tov KUPLov PlocuvOETIKOD HOVOTOTION KPiveTol
amopoitnto va tpomomoinfovv Pacikd onpeio Tov TP®TOYEVOHS LETAROMGLOD
Tov EEVIOTY, MOTE Vo, UTOPEl vo vmootnpytel 1 OpactnpOTHTo TOV
OVOGUGTAUEV®V LOVOTTATIOV. AVTO PUmopel va yivel LEGM TNG KOTAOKELNG EVOG
OTEAEYOVG OV LEEP-TOPAYEL QatvLAaAavivr, TPOdpoun évoon OAmV TV

OLGLMV QTG TNG O TPIPNC.

6.2 Ilocol akoua oevtepoyeveic uetafolites umopovy va mapayBoivv,

Amo To amoteAéopato TS STPPnS avTHG Kot TNV ovaokomnon e PipAoypagiag mov ta

ovvodevel, Qaivetol 0Tt 0 S. cerevisiae pmopei va ypnowwomombei yo v ovvleon evog

peyaiov apBpov devtepoyevav petofoltdv mov evtomilovtar ot ¢@von. Ilécotr duwmg

pumopovv va cvviefovuv axkopa; Ymhpyovv Oplo oto TL pmopel va mopoydel omd ovtoév; H

mopeia avamTTuENG TG £pevvag delyvel 0TL OV VITAPYOoLVY onUAvTIKol BempnTikol Adyol Tov va

eumodifovy KATOlL CLYKEKPIUEVT] MUK OUHAd0 OeVTEPOYEVMY HETAPOATOV va mopaydel

GTOV GOKYOPOUOKNTO. MEYPL GTIYUNG OPKETEG YMNUIKES OLAdES oL oyeTilovtan 1 Oyl LETOED

TouG €yovv ovvtebel pe PeTABOAKN TPOTOMOINGN TOL GOKYOPOULKNTO, OO &ivol To

apvoééa, To PAAPOVOELDT, Ol OVOOKVOVIVES, TA TEPTEVOELON, TOL OAKOAOELDN, K.0l. OELYVOVTOG
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™V Topeia Yo TNV oHvOeo VEOV YMUKOV ORLAS®V, O TOAVTAOK®V KOl TTLO EVEPYDV.

Ta dedopéva and Vv epyacia avt) aAld Kot and avtd ¢ PipAloypaeiog deiyvouv
EexdBopa OTL M etepOAOYN ProchvOeon @UTIKOV Proevepydv petafoltdv oe pkpofia
amoteAel Pl TOAD VTOGYOUEVT] TPOKTIKY] GTNV TAPAYDYT EVOCEOV UE €EEYOVGES 1O10TNTES.
To ebv OP®G TETOEG TPOAKTIKES LTOPOVV VO, ATOTEAEGOVYV GUVALLO KOl OTKOVOUKEG ADGELS, 0G0
aQopd TIC €0POEG OTOL GLOTHLOTO TOPAYWYNS, Oo emnpeactel amd tov Pabud mov véeg
TEYVOLOYIEC UETAPBOAKNG UNYOVIKNG EMTPEYOVY KOADTEPO EAEYYO TEPLOYDV TOV TPWOTOYEVOVG

KOLL TOV OEVTEPOYEVOVS HETOLOMGLOV.

6.3 Emoueva fjuora

Me v viomoinon ovtod tov £pyov PpéBnkav kol amopovainkav To YEVETIKG eKeival
otoyeio mov elvor amopaitnta ywo v ProcHvleon @AoPovoeld®V kol OTIABEVOEId®V
EVAOCEMV LEGH TOV GOKYOPOUOKNTA. ATO TNV AVAAVOT TOV OMOTEAECUATOV QAVIKE OO TNV
o M emTuyio TOv EYYXEPNUOTOS OAAG omd TV GAAN Kataypaenke 1 advvouio TV
YPNOLOTOOVUEVOV GLGTNUATOV VO TIG TaPAEOVY GE VYNAEG GLYKEVIPMOOELS, MOTE Va ivart
OWKOVOUIKA ocvppépovoes. 'Evoac pelhovtikdg otdyoc Ba eivoar 1 Pektiotomoinomn Tov
OLOTNHOTOG PlO-UETATPOTNG TNG TPOSIPOUNG VOO GOVOANAAVIVIG e pio Tlavi Avomn va
Bpioketor otV €VOOUAT®OON TOV TAAGUOIOKOV KOTOUOKEV®V EKOPACNG GE TPOGPOPOLS

YEVETIKOVG TOTOVS TOV YPDOUOCOUATOV.

Kot wéd opmg, eivor amapoaitmto mn eowvvrodoavivy va mpootifetor 610 péGO
eEoyevag, pewdvovtog v gveMéioa mov Ba mpémer va €yel €va cVOTNUO TOPOYMYNS
Blogvepymv evioemv. ‘Evag devtepog otdyxoc Bo mpémel va elval n Pertictonoinon twv
EMMEO®V NG EVOOYEVDS TOPAYOUEVNG (POIVLAOAAVIVIIG, (OOCTE VO UTOPEGEL OLTH Vo
vroopi&el v avénuévn PlocuvieTiky dpacTnPLOTNTO TOV TOAVYOVISIOK®OV BloGLVOETIKMV
oYNUATOV, OTOS OVTA TOL TPOTAONKAV 6TV Tapovoa daTpiPn. Me Tov Tpdmo awtd, av Kot
dev givan mavta ovvatn M akpPne TpoPreyn TV amoteAecHATOV OV O £yl Lo TETOLOV
€loovg ALy OTO EVOLAUESOH LETAROMKA PLLOTO, OTOUAKPVUVETOL 1] OVAYKT) Y10 TV TOPOYN
NG PALVLACAAVIVIG G VYNAEG CLYKEVTIPMOCELS KOl dNovpyeiton £va o amodoTiKO cHGTN LA,
LLE LOVT] EIGPON TNV OPYIKT GVYKEVIP®GT GOKYAPOV (T.). YALKOLN 1 YohakToln) 010 Openticd
HEGO.

[MopdAinio pe v PBeATicTOMOINGN TOV GLGTHUOTOS TAPUYOYNS TOV OLGLOV TOV
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épyov Ba mpémet vo avalnmBovv véeg Progvepyéc ovoieg GLTIKNG (TT.Y. VOPOELTVPOGOANG) N
dAANG mpoédevomng, ol omoieg Oa umopovv va ProcvvteBodv GTOV GakyopopdKNTO 1| CE
Baxtpra. Ta euTE £g0VV dMOGEL GTNV EMOTNUOVIKY] KOWVOTNTO £Va LEYOAO OplOUd EvDGE®DY
pe evolopépovoes 1010Tes. [ moAAég amd avtég yvopilovpe Ta PlocvvOeTIKA TOLG
LOVOTIATIO. VA Y10, GAAEG Ol YVOOEIS Hag gival eAdeinelg 1 ovomopktes. Mo HEALOVTIKN
TPOKANOT €lval 0 EUTAOVTIGUOC NG YvOOoNS oG 660 apopd To povomdtia PlocvvOeong
avTOV TV ovoldv. Kabobg avt Ba eumlovtiletor yopm amd to povomdtia froocvuvheonc, Oa
glvalr dvvart m ypNoM NG YVOONS aLTNG Y TNV €tepOroyn ProovvBeon devtepoyevav
peTafolTtdv Yo ypnon tovg amd Tov avBpwmo gite ywo v Pektioon g vyelog gite Yo
Bedtiowon g S1TpOENG €1TE YO TNV AVTIIHETOTION TPOPANUAT®V TG Yewpyiag. [Tapdiinia,
BeAtidoelg otV te)VoAOYia cVUVOEONG EVOEYOUEVMG VO EMTPEYEL TV CLUVOETIKN KOTOGKELT
oudd®mv yov18i(ov1 To. omoio. Ba EVOOUOTOVOLV GTOLG OPYAVICHOVG-EEVIOTEC TOAVTAOKN

BlocuvOetikd povomdrtio ypnyopoTEPQ KOl EVKOAITEPQL.

! artificial gene clusters
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ITAPAPTHMA I - XAPTEX ®OPEQN

The pESC-URA Vector

]1 pESC-URA  /
( \ 6.6 kb L }\H ori

\ Y
Qmpicillinj\l \ T ADH1
\g\ MCS1/FLAG
. P GALIO
pUC oriT“\‘

TCYCl MCS2/myc

pESC-URA Multiple Cloning Site 1 Region
(sequence shown 2180-2263, bottom strand)

EcoR Not Spe | Clal Bl Il Sac Pac |
| 1 1 | |
GAA TTC AAC CCT CAC TAA AGG GCG GCC GCA CTA GTA TCG ATG GAT TAC AAG GAT GAC GAC GAT AAG ATC TGA GCTCTTAATTAA
MD Y K DD DD K, I so
FLAG epitope

pESC-URA Multiple Cloning Site 2 Region

{sequence shown 2936-3033, fop sirand)

Bamt | Trf\ ch\ |
G GAT CCG TAA TAC GAC TCA CTA TAG GGC CCG GGC GTC GAC...

Xho | Hind I11 Kon | Nhe |
| |
...ATG GAA CAG AAG TTG ATT TCC GAA GAA GAC CTC GAG TAA GCTTGGTACCGCGGCTAGC
M E Q K L I S E E D L E sor

myc epitope

Zyjpa A4 Erayduesvog popéag éxppacng yovidiwy atov caxyopoudrnta, PESC-URA (Stratagene)
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The pESC-HIS Vect -
°F eeer 2-micron o?//////l 4 \{I;HS(B

// /,/

I

( I pPESC-HIS

\ \ 6.7 kb LT ori
qmpicillinﬁ\ -

3 TADH1
TN
MCS1/FLAG
R
0 P GAL10
N
pUC ori
TCYCT MCS2/myc
pESC-HIS Multiple Cloning Site 1 Region
(sequence shown 2256-2339, bottom strand)
Eeokl et e i foc pec!
GAA TTC AAC CCT CAC TAA AGG GCG GCC GCA CTA GTA TCG ATG GAT TAC AAG GAT GAC GAC GAT AAG ATC TGA GCTCTTAATTAA
M D Y K DD D D K, I so

FLAG epitope

pESC-HIS Multiple Cloning Site 2 Region
(sequence shown 3012-3109, top strand)
BaH | Apal Sifl Sal |

| | |
G GAT CCG TAA TAC GAC TCA CTA TAG GGC CCG GGC GTC GAC...

Xho |

...ATG GAA CAG AAG TTG ATT TCC GAA GAA GAC CTC GAG TAA GCTTGGTACCGCGGCTAGC
MEQK LI SEE DL sor

myc epitape

Zynjua 45 Exayousvog popéag éxppacns yovidiwmv atov caxyopoudrnta, PESC-HIS (Stratagene)

The pESC-TRP Vector T p—
2-micron ori 1/////\

pESC-TRP

6.5 kb
T T ADH1
qmplmlllnf\ M
<
] MCS1/FLAG
D P GAL10
-
veorl ™ P GALI
pA-on MCS2/
myc

T CYC 4
pESC-TRP Multiple Cloning Site 1 Region
(sequence shown 2074-2157, bottom strand)
EcoR | Vrﬂ\ ?:F | T\n | ?9\ 1] ?cc | I\'c(
GAA TTC AAC CCT CAC TAA AGG GCG GCC GCA CTA GTA TCG ATG GAT TAC AAG GAT GAC GAC GAT AAG ATC TGA GCTCTTAATTAA

MD Y K DD DD K, I so
FLAG epitope
pESC-TRP Multiple Cloning Site 2 Region
{sequence shown 28302927, top strand)
L‘l;mH | /I\Jc\ ir\ ISJ |
G GAT CCG TAA TAC GAC TCA CTA TAG GGC CCG GGC GTC GAC...
Xho | ¥I<p’w Nhe |
...ATG GAA CAG AAG TTG ATT TCC GAA GAA GAC CTC GAG TAA GCTTGGTACCGCGGCTAGC
ME QK L I S EE | sor
myc epitope

Zyjpa 46 Erayousvog popéag éxppacns yovidiwv atov caxyopoudrnta, PESC-TRP (Stratagene)
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Adaxtopixn owatpifn Tpavra Euuovooni

B \ Tl
,\\J\ LEU2

The pESC-LEU Vector

pESC-LEU
L 7.8 kb

MCS1/FLAG
P GAL10

MCS2/myc
pESC-LEU Multiple Cloning Site 1 Region P GALI
(sequence shown 3307-3390 botiom strand)

Not S | 30111 Sac Pac
|
GAA TTC AAC CCT CAC TAA AGG GCG GCC GCA CTA GTA TCG ATG GAT TAC AAG GAT GAC GAC GAT AAG ATC TGA GCTCTTAATTAA
MD Y K D D D D K, I sor
FLAG epifope

pESC-LEU Multiple Cloning Site 2 Region
(sequence shown 4063-4160, top strand)

Bomt Apal Sal |

G GAT CCG TAA TAC GAC TCA CTA TAG GGC CCG GGC GTC GAC...

Xho | Hing Il Nhe |
|
...ATG GAA CAG AAG TTG ATT TCC GAA GAA GAC CTC GAG TAA GCTTGGTACCGCGGCTAGC
E QK L I SE E DL E so

‘myc epitope

Zyjpa AT Eraydusvoc popéag éxppaocng yovidimy atov caxyopoudrnta, PESC-LEU (Stratagene)

f1 (+) origin 135-441

_ =711 (+) ori
B-galactosidase o-fragment 460-816 Yy s
multiple cloning site 653-760 ’//
lac promoter 8§17 938 UmPiCi”i"‘T/ / lacZ'
pUC origin 1158-1825 // / Sac
ampicillin resistance (bla) ORF 1976-2833 [ pBIuescripi 11 KS+ MCS

3.0kb

pUCorl
pBluescript Il KS (+/-) Multiple Cloning Site Region
(sequence shown 598-826)
Not |
Bisl 11 17 Promoter fact Btk Sac | | ?Lg I Soal

TTGTAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGAGC TCCACCGCGGTGGCGGCCGCTCTAGA. . .

MT13 =20 primer binding sité T7 primer binding site 4 SK primer binding site...

Hine I Apal
Bsp106 | Accl Fc0O109 |

Slpe | ?u,,,H | ?mu | IPsﬁ | FOK\ tlmk\/ }—Ihud 1 (ﬂu | ISu\ | )I<ho | Dra ll Kpn |
.. .ACTAGTGGATCCCCCGGGC TGCAGGAATTCGATATCAAGC TTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACC. .

—_——)

..5K primer binding st KS primer binding site
T3 Promoter BssH Il -gal o-fragment
.+ .CAGCTTTTGTTCCCTTTAGTGAGGGT TAATTGCGCGC TTGGCGTAATCATGGTCATAGCTGTTTCC
T3 primer binding sie W3 Reverse primer binding site

Zynipa 48: ['evetikog yaptng kot alinlovyio vookAcoTidiwy T00 TOAVGVVIETH TOV TAOCULOLOKOD POPEQ.
pBluescriptll KS +
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Etepoloyn frooovlean plofovociomv kal atilfevoeidomy evaragemy - ALnlovyies

Xmn1 2009
Scal 1890 e e
\ 1 start
f1 ori Apal 14
Aatll 20
Sphl 26
Bst/ | 31
Amp’ Nco 37
pGEM®-T Easy lac? Bst/ | 43
Vector T Not 43
(3015bp) Sacll 49
EcoR | 52
Spel 64
EcoR | 70
Not | 17
Bst/ | 77
. Pstl 88
orl Sall 90
Nde 97
Sac| 109
BstX | 118
Nsil 127
141
SP6

Zyipa 49: Ieveniog yaptng popéo kAwvomoinons pGEM T-Easy
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Adaxtopixn owatpifn Tpavra Euuovooni

EcoRI (2774)
Acsl (2774)
Smal (2771) 1
Aval (2769)

BamHI (2764)
Miul (2758)
Aflll (2752)
Sacll (2745)
Notl (2745)

Eco52! (2745)
Kpnl (2742)
Apal (2736) -

Hincll (2728) -
Accl (2727) -
sall (2726) -
Xbal (2720) -
Sacl (2720) -
Pstl 2715)
Sphl (2709) W

EcoRV (2701)
Styl (2693) - |
Ncol (2693) Narl (181)

Hindlll (2687) [ Nl 233)

BStAPI (237)

Esp3l (370)
Eco0109! (427)

Aatll (488)

Pcil (2295)
Sspl (602)

pT20

Eco571 (741)
Xmnl (807)

2782 bp

AlwNI (1886) Scal (926)

- BsrDI (1173)
Eam1105! (1407) {Cf o (\122!)(1184)
T
Gsul (1338)
Eco31l (1341)

Zynjpa 50: I'evetikog yaptng kor Oé0eIS KOTHS TEPIOPLOTIKDY TUNUATOY TOVD TOADGVVOETH TOD TAAGULOLOKOD POPEQ.
pT20
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Etepoloyn frooovlean plofovociomv kal atilfevoeidomy evaragemy - ALnlovyies

IHAPAPTHMA II - AAAHAOYXIEX

Kévovtag yprion tov aAdyopibuo CLUSTALW (CLUSTAL 2.0.10 multiple sequence
alignment) £ytve avtiotoiy1on TOV KA®VOTOMUEVOV OAANAOLYIOV UE TIG OAANAOLYiEG TTOV
eivan  kotoyopnuéveg ot Pdon dedopévov tov National Center for Biotechnology

Information.

Ilivaxag 8: Avtiotoiynon g in silico uetappacuévng kKhwvoromuévng alinlovyios 4CL avtod tov épyov e v
zpadTy o€ opuoloyio 4CL yovidiov and to yévawua e Apafidoyic
Score = 759 bits (1961), Expect = 0.0, Method: Composition-based stats.

Identities = 386/566 (68%), Positives = 455/566 (80%), Gaps = 18/566 (3%)

Query: 1 MITLA---PSLDTPKTDQNQVSD---—-- PQTSHVFKSKLPDIPISNHLPLHSYCFQNLS 51
MIT A P+ P TD + VSD P T +F+SKLPDI 1 NHLPLH+YCF+ LS
Sbjct: 1 MITAALHEPQIHKP-TDTSVVSDDVLPHSPPTPRIFRSKLPDIDIPNHLPLHTYCFEKLS 59

Query: 52 QFAHRPCLIVGPASKTFTYADTHLISSKIAAGLSNLGILKGDVVMILLONSADFVFSFLA 111
+ +PCLIVG K++TY +THLI ++A+GL LGl KGDV+MILLQNSA+FVFSF+
Sbjct: 60 SVSDKPCLIVGSTGKSYTYGETHLICRRVASGLYKLGIRKGDVIMILLQNSAEFVFSFMG 119

Query: 112 ISMIGAVATTASPFYTAPEIFKQFTVSKEKLVITQAMYVDKLRNHDGAKLGEDFKVVTVD 171
SMIGAV+TTA+PFYT+ E++KQ S KL+IT + YVDKL+N LGE+ ++T D
Sbjct: 120 ASMIGAVSTTANPFYTSQELYKQLKSSGAKLIITHSQYVDKLKN-—---- LGENLTLITTD 174

Query: 172 DP-PENCLHFSVLSEANESDVPE--VEIHPDDAVAMPFSSGTTGLPKGVILTHKSLTTSV 228
+P PENCL FS L +E++ + V+1 DDA A+PFSSGTTGLPKGV+LTHKSL TSV
Sbjct: 175 EPTPENCLPFSTLITDDETNPFQETVDIGGDDAAALPFSSGTTGLPKGVVLTHKSLITSY 234

Query: 229 AQKIDGENPNLYLTTEDVLLCVLPLFHIFSLNSVLLCALRAGSAVLLMQKFEIGTLLELI 288
AQ++DG+NPNLYL + DV+LCVLPLFHI+SLNSVLL +LR+G+ VLLM KFEIG LL+LI
Sbjct: 235 AQQVDGDNPNLYLKSNDVILCVLPLFHIYSLNSVLLNSLRSGATVLLMHKFEIGALLDLI 294

Query: 289 QRHRXXXXXXXXXXXXXXXKNPMVADFDLSSIRLVLSGAAPLGKELEEALRNRMPQAVLG 348
QRHR KNP V  +DLSS+R VLSGAAPLGKEL+++LR R+PQA+LG
Sbjct: 295 QRHRVTIAALVPPLVIALAKNPTVNSYDLSSVRFVLSGAAPLGKELQDSLRRRLPQAILG 354

Query: 349 QGYGMTEAGPVLSMCLGFAKQPFQTKSGSCGTVVRNAELKVVDPETGRSLGYNQPGEICI 408
QGYGMTEAGPVLSM LGFAK+P TKSGSCGTVVRNAELKVV ET SLGYNQPGEICI
Sbjct: 355 QGYGMTEAGPVLSMSLGFAKEPIPTKSGSCGTVVRNAELKVVHLETRLSLGYNQPGEICI 414

Query: 409 RGQQIMKGYLNDEAATAST IDSEGWLHTGDVGYVDDDDEIFIVDRVKEL IKYKGFQVPPA 468
RGQQIMK YLND AT++TID EGWLHTGD+GYVD+DDEIFIVDR+KE+IK+KGFQVPPA
Sbjct: 415 RGQQIMKEYLNDPEATSATIDEEGWLHTGDIGYVDEDDEIFIVDRLKEVIKFKGFQVPPA 474

Query: 469 ELEGLLVSHPSIADAAVVPQKDVAAGEVPVAFVVRSNGFDLTEEAVKEFIAKQVVFYKRL 528
ELE LL++H SIADAAVVPQ D AGEVPVAFVVRSNG D+TEE VKE++AKQVVFYKRL
Sbjct: 475 ELESLLINHHSIADAAVVPQNDEVAGEVPVAFVVRSNGNDITEEDVKEYVAKQVVFYKRL 534

Query: 529 HKVYFVHAIPKSPSGKILRKDLRAKL 554

HKV+FV +1PKSPSGKILRKDL+AKL
Sbjct: 535 HKVFFVASIPKSPSGKILRKDLKAKL 560
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Adaxtopixn owatpifn Tpavra Euuovooni

ITivaxag 9: Avuoroiynon g in silico uetappacuévne kKiwvomomuévne aliniovyiag CHS avtod tov épyov ue v

party oe opoloyia. CHS yovidiov omo to yévawuo tne Apafidowic

Score = 677 bits (1748), Expect = 0.0, Method: Composition-based stats.
Identities = 324/386 (83%), Positives = 356/386 (92%), Gaps = 2/386 (0%)

Query: 3 SVEEIRNAQRAEGPATVMAIGTATPPNCVDQSTYPDYYFRITNSEHMTELKEKFKRMCDK 62
S++EIR AQRA+GPA ++AIGTA P N V Q+ YPDYYFRITNSEHMT+LKEKFKRMCDK
Sbjct: 8 SLDEIRQAQRADGPAGILAIGTANPENHVLQAEYPDYYFRITNSEHMTDLKEKFKRMCDK 67

Query: 63 SMIKKRYMYLNEEILKENPSVCAYMAPSLDARQDMVVVEVPKLGKEAATKAIKEWGQPKS 122
S I+KR+M+L EE LKENP +CAYMAPSLD RQD+VVVEVPKLGKEAA KAIKEWGQPKS
Sbjct: 68 STIRKRHMHLTEEFLKENPHMCAYMAPSLDTRQDIVVVEVPKLGKEAAVKAIKEWGQPKS 127

Query: 123 KITHLIFCTTSGVDMPGADYQLTKLLGLRPSVKRYMMYQQGCFAGGTVLRLAKDLAENNK 182
KI1TH++FCTTSGVDMPGADYQLTKLLGLRPSVKR MMYQQGCFAGGTVLR+AKDLAENN+
Sbjct: 128 KITHVVFCTTSGVDMPGADYQLTKLLGLRPSVKRLMMYQQGCFAGGTVLRIAKDLAENNR 187

Query: 183 GARVLVVCSEITAVTFRGPTDTHLDSLVGQALFGDGAAAVIVGSDPLPV--EKPLFQLVW 240
GARVLVVCSEITAVTFRGP+DTHLDSLVGQALF DGAAA+1VGSDP EKP+F++V
Sbjct: 188 GARVLVVCSEITAVTFRGPSDTHLDSLVGQALFSDGAAALIVGSDPDTSVGEKPIFEMVS 247

Query: 241 TAQTILPDSEGAIDGHLREVGLTFHLLKDVPGL ISKNIEKALVEAFQPLGISDYNSIFWI 300
AQTILPDS+GAIDGHLREVGLTFHLLKDVPGLISKNI K+L EAF+PLGISD+NS+FWI
Sbjct: 248 AAQTILPDSDGAIDGHLREVGLTFHLLKDVPGLISKNIVKSLDEAFKPLGISDWNSLFWI 307

Query: 301 AHPGGPAILDQVEAKLGLKPEKMEATRHVLSEYGNMSSACVLFILDQMRKKSIENGLGTT 360
AHPGGPAILDQVE KLGLK EKM ATRHVLSEYGNMSSACVLFILD+MR+KS ++G+ TT
Sbjct: 308 AHPGGPAILDQVEIKLGLKEEKMRATRHVLSEYGNMSSACVLFILDEMRRKSAKDGVATT 367

Query: 361 GEGLDWGVLFGFGPGLTVETVVLRSV 386

GEGL+WGVLFGFGPGLTVETVVL SV
Sbjct: 368 GEGLEWGVLFGFGPGLTVETVVLHSV 393
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Iivaxag 10: Avuoroiyion twv opuvolikdv ailnlovyiov twv eviduwv RS mpogpyouevav amo 1 dtapopetiid gion
700 yévoug Vitis. Me kitpivy okioon oaivoviolr o1 GOVIHPHUEVES TEPLOYES TTOV OPLOBETODY TV TEPIOY OEGUELGNS
700 MnAdvolo-COA. Me mpdoivy okioon goaivoviol Ta. KaTGAOITO TOD GDVIGTOVY TO EVEPYO KEVIPO TOL eviDuov. Me
Kvavy okioon opiletar n olinlovyia tov KAwvomomuévov yovidiov. Me pol okioon onuoivoviar 1o, auivolika
KATGAOITTO. TOD GOVIGTOVY TO OHUELIO TPOGTOETHS TOD TOPAYOUEVOD TPOIOVTOg. Me KOKKIVY OKIOWOH GHUOIVOVTOL TO.
Kataloima s KAwvomomuévns ailnlovyiog mwov dev taipialovv ue Tic vmoloimes allnlovyies. Me v teleia
DITOONADVOVTAL TO. L] COVTHPHUEVO. KOTOAOITO TV GUIVOEIKDV 0LINAODYIAV, UE THYV GVW-KATW® TEAEID. 01 OUOLOYES
DITOKATAOTATELS TV OUIVOEEWY KOl UE TO OOTEPCKL 01 GOVINPHUEVES TEpioyés. [1]: Vitis rotundifolia, [2]: V.
pseudoreticulata, [3]: V. riparia, [4]: V. labrusca, [5]: V. vinifera, [6]: xAwvomoiquévo yovidiwo, [7]:
Parthenocissus henryanaia, [2]: V. pseudoreticulata, [3]: V. riparia, [4]: V. labrusca, [5]: V. vinifera, [6]:
KAwvomomnuévo yovidio, [7]: Parthenocissus henryana

[1] MASVEE IRNAQRAKGPATILAIGTATPDHCVYQSDYADYYFRVTKSEHMTELKKKFNRIC 60
[2]1 MASVEE IRNAQRAKGPATILAIGTATPDHCVYQSDYADYYFRVTKSEHMTELKKKFNRIC 60
[3] MASVEEFRNAQRAKGPATILAIGTATPDHC1YQSDYADYYFRVTKSEHMTELKKKFNRIC 60
[41] MASVEEFRNAQRAKGPATILAIGTATPDHCIYQSDYADYYFRVTKSEHMTELKKKFNRIC 60
[5] MASVEEFRNAQRAKGPATILAIGTATPDHCVYQSDYADYYFRVTKSEHMTELKKKFNRIC 60
[el MASVEEFRNAQRAKGPAT ILAIGTATPDHCVYQSDYADYYFRVTKSEHMTELKKKFNRIC 60
[7] MASVEEFRNAQRAKGPATILAIGTATPDQCVYQSDYADYYFRVTKSEHMTELKKKFNRIC 60
[1] DKSMIKKRY IHLTEEMLEEHPN 1GAYMAPSLNIRQE 1 I TAEVPKLGKEAALKALKEWGQP 120
[2]1 DKSMIKKRY IHLTEEMLEEHPNIGAYMAPSLNIRQEI I TAEVPKLGKEAALKALKEWGQP 120
[3] EKSMIKKRY IHLTEEMLEEHPN 1GAYMAPSLNIRQE 1 I TAEVPRLGRDAALKALKEWGQP 120
[41] EKSMIKKRY IHLTEEMLEEHPNIGAYMAPSLNIRQEI I TAEVPRLGRDAALKALKEWGQP 120
[5] DKSMIKKRY IHLTEEMLEEHPN 1GAYMAPSLN IRQE 1 I TAEVPRLGRDAALKALKEWGQP 120
[el DKSMIKKRY IHLTEEMLEEHPNIGAYMAPSLNIRQEI I TAEVPRLGRDAALKALKEWGQP 120
[7] EKSMIKKRY IHLTEKMLEEHPN 1GAYMAPSLNIRQE 1 I TAEVPKLGKEAALKALKEWGQP 120
[11 KSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLYHQGCYAGGTVLRTAKDLAEN 180
[2] KSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLYHQGCYAGGTVLRTAKDLAEN 180
[31 KSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLYHQGCYAGGTVLRTAKDLAEN 180
[4] KSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLYHQGCYAGGTVLRAAKDLAEN 180
[51 KSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLYHQGCYAGGTVLRTAKDLAEN 180
[6] KSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLYHQGCYAGGTVLRTAKDLAEN 180
[7]1 KSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLYHQGCYAGGTVLRTAKDLAEN 180
[1] NAGARVLVVCSERIVVTFRGPSEDALDSLVGQALFGDGSAAVIVGSDPDVSIERPLFQLY 240

[2] NAGARVLVVCS
[3] NAGARVLVVCS
[4] NAGARVLVVCS
5] NAGARVLVVCS

VVTFRGPSEDALDSLVGQALFGDGSAAV IVGSDPDVSIERPLFQLY 240
VVTFRGPSEDALDSLVGQALFGDGSSAVIVGSDPDVSIERPLFRLY 240
VVTFRGPSEDALDSLVGQALFGDGSSAV IVGSDPDVSIERPLFQLY 240
VVTFRGPSEDALDSLVGQALFGDGSSAVIVGSDPDVSIERPLFQLY 240

[6] NAGARVLVVCSERTVVTFRGPSEDALDSLVGQALFGDGSSAVIVGSDPDVSIERPLFQLY 240
[7] NAGARVLVVCSERIVVTFRGPSETALDSLVGQALFGDGSAAVIVGSDPDISIEQPLFQLY 240
[1] SAAQTFIPNSAG NLREVGLIFHLWPNVPAL I SENI1EKCLTQAFDPLGISDWNSLFW 300
[2]1 SAAQTFIPNSAG NLREVGLIMFHLWPNVPTLISENVEKCLTQAFDPLGISDWNSLFW 300

[3] SAAQTFIPNSAG NLREVGLIFHLWPNVPTL ISENIEKCLTQAFDPLGISDWNSLFW 300

[41] SAAQTFIPNSAG NLREVGLBFHLWPNVPTLISENIEKCLTQAFDPLGISDWNSLFW 300
[5] SAAQTFIPNSAG NLREVGLIBFHLWPNVPTL ISEN1EKCLTQAFDPLGISDWNSLFW 300
[6] SAAQTFIPNSAG NLREVGLIEFHLWPNVPTL ISENIEKCLTQAFDPLGISDWNSLFW 300
[7] SAAQTFIPNSAG NLREVGLIFHLWPNVPTL ISENIEKCLTQAFDPLGISDWNSLFW 300
[11 1AHPGGPAILDAVEAKLNLDKKKLEATRHVLSEYGNMSSACVLF I LDEMRKKSLKGEKAT 360
[2] 1AHPGGPA I LDAVEAKLNLDKRKLEATRHVLSEYGNMSSACVLF I LDEMRKKSHKGEKVT 360
[31 1AHPGGPAILDAVEAKLNLEKKKLEATRHVLSEYGNMSSACVLF I LDEMRKKSLKGENAT 360
[4] 1AHPGGPA I LDAVEAKLNLEKKKLEATRHVLSEYGNMSSACVLF I LDEMRKRSLKGENAT 360
[51 1AHPGGPAILDAVEAKLNLEKKKLEATRHVLSEYGNMSSACVLF I LDEMRKKSLKGEKAT 360
[6] IAHPGGPAILDAVEAKLNLEKKKLEATRBVLSEYGNMSSACVLF I LDEMRKKSLKGEKAT 360
[7]1 1AHPGGPAILDAVEAKLNLDKKKLEATRHVLSEYGNMSSACVLF I LDEMRKKSLKGEKAT 360

-% -

=k **kk- *
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[1]
[2]
[31
[4]
[5]1
61
[71

124

TGEGLDWGVLFGFGRGLTIETVVLHSIPMVTN
TGEGLDWGVLFGFGRBGLTIETVVLHSIPMVTN
TGEGLDWGVLFGFGRGLTIETVVLHSIPTITN
TGEGLDWGVLFGFGRBGLTIETVVLHSIPTVTN
TGEGLDWGVLFGFGRGLTIETVVLHSIPMVTN
TGEGLDWGVLFGFGRGLTIETVVLHSIPMVTN
TGEGLDWGVLFGFGSGLTIETVVLHSIPMVTN
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Ilivaxag 11: Avucroiyion twv auvolikov alinlovyicrv evibuwv 4CL ano evwia diapopetikd putika gion. Me
KITpLVI] OKLOO1 QOIvOVTaL 01 dDO COVIHPHUEVES TEPLOYES KOL Ol GUVTHPNUEVES KVoTEIVES. Me tedeio vmodnidvovial
T0. [1] COVTHPHUEVO KOTAAOLTO TWV GUIVOLIKWY GALNAODYIOV, UE THYV AVO-KATW TEAELQ 01 OUOLOYES DTOKATAOTATEIS
TV QIVOEEWY KoL UE TO QOTEPGKL TO. GOVIHPHUEVE Katdloima. Me kvovn okioon opiletar n alinlovyio tov
KAwvoromuévov yovidiov. [1] Glycine max, [2]: kAwvormowmuévo yovioio, [3]: Camelia sinensis, [4] Arabidopsis
thaliana, [5]: Oryza sativa, [6] Allium cepa, [7]: P. Trichoderma x P. deltoids, [8] P. Trichoderma x P.
deltoids, [9] Salvia miltiorrhiza

[1] MITLAPSLD----- TPKTDQNQVSD------ PQTSHVFKSKLPDIPISNHLPLHSYCFQN 49
[2] MITLAPSLD---—-- TPKTDQONQVSD------ PQTSHVFKSKLPDIPISNHLPLHSYCFQN 49
[31 MLSGASAETPKPEFSPPPPQNPQSS----—- SSQTHVFRSKLPHIPISNHLPLHTYRFQN 54
[4] MITAALHEP---QIHKPTDTSVVSDDVLPHSPPTPRIFRSKLPDIDIPNHLPLHTYCFEK 57
[51 MITVAAPEA--—-- QPQVAAAVDEAP--—-- PEAVTVFRSKLPDIDIPSHLPLHEYCFAR 50
[6] MGSISMDQE-—-—-——=—=— === —— TIFRSKLPDIYIPDHLPLHSYCFQH 34
[71 MEAKNDQAQE-—-———-——-— === - FIFRSKLPDIHIPNHLPLHTYCFEN 35
[8] MEANKDQVQE-----—=—=— === —— FIFRSKLPDIYIPNHLPLHTYCFEK 35
[9] MEVP-TMPEE----——-——=— ===~ 1VFRSKLPDI1Y IPKHLPLHSYCFEN 34
* :*:****_* *__***** * * _
[1] LSQFAHRPCL IVGPASKTFTYADTHL I SSKIAAGLSNLGILKGDVVMILLQNSADFVFSF 109
[2] LSQFAHRPCL IVGPASKTFTYADTHL I SSKIAAGLSNLGILKGDVVMILLQNSADFVFSF 109
[3] LSQFPNRPCLLIGSTGKSYSFSXTHLVSRKVASGLSLLGIKKGDVIMLLLQNCAEFVFAF 114
[4] LSSVSDKPCLIVGSTGKSYTYGETHL 1 CRRVASGLYKLGIRKGDVIMILLQNSAEFVFSF 117
[5] AAELPDAPCLIAAATGRTYTFAETRLLCRRAAAALHRLGVGHGDRVMVLLONCVEFAVAF 110
[6] 1QEFSDKPCIIDGITEKVYTYADVELTSKRVAVGLRDLGIRKGHVIMILLPNSPEFAFSF 94
[7] LSRFKDNPCL INGPTGEIHTYAEVELTSRKVASGLNKLGIKQGDVILLLLQNSPEFVFAF 95
[81 LSQFKDNPCLINGPTGDI1YTYADVELTSRKVASGLYKLGLQQGDVILLLLQNSPEFVFAF 95
[9] ISKFSSRPCIINGATGDVYTYEEVEMTARKVASGLSQVGIQQGETIMLLLPNTPEYIFAF 94
. FrRoooL: Sl L.t . tRIoDFL DI oo LI
[1] LAISMIGAVATTANPFYTAPE I FKQFTVSKAKL 1 ITQAMYVDKLRNHDG-—--—- AKLGE 163
[2] LAISMIGAVATTASPFYTAPE I FKQFTVSKEKLV ITQAMYVDKLRNHDG----—-- AKLGE 163
[31 MGASMIGAVTTTANPFYTSAEVFKQFNASKSKL I ITHSQYVDKLRDAGDNF-—---PNWAK 170
[4] MGASMIGAVSTTANPFYTSQELYKQLKSSGAKL I I THSQYVDKLK--—=—=————— NLGE 166
[51 FAASFLGAVTTAANPFCTPQE IHKQFKASGVKLILTQSVYVDKLRQHEAFPRIDACTVGD 170
[6] LGASYLGAMSTTANPYYTPAE IKKQAMGSGVRVIITESCYVPKIK---——-—————— DLEH 143
[7] LGASI IGAISTTANPFYTPAEVAKQATASKAKL I ITQAVYAEKVQEFVK--———=——— EN 146
[81 LGASFIGAISSTANPFYTSAEIAKQATASKAKL I ITHAAYAEKVQQFAQ--—-—-——- EN 146
[9] LGASYIGAVSTMANPFFTPAEVIKQAKASAAKLIITQACYVDKVRDYAA ————————— EA 145

- * =k*ke--- KX K*- X * - *k * ----* - * * - -

nepLoxy mpdécdeong AMP

[11 D-FKVVTVDDP---PENCLHFSVLSEANESD--VPEVE IHPDDAVAMPFSSGTTGLPKGY 217
[2] D-FKVVTVDDP---PENCLHFSVLSEANESD--VPEVE IHPDDAVAMPFSSGTTGLPKGV 217
[31 E-FSVITIDDP---PENCLHFSVLSEANESE--IPTVSIDPDDPVALPFSSGTTGLPKGY 224
[4] N-LTLITTDEPT--PENCLPFSTLITDDETNPFQETVDIGGDDAAALPFSSGTTGLPKGY 223
[51 DTLTVITIDDDEATPEGCLPFWDL IADADEGS-VPEVAISPDDPVALPFSSGTTGLPKGY 229
[6] N-VKIVVIDELVDEHSTCIPFSQLSSADERK--LPEVEISPDDVVALPYSSGTTGLPKGV 200
[7]1 VHVKIVTVDSP---PENYLHFSELTNSDEDD--1PAVEINPDDVVALPYSSGTTGLPKGV 201
[8] DHVKIMT IDSL---TENCLHFSELTSSDENE--IPTVKIKPDD IMALPYSSGTTGLPKGV 201
91 G- AKVVCIDAP———PAGCLTFSELTAADERE——MPAVKIHPEDAVALPYSSGTTGLPKGV 199
.o - % * - * * -* * - * ***********
[11 ILTHKSLTTSVAQQVDGENPNLYLTTEDVLLCVLPLFHIFSLNSVLLCALRAGSAVLLMQ 277
[2] ILTHKSLTTSVAQKIDGENPNLYLTTEDVLLCVLPLFHIFSLNSVLLCALRAGSAVLLMQ 277
[31 ILTHKSL 1SSVAQQVDGENPNLRLKGEDMVLCVLPLFHIYSLNSVLLCSLRAGTGVLLMH 284
[4] VLTHKSL ITSVAQQVDGDNPNLYLKSNDV ILCVLPLFHIYSLNSVLLNSLRSGATVLLMH 283
[51 VLTHRSVVSGVAQQVDGENPNLHMGAGDVALCVLPLFHIFSLNSVLLCAVRAGAAVALMP 289
[6] MLTHEGL I TSVAQQVDGENPNLYFRSDDVLLCVLPLFHIYSLNSVLLCGLRAGSTILLMR 260
[7] MLTHKGLVTSVAQQVDGENPNLYFHEKDV ILCVLPLFHIYSLNSVLLCGLRVGSAILLMQ 261
[8l MLTHKGLVTSVAQQVDGENPNLYFHERDVILCVLPLFHIYSLNSVFLCGLRAGSAILVMQ 261
9] MLTHKGLVTSVAQQVDGENPNLY IHSEDVMLCVLPLFHIYSLNSVLLCGLRVGAAILIMQ 259

-k*kx - = KAk = -kk-Kkkkihk - EEEE & & e U s -k K= - -%
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KFEIGTLLEL IQRHRVSVAMVVPPLVLALAKNPMVADFDLSS IRLVLSGAAPLGKELEEA
KFEIGTLLEL 1QRHRVSVAMVVPPLVLALAKNPMVADFDLSS IRLVLSGAAPLGKELEEA
KFEIGALLEL 1QRHRVSVAAVVPPLVLALAKNPMVVTFDLSS IRMVLSGAAPLGKELEEA
KFE1GALLDL1QRHRVTIAALVPPLVIALAKNPTVNSYDLSSVRFVLSGAAPLGKELQDS
RFEMGAMLGAIERWRVTVAAVVPPLVLALAKNPFVERHDLSS IR1VLSGAAPLGKELEDA
KFDLTKVVELVGKYRVTIAPFVPPICIEIAKNDMVGMCNLLN IRMVMSGAAPMGKELEDK
KFEITVTLMELVQKYKVTIAPFVPPVVLAVAKCPVVDKYDLSSIRTVMSGAAPMGKELEDT
KFDTVSLMDLVQKYKVTIAPLVPPICLAIAKSPVVDQYDLSSIRTVLSGAAPLGKELEDT
KFEIVPFLDLMQRYKVTIGPFVPPIVLAIAKSPLVAKYDLSSVRMVMSGAAPLGKELEDS

-*- - -*-- ***- - -** * -* -* * ***** ****--

LRNRMPQAVLGQGYGMTEAGPVLSMCLGFAKQPFQTKSGSCGTVVRNAELKVVDPETGRS
LRNRMPQAVLGQGYGMTEAGPVLSMCLGFAKQPFQTKSGSCGTVVRNAELKVVDPETGRS
LRARVPQAIFGQGYGMTEAGPVLSMCLAFAKQPFPTKSGSCGTVVRNAELKVIDPETGCS
LRRRLPQAILGQGYGMTEAGPVLSMSLGFAKEP IPTKSGSCGTVVRNAELKVVHLETRLS
LRARLPQAIFGQGYGMTEAGPVLSMCPAFAKEPTPAKSGSCGTVVRNAELKVVDPDTGFS
LKEKMPNAVLGQGYGMTEAGPV 1 SMCPGFAKHPTQAKSGSCGT I VRNAELKVMDPETGFS
VRAKLPNAKLGQGYGMTEAGPVLSMCLAFAKEPFE IKSGACGTVVRNAEMKIVDPDTGRS
VRAKLPNAKLGQGYGMTEAGPV I AMCLAFAKEPFE IKSGACGTVVRNAEMKI1VDPETGES
VRTKFPNAKLGQGYGMTEAGPVLSMCLAFAKEPFEIKSGACGTVVRNAEMKIIDPQTGVS

-- - * * -************- -* *** * *Khk - *** ***** *- - *

IepLoxn evepyol KEVIPOU

LGYNQPGEICIRGQQIMKGYLNDEAATAST IDSEGWLHTGDVGYVDDDDE IF1VDRVKEL
LGYNQPGEICIRGQQIMKGYLNDEAATAST IDSEGWLHTGDVGYVDDDDE I FIVDRVKEL
LGPNHSGE I1CIRGPQIMKGYLNHAEATATT I1DVDGWLHTGD IGYVDDDDE-V1VDRVKEL
LGYNQPGEICIRGQQIMKEYLNDPEATSAT IDEEGWLHTGDIGYVDEDDEIFIVDRLKEV
LGRNLPGEICIRGPQIMKGYLNDPEATAAT IDVEGWLHTGD IGYVDDDDEVF 1VDRVKEL
LGRNLPGEICIRGPQIMKGYLNDPEATSSTIDLEGWLHTGD IGYVDDDDEVF IVDRVKEL
LPRNQSGEICIRGSQIMKGYLNDPEATERTVDNDGWLHTGD IGY IDGDDELF 1'VDRLKEL
QPRNKTGEICIRGCQIMKGYLNDPEATERT IDKDGWLHTGDIGY ID-EDELF1VDRLKEL
LGRNQSGEICIRGDQIMKGYLNDPESTKNTIDEDGWLHTGDIGFIDADDELFIVDRLKEI

* ******* Rk = *** * * -******* *- -* -** **** **-

IKYKGFQVPPAELEGLLVSHPS IADAAVVPQKDVAAGEVPVAFVVRSNGFDLTEEAVKEF
IKYKGFQVPPAELEGLLVSHPS1ADAAVVPQKDVAAGEVPVAFVVRSNGFDLTEEAVKEF
IKFKGFQVPPAELEALLVSHPS 1ADAAVVPQKDDVAGEVPVAFVVRSNGLELTEDAVKEF
IKFKGFQVPPAELESLL INHHS 1ADAAVVPQNDEVAGEVPVAFVVRSNGND I TEEDVKEY
IKFKGFQVPPAELESLL1AHPS 1ADAAVVPQKDDVAGEVPVAFVVRAADSD ITEES IKEF
IKFKGFQVPPAELESLLVSHPCIADAAV I PQKDEVAGEVPVAFVVKASGSD I TEDAVKEF
1KYKGFQVAPAELEAML 1AHPD I SDCAVVPMKDEAAGEVP IAFVVRANGSKITEDE IKQY
IKYKGFQVAPAELEAML I AHPN 1 SDAAVVPMKDEAAGEVPVAFVVRSNGSKITEDE IKQY
IKYKGFQVAPAE IEALLLNNPY I SDAAVVSMQDEQAGEVPVAFVVRSNGST ITEDE IKQF

KAk =khkkhkkhkk Khkhk-k =-%k- - K=k Kk -% EE ko I o R -kk - -k - -

1AKQVVFYKRLHKVYFVHA I PKSP-SGK I LRKDLRAKLETAATQTP——————————————
1AKQVVFYKRLHKVYFVHAIPKSP-SGKILRKDLRAKLETAATQTP—————————————-
1AKQVVFYKKLHKVYFVPCHSQSLLSGK I LRKDLRAKLGHVRSLSNSLET 1 YMYLFDFHL
VAKQVVFYKRLHKVFFVAS I PKSP-SGKILRKDLKAKLC--——===—=————————————
1SKQVVFYKRLHKVHF IHAIPKSA-SGKILRRELRAKLAAC-———————m e e e e e e
1SKQVVFYKRLQTVYFVHAIPKSP-SGKILRKDLRARLSSFT———————mmmm e e
1SKQVVFYKRISRVFFTEAIPKAP-SGKILRKDLRARLATGDFL IKFQHDTYMQKQQ---
1SKQVIFYKRIGRVFFTEAIPKAP-SGKILRKDLRARVSAGDLPCTSDS--—-—-——-—-
I1SKQVIFYKRINRVFFIDAIPKSP-SGKILRKDLRARLAAAY —— == = — e e e e

- mkkk-Kkkk - - * * -- Fhkkkhk - -k-Kk- -
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Ilivaxag 12: Avuotoiyion twv ouvolikav allnlovyicrv evivouwyv CHS mpoepyduesvawv omd oxtd 010popetikd.
QUTIKG, €0N. Me Kitpivy okioon gaivoviol 01 GOVIHPHUEVES TEPIOYES TOV OPIOGETOVY TNV TEPIOYT FEGUEDGHS TOD
Mnlovoro-CoA. Me mpdoivy okioon @aivoviar 10, KOTAAOLTO. TOL GOVIGTODY TO EVEPYO KEVTIPO TOv evivuov. Me
Kvovy okioon opiletar n alinlovyio tov Klwvomoinuévov yovidiov. Me pol okiaon onuoivovior to. opuvolika
KOTOAOITO, TOV GOVIGTOVY TO OGHUEIO TPOCOEGNS TOV TaPAYOUEVOD TPoiovTog. Me v teleio vmodnAmvovior to. un
OOVTNPHUEVO. KOTAAOLTO. TWV opvoLIK@V alAnAovyidv, ue Ty avw-kdTw Teleion o1 OUOA0YES DTOKOTAOTACEIS TV
ovoléwv kar ue 10 aotepdkl o1 oovinpnueves mepioyés. [1] Pueraria lobata, [2]: Arachis hypogaea, [3]:
Medicago tranculata, [4] xlwvomomuévo yovidio, [5]: Pisum sativa, [6] Abelmoschus manihot, [7]: Vitis
vinifera, [8] Arabidopsis thaliana

nmm - MVSVAEIRQAQRAEGPATILAIGTANPPNCVDQSTYPDYYFRITNSEHMTELKEK 55
- - MVNVSE IRKAQRAEGPAT IMAIGTATPQNCVDQSTYPDYYFRITNSQHMTELKEK 55
~kK MVSVSE IRNAQRAEGPAT ILAIGTANPANCVEQSTYPDFYFKITNSEHKTELKEK 55
+~ - MVSVEE I1RNAQRAEGPATVMAIGTATPPNCVDQSTYPDYYFRITNSEHMTELKEK 55
kL - MVTVDE IRQAQKAEGPATVLAIGTATPPNCVDQSTYPDYYFRITNSEHKTELKEK 55
6t - MVTVEEVRKAQRAEGPATVLAIGTSTPPNCVDQSTYPDYYFRITKSEHKTELKEK 55
rmf - MVTVNEVRNAQRAEGPATVMAIGTATPPNCVDQSTYPDYYFRITNSEHKTELKEK 55
81 MVMAGASSLDE IRQAQRADGPAG I LAIGTANPENHVLQAEYPDYYFRITNSEHMTDLKEK 60
o * - * ** * *xx ::****- * * * *- *Khk - ** *x - * * * - ****
1] FQRMCDKSMIKKRYMYLTEE I LKENPNMCAYMAPSLDARQDMVVVEVPKLGKEAATKAILIK 115
[2] FOQRMCDKSMIKKRYMYLTEE I LKENPNMCKYMAPSLDARQDMVVVEVPRLGKEAATKAIK 115
[31 FORMCDKSMIKRRYMYLTEE I LKENPSVCEYMAPSLDARQDMVVVEVPRLGKEAAVKAIK 115
[41 FKRMCDKSMIKKRYMYLNEE I LKENPSVCAYMAPSLDARQDMVVVEVPKLGKEAATKAIK 115
[5] FOQRMCDKSMIKKRYMHLTEE I LKENPSVCEYMAPSLDARQDMVVVEVPKLGKEAATKAIK 115
61 FKRMCEKSMIKKRYMYLTEE I LKENPNVCEYMAPSLDARQDMVVVEVPKLGKEAATKAIK 115
[7]1 FKRMCDKSMIKKRYMHLTEE I LKENPNVCEYMAASLDARQDMVVVEVPKLGKEAAAKAIK 115
8l FKRMCDKSTIRKRHMHLTEEFLKENPHMCAYMAPSLDTRQDIVVVEVPKLGKEAAVKAIK 120

* - *** ** *--* * * ** *hkkk -* *xxk *** ***-

[1] EWGQPKSKITHLIFCTTSGVDMPGADYQLTKQLGLRPYVKRYMMYQQGCFAGGTVLRLAK 175
[2] EWGQPKSKITHLIFCTTSGVDMPGADYQLTKLLGLRPSVKRYMMYQQGCFAGGTVLRLAK 175
[31 EWGQPKSKITHLIVCTTSGVDMPGADYQLTKLLGLRPYVKRYMMYQQGEFAGGTVLRLAK 175
[41 EWGQPKSKITHLIFCTTSGVDMPGADYQLTKLLGLRPSVKRYMMYQQGCFAGGTVLRLAK 175
[5] EWGQPKSKITHLIFCTTSGVDMPGADYQLTKLLGLRPHVKRYMMYQQGEFAGGTVLRLAK 175
61 EWGQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVKRLMMYQQGEFAGGTVLRVAK 175
[7]1 EWGQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVKRFMMYQQGEFAGGTVLRLAK 175
8l EWGQPKSKITHVVFCTTSGVDMPGADYQLTKLLGLRPSVKRLMMYQQGCFAGGTVLRIAK 180
*xxk - **
[1] DLAENNKGARVLVVCSEBIAVTFRGPSDTHLDSLVGQALFGDGAAAV IVGSDP-IPQVEK 234
[2] DLAENNKGARVLVVCSEBRIAVTFRGPSETHLDSLVGQALFGDGAAAL IVGSDP-LPQIEK 234
[31 DLAENNKGARVLVVCSEVIIAVTFRGPSDTHLDSLVGQALFGDGAAAL IVGSDP-VPEIEK 234

[4] DLAENNKGARVLVVCS
[5] DLAENNKGARVLVVCS
61 DLAENNKGARVLVVCS

VTFRGPTDTHLDSLVGQALFGDGAAAV IVGSDP-LP-VEK 233
AVTFRGPSDTHLDSLVGQALFGDGAAAV IVGSDP-LPQVEK 234
AVTFRGPSDTHLDSLVGQALFGDGAAAV I IGADP-IPEIEK 234

[7]1 DLAENNKGARVLVVCSEBIAVTFRGPSDTHLDSLVGQALFGDGAAAV IVGSDP-IPGVEK 234
8l DLAENNRGARVLVVCS AVTFRGPSDTHLDSLVGQALFSDGAAALIVGSDPDTSVGEK 240
- -* * ** *x
1] PLYELVWTAQT IAPDSEGARBGHLREVGLIIFHLLKDVPG IVSKNIDKALFEAFNPLNISD 294
[2] PVFELVWTAQTLAPDSEGABBGHLREVGLIBFHLLKDVPGIVSKNINKALTEAFDPLGISD 294
[31 PIFEMVWTAQT IAPDSEGARBGHLREAGLIIFHLLKDVPG IVSKNI TKALVEAFEPLGISD 294
[4] PLFQLVWTAQT I LPDSEGAIDGHLREVGLIFHLLKDVPGL I SKN1EKALVEAFQPLGISD 293
[5] PLFELVWTAQT I LPDSEGARBGHLREVGLIIFHLLKDVPGL 1 SKNIEKALVEAFQPLGISD 294
[6] PMFELVSAAQT ILPDSDGABBGHLREVGLIBFHLLKDVPGL I SKNIEKSLVEAFQPLGISD 294
[71 PMFELVSAAQT I LPDSDGARBGHLREVGLIIFHLLKDVPGL I SKNIEKSLNEAFQPLGIKD 294
81 P1FEMVSAAQT I LPDSDGABBGHLREVGLFHLLKDVPGL ISKN1VKSLDEAFKPLGISD 300
*: --- -% -***- *** ********* ************- -**** * - * *x*k ** * *
1] YNSIFWIAHPGGPA I LDQVEQKLGLKPEKMKATRDVLSDYGNMSSACVLF ILDEMRRKSA 354
[2] YNS1FWIAHPGGPA I LDQVEDKLKLKPHKLRATRDVLSDYGNMSSACVLFILDHMRNKSL 354
[31 YNSIFWIAHPGGPA I LDQVEQKLALKPEKMNATREVLSEYGNMSSACVLFNLDEMRKKST 354
[4] YNS1FWIAHPGGPA I LDQVEAKLGLKPEKMEATRHVLSEYGNMSSACVLFILDQMRKKSI 353
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[51 YNSLFWIAHPGGPAILDQVEAKLSLKQRKMQATRHVLSEYGNMSSACVLFILDEMRRKSK 354
[6] WNSLFWIAHPGGPA I LDQVEAKLALKPEKLRATRHVLSEYGNMSSACVLFILDEMRKSSK 354
[7]1 WNSIFWIAHPGGPAILDQVEEKLALKPEKLRSTRHVLSEYGNMSSACVLFILDEMRRKSA 354
[8] WNSLFWIAHPGGPAILDQVE IKLGLKEEKMRATRHVLSEYGNMSSACILFI LDEMRRKSA 360
-** KAhAkAkAkAkAAkkhkAhkAkhkkhkdx *k *% *- _-** *Khk - ******** ** ** ** _
[11 ENGLKTTGEGLEWGVLFGFGPGLTIETVVLRSVAI 389
[2]1 QQGLQTTGEGLEWGVLFGFGPGLTIETVVLHSVAI 389
[3] QONGLKTTGEGLEWGVLFGFEGPGLTIETVVLRSVTI1 389
[4] ENGLGTTGEGLDWGVLFGFGPGLTVETVVLRSVTV 388
[5] EEQLGTTGEGLEWGVLFGFGPGLTVETVVLHSVAT 389
[el ENGLGTTGEGLEWGVLFGFGPGLTVETVVLHSVTA 389
[7] EEGLKTTGEGLEWGVLFGFEGPGLTVETVVLHSVST 389
[8l KDGVATTGEGLEWGVLFGF PGLTVETVVLHSVPL 395

-**
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Abstract: Chemical or biological synthesis of plant secondary metabolites has attracted increasing
interest due to their proven or assumed beneficial properties and health promoting effects.
Resveratrol, a stilbenoid, genistein, an isoflavone, and kaempferol and quercetin as flavonols have
been shown to possess high nutritional and agricultural value. Four metabolically engineered yeast
strains harboring plasmids with heterologous genes for biosynthesis of these compounds in the
presence of phenylalanine have been constructed. Time course analyses of precursor utilization
and end-product accumulation were carried out establishing the production of 0,29-0,31 mg/L of
resveratrol, 0,1-7,7 mg/L of genistein, 1-4,6 mg/L of kaempferol and 0,26-0,38 mg/L of quercetin in
defined media under optimal growth conditions. The obtained metabolically engineered
recombinant yeast strains can be used further for the construction of improved flavonoid- and

stilbenoid-overproducers.
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Plant natural products derived from phenylalanine and the phenylpropanoid pathway are impres-
sive in their chemical diversity and are the result of plant evolution, which has selected for the ac-
quisition of large repertoires of pigments, structural and defensive compounds, all derived from a
phenylpropanoid backbone via the plant-specific phenylpropanoid pathway. These compounds are
important in plant growth, development and responses to environmental stresses and thus can
have large impacts on agricultural productivity. While plant-based medicines containing phenyl-
propanoid-derived active components have long been used by humans, the benefits of specific
flavonoids and other phenylpropanoid-derived compounds to human health and their potential for
long-term health benefits have been only recognized more recently. In this part of the review, we
discuss the diversity and biosynthetic origins of phenylpropanoids and particularly of the flavonoid
and stilbenoid natural products. We then review data pertaining to the modes of action and bio-
logical properties of these compounds, referring on their effects on human health and physiology
and their roles as plant defense and antimicrobial compounds. This review continues in Part Il dis-
cussing the use of biotechnological tools targeting the rational reconstruction of multienzyme
pathways in order to modify the production of such compounds in plants and model microbial
systems for the benefit of agriculture and forestry.
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Phenylpropanoid metabolism, which encompasses natu-
ral product metabolic pathways unique to plants, trans-
forms phenylalanine (Phe) into a variety of important sec-
ondary products, including lignins, sinapate esters, stil-
benoids and flavonoids. These products of phenyl-
propanoid metabolism generate a large number of plant
secondary metabolites, compounds not required for nor-
mal growth and development, through metabolic path-
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ways common to all plants. According to Metcalf [1] they
are expected to exist between 50 000 and 100 000 plant
secondary metabolite products, and approximately 20% of
the carbon fixed by photosynthesis is believed to be chan-
neled into the phenylpropanoid pathway, generating the
majority of the phenolic compounds found in nature, in-
cluding flavonoids and stilbenoids [2]. Amongst these
compounds, flavonoids are of exceptional interest and
represent one of the most diverse and largest groups of
plant natural products. Much of the increasing interest in
flavonoids is owed to the beneficial properties they pos-
sess with respect to human health, as reviewed recently
by Dixon [3]. However, these compounds also play impor-
tant roles in plants themselves, especially as pigments
and defense compounds [4, 5]. Although more than 6500
different flavonoid products of plant secondary metabo-
lism have been characterized in various plant species [6],
it is speculated that their number may exceed 8000 [7, 8].

The biosynthesis of phenylpropanoid compounds is
not only developmentally activated in specific tissues and
cell types, but can also be activated in other tissues in re-
sponse to environmental stresses such as wounding,
pathogen infection or UV irradiation [9].

An overview of structures of flavonoids, stilbenoids,
and the important phenylpropanoids lignin and lignans
and their biosynthetic origins from primary metabolism,
is shown in Fig. 1. Phenylalanine, as an endproduct of the
shikimate pathway, is a key intermediate, linking the pri-
mary metabolism with phenylpropanoid, flavonoid, and
stilbenoid secondary metabolic pathways. The shikimate
pathway is defined as the seven metabolic steps begin-
ning with the condensation of phosphoenolpyruvate and
erythrose 4-phosphate and ending with the synthesis of
chorismate and is a common metabolic pathway, found in
microorganisms and plants but never in animals [10],
leading to the production of the aromatic amino acids
phenylalanine, tyrosine and tryptophan.

The structural diversity of phenylpropanoids derived
from phenylalanine and the key phenylpropanoid inter-
mediate p-coumarate, partially illustrated in Fig. 1, is due
to the action of enzymes and enzyme complexes that
bring about regio-specific condensation, cyclization,
aromatization, hydroxylation, glycosylation, acylation,
prenylation, sulfation, and methylation reactions [11]. In
these multiple-branched biosynthetic steps, many en-
zymes catalyze a core set of chemical transformations but
utilize diverse substrates and thus possess synthetic ca-
pabilities that extend the p-coumarate phenylpropanoid
skeleton (C;~C,, Fig. 1) into a vast array of secondary
metabolites. Such a rich enzymatic product diversity is
the result of the ongoing process of evolution, as plants
continually develop a dynamic chemical armory in order
to defend, acclimate or attract [4, 6, 11]. The improved lev-
el of functional understanding of these complex biosyn-
thetic pathways has led to a more complete appreciation
of the mechanisms of individual biosynthetic reactions
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and in some cases evidence for a spatial architecture of
multiprotein complexes that may be vital to the control of
metabolic flux and intermediate channeling [12]. This un-
derstanding also provides a practical and rational basis for
engineering useful metabolic traits for the human benefit
into agriculturally important plants [13, 14] and model mi-
crobes [15].

Amongst the phenylpropanoids, flavonoids (Cyi-Cy-
Cq, Fig. 1) and the closely related stilbenoids (CG—CZ—CG,
Fig. 1) have received significant attention in the past few
years because they appear to have diverse functions in
plants, for example as antimicrobial agents (phytoalex-
ins), photoreceptors, visual attractors (flower pigments),
UV protectants, feeding repellants (insect and herbivore
protectants), signals in the early steps of rhizobium-
legume symbiosis, regulators of auxin transport and
stimulators of pollen germination [6, 16]. Effects on human
health as antiallergic, anti-inflammatory, antithrombotic,
and anticancer agents have been described [4, 7, 16, 17].
Flavonoids and stilbenoids also appear to have powerful
antioxidant action, thus offering remarkable protection
against factors that induce oxidative stress and against
the damage caused by free radicals [18-21]. We further re-
view these biological properties in a later section.

Plant extracts have been used since ancient times to
treat many kinds of diseases or physiological maladies, al-
though practitioners never knew the mechanisms of ac-
tion of their medicines. Efforts were focused on finding
plant species whose extracts were effective in traditional
medicine. This central philosophy is still retained in the
search for bioactive plant compounds with human health
benefits, although efforts are now focused on elucidating
the biochemical nature of bioactive compounds. This
knowledge provides industrial users the potential to de-
velop alternative methods for the production of those
compounds, either by chemical synthesis or by the use of
biotechnological tools. In this review, we focus on ad-
vances that have been made with respect to the biologi-
cal functions of flavonoids and stilbenoids in plants and
effects on human health. We also give perspectlives on
biotechnological approaches for engineering complex
pathways for the production of phenylpropanoid-derived
compounds with high added value by methods more effi-
cient than isolation from plant extracts. Understanding
the chemical nature of natural products with effects on
plant health, growth and development also opens the door
to using biotechnological tools targeting the rational re-
construction of multienzyme pathways to modify the pro-
duction of such compounds in plants used for agriculture
and forestry. A detailed description of such biotechnolog-
ical advances is given in Part II of this review [22].
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Figure 1. Diagram of biosynthetic relationships of the phenylpropanoid metabolism (shaded area) and the metabolic connection to the plant primary me-
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but not included. Solid lines indicate sequential biosynthetic steps. Chemical structures are used only to show the characteristics of the flavonoid
(C4~C4—C; flavan or flavonoid backbone) and stilbenoid (C¢-C,~-C stilbene backbone) as well as the general phenylpropanoids (C,~C, phenylpropanoid

backbone) molecular structure.

2 Structural properties

The abundance as well as the diversity of phenyl-
propanoid pathway products with particular reference to
flavonoids makes it critical to use an agreed upon nomen-
clature and categorization, to facilitate communication
between groups, especially those in different disciplines
(chemistry, plant biology, human health). Plant natural
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products can mean different things to the chemist, bio-
chemist and molecular biologist. Due to space limitations
we adopted in most instances names used in the litera-
ture and confined nomenclature to those substitution pat-
terns exhibited by monomeric natural products that are
available in quantities sufficient for preparative purposes
[23]. The late Professor Harborne, a leading light in the
field for many years, has prepared edited encyclopedic
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lists of plant phenolic compounds arranged taxonomical-
ly, including phenylpropanoids [24, 25]. In this review, we
will focus only on the most important major groups with
greater emphasis on the flavonoids and stilbenoids. We
followed where was appropriate the classification pub-
lished recently [26, 27].

As shown in Fig. 1, p-coumarate (p-hydroxycinna-
mate), derived from phenylalanine, is a key phenyl-
propanoid intermediate for the formation of stilbenoid and
flavonoid groups, as well as for other phenylpropanoids
such as lignans and lignins. The chemical structures of
the stilbenoid class of compounds are characterized by
the stilbene backbone that is based on a C;—C,—Cy skele-
ton. In the literature the term “flavonoids” is generally
used to describe a broad collection of natural products
that include a Cy-C,~C; carbon framework, or more
specifically possess a phenylbenzopyran functionality (for
example the flavan backbone, shown in Fig. 1, otherwise
termed also flavonoid core). Thus, depending on the posi-
tion of the linkage of the aromatic ring to the benzopyra-
no (chromano moiety, rings A and C) moiety, the flavonoid
group of natural products may be divided into four class-
es: the major flavonoids (2-phenylbenzopyrans, Fig. 24),
the isoflavonoids (3-benzopyrans, Fig. 2B), the neo-
flavonoids (4-benzopyrans, Fig. 2C) and the minor
flavonoids (Fig. 2D). In the last class the term “minor” is
used only to distinguish cases where this basic flavonoid
structure with the flavan core is not retained and the het-
erocyclic 6-carbon C ring is either open, as in chalcone
(chalcones, Fig. 2D), or replaced by a b-carbon ring, as in
aurones (aurones and auronols, Fig. 2D).

All these groups usually share a common chalcone
precursor and therefore are biogenetically and structural-
ly related [26]. They differ in the saturation of the het-
eroatomic ring C, in the placement of the aromatic ring B
at the positions C-2, C-3, or C-4 of ring C and in the over-
all hydroxylation patterns (Figs. 1 and 2). Flavonoids may
be modified by hydroxylation, methoxylation, or O-glyco-
sylation of hydroxyl groups as well as C-glycosylation di-
rectly to the carbon atom of the flavonoid skeleton. In ad-
dition, alkyl groups (often prenyls) may be covalently at-
tached to the flavonoid moieties and additional rings may
be condensed to the basic skeleton of the flavonoid core
(not included in Fig. 2). The last modification takes place
most often in the case of isoflavonoids, where the B ring
is condensed to the C-3 carbon atom of the skeleton [26].
Flavonoid glycosides are frequently acylated with aliphat-
ic or aromatic acid molecules [23].

The most informative method of further flavonoid clas-
sification is based on chemical group (hydroxyl groups,
oxygen, methyl groups) attachment to the phenylben-
zopyran core, which contribute greatly to the diversity of
flavonoids and their conjugates [24]. In Fig. 2, a subcate-
gorization system is presented in detail with molecular
structures of the most common representatives of each
class. This classification into subgroups relies on the pat-
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tern of substitutions of the main class of flavonoid core
structure. Among the most important categories of the
major flavonoids that share the same name are: a.
flavonols, b. flavanones, ¢. dihydroflavonols, d. flavones, e.
flavanols and f. anthocyanidins (Fig. 2A). The molecular
positions 3, b, 7, 3’, and 4’ are the most frequent hydrox-
ylation sites, while the positions 3, b, 6, 7, 8 and 4’ are the
most frequent C- and/or O-glycosylation sites of flavones
and flavonols [23]. Under the same pattern of categoriza-
tion the major subgroups of isoflavonoids shown in Fig. 2B
are the isoflavones, isoflavanones, isoflavanols and ptero-
carpans. In these subgroups, the most frequent hydroxy-
lations occur in the b, 7, 2', 3’ and 4’ sites, while the sites
6,7, 8 and 4" are the most frequent C- and/or O-glycosy-
lation sites of isoflavones [23]. The neoflavonoids as a
newer division of the flavonoids are divided further into
subgroups, according to the type of less common
flavonoids with the 4-substitution of the phenyl group
like 4-arylcoumarins, 3,4-dihydro-4-arylcoumaring, neo-
flavenes and prop-2ene-1,1-diyldibenzene (Fig. 2C). The
group of minor flavonoids includes the subgroups of 2'-
OH chalcones, 2'-OH dihydrochalcones, aurones and au-
ronols (Fig. 2D). Recently, very interesting bioactive de-
rivatives have been identified such as xanthohumol (a
prenylated methoxychalcone) and its isomer isoxantho-
humol (a prenylated naringenin) that appear to be very
promising cancer chemopreventive agents [28], as will be
discussed in a later section.

With respect to flavonoids found in human diets, the
most interesting flavonoid groups are flavones, fla-
vanones, flavanols or cateching, dihydroflavanols, chal-
cones, aurones, anthocyaniding, isoflavones, flavonols
[29]. An example of flavonoids important for their negative
dietary impacts for animals [30] and insect pest diets are
condensed tannins, polymers of flavan-3, 4-diols, and fla-
van-3-ols (I'igs. 1 and 2). Except the condensed tannins,
other stilbenoid and flavonoid polymers constitute the
viniferins (di- or trimer of resveratrol) and lignans (as
C4—C, dimers) and lignins (as C4~C, polymers) as poly-
merized phenylpropanoids (Fig. 1).

In plants, flavonoids and stilbenoids are usually glyco-
sylated. The fact that most flavonoids nearly always occur
in combined form, usually as glycosides, in actively me-
tabolizing plant tissues suggests that such attachment to
these compounds is an important part of plant’s economy,
at least because the glycosides have greater sap solubili-
ty and more mobility than their aglycon forms. Also stor-
ing these phenolics in a glycoside form may well be a
method of plants in which these compounds do not inter-
fere with more vital cellular mechanisms, due to their
properties as is mentioned below. The flavone and
flavonol O-glycosides make up one of the largest classes
of flavonoid constituents with over 2000 known structures
and their structures show that some pattern in the glyco-
sylation can be noted [24, 31]. There is always a sugar at
the 3-position (Fig. 2). If a second position is glycosylated
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it is commonly the 7-position. Thus 3,7-diglycosides are
common whereas 3,4’-diglycosides are rare. The frequen-
cies with which the OH-groups of flavonols are glycosy-
lated are 3>>7>4">3’ [32]. A great majority (97%) of the
anthocyanidin glycosides known today are glycosylated
in nature and they occur with similar pattern to that of
flavonols bearing glycosidic moieties in the anthocyani-
din 3-, 5-, 7-, 3'- or b’-position [33]. Nearly all anthocyanins
have a sugar located at the 3-position, showing that
3-glycosylation is essential for the stability of the pigment.
If anthocyanins possess a second sugar moiety, this is
usually located at their 5- or 7-positions. The glycosidic
pattern of flavanones is similar to that of flavones with the
7-glucosides to being the most common.

The chalcone glycosides appear to occur carrying the
sugar usually in the 4'-position [32], while the aurones
appear to be present in plants mainly as 6-glucosides,
both positions corresponding to the /-position on flavones
and flavanones (see Fig. 2). Although the glycosylated
form is the most common, flavonoids also rarely accumu-
late in the form of aglycons. Another substituted flavonoid
group consists of the sulfated flavonoids, which are ap-
parently restricted to certain plant species. Sulfated es-
ters of flavonoids represent an interesting group as they
were shown to possess anticoagulant properties and have
been found in a number of plant species especially in the
Asteraceae family [34]. On the other hand, sulfated
flavonoids and stilbencids may be nonactive forms trans-
formed after their metabolism in human and animal liver
[34, 35].

3 Flavonoids and stilbenoids biosynthesis

The molecular biology and biochemistry of biosynthesis
of phenylpropanoids in general has been the subject of
several recent reviews [11, 12, 36, 37] and will not be dis-
cussed in detail here. As mentioned above, all flavonoids,
stilbenoids and an immense diversity of phenylpropanoid
and phenolic compounds are derived from phenylalanine,
by way of general phenylpropanoid metabolism that pro-
duces hydroxycinnamic acids (p-courmnarates) and its ac-
tivated CoA esters, as shown briefly in Fig. 1 and in detail
in Fig. 3. Flavonoids and stilbenes are synthesized from a
coenzyme A (CoA) activated phenylpropanoid starter unit
and three malonyl-CoA extender units (Fig. 3). The three
common enzymes in the general phenylpropanoid path-
way are PAL, C4H and 4CL (Table 1, Fig. 3) and the ma-
jority of compounds, including important phenyl-
propanoids such as lignin, are produced using hydroxyci-
nammoyl-CoA esters as intermediates [36]. Some of the
many steps in the biosynthesis of diverse flavonoids [38]

www.biotechnology-journal.com

are shown in Fig. 3, and the enzymes known to be in-
volved at the various steps are listed in Table 1. Recentre-
views summarize the biochemistry of the biosynthetic
pathways of flavonoids [37, 39] and stilbenoids [40]. Be-
cause of their importance from the metabolic engineering
point of view, for the purposes of this review (Part II, [22]),
only the primary enzymatic steps leading to the formation
of all the diverse molecules of each group will be briefly
described. The entry point enzyme for flavonoid biosyn-
thesis, CHS, catalyzes the condensation of one p-
coumaryl-CoA molecule with three malonyl-CoAs to pro-
duce chalcone and ring closure catalyzed by chalcone iso-
merase (CHI) produces the central intermediate narin-
genin (Fig. 3). A related but distinct reaction carried out
by stilbene synthase (STS), closely related to CHS, pro-
duces stilbenes such as resveratrol in some species (Fig.
3). A large number of further reactions catalyzed by en-
zymes such as those listed in Table 1 modily the basic
flavonoid backbone to produce the diversity of flavonoids
and flavonoid derivatives, and major reactions are shown
in Fig. 3. This variety of enzymes, including members of
the cytochrome P450 hydroxylase requiring the activity of
an NADPH-cytochrome P450 reductase (CPR), NADPH-
dependent reductase, 2-oxoglutarate-dependent dioxy-
genase (ODDs), O-methyltransferase (OMT), acyl and gly-
cosyltransferase (UGT) families (shown in Table 1), appear
to have been recruited into new functions during the rap-
id evolution that accompanied the domination of plants in
moist land environments [41]. For this reason, as argued
by Stafford [41] these basic synthases, hydroxylases and
reductases of the flavonoids and stilbenoids pathways are
presumed to have evolved from enzymes of primary me-
tabolism. The author further suggested that appearence
of flavonoids must have been preceded by that of the
phenylpropanoid and malonyl-CoA pathways, but
evolved prior to the lignin pathway, as the latter is con-
nected with the evolution of vascular plants, the tracheo-
phytes.

Structural evidence for these conclusions is derived
from the fact that resveratrol synthase (RS), also known as
STS, has evolved in a limited number of phylogenetically
related plants by gene duplication and subsequent mech-
anistic divergence from CHS [42]. Although both enzymes
employ the same substrate, RS catalyzes an aldol con-
densation that forms the stilbene backbone of resveratrol,
a C14 skeleton and related antifungal phytoalexins [11, 40]
(Figs. 2 and 3). On the other hand, CHS, the initiating en-
zyme of the flavonoids biosynthesis, catalyzes the elon-
gation of the p-coumaroyl-CoA unit to naringenin chal-
cone, a C15 skeleton molecule (Fig. 3). The intramolecular
cyclization of chalcone and 6-deoxychalcone, both syn-
thesized by CHS, into the biologically active (S)-isomer of

Figure 2. A collection of representative molecules of each class of flavonoids (A) major flavonoids, (B) isoflavonoids, (C) neoflavonoids, (D) minor

flavonoids and of stilbencids (E). Shading intensities define names of subgroups within the same class.
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naringenin by CHI provides an essential precursor com-
pound for the biosynthesis of the flavonoid groups such as
endproducts flavones, flavonols, isoflavones, antho-
cyanins, phlobaphene pigments and the condensed tan-
nins [43, 44] as shown in detail in Fig. 3.

4 Modes of action and biological effects

In addition to their diverse roles as structural and signal-
ing compounds in plant growth, development and repro-
duction mentioned above, many flavonoids like many
phenolics are potentially cytotoxic and have antimicrobial
properties. For this reason, they are frequently stored in
plants in conjugation with sugar, sulfate or both and such
water-soluble forms are located in the vacuole [38]. Im-
portantly, certain flavonoids and stilbenoids have chemi-
cal properties with the potential for profound impacts on
human health [13, 45] and important examples are dis-
cussed below.

4.1 Estrogen-like motif

With respect to impacts on human health, a particularly
important attribute of certain plant natural products is
their structural resemblance to estrogens, the female
mammalian hormones. For this reason they are also
termed “phytoestrogens”. The first reports on the exis-
tence of plant substances that imitate the action of estro-
gens go back to the 1960s [46]. The estrogenic character
of those compounds is based on the similarities of their
structure with the estrogen estradiol. This characteristic
allows them to interact with estrogenic receptors of mam-
malian cells (ERo, ERP) to either reinforce or compete
with the action of estradiol [47, 48]. However, for plant-de-
rived substances with estrogen-like activities in 2003, the
Working group on Phytoestrogens and Health defined
phytoestrogens as “any plant substance or metabolile
that induces biological responses in vertebrates and can
mimic or modulate the actions on endogenous estrogens
usually binding to the ERs” [49]. If grouped according to
their chemical structures phytoestrogens can be subdi-
vided into flavonoids including isoflavones and prenyl-
flavonoids, and to coumestans and lignans (Fig. 1). Re-
cently, hydroxystilbenes have been added to this list.
Many of the compounds are marketed with health claims

www.biotechnology-journal.com

or are intended to be marketed as such. They usually en-
ter the market as medicinal products, dietary supple-
ments or nutraceuticals.

While we use as a working definition of phytoestro-
gens those plant-derived molecules that mediate their bi-
ological functions through ERs, in the future a clear defi-
nition of phytoestrogens will be crucial and a prerequisite
for discussions of any health effects of these compounds.
This discussion is complicated by the discovery of selec-
tive estrogen receptor modulators (SERMs, or phy-
toSERMs), substances that have estrogenic effects in se-
lected target tissues, but no effects or antiestrogenic ef-
fects in others [60-53].

With regard to the phytoestrogen working definition,
it is important to briefly discuss ERo. and ER[ preference
of phytoestrogens. Among phyloestrogens, genistein is
one of the compounds that preferentially binds to and acts
through ERP [64], a feature apparently shared by hydroxy-
stilbenes [65]. In contrast, 8-prenylnaringenin (8-PN)
preferentially acts through ERo [56, 57]. However, the ex-
act degree of dissociation of a phytoestrogenic compound
for one ER over the other has never been calculated. For
genistein ligand binding, activities can be extrapolated
from the published data and show 18-, 19-, or 31-fold pref-
erence for ER-B over ERa [49, 58, 59]. These major differ-
ences in ER binding do not usually translate into stimula-
tion of biological activities that are generally lower [58,
59]. Whether the comparatively low degree of receptor
preference of phytoestrogens as compared to synthetic
substances is sufficient to mediate specific health effects
rermains an open question, since synthetic ERa and ERB
selective agonists, depending on the target species test-
ed, show a preference of between 70 and 400-fold for the
respective receptor subtype [60, 61].

Among the polyphenolic compounds that have been
proposed to possess phytoestrogenic activity [62], it has
been reported that the differences in biological activities
of compounds such as phytoestrogens derive from differ-
ences in their affinities for estrogenic receptors. The po-
tency of such an activity is reported as estradiol>>genis-
tein>daidzein>biochanin A = kaempferol = naringenin>
formononetin = quercetin for the ERo and estradiol>>
genistein>daidzein>biochanin A = kaempferol = narin-
genin>quercetin = formononetin for ER [58]. Despite un-
certainties in in vivo activities, this suite of polyphenolic
compounds, regarded as phytoestrogens by their specific

Figure 3. A detailed schematic diagram of the various branches of phenylpropanoid biosynthetic pathways known up to date. In each biosynthetic step
the enzyme(s) involved is shown in abbreviated form (the list of abbreviations along with enzyme details are given in Table 1). The literature used for the
construction of this figure is listed in Table 1. Also enzymes grouped in the same grey color indicate the class they belong to according to the type of reac-
tion they catalyze, corresponding to the column “Enzyme family” of Table 1. Dashed lines indicate the existence of intermediate steps but not included.
Solid lines indicate sequential biosynthetic steps. Every pathway product is accompanied by a common name (when existing) or a semiofficial IUPAC name
(commonly used in flavonoids research), and in parentheses the name of class this flavonoid belongs to as the classes are outlined in Fig. 2. When biosyn-
thesis leads to a polymerized product then only the name of product or its class appears in a shaded box. The shaded figure inset (bottom left) shows in

greater detail part of the pathway (further connected to the shaded area of the pathway in the center of the figure), having 2S-naringenin as a precursor,

while leading to the biosynthesis of phlobaphenes and 3-deoxyanthocyanins.
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Table 1. Enzymes involved in the phenylpropanoid biosynthetic pathway

Abbreviation Enzyme name EC number Enzyme family References
ANR Anthocyanidin reductase 1.1.1.- NADPH reductases [163]
ANS (LDOX) Anthocyanidin synthase 1.1411.19 2-Oxoglutarate-dependent [37,164]
(leucoanthocyanidin dioxygenase) dioxyganases (ODD)
ASGT UDP-glucose:anthocyanidin 241.- UDP-O-Glucosyl transferases (UGT) [37]
5-O-glucosyltransferase
A3’OMT SAM:anthocyanin 3'-O-methyltransferase  2.1.1.- SAM O-methyl transferases (OMT) [37]
A5'OMT SAM:anthocyanin 5'-O-methyltransferase  2.1.1.- oMT [37]
A3RT UDP-rhamnose:anthocyanidin 241~ ucT [37]
3-O-glucoside 6"-O-rhamnosyltransferase
AUS Aureusidin synthase 1.21.3.6 Polyphenol oxidases [37,165]
C3H Coumarate 3-hydroxylase Cytochrome P450 monooxygenases [166-168]
(P450)
C4H Cinnamate-4-hydroxylase 1141311 P450 [168]
CH3H Chalcone 3-hydroxylase P450 [168,169]
CHI Chalcone isomerase 5.5.1.6 No specifically named family [43]
C2'OMT Chalcone 2'-O-methyltransferase 2.1.1.65 OoMT [170-172]
C4'0GT Chalcone 4'-O-glucosyltransferase 2.4.1.- uGT [173]
CHR (PKR) Chalcone reductase 1.1.1.- Aldo/keto reductases [174,175]
CHS Chalcone synthase 2.3.1.74 Polyketide synthases [37]
4CL 4-Coumarate:CoA ligase 6.2.1.12 Adenylate-forming enzymes [37,176]
COMT Caffeic acid/5-hydroxyferulic acid 2.1.1.- OoMT [177,178]
O-methyltransferase
CPR Cytochrome P450 reductase 1.6.2.4 NADPH P450 reductases [179-181]
DFR Dihydroflavonol 4-reductase 1.1.1.219 NADPH reductases [182]
DMID 7,2'-Dihydroxy-4'-methoxy-isoflavanol [183]
dehydratase
F2H Flavanone 2-hydroxylase 1.14.13.87 P450 [168, 184]
F3GT UDP-Glucose:anthocyanidin 3-O-gluco- 2.4.1.115/2.41.91 UGT [37]
syltransferase/UDP-glucose:flavonol
3-O-glucosyltransferase
F3'H Flavonoid 3-hydroxylase 1.14.313.21 P450 [168, 185,
186]
F3'5'H Flavonoid 3',5"-hydroxylase 1.14.13.88 P450 [168, 186,
187]
F3H (FHT) Flavanone 3f-hydroxylase 1.1411.9 OoDD [188, 189]
F5H Coniferyl-aldehyde dehydrogenase P450 [166, 168]
F6H Flavonoid 6-hydroxylase 1.1413.- P450 [168,190]
FL6H Flavonol 6-hydroxylase 1.14.11.- OoDD [191]
FLS Flavonol synthase 1.14.11.23 OoDD [192]
FNR Flavanone 4-reductase 1.1.1.234 NADPH reductases [193]
FNS | Flavone synthase | 1.14.11.22 OoDD [194]
FNS 1l Flavone synthase Il 1.14.13.- P450 [168, 195,
196]
F7RT UDP-Rha:flavanone 7-O-glucoside-2"- 241 ucGT [37,197,
O-rhamnosyltransferase 198]
IFR Isoflavone reductase 1.3.1.45 NADPH reductases [37,199]
IFS (2HIS) Isoflavone synthase 5.4.99.- P450 [37,168,
(2-hydroxyisoflavanone synthase) 200, 201]
12'H Isoflavone 2'-hydroxylase 1.14.13.89 P450 [37, 168,
199, 202]
13'H Isoflavone 3’-hydroxylase 1.14.13.52 P450 [200, 203]
IOMT Isoflavone-4'-O-methyltransferase 2.1.1.46 OMT [204, 205]
LAR (LCR) Leucoanthocyanidin reductase 1.17.1.3 NADPH reductases [206, 207]
PAL Phenylalanine ammonia-lyase 43.1.5 Ammonia lyases [37,181,
208]
RS (STS) Resveratrol synthase (stilbene synthase) ~ 2.3.1.95 Polyketide synthases [15]
TAL Tyrosine ammonia lyase Ammonia lyases [37, 208,
209]
VR Vestitone reductase 1.1.1.246 NADPH reductases [183]

The enzymes involved in each biosynthetic step is shown in Fig. 3 of this review. In the first column the abbreviations of each enzyme common name are given and all
are in alphabetical order. Empty box declares there is no sufficient information available.

1222 © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

148



Etepoloyn frocovieon plofovocidomy kot ati)fevoglddy evargewy - Anuoaiedoelg

Biotechnol. |. 2007, 2, 1214-1234

interaction profiles with the two ERs, is linked to several
aspects of human well being and health.

4.2 Menopausal well-being

Primary and long-term consequences of estrogen defi-
ciency such as climacteric complaints during post-
menopause or osteoporosis are treated and or prevented
by hormone therapy (HT) [63, 64]. HT replaces the female
sex steroid estradiol alone or in combination with the oth-
er female sex steroid progestogen. Results from random-
ized controlled trials [65-71], showed HT to be associated
with an increased risk of endometrial cancer and venous
thromboembolism [72, 73]. In addition, if HT is started in
perimenopause, the risk of developing breast cancer is in-
creased [74]. Thus, HT is not risk-lree, and since patients
demand for alternative treatments that are free of the po-
tential risks plant-derived estrogen-like compounds have
been proposed to represent such an alternative treatment
regimen.

4.2.1 Genistein and isoflavones

Genistein (Fig. 2) as a bioactive compound contained in
preparations from soy and red clover has been classified
as a SERM. If given alone it behaves as a weak estrogen
in various in vitro models and mimics some but not all es-
trogenic responses in in vivo animal models. In the pres-
ence of estradiol it behaves as a weak antiestrogen by
counteracting estrogenic responses to some degree [75,
76).

The available data regarding its application on pri-
mary menopausal symptoms, particularly on the relief of
hot flushes are contradictory [77-79]. Later in menopause,
maintenance of the bone integrity is crucial. An overview
study summarizing the bone function came to the con-
clusion that it might be moderately beneficial for bone
health in maintaining bone mass and density, particular-
ly in early menopause [80].

If phytoestrogens are used to treat menopausal symp-
toms, safety issues for breast and endometrial tissue be-
come relevant. A given treatment regimen should neither
stimulate proliferation in these organs nor stimulate en-
dometrial bleeding. In a 72 h utertrophic assay with cas-
trated female animals genistein weakly stimulates in-
crease in uterine wet weight; however, weak stimulation
of proliferation is only detectable during the first 7 h of
treatment [75]. In combination with estradiol genistein
functions as a weak antiestrogen in the uterus [76]. It is
questionable whether the safety of genistein in the mam-
mary gland can be finally confirmed by experiments in rat
animal models [81].

The euphoria for genistein and other soy products and
preparations in human health promotion was based on
the results of epidemiological studies on frequencies of
hormone-dependent cancers not only of the breast, but
also of the prostate. It was observed that populations in

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.biotechnology-journal.com

East Asia using a high quantity of soy products in their
daily diet have a much lower risk to develop mammary
gland cancers than individuals in Western societies with
Western diets [82]. Further, prevention studies in rodent
mammary and prostate cancer models showed that
genistein treatment prevented against these hormone-
dependent cancers [83-85]. Observations in both humans
and rodents would argue for the use of genistein. Howev-
er, there is a problem as far as already existing tumors are
concerned. Constituents of soy, like genistein, apparently
stimulate growth of human tumor cells inoculated into
athymic nude animals [86] or animal models for the post-
menopausal situation [87]. Further, genistein in a mouse
model increases the risk of the development of endome-
trial cancer [88].

For the final decision on whether genistein and/or
isoflavones should be recommended in menopausal ap-
plications more human-based studies are needed. In are-
cently published prospective human study, it was demon-
strated that daily dose of genistein alleviates primary
menopausal symptoms like hot flushes and night sweat
without stimulating proliferation in breast and endome-
trial tissue [89].

4.2.2  Hop-derived 8-PN

Due to its potent ERo-mediated estrogenic profile and low
toxicity, it has been suggested to use hop extracts and/or
8-PN as an alternative for the classical HT. This sugges-
tion was further promoted by a pharmacokinetic study in
postmenopausal women which showed that single doses
of up to 750 mg of 8-PN are well tolerated [90].

Hot flushes, insomnia, and mood disorders occurring
in perimenopause apparently can be reversed by 8-PN,
since it is capable of reversing estrogen deficiency-in-
duced rise in skin temperature [91]. Later in menopause a
loss of bone mass and density is likely to occur. It has been
shown that 8-PN protects ovariectomized estrogen defi-
cient rats from bone loss, with a minimal stimulation of
the uterus [92]. However, care has to be taken since 8-PN
in a three-month animal study, unopposed by simultane-
ous progestagen treatment, evoked a broad spectrum of
uterine responses [93, 94].

In a prospective randomized double blind placebo
controlled human study with an 8-PN enriched hop ex-
tract (MenoHop; 100 or 250 ug 8-PN) favorable effects on
vasomotor symptoms after 6 but not after 12 wk of treat-
ment could be shown [95], however, without a detectable
and notable dose response pattern.

In summary, these data demonstrate that hop extracts
and/or 8-PN are able to alleviate menopausal discomforts
both in humans and in animals; however, concerns re-
garding uterine effects need to be ruled out.
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4.2.3  Hydroxystilbenes from the extract of Siberian rhubarb
(Rheum rhaponticum)

While genistein represents an isoflavone capable of stim-
ulating both ERs with a slight preference for ER and
8-PN represents an almost exclusive ERa agonist, the
special extract from the roots of R. rhaponticum (L.),
referred to as ERr 731® (trade name Phytoestrol® N) and
hydroxystilbenes derived thereof exhibit an almost exclu-
sive ERP stimulating activity [55].

This special extract has been regularly prescribed for
climacteric complaints since 1993, without the occur-
rence of any safety-related side effects such as endome-
trial hyperplasia, spotting or breakthrough bleeding. Re-
cently, a 12 wk double-blind, placebo-controlled clinical
trial in 109 perimenopausal women has been completed
demonstrating the clinical efficacy (proof of principle of
the biological activity) of ERr 731 [96, 97]. From a mecha-
nistic standpoint these findings suggest that brain-de-
rived target structures are efficiently stimulated by ERP
activating chemicals.

4.3 Antioxidant action

One of the most widely publicized properties of flavonoids
and stilbenoids upon which rely their important medici-
nal and other plant physiological properties (mentioned in
various parts of this review), is their capability to scav-
enge reactive oxygen species (ROS). Although this has
been known for some time, flavonoids are gaining more
and more notoriety due to the impact of ROS on human
[98] and plant metabolism and physiology [99]. ROS such
as singlet oxygen ('0,), super oxide (O3), hydrogen perox-
ide (H,0,) and hydroxyl radical (*OH) are implicated in
membrane function and permeability, in oxidative degra-
dation of proteing and DNA, in oxidation of pigments, in
reduction of photosynthetic activity and respiration, and
in senescence and cell death [16, 100]. It is well estab-
lished that the ability which some members of the
flavonoids and stilbenoids exert in inhibiting free-radical
mediated events mainly depends on the arrangement of
substituents in their structure. Such protective properties
particularly of flavonoids against oxidative stress have
been reported to be structure dependent (reviewed in
refs. [6, 7, 16]) and they relate to (i) the presence of the cat-
echol moiety in the B-ring (hydroxylated in C-3 and C-4,
thus possessing H-donating properties, see Fig. 2), re-
sulting in the stabilization of reactive radical species, (ii)
the chemistry of the C ring, particularly to the presence of
4-oxo (carbonyl) group of the C-ring in conjugation to the
unsaturation between C-2 and C-3 (see Fig. 2) and (iii) the
presence of the 3- and 5-OH or other functional groups in
position C-3 resulting from the esterification of the 3-OH
with gallic acid, thus — in conjugation with (ii) — favoring
metal chelation and prevention of catalysis of free radical
reactions. Consequently, flavonols and flavones, with the
members of the former being more potent than the corre-

1224 © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

150

Biotechnol. J. 2007, 2, 1214-1234

sponding members of the latter group because of the
presence of a 3-OH, possessing as many as possible of the
above properties, are fairly abundant in plants. This is ex-
emplified by quercetin which satisfies all the above crite-
ria and has the highest antioxidant activity among the
flavonoids [101]. However, if the 3-OH is glycosylated, as
is in rutin (Fig. 3), the radical scavenging capacity is re-
duced to 50% [7, 101, 102]. Other strong antioxidant
flavonoid candidates are the catechin-3-gallate esters
(epicatechin gallate and epigallocatechin gallate, Figs. 2
and 3), as flavan-3-ole members, present in (black and par-
ticularly green) tea producing plants (Camellia sinensis L.
at about 20% by dry weight, [103]). Concerning antho-
cyanidins, precursors of anthocyanins, cyanidin and del-
phinidin (see Figs. 2 and 3 for details) structurally appear
to comply with the most of the above-mentioned deter-
minant criteria and thus found to possess the highest an-
tioxidant capacity among all other anthocyanidings tested
[101].

Additionally, phenolic compounds and thus flavonoids
as well as stilbenoids can inhibit the action of ROS-pro-
ducing enzymes such as xanthine oxidase, lipoxygenase,
microsomal monooxygenase, GST, mitochondrial succi-
nate-oxidase and NADPH oxidase [104-106]. Moreover, it
has been shown that flavonoids [101, 107] and stilbenoids
[106] can act both as antioxidants (H-donators) as well as
prooxidants (in the presence of transition metals in can-
cer cells), unexpectedly promoting the oxidative effect in-
stead of reducing it [16, 108].

In conclusion, it is not surprising that recently there is
anew trend in metabolic engineering old but nutritional-
ly important food plants (tomato, rice) with novel charac-
teristics by increasing their minimal or even nonexisting
capacity to synthesize certain flavonoids and stilbenoids
that will correspondingly lead to increase the plant's total
antioxidant capacity [99, 109-111]. This shows the poten-
tial of advantageous plant gene combinations that can be
reintroduced in plant metabolism for the benefit of human
and plant health. In Part II of this review [22], applications
concerning the reconstruction of multienzyme pathways
in plants and microbes will be further discussed and sci-
entifically criticized.

4.4 Antioncogenic action

Potential antioncogenic actions of flavonoids or stil-
benoids may be subdivided into two categories: cancer
treatment and cancer prevention. While data available in
the literature on specific compounds do not yet support
their efficacy as therapeutic agents, this class of natural
products may have the potential for cancer prevention
since, in an ideal setting, cancer prevention is achieved
by long-term exposure to nontoxic agents, preferentially
substances contained in food products.

According to Weinberg [112], carcinogenesis is a
three-step process of initiation, promotion, and progres-
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sion. A chemopreventive agent should therefore inhibit at
least one of these processes. A special case is the poten-
tial role of phytoestrogens in hormonal carcinogenesis,
which has been extensively discussed above in connec-
tion with safety issues associated with the application of
these substances to treat menopausal complaints. Fur-
ther, several indirect studies have been performed which
tried to link dietary intake of soy products and breast can-
cer risk, but no conclusive picture of significant protective
effect could be drawn. However, the overall information
on phytoestrogen consumption and breast cancer is still
scarce [113].

Since carcinogenesis is driven by genetic alterations,
chemoprevention should either inhibit the production of
carcinogens from procarcinogens or remove carcinogens,
e.g., by the induction of detoxilying enzymes. In accor-
dance with the above-proposed three step model, chemo-
prevention by a polyphenol could also be obtained if it in-
hibits growth of already initiated tumors in an early stage
of the carcinogenic process [114].

In order to minimize the load of carcinogens, chemo-
preventive measures should either reduce or inhibit ex-
pression of phase I enzymes in order to avoid activation of
procarcinogens to carcinogens, or induce the expression
of phase Il detoxifying enzymes to eliminate already ex-
isting carcinogens, or ideally show both activities. Indeed
there are numerous studies that show that isoflavones or
other phenylpropanoid-derived polyphenols exhibit one
or both of these activities [115, 116]. Amongst them are
many compounds from tea [117, 118] vegetables or more
specifically xanthohumol and its derivatives [28, 114]. In-
hibition of tumor growth in an early stage would for ex-
ample comprise activities like control of cell cycle, apop-
tosis, cell signaling pathways, and inhibition of angio-
genesis. All these activities in addition to its hormone-like
activities have been attributed to the phytoestrogen
genistein [119]. In summary, polyphenols, including
isoflavones, exhibit features in experimental studies that
make them candidate molecules in cancer prevention in
a clinical setting.

The clinical properties of some isoflavones have re-
cently been reviewed [120]. This review can serve as an
example to mark the current status of the field because it
summarized progress and needs. However, the same pa-
per arrived at the conclusion that more studies are need-
ed for other substances, in addition to studies on cur-
cumin from curry and soya isoflavones [120]. In terms of
progression it was shown that tea polyphenols have a
considerable potential to prevent progression of prostate
intraepithelial neoplasia or premalignant cervical cancer
to more severe stages. This reflects the status of the field
of isoflavones and cancer, because it clearly highlights the
potential of polyphenols in cancer prevention and at the
same time shows that the number of relevant trials and
conclusive results relevant to antioncogenic effects in hu-
mans and is still limited.

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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4.5 Cardiovascular action

Epidemiological studies show lower rates of coronary ar-
tery disease in populations ingesting diets high in phy-
toestrogens [121]. Furthermore, the so-called “French par-
adox” that suggests that the lower incidence of coronary
heart disease in France compared to other Western na-
tions despite a similar intake of saturated fatty acids,
identical smoking habits and a lack of exercise is mostly
due to phenylpropanoid-derived compounds such as
resveratrol contained in red wine [122].

Some of these effects can be attributed to the anti-in-
flammatory action of many flavonoids like theaflavins and
epigallocatechin gallate (EGCG) found in black tea and
green tea, respectively. Estrogenic properties of many
flavonoids including the soy isoflavones, genistein and
daidzein might account for several other vasculoprotec-
tive effects. Among these are direct actions on the vas-
cular wall such as improved vascular reactivity by stimu-
lating the nitric oxide pathway (NO pathway) [123].

Another important factor for vascular health is the
lipid profile. Several polyphenols seem to lower overall
lipid levels and improved high-density lipoprotein (HDL)
to low-density lipoprotein (LDL) ratio. Soy isoflavones for
example have been shown to improve plasma lipid levels
and reduced LDL and very low-density lipoprotein (VLDL)
concentrations in rhesus monkeys [124] as well as in sev-
eral clinical studies [125]. One of the factors involved in
the improvement of the lipid profile seems to be an in-
crease in LDL receptor sensitivity following soy isoflavone
uptake [126].

Since lipoprotein oxidation is an important event in
the establishment of atherosclerosis, antioxidant proper-
ties of flavonoids and stilbenoids like resveratrol may also
contribute to the cardioprotective effects of these sub-
stances by increasing oxidation resistance of LDL as has
been shown for soy isoflavones [127] and resveratrol [128].

In addition, resveratrol has been shown to have an ef-
fect on most of the key participants in the development of
atherosclerosis in vitro. Among them are active vascular
endothelium, smooth muscle cells, monocytes and lipid
levels. On the other hand, the effectiveness of resveratrol
in humans in vivo has not been clearly demonstrated so
far [129].

4.6 Anti-inflammatory action

Usually inflammation is part of an immune response
caused by bacterial infection, injury, trauma or UV light
irradiation amongst others. As such, it is a necessary re-
action of the body to protect it from bacterial infection and
to facilitate wound healing. Chronic inflammation on the
other hand increases the risk for several degenerative dis-
eases such as arthritis, atherosclerosis heart disease,
Alzheimer's disease and cancer [130, 131].
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Formation of ROS and subsequent activation of the
transcription factor nuclear factor-kB (NFkB) plays a key
role in triggering inflammation [132]. Many of the natural-
ly occurring anti-inflammatory substances are therefore
antioxidants and/or inhibitors of the NF«B signaling path-
way. As mentioned previously, since most flavonoids, like
genistein, are quickly metabolized to less potent antioxi-
dants, their main mode of action may rather be their in-
fluence on cell signaling such as proinflammatory cy-
tokines than their antioxidant properties acting as proox-
idants [16].

As an example, genistein significantly inhibits
lipopolysaccharide (LPS)-induced production of proin-
flammatory cytokines such as tumor necrosis factor-o
(INFa), interleukin-1 (IL-1) and interleukin-6 (IL-6) in
macrophages [133]. In chondrocytes a downregulation of
cyclooxygenase-2 (COX2), nitric oxide (NO) and inter-
leukin-1BIL-1B) after LPS induction could be shown [134].
Genistein and other flavonoids like luteolin, quercetin,
and apigenin improved TNFo-induced rheumatoid arthri-
tis in a mouse model [135]. Other flavonoids with anti-in-
flammatory properties include theaflaving from black tea
[136] and several catechins like EGCG contained in green
tea [137], both with strong antioxidant activity.

The stilbenoid resveratrol seems to be a potent an-
tioxidant, a good inhibitor of NFxB activity as well as of
inflammatory cytokine expression. It is thought that by in-
hibiting the inhibitor of nuclear factor kB (IkB), resveratrol
inhibits translocation of NEF'kB to the nucleus and thus ex-
ertsits described actions on elastase and -glucoronidase
secretion, intercellular adhesion molecule (ICAM-1) and
vascular cell adhesion molecule (VCAM-1) expression,
the release of several cytokines like interleukin-2 (IL2),
IL6, TNFo. and interferon-y (IFNYy), cyclooxygenase-1
(COX1) and COX2 expression as well as NO release and
several others [138]. Although most of the studies have
been performed in vitro, its effectiveness in vivo could also
be shown but oral bioavailability seems to be limited,
hence frequent drinking of moderate amounts of red wine
is thought to be necessary to achieve cardiac protection
associated with resveratrol.

4.7 Antimicrobial action

It appears that the various flavonoid subgroups, as well as
stilbenoids, have evolved in parallel to plants within dif-
ferent plant family populations [41]. For this reason plant
species experienced an interacting evolution with those
substances in an agony to survive and exist. One of the
ways plants have eventually evolved to utilize some mem-
bers of flavonoids and stilbenoids is by exploiting these
substances as chemical signals to outside organisms,
thus making them effective means of chemical defense
against microorganisms and protecting plants against
microbial invasion. In the literature it appears that these
chemical defenders can be grouped into: (i) constitutive

1226 © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

152

Biotechnol. J. 2007, 2, 1214-1234

flavonoids (as phytoanticipins [139]) and (i) inducible
flavonoids (phytoalexing) such as pterocarpans in
legumes [140], stilbenoids [40] and 3-deoxyanthocyani-
dins in sorghum [141]. Literature data on selective mem-
bers of each group will be given below on the most in-
triguing major flavonoids and isoflavonoids as well as stil-
benoids group possessing antimicrobial action mainly
against plant pathogens. Also in this section particular
emphasis is given to gathering information that will pro-
vide evidence for the possible relationship between the
structure of flavonoids/stilbenoids and their antimicrobial
activity. As we discuss in Part Il of this review [22], this in-
formation can be exploited in designing appropriate
strategies in reconstructing multienzyme pathways for
the biosynthesis of the desired flavonoid or stilbenoid
with enhanced antimicrobial activity.

In the first group the majority of flavonoids recognized
as constitutive antifungal agents, thus acting as “phy-
toanticiping” [139] in plants are either proanthocyaniding
[41, 142], isoflavonoids, flavans, or flavanones [6]. Con-
densed tannins or proanthocyanidins (Figs. 1 and 3) are
the most common type of tannin found in forage and oth-
er plant food products such as tea, cocoa, sorghum, or
carob pods and consist of polymers of flavan-3-ol units
([143], see earlier section in this review). Tannins are
known to protect plants from herbivores, increase resist-
ance against pathogens, or protect tissues such as wood
rich in tannins (oak, chestnut, eucalyptus, elc.) against
decay [142]. As reviewed by Scalbert [142] the toxic ef-
fects of various type of tannins can inhibit the growth of
several filamentous fungi (Aspergillus niger, Botrytis
cinerea, Chaetomium cupreum, Colletotrichum gramini-
cola, Coniophora olivacea, Coriolus versicolor, Crinipellis
perniciosa, Fomes annosus, Gloeophyllum trabeum,
Merulius lacrymans, Penicillium sp., Poria monticola,
Trametes hirsuta, Irichoderma viride and various prehar-
vest seed molds) showing minimal inhibitory concentra-
tions (MIC) to be greater than 0.5 g/L and often reaching
the level of 10-20 g/L depending on the fungus. However,
yeasts (Saccharomyces cerevisiae and various other yeast
species) appear to be more resistant, showing MICs from
25 g/L reaching as high as 12b g/L, depending on the
strain. In contrast, according to Scalbert, various bacteri-
al species (Bacillus subtilis, Bacillus stearothermophilus,
Clostridium botulinurn, Desulfotomaculum nigrificans,
Desulphovibrio, Enterobacter cloacae, Pseudomonas mal-
tophilia, Nitrobacter sp, Nitrosomonas sp, Proteus vul-
gare, Staphylococcus aureus, Photobacterium phospho-
reum, Pseudomonas (see Ralstonia) solanacearum,
Polyangium, Sporocytophaga, Streptococcus mutans,
Streptococcus sobrinus, various soil bacteria, various food
born pathogenic bacteria and various methanogenic bac-
teria) appear to have MICs for tannins much lower, vary-
ing between 0.012 and 1 g/L. The mechanism of tannin
toxicity has been associated with its structural features
which correlate with the pattern of B-ring hydroxylation
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(catechol group) and the substitutions with gallic esters at
the C-3 of the flavan-3-ol monomers that constitute the
tannin. Tannins tend to autooxidize when exposed to oxy-
gen and substantial hydrogen peroxide can be generated
during attack as shown with model Escherichia coli mu-
tant strains [144]. Thus, due to the different mechanisms
that exist in various microbes when dealing with oxida-
tive stress, this could explain the large differences in MIC
values between fungi, bacteria, or yeasts that could be at-
tributed to the variable mode of action of tannins de-
pending on the individual microorganism [142, 144]. Fur-
thermore, flavonoids exerting antibacterial activity, such
as green tea catechins, were shown to be more bacterici-
dal to Gram-positive bacteria than Gram-negative strains,
indicating that their activity is higher in the presence of
positively charged lipids, leading to the disruption of bac-
terial membrane integrity [144, 145]. Laks [145] further
showed that flavans (flavonoids possessing the pure fla-
van backbone (see Fig. 1) without the 4-oxo group) have
higher antifungal properties than flavanones, indicating
that the 4-oxo (ketone) group (Fig. 2) is not essential in an-
timicrobial activity, while prenyl- or alkylsulfide substitu-
tion greatly enhances it. Perhaps an exception to the
above-mentioned correlation of structure and antimicro-
bial activity towards plant pathogens is the work of Pic-
man et al. [146] in which they tested the effect of various
flavonoids on mycelial growth of the fungus Verticillium
albo-atrum, a pathogen of several serious wilt plant dis-
eases. They found only flavones and flavanones, at MICs
1 and 5 ppm respectively, to be the most active antifungal
flavonoids, while in most flavonoids group cases increas-
ing the number of substitutions (hydroxylation, methoxy-
lation and glycosylation) resulted in loss of activity. They
concluded that this particular pathogen may show habit-
uation to flavonoids due to its specific structural features
(e.g., presence of certain moieties affecting their
lipophilicity) and/or ability to produce enzymes that can
degrade these compounds.

Inducible flavonoids that are characterized as phy-
toalexins are usually restricted to antibiotic compounds
which require de novo expression of the enzymes in-
volved in their biosynthetic pathway [147]. In general, in-
duction of phytoalexins is a very economical way to coun-
teract pathogens, because the carbon and energy re-
sources are diverted to phytoalexin biosynthesis only
when and where they are needed (early stages and at the
site of infection). Although some 300 compounds have
been recognized as phytoalexing induced from about 900
plant species belonging to 40 plant families [147], in gen-
eral the type of phytoalexing produced is typical of the
family in which the plant belongs. Thus, the phytoalexins
of the family Fabaceae (alternatively named Legumi-
nosae) are members of the isoflavonoid group and include
isoflavones, isoflavanones and pterocarpans or isoflavans
(Fig. 2). Pterocarpans are the most potent phytoalexins.
Pisatin and maackiain are the major and minor ptero-
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carpan phytoalexins from pea (Pisum sativum) induced by
the fungus Nectria haematococca [148]. Other members
of pterocarpans are phaseollin from the French bean
(Phaseolus vulgaris) induced by the fungi Helminthospo-
rium carbonum and Colletotrichum lindemuthianum [149]
and medicarpin from alfalfa (Medicago sativa) induced by
Phoma medicaginis and Phytophthora megasperma Isp
medicaginis [150] (see Fig. 2 for structures, Fig. 3 for
biosynthetic pathways).

Pterocarpans constitute a subgroup of isoflavonoids
possessing an extra pyrano ring derived from the oxygen
of the 4-oxo group (C-ring in isoflavonoids) that is con-
nected with C-6 (in B ring of isoflavonoid structure), thus
officially following a different numbering from the other
isoflavonoids [151]. Pisatin and phaseollin are known to be
inhibitory to a wide range of phytopathogenic fungi.

We correlated the antifungal activities of phytoalexins
and their precursors with their structural pattern, collect-
ed existing data in literature and thus arrived at the fol-
lowing conclusions. Several groups concluded that iso-
flavones (such as daidzein and formononetin, see Fig. 2B),
precursors of pterocarpan biosynthesis (Fig. 3) and the
corresponding isoflavanones appear to possess nearly no
fungicidal activity [152-154]. Moreover, increasing the
number of hydroxyl group does not improve antifungal ac-
tivity probably due to the elevated molecular polarity
which results in minimal fungal membrane permeability
of the isoflavonoid [152]. This finding is further supported
by the fact that isoprenyl (a lipophilic group) substitution
of isoflavanone molecule like in the case of kievitone
(4’ 6' b, 7-tetrahydroxy 8-isoprenyl isoflavanone) has been
proven essential for antifungal activity of this phytoalex-
in, while nonprenylated analogs possess little or no activ-
ity [145, 162]. This characteristic of low polarity makes
kievitone particularly active against Gram-positive bacte-
ria, although it appears to be a characteristic many bio-
cides possess. Also, kievitone hydratase is an enzyme
that Fusarium sp. uses to hydrate the lipophilic sidechain
of the isoflavonoid phytoalexing, thus eliminating its tox-
icity [155]. On the other hand, isoflavans (not possessing
the 4-oxo group as in isoflavones and isoflavanones) ap-
pear to be good inhibitors of mycelial growth particularly
when they possess a methoxy group at C-6 [1563]. Howev-
er, the same authors conclude that observations which
correlate decrease in isoflavonoid antifungal activity with
different positions of the methoxy group substitution,
concern the individual fungal species examined and that
no absolute generalizations can be made in this context
[152, 153].

Some of the best evidence to date that the antimicro-
bial action of phytoalexins provides effective disease re-
sistance in plants has been obtained for stilbene phy-
toalexins (stilbenoids group) which constitute a restricted
group of molecules whose skeleton is based on the trans-
resveratrol structure (C;~C,~C,, Figs. 1-3 for the biosyn-
thetic pathway) [156]. This group of phytoalexins is pro-
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duced by some species of Leguminosae (Arachis hy-
pogaea hypocotyls [157]) and also in Vitaceae (Vitis
vinifera [40]). Also in Gymnosperms, mainly within the
Pinaceae, Pinus species have been found to produce stil-
bene phytoalexins as in P sylvestris in which pinosylvin
biosynthesis is induced upon infection with F annosus
(as reviewed in ref. [156]). As reviewed recently [40], stil-
benes are generally biologically active compounds that
have antifungal activities against various pathogens such
as, Cladosporium cuccumerinum, Pyricularia oryzae,
Plasmopara Viticola, and Sphaeropsis sapinea. Although
trans-resveratrol has attracted considerable interest dur-
ing the last decade in connection to human health [21,
158], it appears to have rather low antifungal activity com-
pared to other phytoalexins. As suggested, in arecent re-
view [40], resveratrol should be considered as a precursor
of compounds with higher fungitoxicity such as vinifering
and pterostilbene (Figs. 2 and 3) rather than as a phy-
toalexin, even though, in many instances, a close rela-
tionship between accumulation of this phytoalexin and
resistance to diseases has also been demonstrated. In-
deed, pterostilbene possesses two methoxy groups,
which has been considered the main reason for its five-
fold higher activity compared to resveratrol, thus making
it as fungitoxic as other phytoalexing from Leguminosae
mentioned above such as pisatin [40]. These methoxy
groups appear to play an important role in the formation
of charge transfer complexes, favoring contact and affini-
ty with (membrane) proteins and possibly acting as un-
coupling agents of electron transport and photophospho-
rylation.

Finally, the last group of plant chemical defenders is
the inducible flavonoids (phytoalexins) such as 3-de-
oxyanthocyanidins (Fig. 3) first identified in sorghum
(Sorghum bicolor) during defence responses [141, 159].
These compounds were identified as apigeninidin (4’-hy-
droxylated form of apiforol, Figs. 2 and 3) and luteolinidin
(8',4'-hydroxylated, form of luteoforol, Fig. 2) and their
methoxylated derivatives [160]. As mentioned before
methoxyl substitution resulted in the enhancement of an-
tifungal activity as with other phytoalexins. As reviewed
recently [161], apigeninidin is a highly effective agent
against both fungi and bacteria, strongly inhibiting the
growth of Fusarium oxysporum, Gibberella zeae, Gliocla-
dium roseum, Alternaria solani and Phytophthora infes-
tans on agar plates. It also inhibited the growth of certain
Gram-positive bacteria of human health importance
(Bacillus cereus, S. aureus, Staphylococcus epidermidis,
and Streptococcus faecalis) and, to a lesser extent, Gram-
negative bacteria (E. coli, Serratia marcens and Shigella
flexneri). As pointed out by others recently [162] the
greater activity against Gram-positive strains is a gener-
al problem of the majority of plant antibacterial com-
pounds, perhaps due to different outer membrane com-
positions and attempts to find broad-spectrum com-
pounds have failed. As the authors further proposed, the
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strategies that plants have evolved, in addition to synthe-
sizing relatively weak antibiotics in concert with mul-
tidrug resistance inhibitors, maybe the synthesis of com-
pounds that target bacterial virulence and not bacterial
growth. The above findings lead us to postulate that as
anthocyanins do not seem to have antimicrobial proper-
ties per se, the absence of the 3-OH is also the step that
nature manufactured this biosynthetic path of 3-de-
oxyanthocyanidins to improve the plant's armory against
invading pathogens.

5 Conclusions

Plant natural products, and in particular phenyl-
propanoid-derived products such as flavonoids, represent
a gift from millions of years of plant evolution to hu-
mankind. The cataloguing of the diversity of these com-
pounds and their biosynthetic pathways, as well as the
vastness of the mechanisms underlying their biosynthe-
sis and their biological properties, has opened the door to
their rational use by humans for plant and tree improve-
ment and for applications relevant to human health. Key
challenges remain to be met in the application of biotech-
nology for improvement in phenylpropanoid and flavonoid
natural product profiles of plants and in producing pure
compounds. Further information on the regulation and
biosynthesis of these compounds will increase the abili-
ty to target novel biosynthetic pathways to target organs
and in response to environmental stresses in plants. Ad-
ditional data are required in the area of flavonoid and
phenylpropanoid natural product effects on human
health, including the effects of individual versus mixtures
of compounds, effects of long-term versus short-term ex-
posure and the nature of optimal delivery systems. In Part
1II of this review [22] we focus on the microbe-aided
biosynthesis of phenylpropanoid and flavonoid natural
products so far known to be feasible, based on current ex-
perience. Finally, while it appears quite feasible to use
transgenic approaches to improve the phenylpropanoid
and flavonoid profiles of food crops, with potential bene-
fits to agricultural productivity, food quality and human
health, the extent to which such approaches are adopted
for commercial production will depend on public accept-
ance of this technology.
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pressive in their chemical diversity and are the result of plant evolution, which has selected for the
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a phenylpropanoid backbone via the plant-specific phenylpropanoid pathway. These compounds
are important in plant growth, development and responses to environmental stresses and thus
can have large impacts on agricultural productivity. While plant-based medicines containing
phenylpropanoid-derived active components have long been used by humans, the benefits of spe-
cific flavonoids and other phenylpropanoid-derived compounds to human health and their poten-
tial for long-term health benefits have only been recognized more recently. In this part of the re-
view, we discuss in detail the recent strategies and achievements used in the reconstruction of
multienzyme pathways in plants and microbes in an effort to be able to attain higher amounts of
the desired flavonoids and stilbenoids exploiting their beneficial properties as analyzed extensive-

ly in Part | of this review [1].
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beneficial effects of flavonoids and stilbenoids (as thor-
oughly discussed in Part I of this review [1]), there is in-
creasing interest in the engineering of their metabolism.
As reviewed in ref. [1], their apparent pharmacological
properties could explain why, whenever consumed regu-
larly in the human and in animal diet, these compounds
show pleiotropic health-promoting and disease-prevent-
ing activities [2]. However, only a few of these bioactive
compounds are produced commercially as pure com-
pounds in small quantities and often in low yields and in
unreliable quality and bioactivity [3]. An obvious ap-
proach toward this end is to exploit the structural genes
encoding enzymes of the general phenylpropanoid and
particularly flavonoid and stilbenoid metabolism, whose
coordinate exoression leads to flavonoid or stilbenoid pro-
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duction. As pointed out by various research groups [4-6],
genomics approaches in diverse plant species promise to
yield new structural and regulatory genes for flavonoid
biosynthesis, helping to complete the cast of players for
biotechnological intervention and to link flavonoid me-
tabolism to the broader network of plant metabolism. A
key point to be kept in mind is that during in planta
flavonoid biosynthesis, structural genes, transcription
factors, and circadian-controlled transcription factors
work together [7].

During land plant evolution, enzymes for the general
phenylpropanoid and flavonoid pathways were likely re-
cruited from those involved in primary metabolism [8].
Support for this comes from the fact that the majority of
enzymes of flavonoid biosynthesis are members of three
classes of enzymes found in all organisms (a detailed full
name description of nearly all known enzymes involved in
the phenylpropanoid metabolic pathway is given in Part [
of this review [1] (Table 1 and Fig. 3 of that paper)): the 2-
oxoglutarate-dependent dioxygenases (ODD) (ANS, F3H,
FL6H, FLS, FNSI), NADPH-dependent reductases (ANR,
DFR, FNR, IFR, LAR, VR) and cytochrome P450 monooxy-
genases (C3H, C4H, CHS3H, F2H, F5H, F6H, F3'H, F3'6'H,
FNSII, IFS, I2'H). CHS and CHI, on the other hand, appear
to have a more limited ancestry. CHI, in particular, ap-
pears to be unique to plants in both sequence and 3-D
structure [9], while CHS is a member of the plant polyke-
tide synthase superfamily, which also includes stilbene
synthase [10]. Thus, CHS and related enzymes may have
been recruited from such ancestral enzymes for natural
product biosynthesis. Finally, with respect to potential
metabolic engineering approaches, it should be recog-
nized that flavonoid biosynthetic enzymes might function
in multienzyme complexes, ie., the metabolons [11].
These may be important in the efficient channeling of car-
bon into specific branch pathways, since there is strong
competition for substrates at the branch points of path-
ways, the intermediates are highly reactive and poten-
tially toxic, and there is a need for quick response to ex-
ternal and internal signals that control the production of
flavonoids [5].

1.1 Transcription factors as tools for pathway manipulation

The structural genes encoding enzymes for the biosyn-
thesis of flavonoids, stilbenes, and other phenyl-
propanoids are at the end points of regulatory pathways
that control their spatiotemporal patterns of expression,
and thus phenylpropanoid natural product accumulation.
Specific transcription factors that modulate the activity of
RNA polymerase Il at target promoters are important reg-
ulators of the temporal and spatial expressions of these
structural genes, and are thus potentially important tools
for manipulating these multienzyme pathways. For ex-
ample, the organ- and tissue-specific regulations of an-
thocyanin biosynthesis is well known to be controlled by

1236 © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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specific transcription factors, which are structurally and
functionally well conserved between species, and which
lead to the coordinate activation of multiple structural
genes in this pathway [12, 13].

From the study of the well-documented mechanisms
of action of various transcription factors [12-14], four gen-
eral conclusions about how transcription factors may be
exploited in the metabolic engineering of flavonoid and
phenylpropanoid metabolism are drawn: (i) transcription
factors typically control the expression of multiple genes
encoding enzymes in a given pathway, allowing efficient
manipulation of multienzyme pathways, (ii) ectopic ex-
pression of specific transcription factors can be used as a
tool for redirecting metabolic differentiation of the cells,
(i11) pathway-specific transcription factors could be used
to modulate the production of specific secondary metabo-
lites and (iv) inactivation of transcriptional repressors
could be used to derepress metabolic channeling into a
pathway leading to a specific metabolite.

A large number of transcription factors involved in
plant flavonoid biosynthesis are known and details of the
most recent biotechnological advances using genes en-
coding these factors are shown in Table 1. Initial work on
the genetic and molecular regulation of flavonoid mul-
tienzyme pathways and subsequent manipulation of
flavonoid biosynthesis targeted maize and Antirhinum
transcription factors, work that was aided by the variety
of anthocyanin pigmentation mutants available (Table 1,
[1b, 16]). A primary target was the use of such transcrip-
tion factors to alter flower color by manipulating antho-
cyanin pigment biosynthesis. Since then, research has
been expanded to identify regulatory genes in many evo-
lutionarily distant species [17-20]. Very well-known regu-
latory genes are C1 and R that induce anthocyanin pro-
duction in maize (reviewed in refs. [21, 22]). Later at-
tempts to improve the flavonoid profiles with respect to
nutritional aspects have followed [18, 22, 23].

The ability of C1/R genes to promote flavonoid biosyn-
thesis [3] was used to produce maize cells that were able
to produce a health-promoting isoflavone. When a model
cell system was employed (maize Black Mexican Sweet
cells), cells transformed with IFS could not produce genis-
tein unless a construct that harbored a fusion of the C1
and R transcription factors (CRC construct) was cotrans-
formed [17]. The activation of the isoflavonoid branch (see
Fig. 3in Part I of this review [1]) by the CRC construct was
used to increase the production of isoflavones in soy [18].
Similarly, the expression of both the C1 and Lc¢ transcrip-
tion factor genes in tomato [24] was sufficient for the up-
regulation of the flavonoid pathway in the tomato fruit,
when the expression of Lc¢ alone in tomato also increased
anthocyanin content [16].

The PAP1 MYB-related transcription factor from Ara-
bidopsis thaliana promotes anthocyanin biosynthesis [14,
16, 19, 25] by the activation of the initial genes of the
flavonoid pathway, although the expression of another
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Table 1. Biotechnology of transcription factors
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Flavonoid Plant gene Transcription Engineered plant  Positive (+) or Metabolic effects
target (plant donor) factor type negative (-) gene (reference)
regulation
Kaempferol, C1, LC transcription Myb/Myc L. esculentum (+)PAL, (+)CHS, High-flavonol tomatoes (mainly
naringenin factors (Zea mays) (+)F3H, (+)FLS, Kaempferol, lesser effect for
(+)DFR, (+)ANS, naringenin) resulting from the
(+)F3GT, (+)A3RT,  heterologous expression of the
(+)GST maize transcription factor genes
LCand C7[24]
Genistein, IFS, CHR (Glycine max),  Myb/Myc N. tabacum, (+)PAL, (+)CHS, Production of the isoflavones
daidzein C1/R1 transcription Z. mays (+)CHI, (+)F3H, genistein and daidzein in non-
factors fusion (Z. mays) (+)DFR, (+)F3GT, legume dicot and monocot
(+)GST tissues [17]
Genistein, IFS (G. max), C1/R1 Myb/Myc G. max (+)PAL, (+)CHS, Metabolic engineering to increase
daidzein transcription factors (+)CHI, (+)F3H, isoflavone biosynthesis in soybean
fusion (Z. mays) (+)DFR, (+)F3GT, seed [18]
(+)GST
Anthocyanins,  PT transcription factor Myb Z. mays (+)PAL, (+)CHS, Increased anthocyanins and
flavones (Z. mays) (+)DFR flavone levels [102, 103]
Anthocyanins ~ MYBT0transcription Myb N. tabacum, Orthologue to PAPT  Increased levels of anthocyanins
factor (M. domestica) M. domestica (+)F3H, (+)F3'H, in leaves [22]
(+)F3’5’'H, (+)DFR,
(+)ANS, (+)F3GT
3-Rutinoside- ANTT overexpression Myb L. esculentum (+)CHS, (+)CHI, Increase in anthocyanin content
S-glucoside of (L. esculentum) (+)F3H, (+)DFR, [27]
delphinidin, (+)F3GT, (+)A5GT
petunidin, and (+)GST
malvidin
Anthocyanins  Del (Delila) transcription  Myc L. esculentum (+)F3H, (+)DFR, Enhanced anthocyanin
factor (Antirrhinum) (+)F3GT, (+)CHS pigmentation [29]
Anthocyanins  Lc transcription activator Myc L. esculentum (+)PAL, (+)C4H, Enhanced pigmentation under
(Z. mays) (+)FLS, (+)CHS, high light conditions [16, 104]
(#)CHI, (+)F3H,
(#)F3'H, (+)F3'5'H,
(+)DFR, (+)ANS,
(+)F3GT, (+)A3RT,
Orthologue to DEL
Anthocyanins ~ MYC-RP, MYC-GP Myc L. esculentum (+)CHS, (+)F3H, Increase in anthocyanin content
(P. frutescens) (+)DFR, (+)F3GT [37]
Anthocyanidins, ANR (Medicago Myb N. tabacum (+)F3H, (+)F3'H, Introduction of proanthocyanidins
proantho- truncatula), PAP1 (+)F3’5’'H, (+)DFR,  into nonproducing plant for con-
cyanidins transcription factor (+)ANS, (+)F3GT version of anthocyanidin into
(A. thaliana) (epi)-flavan-3-ol [20]
Proantho- TT2, PAP1 transcription ~ Myb A. thaliana Ectopic accumulation of pro-

cyanidinsfactors (A. thaliana)

(+)PAL, (+)CHS,
(+)DFR, (+)GST

anthocyanins with the coexpres-
sion of a positive regulator of
anthocyanin biosynthesis with TT2
MYB transcription factor [19]

A partial list of metabolic engineering results achieved using transcriptional factors known to regulate flavonoid biosynthesis, along with the description of the meta-

bolic phenotype.
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WD40 signaling protein is also needed [25, 26]. PAP1
along with an anthocyanidin reductase can be used to
transform forage species to divert metabolism away from
the production of proanthocyanidins, in order to reduce
the negative impacts of bloat [20]. Furthermore, orthologs
of PAPI from Malus domestica (MdMYB10) [22] and Ly-
copersicon esculentum (ANT1) [27] resulted in strong
phenotypes due to high accumulation of anthocyanins.
Another MYB-related transcription factor from maize, P1,
regulates the branch of flavonoid biosynthesis that leads
to red phlobaphene pigments (not shown in Table 1). The
importance of the latter is illustrated by its use in gener-
ating maize plants with increased production of maysin,
a flavone glycoside conferring natural resistance against
corn earworm [28].

The Antirrhinum DEL (Delila) transcription factor
(Table 1) that shares similarity with myec-type factors of
maize is required for anthocyanin biosynthesis in the
corolla tube and other tissues of the Antirrhinum flower
[29, 30], illustrating the existence of evolutionarily con-
served regulatory mechanisms in maize and Antirrhinum
[30]. Two apparently orthologous genes from Perilla
frutescens, MYB-RP and MYB-GP (Table 1), show similar
expression profiles, and when expressed in tobacco and
in tomato increase the anthocyanin content of tobacco
flowers and vegetative tissues and flowers in tomato [31].

Another group of regulatory genes with great biotech-
nological potential are homologs of the Arabidopsis DET1
gene (HP-2 in tomato, Table 1), negative regulators of an-
thocyanin biosynthesis [32]. Downregulation of HP-2 ex-
pression by RNAi technology resulted in increased
amounts of flavonoids and carotenoids [23, 33].

1.2 Agricultural and forest biotechnology

Advancements in plant biochemistry, molecular biology,
structural biology and genomics have fueled research in-
terest and investment in plant metabolic engineering ap-
proaches to agricultural crop improvement [34, 35]. A
number of approaches to alter in planta gene expression
have applications to pathway engineering. These include
“activation tagging” to produce ectopic dominant muta-
tions by overexpression of endogenous genes [27], intro-
duction of novel biosynthetic activities from other organ-
isms to increase levels of a rate-limiting biosynthetic en-
zyme, inhibition of gene expression by RNA silencing, an-
tisense or sense inhibition [36], and up- or downregulation
of entire pathways using regulatory factors [24, 37, 38].
Plant metabolic engineering approaches applied to
flavonoid and phenylpropanoid pathways could help to
meet the demands of society for a more environmentally
benign agriculture with less reliance on agrochemicals for
crop protection [39] or even to improve human and animal
health through altering flavonoid and phenylpropanoid
metabolic pathways in plant-based foods for the produc-
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tion of so-called “nutraceutical” metabolites with poten-
tial human health benefits, as discussed above [6, 36, 40].

Several of the approaches described above are high-
lighted in Table 2 that provides a list of recent successful
case studies for the metabolic engineering of flavonoids
and stilbenoids. Table 2 mainly focuses on metabolic im-
provements concerning increases in the biosynthesis of
stilbenoids and flavonoids in some plant edible parts
(tomato fruit, potato tuber) and food crop plants (rice, al-
falfa, flax, oil rapeseed, etc.). The biotechnological manip-
ulation of flower color and attempts at novel flower color
creations have been reviewed recently by Forkmann and
Martens [4].

Specific examples of metabolic engineering in agri-
culture pertain mostly to isoflavonoids. As mentioned
above, some members of isoflavonoids are important an-
timicrobial phytoalexins/phytoanticipins in both forage
and seed crop legumes [41]. Biotechnology strategies for
improving the efficacy of such antimicrobial agents may
include genetic modifications to increase the speed and
levels of their accumulation [42-44].

Furthermore, it has been proposed that increased
lipophilicity of phytoalexins/phytoanticipins candidates
can increase antifungal activity; thus prenylated
isoflavonoids are strongly antimicrobial, whereas their
nonprenylated precursors have little or no antimicrobial
activity [39]. Genomic and biochemical strategies for dis-
covering new plant and microbial [45] prenyltransferases
active against flavonoids may provide tools for increasing
the proportion of prenylated isoflavonoids. Interestingly,
prenylated flavonoids have much greater bioactivity as
phytoestrogens [46], suggesting that genetic modifica-
tion of food crops to contain higher levels of prenylated
flavonoids may also enhance the human diet [47].

Many species of wild plants are prominent in their
uses as traditional medicines. For example, Saussurea in-
volucrata, a herb that grows at high altitudes, is well
known in traditional Chinese medicine for its elfects in
promoting blood circulation and for its anti-inflammation
and analgesic activity. Among compounds that have
been found to possess such beneficial effects is the
flavone apigenin. An in vitro cell culture system for S. in-
volucrata with sufficient yields or apigenin could protect
this species from disappearing [48] due to overharvesting
as well as providing a simple method for overproducing
this highly active compound. Agrobacterium rhizogenes
was used to transform S. involucrata and overexpress
CHI, producing a key enzyme in flavonoid biosynthesis
thus resulting in the increased production of flavonoids in
general (up to four-fold) and in increased production of
apigenin in particular (up to 12-fold) [48].

An earlier report of genetic modification of plants to
overproduce flavonoids beneficial for the human health
was the increased flavonoid content of vegetables gener-
ated using a Petunia hybrida CHI gene with its promoter
and terminating sequences [49]. This gene was used to
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Table 2. General plant biotechnology applications that concern metabolic engineering of a certain metabolic flavonoid or stilbenoid target, along with the
description of the obtained metabolic effect

General plant biotechnology applications

Metabolic target

Plant gene donors
(target gene(s))

Engineered plant

Metabolic effects (reference)

Stilbenoids

Resveratrol

Resveratrol

Resveratrol

Resveratrol

Resveratrol, piceid

Flavonoids

Apigenin

Kaempferol glycoside,
quercetin glycoside

Naringenin, kaempferol,
rutin, quercetin

Chalcones (butein,
isoliquiritigenin),
flavones (luteolin),
flavonols (rutin,
quercetin glucosides,
kempferol)

Genistein

Genistein

Genistein

Genistein

Glucosides of genistein,
biochanin A, pratensein

Neohesperidin

Vitis vinifera (RS)

Arachis hypogaea (RS)

V. vinifera (RS)
Parthenocissus henryana (RS)
P. hybrida (CHS, CHI),

Medicago sativa (CHR),
Gerbera (FNSII)

Saussurea medusa (CHI)

P. hybrida (CHI)

L. esculentum (CHS, CHI, FLS)

P. hybrida (CHS, CHI),
M. sativa (CHR),
Gerbera (FNSII)

G. max (IFS)

G. max (IFS),
N. tabacum (F3H),
Astragalus membranaceus (PAL)

G. max (IFS)

G. max (IFS)

M. truncatula (IFS)

Citrus maxima (F7RT)

Brassica napus
Rehmannia glutinosa
L. esculentum

Lactuca sativa

L. esculentum

S. involucrata

L. esculentum

L. esculentum

L. esculentum

A. thaliana

N. tabacum, L. sativa,
P. hybrida
Oryza sativa

A. thaliana

M. sativa

N. tabacum

Increased resveratrol glucosides production in
seeds [105]

Resveratrol aglycones and glucosides
production [106]

Resveratrol aglycones and glucosides
production [107]

Resveratrol accumulation in leaves [108]

Stilbenoids production in non-producing fruit
[109]

Overproduction of apigenin through CH/
overexpression. CHI catalysed the conversion of
chalcone into naringenin a prerequisite for
apigenin production [48]

Production of increased levels of kaempferol
and quercetin glycosides [49]

Increase in total fruit flavonols was achieved
through ectopic expression of chalcone
isomerase chalcone synthase and flavonol
synthase [110]

Novel flavonoids produced in nonproducing
fruit [109]

Expression of isoflavone synthase for the
biosynthesis of genistein [50]

Genistein production [111]

Genistein production in rice plants that over-
express IFS modulate nod gene expression in
various Rhizobia [112]

Production of genistein from A. thaliana and
competition with pathway components that lead
to flavonol synthesis [113]

Differential tissue and environment-specific
effects in production of Genistein, Biochanin A,
and Pratensein glucosides, as other flavonoids,
due to /FS transgene expression [114].

Metabolic engineering of plant cells for bio-
transformation of hesperedin into neohes-
peridin [115]
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General plant biotechnology applications
Metabolic target Plant gene donors
(target gene(s))

Engineered plant

Metabolic effects (reference)

Aureusidin
6-O-glucoside

Antirrhinum majus (4'CGT, AS)

Anthocyanins P. hybrida (CHS, CHI, DFR)

Gerbera hybrid,
Matthiola incana,
Callistephus chinensis,
Dianthus caryophyllus,
L. esculentum,

Rosa hybrida (DFR)

Anthocyanidins

Anthocyanins Solanum sogarandinum (A5GT)

Quercetin,
proanthocyanins,
anthocyanins

O. sativa (ANS)

Lignans, total phenolics  P. hybrida (CHS, CHI, DFR)

Torenia hybrida

Solanum tuberosum

S. cerevisiae,
N. tabacum

S. tuberosum

O. sativa

Linum usitatissimum

Yellow flowers generated by the aureusidin
6-O-glucoside synthesis [116]

Altered anthocyanin levels in potato tubers [117]

Several cDNA clones encoding DFR have been
isolated from different plant species for the
heterologous expression and anthocyanidins
production [101]

Ectopic expression of A5GT that confers 2-fold
increase in resistance against Erwinia carotovora
with simultaneously increase in organoleptic
characteristics [118]

Overexpression of anthocyanidin synthase
accumulates a mixture of flavonoids [119]

Increase in total phenolic antioxidant levels,
including slight increase (12-14%) in lignan
content [120]

transform tomato (L. esculentum) and although the re-
sulting flavonols were mainly glycosylated, the modified
tomatoes contained significantly increased levels of
quercetin glycosides and smaller but still substantial in-
creases in kaempferol glycosides in fruit peel (up to 78-
fold elevated concentration of flavonols).

In another example of the potential for metabolic en-
gineering of plants for improved nutrition, an IFS gene
from soybean was expressed in A. thaliana, a plant that
does not naturally produce genistein. Genistein was read-
ily detected in the transgenic plants [50], indicating that
there is the possibility for enhancing flavonoid content of
foods by the heterologous expression of nonlineage-spe-
cific flavonoid biosynthetic genes.

Phenolic compounds including flavonoids are abun-
dant in the foliage of many tree species and appear to play
important roles against insect herbivory, a major problem
for plantation forestry. For example in Populus (poplars
and aspens), phenyloropanoid-derived phenolic glyco-
sides and condensed tannins may constitute up to 35%
of foliar dry weight [51]. The rapid induction of DFR gene
expression and condensed tannin accumulation in aspen
in response to insect herbivory suggests that these com-
pounds are important in defense against herbivors in
Populus [52], supported by insect herbivory-induced acti-
vation of flavonoid metabolism in Populus as assayed by
microarray expression profiling [563]. Populus is the first
tree to have its complete genome sequenced [54]. Recent
annotations of the complete set of Populus flavonoid
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biosynthetic genes were found to be involved in the
biosynthesis of condensed tannins [51], and identification
of potential regulatory and signaling genes may control
herbivory-induced condensed tannin biosynthesis [53].
This raises the possibility of enhancing defenses against
insect attack in Populus plantations by the selection of
genotypes with the alleles that condition more rapid and
intense condensed tannin accumulation in response to
herbivory, or by genetic modification using entirely en-
dogenous Populus genes to achieve the same goal. In
conifers, too, insect herbivore leads to rapid activation of
phenylpropanoid and flavonoid metabolism [55]. While
potential roles for flavonoids as part of conifer chemical
defenses have not yet been experimentally established,
these results suggest this possibility and thus the poten-
tial for biotechnological intervention to enhance conifer
defenses against devastating insect infestations. This
work may be aided by the characterization of pine
[66] and spruce [57, 58] MYB transcription factors that,
analogous to angiosperm MYB genes discussed above,
regulate different aspects of phenolic metabolism in
conifers.

2 Reconstruction of multienzyme pathways of
flavonoids and stilbenoids in microbes

Both prokaryotic and eukaryotic microbes such as Es-
cherichia coli and Saccharomyces cerevisiae are widely
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used as model systems and for the expression of genes
that are able to convert fed precursors or endogenously
produced substrates into valuable end products. Several
compounds with high additive value such as isoprenoids
and polyketides [69, 60], flavors and fragrances [61], ter-
penoids [62], and of course plant-derived flavonoids could
be the end products of such bioconversions in microbes,
because the interactions between proteins are easily
studied and manipulated and the overproduction of either
endogenous or heterologous proteins is easily carried out.
Thus, these systems have great potential for heterologous
production of bioactive flavonoid compounds.

The first studies on microbial expression of plant-de-
rived phenylpropanoid and flavonoid enzymes had their
main objectives of assaying the activity of specific en-
zymes such as PAL [63], C4H [64], 4CL [65], CHS [66], CHI
[67], IFS [50, 68], I2'H [69], F2H [70], F3'H [71], F6H [72,
73], ANS [74], IOMT [75], VR [68], and testing the poten-
tial for the biotransformation of precursor compounds har-
nessing the metabolic power of microbial hosts. These
first tests were positive and gave birth to the term “meta-
bolic pathway engineering” leading to current work on
the introduction of multienzymic systems into microbial
cells for the purpose of producing specific plant-derived
secondary metabolites. Although in 2002 Verpoorte [76]
stated that it would be possible to engineer only short
biosynthetic pathways, the potential of using microbes to
reconstitute whole metabolic pathways was illustrated by
the subsequent work of Hauf et al. [77] who simultane-
ously expressed seven glycolytic enzymes.

Several of the model microbial systems with success-
ful metabolic engineering achievements of flavonoids and
stilbenoids for both prokaryotic (Section 2.1) and eukary-
otic systems (Section 2.2) are given in Tables 3 and 4, re-
spectively. Some key examples of these cases are dis-
cussed below.

2.1 Prokaryotes

In the first report of the production of compounds with
medicinal interest in engineered E. coli strains, Watts et
al. [78] overexpressed the production of the stilbenes
resveratrol and piceatannol under appropriate culturing
conditions. Straing were generated that expressed plant
4CL and STS genes that were capable of producing
regveratrol or piceatannol when supplied with either p-
coumaric acid or caffeic acid as precursor molecules. The
vield of resveratrol in the transformed strains was ex-
tremely high (about 100 ug/mL culture) and this, along
with the fact that no codon optimization was necessary,
highlights the potential for prokaryotes as hosts for het-
erologous flavonoid production.

An earlier attempt to reconstitute the whole biosyn-
thetic pathway in order to produce the flavanone narin-
genin in bacteria, starting with PAL, was not successful
[79]. In that work, expressions of A. thaliana genes en-
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coding PAL, C4H, 4CL and CHS, the first four enzymes re-
quired in sequence for naringenin biosynthesis, were in-
troduced into an E. coli host strain. However, since the cy-
tochrome P460 enzyme C4H was not functional in the
bacterial host, this effort was unsuccessful. To overcome
this problem, a Rhodobacter capsulatus gene encoding
tyrosine ammonia-lyase (TAL), capable of converting ty-
rosine into p-coumaric acid (the product of C4H), was
used, and made possible the production of naringenin (up
to about 21 pg/mL cultivation in 48 h).

Several research groups have begun to “program”
bacterial hosts to produce more complex secondary
metabolites that are the end products of the coordinated
action of several enzymes. A project with no direct
metabolite production but with great impact on phenyl-
propanoid pathway reconstitution in heterologous organ-
isms was reported by Hotze et al. [80], who developed a
strategy for analyzing the activities encoded by the rap-
idly increasing number of plant cytochrome P450 se-
quences. They found that the expression of a chimeric
protein consisting of a truncated C4H domain and a trun-
cated cytochrome P450 reductase (CPR) domain linked
with a Ser-Thr-Ser-Ser-Gly linker has the potential to allow
functional expression of C4H in a bacterial host. Such an
approach could be used for the engineering of different
branches of the phenylpropanoid system in host organ-
isms that either do not have the necessary CPR, or have
low levels of CPR expression. For example, it is obvious
that yeast's CPR is not able to support the expression of
high C4H activities, so when high levels of C4H function-
ality are required, C4H expression should be coupled with
CPR expression [81].

Leonard et al [82] reported the production of narin-
genin, eriodictyol, dihydrokaempferol, dihydroquercetin,
kaempferol and quercetin by the coexpression up to eight
genes in the flavonoid metabolic pathway in E. coli, when
the strains were provided the precursor p-coumaric acid.
In this study, two proteins were linked via a Gly-Ser-Thr
linker in a way such that their activities were not lost, al-
lowing the expression of two enzymes under the control
of just one promoter. They also managed to optimize the
bacterial growth conditions for metabolite production.
They suggested that the generation of quercetin was bet-
ter achieved using low copy number plasmids because of
the enhanced stability of the expression, and that growth
media could affect the quantity of flavonol production.

It was little earlier that Yan et al. [83] proposed for the
first time a strategy for synthesizing plant anthocyanins
in a bacterial host. Following classical biotechnology pro-
tocols, they managed to produce 3-O-glucosides of
pelargonidin and cyanidin by the expression of ¥3H, DFR,
ANS, and of a FSGT in E. coli. Anthocyanins were pro-
duced at a low concentration (5.6 pg/L) with several by-
products such as dihydrokaempferol, dihydroquercetin,
kaempferol, quercetin at relatively higher levels (5.56, 8.8,
0.44, and 0.444 mg/L, respectively). The higher levels of
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Table 3. Prokaryotic microbial biotechnology applications employing metabolic engineering of a certain metabolic flavonoid or stilbenoid target, in order to
lead the bacterial strains to obtain a certain metabolic effect (as exists in plants) produced by the microbes

Prokaryotic microbial biotechnology applications

Flavonoid target

Plant gene donors (target genes)

Metabolic effects (reference)

p-Coumarate

p-Coumarate

Resveratrol, piceatannol

Naringenin

Naringenin, eriodictyol, dihydro-
kaempferol, dihydroquercetin,
kaempferol, quercetin

Apigenin, luteolin

Naringenin, pinocembrin

Pelargonidin 3-O-glucoside,
cyanidin 3-O-glucoside

C. roseus (C4H, CPR)

Rhodotorula glutinis (PAL),
Helianthus tuberosus (C4H, CPR)

A. thaliana (4CL), A. hypogaea (RS)

TAL from R. capsulatus (TAL),
A. thaliana (PAL, C4H, 4CL, CHS)

Petroselinum crispum (4CL),

M. domestica (F3H), A. thaliana (FLS),
P. hybrida (CHS, CHI),

C. roseus (F3'5'H, CPR)

P. hybrida (FNSI)

R. rubra (PAL), S. coelicolor (4CL),
G. echinata (CHS)

M. domestica (F3H, ANS),
Anthurium andraeanum (DFR),

Coupling of C4H with CPR for p-coumarate
production [80]

Production of p-coumarate E. coli and
S. cerevisiae [121]

p-Coumaric acid and caffeic acid conversion to
resveratrol or piceatannol [78]

Overproduction of naringenin [79]

Production of flavonols by the expression of
protein fusions [82]

Flavone synthase expression allows the
biosynthesis of flavone derivatives in E. coli
n22]

Naringenin and pinocembrin production using
alternative molecular strategies in bacteria [123]

Conversion of naringenin or eriodictyol to the
corresponding 3-O-glucosylated form [83]

P. hybrida (F3GT)

these byproducts could be either due to region-specific
activities of the implicated enzymes, suggesting that they
can participate in reactions with several substrates, or
due to lower catalytic efficiencies of the intermediate
steps.

2.2 Eukaryotes

The yeast S. cerevisiae has also been used to express
flavonoid biosynthetic genes. Along with the fact that it
has similar compartments with plant cells, S. cerevisiae
has the advantage of permitting post-translational modi-
fications of eukaryotic proteins. Additionally, yeast has an
endomembrane system (e.g., endoplasmic reticulum),
into which plant P450 enzymes such as C4H are typically
embedded [84], together with their CPR partners [85]. A
general model for the spatial positioning of the enzymes
implicated in anthocyanin (flavonoids in general) biosyn-
thesis is discussed by Jaakola [86] and Winkel [87].
When Ralston et al. [88] expressed several CHI genes
in yeast and added chalcones to the culture media, the
chalcones were rapidly converted to flavanones with dif-
ferent efficiencies depending on the type of CHI. This in-
dicates that yeast can take up chalcone across the plas-
ma membrane, a fact that could be used for the produc-
tion of several naringenin derivatives. When the chalcone
substrates were added to the culture media of yeast co-
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transformed with IF'S and CHI genes, the chalcones were
first converted to flavanones and subsequently to 2-hy-
droxyisoflavanones and isoflavones by the action of IFS.
On the other hand, the coexpression of CHI with FGH or
FNSII in yeast cells resulted in the synthesis of dihy-
droflavonols or flavones, respectively, when chalcones
were used as substrates. This shows that naringenin can
be used as a substrate not only by IFS but also by F3H and
FNSIL When the CHI genes were coexpressed with [FS,
chalcone substrates were converted to flavanone and
then to isoflavones as a resull of the coordinate activity of
both enzymes.

A similar result was observed when a 2-hydroxy-
isoflavone synthase (IFS) gene from Glycyrrhiza echinata
was expressed into S. cerevisiae, where the enzyme was
targeted to microsomes [89]. This strain was capable of
transforming the b-deoxyflavanone liquiritigenin and fla-
vanone naringenin to daidzein and genistein, respective-
ly. An almost identical result was obtained by expression
of an isoflavone synthase gene from Trifolium pratense in
S. cerevisiae, allowing the biotransformation of 7-hydroxy-
flavanone, 5,7-dihydroxyflavanone, 7,4’-dihydroxyfla-
vanone (liquiritigenin), and 5,7,4’-trihydroxyflavanone
(naringenin) to the corresponding isoflavones [90]. More-
over, it was shown that the co-expression of a CPR [88] in-
creased the biotransformation of naringenin to genistein
[911.
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Table 4. Eukaryotic microbial biotechnology applications employing metabolic engineering of a certain metabolic flavonoid or stilbenoid target, in order to

lead the bacterial strains to obtain a certain metabolic effect (as exists in plants) produced by the microbes

Eukaryotic microbial biotechnology applications

Flavonoid target

Plant gene donors (target genes)

Engineered organisms

Metabolic effects (reference)

p-Coumarate
Resveratrol

Resveratrol

Resveratrol

Naringenin,
pinocembrin

Naringenin, apigenin,
dihydrokaempferol

Genistein, daidzein

Genistein, daidzein

Genistein

Apigenin, luteolin,
7,4’ -dihydroxyflavone

p-Coumarate
Genistein, daidzein
Eriodictyol,

dihydroquercetin

Quercetin

Methylated flavonols

Naringenin,

pinocembrin

Resveratrol

Genistein

Kaempferol

Quercetin

R. glutinis (PAL),
H. tuberosus (C4H, CPR)

Populus trichocarpa x P. deltoides (4CL),
V. vinifera (RS)

Rhodobacter sphaeroides (TAL),
A. thaliana (4CL), V. Vinifera (RS)

N. tabacum (4CL), V. vinifera (RS)

Rhodosporidium toruloides (PAL),
A. thaliana (4CL),
Hypericum androsaemum (CHS)

G. max (CHI, IFS),
Gerbera hybrida (FNSII), G. max (F3H)

G. echinata (IFS)

Trifolium pratense (IFS)

G. max (IFS)
Gerbera (FNSII)

Populus kitakamiensis (PAL),
Populus trichocarpa x
P. deltoides (C4H, CPR)

G. max (IFS), M. sativa (CHI)

A. thaliana (F3'H)

P. hybrida (FLS)

Chrysosplenium americanum (FLGH)

A. thaliana (C4H), P. crispum (4CL),
P. hybrida (CHS, CHI)

Populus (PAL), G. max (C4H, 4CL),
V. vinifera (RS)

Populus (PAL),
G. max (C4H, 4CL, CHS, CHI, IFS)

Populus (PAL),
G. max (C4H, 4CL, CHS, CHI, F3H),
S. tuberosum (FLS)

Populus (PAL),
G. max (C4H, 4CL, CHS, CHI, F3H, F3'H),
S. tuberosum (FLS)

S. cerevisiae

S. cerevisiae

©

cerevisiae

gl

cerevisige

cerevisige

©n

©

cerevisiae

gl

cerevisige

©

cerevisiae

1%

. cerevisiae, A. thaliana

cerevisiae

©

©

cerevisige

©

cerevisiae

“

cerevisiae

S. cerevisiae

Pichia pastoris

S. cerevisiae

S. cerevisiae

S. cerevisiae

S. cerevisiae

S. cerevisiae

Production of p-coumarate in S. cerevisiae
n21n

Engineering of S. cerevisiae for the
synthesis of resveratrol [94]

Using protein fusions to engineer
resveratrol biosynthesis in yeast and
mammalian cells [124]

Production of resveratrol in S. cerevisiae
[125]

Production of naringenin and
pinocembtin in S. cerevisige [98]

Partial reconstruction of flavonoid and
isoflavonoid biosynthesis in yeast [88]

Transformation of liquiritigenin and
naringenin to daidzein and genistein,
respectively [89]

Transformation of liquiritigenin,
naringenin, 7-hydroxyflavanone, and 5,7-
dihydroxyflavanone to the corresponding
isoflavones [91]

Expression of isoflavone synthase for the
biosynthesis of genistein [50]

Cloning and expression of FNSI/ in yeast
cells [92]

Construction of yeast strains that trans-
forms endogenously produced
phenylalanine into p-coumarate [93]

Genistein or daidzein production with an
artificial bifunctional enzyme [126]

F3'H expression into yeast cells led to
conversion of naringenin or dihydro-
kaempferol into eriodictyol or dihydro-
quercetin [71]

Production of quercetin by conversion of
dihydroquercetin [127]

FLGH protein hydroxylates partially
methylated flavonols at the 6 position of
their A-ring [72]

Yeast strain produced the flavanones
naringenin and pinocembrin when fed
with phenylpropanoid acids [99]

Engineering of S. cerevisiae for the
synthesis of resveratrol (Trantas and
Ververidis, unpublished data)

Engineering of S. cerevisige for the
synthesis of genistein (Trantas and
Ververidis, unpublished data)

Engineering of S. cerevisiae for the
synthesis of kaempferol (Trantas and
Ververidis, unpublished data)

Engineering of S. cerevisiae for the
synthesis of quercetin (Trantas and
Ververidis, unpublished data)

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Yeast also provides a useful system to evaluate en-
zyme activities. For example, legume IFS enzymes to-
gether with a P4b0 reductase can convert liquiritigenin
and naringenin to daidzein and genistein, respectively. In
a yeasl expression system, legume [I'S enzyme carried
out these conversions, although with different efficacies
[50]. Interestingly, IF'S genes cloned from a divergent
group of species show very high protein product similari-
ties between them; even IFS from sugar beet (Beta vul-
garis), a nonlegume species, shows great protein similar-
ity, suggesting stringent stuctural requirements for pro-
tein catalytic activity. As mentioned above, when IFS
from soybean expressed in A. thaliana, a non-genistein
producing plant, genistein was detected, indicating that
there is the possibility for enhancing flavonoid content of
foods derived from food plants by metabolic engineering
practices [50].

Two types of flavone synthases have been cloned up
to now: one from parsley (Petroselinum hortense) and the
other from a Gerbera hybrid (FNSI and FNSII, respective-
ly). Heterologous expression of the FNSI gene cloned
from Gerbera enables the control of the synthesis of sev-
eral flavones depending on the substrate specificity.
When naringenin is used as a substrate it is biotrans-
formed to apigenin and when eriodictyol or liquiritigenin
are used as substrates they are biotransformed to luteolin
or 7,4'-dihydroxyflavone, respectively [92].

The work by Ro and Douglas [93] suggests that it
should be possible to engineer yeast strains that accu-
mulate flavonoids, starting with phenylalanine, and pro-
ceeding through general phenylpropanoid metabolism to
naringenin and beyond. They constructed yeast strains
that were capable of transforming endogenously pro-
duced phenylalanine into p-coumarate. This was accom-
plished by using two plasmid vectors that can be stably
propagated through mitotic partitioning. One vector ex-
pressed the gene encoding an isoform of PAL, cloned from
Populus, and the other contained the Populus C4H and
CPR genes. All genes were under the control of galactose-
inducible promoters. The results showed that the strong
accumulation of phenylpropanoid product, p-coumarate,
from endogenous phenylalanine was possible by the co-
expression of PAL and C4H. The authors suggested that
C4H controls metabolic flux and channels phenylalanine
derived from the shikimate pathway into phenyl-
propanoid metabolism, with the aid of PAL which pro-
duces cinnamic acid, the substrate for C4H. Interestingly,
co-cultivation of separate strains expressing PAL and
CA4H/CPR also resulted in p-coumarate production, al-
though at lower concentrations. This finding shows that
no physical interaction of PAL with C4H is required for the
biotransformation of phenylalanine into p-coumarate.
Furthermore, transformed straing efficiently secreted p-
coumarate into the culture media, illustrating that such a
technique could be used as a biological factory for pro-
ducing p-coumarate. This work opens the door to gener-
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ating further strains that channel p-coumarate into
flavonoid biosynthesis.

Given the proven health benefits of phytoestrogens
(see Part I of this review [1]), addition of such compounds
in selected beverages or foods, through the use of het-
erologous genes introduced into microbes, could enhance
dietary benefits. Becker et al. [94] succeeded in enhanc-
ing the production of the stilbene resveratrol by making
use of specifically transformed yeast strains. In this work,
grape must was fermented with a yeast strain harboring
two plasmids, one carrying a 4CL gene from poplar and
the other carrying resveratrol synthase (RS) gene from
grape [94]. Transformed yeast strains were capable of con-
verting p-coumaric acid from the medium into resveratrol
glycosides. However, resveratrol glycosides were not syn-
thesized at high concentrations (0.5-1.5 pg/L culture),
glycosides were synthesized instead of aglycons, and
resveratrol was not released into the medium. While this
strategy requires optimization, it may provide a method
for enhancing resveratrol content in fermented beverages
[95, 96].

Several plant genes encoding flavonoid biosynthetic
enzymes have been functionally expressed as individual
enzymes in yeast, suggesting that they will be useful in
the metabolic engineering of yeast as well as plants. Tian
and Dixon [97] have tried to optimize the manipulation of
plant secondary metabolism in yeast and plants for the
production of daidzein or genistein and their glycosylated
derivatives. The activities of CHI (to cyclize chalcones)
and IFS (to convert resulting flavanones into isofla-
vanones, which are rapidly converted into isoflavones)
were combined in a single functional chimeric gene. This
construct containing a single CHI/IFS ORF with the two
proteins linked by a tripeptide Gly-Ser-Gly bridge be-
tween the two proteins confers additional flexibility to the
linkage without interfering with function. The rational de-
signing of that bifunctional enzyme efficiently converted
chalcones into isoflavones both in yeast and in plant cells
[97]. This approach should facilitate the engineering of
complex metabolic pathways in plants and yeast.

Analysis of tt7 mutant of A. thaliana showed that the
TT7 gene is required for flavonoid 3'-hydroxylase activity.
Furthermore, Schoenbohm et al. [71] proved that TT7 is
actually the P450 monooxygenase F3'H that catalyzes the
3'-hydroxylation of the flavonoid B-ring to the 3',4'-hy-
droxylated state. When expressed into yeast cells, the en-
zyme was capable of bioconverting naringenin or dihy-
drokaempferol into eriodictyol or dihydroquercetin, re-
spectively [71]. This enzyme should be useful for flavonoid
engineering both in yeast and in plants.

The aromatic hydroxylation at position 6 of methylat-
ed flavonols is of particular interest, since it is catalyzed
by the FL6H [72], which is an ODD enzyme, rather than a
cytochrome P450-dependent monooxygenase (see
biosynthetic pathways in Fig. 3 of Part I of this review [1]).
A cytochrome P450 enzyme named flavonoid 6 hydroxy-



Etepoloyn frocovieon plofovocidomy kot ati)fevoglddy evargewy - Anuoaiedoelg

Biotechnol. |. 2007, 2, 1235-1249

lase (I'6H, see also Iig. 3 of Part I of this review [1]), which
most probably came through different evolutionary
routes, is capable of hydroxylating naringenin at 6 posi-
tion producing 6-hydroxylated bioactive compounds [73].
Recent work by Anzellotti and Ibrahim [72] showed that
an N-terminally truncated FL6H is capable of hydroxylat-
ing partially methylated flavonols at the C-6 position of
their A-ring. The engineered enzyme was expressed in
Pichia pastoris where the function of the enzyme was con-
firmed.

In two other studies, flavanones were produced in S.
cerevisiae using slightly different approaches. Jiang et al.
[98] used a full metabolic pathway with PAL as the lead-
ing enzyme followed by 4CL and CHS while Yan et al. [99]
reconstructed the flavanone producing pathway starting
with C4H, followed by 4CL, CHS and CHI [99]. In the first
study, a PAL enzyme was used that also had TAL activi-
ty, thus allowing the conversion of tyrosine directly into p-
coumaric acid without the need for PAL and 4CL activi-
ties. They also exploited the ability of naringenin or
pinocembrin chalcone to spontaneously convert into the
corresponding flavanones without the expression of any
CHI. On the other hand, Yan et al. constructed a system
which was fed with precursor phenylpropanoid acids.
The results showed that the second approach, which is
judged as more rational than the first, is more efficient in
producing flavanones (up to 28 mg/L naringenin, com-
pared to 10 mg/L obtained with the first approach).

In an attempt to compare the activities of FNSI over
FNSII in the production of flavones, Leonard et al. [100]
also checked whether the yeast endogenous CPR enzyme
is capable of supporting the P450 enzymes by providing
them with reduced equivalents. The latter was compared
with a plant-derived CPR cloned from Catharanthus
roseus. Their findings led them to conclude that the en-
dogenous CPR activity is enough for the optimum activi-
ty of P4b0 enzymes. Nevertheless, there is other evidence
that using heterologously expressed CPRs from other
species leads to increased P450 enzyme activity that
could lead to increased levels of secondary metabolite
production [85]. Important in the field of heterologous
flavonoid production is also their finding that certain car-
bon sources (e.g., raffinose instead of glucose as a pre-in-
duction substrate and acetate as a sole carbon source)
dramatically increased the levels of flavonoids produced
[1001].

Finally, DFR is an enzyme that initiates the biosynthe-
sis of leucoanthocyaniding, water-soluble compounds
that are responsible for a plethora of colors. DFR genes
from six different species were cloned and functionally ex-
pressed in S. cerevisiae, B. coli, and protoplasts of Nico-
tiana tabacum [101]. Protein extracts from yeast strains or
protoplasts from N. tabacum expressing DFR genes ex-
ogenously supplemented with various flavanonols (also
named dihydroflavonols) were capable of converting
them into their corresponding leucoanthocyanidins (see
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Fig. 3 of Part I [1] of this review for details). The authors
were able to show that the heterologously expressed
DFRs did not appear to have a distinct flavanone 4-reduc-
tase action, being able to catalyze the reduction of fla-
vanones into flavan-4-ols [101].

3 Conclusions

Advances in the last decade have shown that metabolic
engineering in plants for agricultural crop improvement is
feasible and perhaps society will soon be rewarded for this
investment. Phenylpropanoid-derived natural products
evolved in parallel with plants and their role in every day
plant life was to protect them from environmental biotic
and abiotic stresses. It is long known that these natural
gifts are also beneficial for human health, either as direct
medicines or indirectly as nutritional supplements. In na-
ture there is a continuous evolutionary process through-
out the millennia to enable plants to survive their micro-
bial and pest enemies. In the last few decades, this has
also been the major issue in modern agriculture through
chemical tools provided by the Agrochemical Industry.
However, this resulted in heavy environmental, and per-
haps human health load. Microbes, on the other hand,
have proven to be excellent tools and best partners not
only for researchers in studying gene biology but also for
biotech companies as biofactories whenever either quan-
tity or quality of a native molecule is in demand. By re-
constructing multienzyme plant pathways into microbes,
metabolic engineering can give solutions wherever plant
systems or agricultural techniques have shortcomings.
However, the question of economic feasibility of such pro-
duction schemes is still under evaluation. In this review,
we discussed in Part I [1] the diversity and biosynthetic
origins of phenylpropanoids, mainly the flavonoid and stil-
benoid natural products. We focused in particular on eval-
uating recent literature data pertaining to the modes of
action and biological properties of these compounds, with
reference to their effects on human health and physiolo-
gy, and their roles as plant defense and antimicrobial com-
pounds. The data we collected show that myths (about
these natural products) do exist, but so do actual benefits.
Recent data, either from original research or from old-
standing knowledge, suggest that the near future of
flavonoids and stilbenoids biotechnology will be fruitful. It
seems that microbe-aided biosynthesis of phenyl-
propanocid and flavonoid natural products is feasible,
based on current experience. It remains to be seen to
what extent transgenic approaches to improve the
phenylpropanoid and flavonoid profiles of food crops, with
potential benefits to agricultural productivity, food quali-
ty, and human health will be adopted for commercial pro-
duction as this will depend ultimately on public accept-
ance of this technology.
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LOCUS FJ770468 1535 bp mRNA linear PLN 23-MAR-2009
DEFINITION Glycine max coumarate 4-hydroxylase (C4H) mRNA, complete cds.
ACCESSION  FJ770468

VERSION FJ770468.1 GI1:225194700
KEYWORDS -
SOURCE Glycine max (soybean)

ORGANISM Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
rosids; eurosids |; Fabales; Fabaceae; Papilionoideae; Phaseoleae;
Glycine.

REFERENCE 1 (bases 1 to 1535)

AUTHORS  Trantas,E., Panopoulos,N.J. and Ververidis,F.

TITLE Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae

JOURNAL Unpublished

REFERENCE 2 (bases 1 to 1535)

AUTHORS  Trantas,E., Milios,D. and Ververidis,F.

TITLE Direct Submission

JOURNAL  Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece

FEATURES Location/Qualifiers
source 1..1535
/organism="Glycine max"'
/mol_type=""mRNA"
/db_xref="taxon:3847"

gene 1..1535
/gene=""C4H"

CDS 8..1528
/gene=""C4H"

/EC_number="1.14.13.11"
/note=""P450 enzyme; coumaric acid 4-hydroxylase"
/codon_start=1
/product="coumarate 4-hydroxylase"
/protein_id="ACN81819.1"
/db_xref="GI1:225194701"
/translation=""MDLLLLEKTLIGLFLAAVVAIAVSTLRGRKFKLPPGPLPVPIFG
NWLQVGDDLNHRNLTDLAKKFGD I FLLRMGQRNLVVVSSPELAKEVLHTQGVEFGSRT
RNVVFD IFTGKGQDMVFTVYGEHWRKMRR IMTVPFFTNKVVQQYRHGWESEAAAVVED
VKKNPDAAVSGTV IRRRLQLMMYNNMYR IMFDRRFESEEDP I FQRLRALNGERSRLAQ
SFEYNYGDFIPILRPFLKGYLKICKEVKETRLKLFKDYFVDERKKLGSTKSTNNNNEL
KCAIDHILDAQRKGE INEDNVLY IVENINVAAIETTLWS IEWG IAELVNHPE 1QQKLR
DEIDRVLGAGHQVTEPD IQKLPYLQAVVKETLRLRMAITPLLVPHMNLHDAKLGGYDIP
AESK I LVNAWWLANNPAHWKKPEEFRPERFFEEESLVEANGNDFRYLPFGVGRRSCPG
TILALPILGITLGRLVQNFELLPPPGQSQIDTSEKGGQFSLHILKHST IVAKPRSF"
ORIGIN
1 gtcgacaatg gatctcctcc ttctggaaaa gaccctcata ggtctcttcc tcgctgeggt

61 ggtcgccatc gccgtctcca cccteccgegg ccggaaattc aagctcccac cgggeccact

121 ccccgtccca atcttcggca actggctcca agtcggcgac gacctcaacc accgcaacct

181 caccgatttg gccaaaaaat tcggtgacat cttcctcctc cgcatggggc agcgcaacct
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1141
1201
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1441
1501
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cgtcgtggtt
cggcteccege
cttcaccgtc
caccaacaag
cgaggacgtc
tcagctcatg
ggaggatccc
gagctttgag
cttgaagatt
tgacgagagg
cgctattgac
ctacattgtt
gggcattgct
cagagttctt
ccaagcagtg
catgaacctc
ggtgaatgca
gcctgagagg
ccttcccttt
tggcatcact
acagattgac
cattgtggca

tcttcccctg
acccgcaacg
tacggcgagce
gttgtgcaac
aagaaaaacc
atgtacaaca
atcttccaga
tataactatg
tgcaaggagg
aagaagcttg
cacattttgg
gaaaacatca
gagcttgtga
ggagcagggc
gtcaaggaaa
cacgacgcaa
tggtggctyg
ttcttcgagg
ggtgttggca
ttgggacgtt
actagtgaga
aagccaaggt

agctcgccaa
tcgtcttcga
actggcgcaa
aataccgcca
ccgacgccgce
acatgtaccg
ggctaagagc
gtgattttat
tgaaggagac
gaagcaccaa
atgcccagag
acgttgctgc
accacccaga
accaagtgac
ctcttcgtct
agcttggggg
ccaacaaccc
aggagtcgct
gaagaagctg
tggtccaaaa

aaggagggca
cattttagac

agaggttctc
catcttcacc
aatgcgeccgce
tggatgggaa
cgtctececgge
cataatgttc
cttgaacgga
tcccatcttg
gaggttgaag
gagcaccaac
aaaaggcgag
aattgaaaca
gatccagcaa
tgagccagac
tagaatggca
ctatgatatc
tgcacactgg
tgttgaagcc
ccctggaatc
ctttgagctc
atttagcttg
tcgag

cacacgcagg

ggaaagggcc
atcatgaccg
tcggaggety
accgtcatcc
gaccggaggt
gagaggagtc
agacccttct
cttttcaagg
aacaataatg
atcaacgaag
actctatggt
aagttaaggg
atccaaaagc
atccctctcc
ccagctgaga
aagaagccag
aatggcaatg
attcttgcat
ttgcctecccce
cacatactca

gcgtggagtt
aagacatggt
tcccecttett
ccgeegtegt
gccgecgect
tcgagagcga
gcttggcgea
tgaagggtta
attacttcgt
aacttaaatg
acaacgtcct
cgattgagtg
atgagattga
tcccatacct
ttgtaccaca
gcaagatctt
aggagttccg
actttaggta
tgccaattct
ctggccagtc
agcattccac
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AUTHORS
TITLE

JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
source

gene

CDS

ORIGIN

Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

FJ770469 1697 bp mRNA linear PLN 23-MAR-2009
Glycine max 4-coumarate:CoA ligase (4CL) mRNA, complete cds.
FJ770469
FJ770469.1 GI1:225194702
Glycine max (soybean)
Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
rosids; eurosids |; Fabales; Fabaceae; Papilionoideae; Phaseoleae;
Glycine.
1 (bases 1 to 1697)
Trantas,E., Panopoulos,N.J. and Ververidis,F.
Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae
Unpublished
2 (bases 1 to 1697)
Trantas,E. and Ververidis,F.
Direct Submission
Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece
Location/Qualifiers
1..1697
/organism="Glycine max"'
/mol_type=""mRNA"
/db_xref="taxon:3847"
1..1697
/gene=""4CL"
1..1689
/gene=""4CL"
/EC_number="6.2.1.12"
/note=""adenylate-forming enzyme; p-coumarate:CoA ligase;
4-coumaric acid:CoA ligase; p-coumaric acid:CoA ligase”
/codon_start=1
/product="4-coumarate:CoA ligase"
/protein_id="ACN81820.1"
/db_xref="G1:225194703"
/translation="MITLAPSLDTPKTDQNQVSDPQTSHVFKSKLPDIPISNHLPLHS
YCFQNLSQFAHRPCL IVGPASKTFTYADTHL ISSKIAAGLSNLG ILKGDVVMILLQNS
ADFVFSFLAISMIGAVATTASPFYTAPE I FKQFTVSKEKLV I TQAMYVDKLRNHDGAK
LGEDFKVVTVDDPPENCLHFSVLSEANESDVPEVE IHPDDAVAMPFSSGTTGLPKGVI
LTHKSLTTSVAQKIDGENPNLYLTTEDVLLCVLPLFHIFSLNSVLLCALRAGSAVLLM
QKFEIGTLLEL 1QRHRVSVAMVVPPLVLALAKNPMVADFDLSSIRLVLSGAAPLGKEL
EEALRNRMPQAVLGQGYGMTEAGPVLSMCLGFAKQPFQTKSGSCGTVVRNAELKVVDP
ETGRSLGYNQPGEICIRGQQIMKGYLNDEAATAST IDSEGWLHTGDVGYVDDDDEIFI
VDRVKEL IKYKGFQVPPAELEGLLVSHPSIADAAVVPQKDVAAGEVPVAFVVRSNGFD
LTEEAVKEF1AKQVVFYKRLHKVYFVHAIPKSPSGK I LRKDLRAKLETAATQTP""

1 atgataactc tagctccttc tcttgatact ccaaaaactg atcaaaacca agtttctgat
61 ccccaaacta gccatgtctt caaatcaaaa ttaccagata tcccaatctc caaccacctc
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cctctecact
gtcggacccg
gcecgecggat
aactccgecg
accgccagec
aagttggtca
ctcggcgagy
tctgtcctct
gcggtggega
cacaagagtt
ctcaccaccg
agtgtgctat
atcgggacac
ccgectggtgt
cggttagtgc
aggatgcctc
tccatgtget
gtagtcagaa
aatcaacccg
gaggcagcga
tacgtagatg
aaaggcttcc
gcagatgcag
gttgtgagat
caggtagtgt
ccatcaggaa
acgccttaat

cctactgctt
cctccaaaac
tgtccaacct
atttcgtctt
cgttctacac
taacacaggc
acttcaaggt
cggaggcgaa
tgccgttctce
taaccacgag
aggacgtgct
tgtgcgeect
tgctggagcet
tggcgttgge
tgtccggagce
aagctgtttt
tgggctttge
atgcagaact
gtgaaatttg
cagcatcgac
atgatgacga
aggtgccccc
ctgttgtccc
caaacggctt
tttacaaaag
agatattaag
cgatagc

ccagaacctc
cttcacctac
cggaatcctc
ctccttectce
cgccecggag
aatgtacgtg
cgtaaccgtc
cgagagcgac
ctccggceacg
tgtggcgceag
cctctgcgtg
cagggcgggg
gatacagcgg
aaagaatccg
tgctcccttg
gggacagggt
aaagcaacct
caaggttgtt
catccgaggg
catagattca
aattttcatt
tgcagaactt
acaaaaggac
tgatctaact
actgcacaaa
gaaagacctc

tcccaatttg
gccgacaccce
aagggcgacg
gccatctcca
atcttcaagc
gacaagctcc
gacgatccgce
gtgccagagg
acgggtttac
aagattgacg
cttccgetct
agtgcagttt
caccgagtgt
atggtggcgg
gggaaggagc
tacgggatga
ttccaaacaa
gaccctgaaa
caacagatca
gagggttggc
gttgacaggg
gaagggcttc
gttgctgctg
gaagaggctg
gtttattttg
agagcaaagc

cccaccgecce
acctcatttc
tcgtcatgat
tgattggcgce
agttcaccgt
gcaaccacga
cggagaattg
tggagatcca
ctaaaggagt
gagagaaccc
ttcacatatt
tgttgatgca
cggtggcgat
attttgacct
tcgaggaggc
cagaagcagg
aatcaggctc
ctggtcgttc
tgaaaggata
ttcacaccgg
tgaaggaact
tcgtaagcca
gtgaagttcc
taaaagagtt
ttcatgctat
tagaaaccgc

ttgcctcatc
cagcaagatc
cctcctccag
cgtcgecacc
ctccaaggag
cggcgcgaag
cctccacttc
cccggacgac
gattctcacg
taacctctac
ctcgctcaac
gaagttcgag
ggtggtgccc
gagttcaata
tctccggaac
gccagtgctg
ttgtggtacc
tcttggctac
tctgaacgat
tgatgttggc
catcaaatat
tccctecatt
tgttgccttc
tatagctaaa
tcccaagtct
cgccactcag
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REFERENCE
AUTHORS
TITLE

JOURNAL
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AUTHORS
TITLE
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FEATURES
source

gene

CDS

ORIGIN

1 ggatccatgg
61 atcctagcca
121 tactatttca
181 atatgtgaca
241 gagcacccaa

Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

FJ770470 1188 bp mRNA linear PLN 23-MAR-2009

Vitis vinifera cultivar Soultanina resveratrol synthase (RS) mRNA,

complete cds.

FJ770470

FJ770470.1 GI1:225194704

Vitis vinifera

Vitis vinifera

Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;

Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;

Vitales; Vitaceae; Vitis.

1 (bases 1 to 1188)

Trantas,E., Panopoulos,N.J. and Ververidis,F.

Metabolic engineering of the complete pathway leading to

heterologous biosynthesis of various flavonoids and stilbenoids in

Saccharomyces cerevisiae

Unpublished

2 (bases 1 to 1188)

Trantas,E., Milios,D. and Ververidis,F.

Direct Submission

Submitted (21-FEB-2009) Plant Sciences, Technological Educational

Institute of Crete, Estavromenos, Heraklion, Crete, Greece
Location/Qualifiers
1..1188
/organism="Vitis vinifera”
/mol_type=""mRNA"
/cultivar="Soultanina"
/db_xref="taxon:29760"
1..1188
/gene=""RS"
7..1185
/gene=""RS"
/EC_number="2.3.1.95"
/note="polyketide synthase;
/codon_start=1
/product="resveratrol synthase"
/protein_id="ACN81821.1"
/db_xref="G1:225194705"
/translation="MASVEEFRNAQRAKGPATILAIGTATPDHCVYQSDYADYYFRVT
KSEHMTELKKKFNR ICDKSMIKKRY IHLTEEMLEEHPNIGAYMAPSLNIRQEI I TAEV
PRLGRDAALKALKEWGQPKSKITHLVFCTTSGVEMPGADYKLANLLGLETSVRRVMLY
HQGCYAGGTVLRTAKDLAENNAGARVLVVCSE I TVVTFRGPSEDALDSLVGQALFGDG
SSAVIVGSDPDVSIERPLFQLVSAAQTFIPNSAGAIAGNLREVGLTFHLWPNVPTLIS
ENITEKCLTQAFDPLG I SDWNSLFWIAHPGGPAILDAVEAKLNLEKKKLEATRDVLSEY

stilbene synthase"

GNMSSACVLF I LDEMRKKSLKGEKATTGEGLDWGVLFGFGPGLTIETVVLHSIPMVTN™

cttcagtcga ggaatttaga
ttggcacagc tacccccgac
gggtcactaa gagcgagcac
aatcaatgat caagaagcgt
acattggtgc ttatatggct

aacgctcaac
cactgtgtct
atgactgagt
tacattcact
ccatctctta

gtgccaaggg tccggccacc
accagtctga ttatgctgat
tgaagaagaa gttcaatcgc
tgaccgaaga aatgcttgag
acatacgcca agagattatt
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actgctgagg
caaccaaagt
ggtgcggatt
ttgtaccatc
gaaaataatg
cgtgggectt
tcttcagetg
cttgtttcag
cgtgaggtgg
atagagaaat
ttttggattg
ttagagaaaa
agtgcatgtg
gccaccactg
atcgaaactg

tacctagact
ccaagatcac
acaaacttgc
aagggtgcta
caggagcacg
ccgaagatgc
tgattgttgg
cagcccaaac
ggctcacctt
gcttgaccca
ctcacccagg
agaaactcga
tgttgtttat
gtgaaggatt
ttgtgctaca

tggtagggat
ccatcttgta

taatctctta
tgcaggtgga
agttcttgtg
tttggactct
atcagatcca
atttattcct
tcatttgtgg
ggcttttgac
tggccctgea
agcaactagg
tttggatgag
ggattgggga
tagcattcct

gcagcattga
ttttgtacaa
ggtcttgaaa
actgtccttc
gtgtgctctg
ttagttggcc
gatgtctcga
aattcagcag
cccaatgtgc
ccacttggta
attcttgatg
gatgtgttaa
atgagaaaga
gtactatttg
atggttacaa

aggctcttaa
cctccggtgt
catcggttag
gaactgctaa
agatcactgt
aagccctttt
ttgaacgacc
gagccattgc
ctactttgat
ttagcgattg
cagttgaagc
gtgagtacgg
aatccctaaa
gttttgggcc
attaagtg

agagtggggc
agaaatgccc
aagggtgatg
ggatcttgca
tgttacattc
tggtgatggg
actcttccaa
cggaaactta
ttctgagaac
gaactcgtta
aaaactcaat
taacatgtca

gggggaaaaa
aggcttgacc



Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

LOCUS FJ770471 1167 bp mRNA linear PLN 23-MAR-2009
DEFINITION Glycine max chalcone synthase (CHS) mRNA, complete cds.

ACCESSION  FJ770471

VERSION FJ770471.1 GI1:225194706

KEYWORDS -

SOURCE Glycine max (soybean)

ORGANISM Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
rosids; eurosids |; Fabales; Fabaceae; Papilionoideae; Phaseoleae;
Glycine.

REFERENCE 1 (bases 1 to 1167)

AUTHORS  Trantas,E., Panopoulos,N.J. and Ververidis,F.

TITLE Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae

JOURNAL Unpublished

REFERENCE 2 (bases 1 to 1167)

AUTHORS  Trantas,E. and Ververidis,F.

TITLE Direct Submission

JOURNAL  Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece

FEATURES Location/Qualifiers
source 1..1167
/organism="Glycine max"'
/mol_type=""mRNA"
/db_xref="taxon:3847"
gene 1..1167
/gene=""CHS"
CDS 1..1167
/gene=""CHS"
/EC_number="2.3.1.74"
/note=""polyketide synthase"
/codon_start=1
/product="chalcone synthase"
/protein_id="ACN81822.1"
/db_xref="G1:225194707"
/translation="MVSVEE IRNAQRAEGPATVMAIGTATPPNCVDQSTYPDYYFRIT
NSEHMTELKEKFKRMCDKSMIKKRYMYLNEE I LKENPSVCAYMAPSLDARQDMVVVEV
PKLGKEAATKAIKEWGQPKSKITHLIFCTTSGVDMPGADYQLTKLLGLRPSVKRYMMY
QQGCFAGGTVLRLAKDLAENNKGARVLVVCSEITAVTFRGPTDTHLDSLVGQALFGDG
AAAVIVGSDPLPVEKPLFQLVWTAQT I LPDSEGAIDGHLREVGLTFHLLKDVPGL 1SK
NI1EKALVEAFQPLGISDYNSIFWIAHPGGPAILDQVEAKLGLKPEKMEATRHVLSEYG
NMSSACVLFILDQMRKKSIENGLGTTGEGLDWGVLFGFGPGLTVETVVLRSVTV"
ORIGIN
1 atggtcagtg ttgaagagat ccgtaatgca caacgtgcag agggccctgc cactgtcatg
61 gctattggca ccgcaactcc tccaaactgt gtcgatcaga gtacctatcc tgactattat
121 ttccgcatca ccaacagcga gcacatgacc gagctcaaag aaaaattcaa gcgcatgtgt
181 gataagtcaa tgattaagaa gcgatacatg tacttaaatg aagaaatcct gaaagagaat
241 ccgagtgttt gtgcttacat ggcaccttcg ttggatgcaa ggcaagacat ggtggttgtg
301 gaggtaccaa agttgggaaa agaggctgca actaaggcaa tcaaggaatg gggtcaaccc
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aagtccaaga
gattatcagc
caacaaggct
aacaagggtg
ccaactgaca
gctgtcattg
actgcccaga
ggtctcactt
gccttggttg
gcacaccctg
gaaaaaatgg
gtgctattca
ggtgaaggce
gttgtgctcc

ttacccatct
tcactaaact
gctttgcegg
ctcgegtget
cccatcttga
ttggatcaga
caatccttcc
tccatctcct
aagccttcca
gtggacccgce
aagctactag
tcttggatca

ttgactgggg
gcagtgtcac

catcttttgc
attaggcctt
tggcacggty
tgtcgtttgt
tagccttgtg
ccccttacca
agacagtgaa
caaggatgtt
acccttggga
aattttggac
acatgtgctc
aatgaggaag
tgtgctattt
tgtctaa

accactagtg
cgcccctecg
cttcgtttgg
tctgagatca
ggtcaagcct
gttgaaaagc
ggggctattg
cctggactca
atctccgatt
caagttgagg
agcgagtatg
aaatcaatag
ggtttcggcc

gtgtcgacat
tcaagcgtta
ccaaagacct
ccgcagtcac
tgtttggaga
ctttgtttca
atggacacct
tctccaagaa
acaattctat
ctaagttagg
gtaacatgtc
aaaatggact
ctggactcac

gcctggtget
catgatgtac
cgctgaaaac
attccgeggce
tggtgcagcc
gcttgtctgg
tcgcgaagtt
tattgagaag
cttctggatt
cttgaagcct
aagtgcatgt
tggcacaacc
cgttgagact



Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

LOCUS FJ770472 681 bp mRNA linear PLN 23-MAR-2009
DEFINITION Glycine max chalcone isomerase (CHI) mRNA, complete cds.

ACCESSION  FJ770472

VERSION FJ770472.1 G1:225194708

KEYWORDS -

SOURCE Glycine max (soybean)

ORGANISM Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
rosids; eurosids |; Fabales; Fabaceae; Papilionoideae; Phaseoleae;
Glycine.

REFERENCE 1 (bases 1 to 681)

AUTHORS  Trantas,E., Panopoulos,N.J. and Ververidis,F.

TITLE Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae

JOURNAL Unpublished

REFERENCE 2 (bases 1 to 681)

AUTHORS  Trantas,E. and Ververidis,F.

TITLE Direct Submission

JOURNAL  Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece

FEATURES Location/Qualifiers
source 1..681
/organism="Glycine max"'
/mol_type=""mRNA"
/db_xref="taxon:3847"
gene 1..681
/gene=""CHI"
CDS 1..681
/gene=""CHI"
/EC_number="5.5.1.6"
/codon_start=1
/product="chalcone isomerase"
/protein_id="ACN81823.1"
/db_xref="G1:225194709"
/translation="MAFPSVTSVTVENVTFPPTVKPPCSPNTFFLAGAGVRGLQIHHA
FVKFTAICIYLQYDALSFLSVKWKTKSTHQLTESDQFFSDIVTGPFEKFMQVTMIKPL
TGQQYSEKVAENCVAIWRSLGIYTDSEAEAIDKFLSVFKDLTFPPGSSILFTVSPNGS
LTISFSGDETIPEVTSAVIENKLLSEAVLESMIGKNGVSPAAKQSLASRLSHLFKEPG
VCDPQSHK"™
ORIGIN
1 atggcatttc cgtccgtaac ctctgtaact gtggagaacg tgacattccc tcccaccgtg
61 aagcctccct gctcccccaa caccttcttc ctcgccggecg ccggcgtcag gggcctccaa
121 attcatcacg ctttcgttaa attcactgcc atctgcattt acctccaata cgacgccctt
181 tccttcctct ccgttaagtg gaaaaccaag tctactcacc agttaacgga atccgaccaa
241 ttcttctcag atatcgttac aggtccattc gagaaattta tgcaggtgac aatgatcaaa
301 cccttgacgg ggcagcaata ctcagagaaa gtggcagaaa attgtgtggc catttggagg
361 tctcttggga tttatacaga ttcagaagcc gaagcaatag acaagtttct ttctgttttc
421 aaagacctaa cattcccacc aggctcctct atccttttca ctgtctcacc caatggatca
481 ttaacgataa gtttctctgg tgatgaaacc attccagaag ttacgagtgc tgttatagag
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541 aataaactac tctcagaggc tgtgttggag tcaatgatag gtaagaatgg cgtttcccct
601 gcagcaaaac agagtttggc ctccagatta tctcacttat tcaaagagcc tggggtttgt
661 gaccctcaat ctcataagtg a
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Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

LOCUS FJ770473 1625 bp mRNA linear PLN 23-MAR-2009
DEFINITION Glycine max isoflavone synthase (IFS) mRNA, complete cds.
ACCESSION  FJ770473

VERSION FJ770473.1 G1:225194710
KEYWORDS -
SOURCE Glycine max (soybean)

ORGANISM Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
rosids; eurosids |; Fabales; Fabaceae; Papilionoideae; Phaseoleae;
Glycine.

REFERENCE 1 (bases 1 to 1625)

AUTHORS  Trantas,E., Panopoulos,N.J. and Ververidis,F.

TITLE Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae

JOURNAL Unpublished

REFERENCE 2 (bases 1 to 1625)

AUTHORS  Trantas,E. and Ververidis,F.

TITLE Direct Submission

JOURNAL  Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece

FEATURES Location/Qualifiers
source 1..1625
/organism="Glycine max"'
/mol_type=""mRNA"
/db_xref="taxon:3847"

gene 1..1625
/gene=""1FS"

CDS 20..1585
/gene=""1FS"

/EC_number="5.4.99_-"
/note=""P450 enzyme; 2-hydroxyisoflavanone synthase"
/codon_start=1
/product="i1soflavone synthase"
/protein_id="ACN81824_1"
/db_xref="G1:225194711"
/translation="MLLELALGLFVLALFLHLRPTPSAKSKALRHLPNPPSPKPRLPF
IGHLHLLKDKLLHYAL IDLSKKHGPLFSLSFGSMPTVVASTPELFKLFLQTHEATSFN
TRFQTSAIRRLTYDNSVAMVPFGPYWKFVRKL IMNDLLNATTVNKLRPLRTQQ IRKFL
RVMAQSAEAQKPLDVTEELLKWTNST ISMMMLGEAEE IRDIAREVLKIFGEYSLTDFI
WPLKYLKVGKYEKR IDD I LNKFDPVVERV I KKRRE I VRRRKNGEVVEGEASGVFLDTL
LEFAEDETMEIKITKEQIKGLVVDFFSAGTDSTAVATEWALAEL INNPRVLQKAREEV
YSVVGKDRLVDEVDTQNLPY IRAIVKETFRMHPPLPVVKRKCTEECE INGYV IPEGAL
VLFNVWQVGRDPKYWDRPSEFRPERFLETGAEGEAGPLDLRGQHFQLLPFGSGRRMCP
GVNLATSGMATLLASL IQCFDLQVLGPQGQILKGDDAKVSMEERAGLTVPRAHSLVCV
PLARIGVASKLLS"
ORIGIN
1 cttgcactga ggatccacga tgttgctgga acttgcactt ggtttgtttg tgttagcttt
61 gtttctgcac ttgcgtccca caccaagtgc aaaatcaaaa gcacttcgcc acctcccaaa
121 ccctccaagc ccaaagcctc gtcttccctt cattggccac cttcacctct taaaagataa
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acttctccac
cttcggetcce
aacccacgag
ttacgacaac
catcatgaac
acagatccgc
cgtcaccgag
ggctgaggag
cactgacttc
tgacatcttg
cgtcagaagg
cactttgctt
caagggcctt
gtgggcattg
ctacagtgtt
cattagggcc
aaagtgcaca
tttcaatgtt
tcccgagagg
ccagcatttc
ggctacttca
gctgggeect
agctggcectc
cgttgcatct
ccatc

tatgcactca
atgccaaccg
gcaacttcct
tctgtggeca
gaccttctca
aagttcctta
gagcttctca
atcagagaca
atctggcectt
aacaagttcg
agaaagaacg
gaattcgctg
gttgtcgact
gcagagctca
gtgggcaaag
attgtgaagg
gaagagtgtg
tggcaagtag
ttcttagaaa
caactcctcc
ggaatggcaa
caaggacaaa
acagttccaa
aaactccttt

tcgatctctc
tcgttgectce
tcaacacaag
tggttccatt
acgccaccac
gggttatggc
aatggaccaa
tcgctcgega
tgaagtatct
accctgtcgt
gagaagttgt
aggacgagac
ttttctctgc
tcaacaatcc
atagactcgt
agacattccg
agattaatgg
gaagggaccc
ctggtgctga
catttgggtc
cacttcttgc
tattgaaagg
gggcacatag
cttaattaag

caaaaagcat
cacccctgag
gttccaaacc
cggaccttac
cgtcaacaag
ccaaagcgca
cagcaccatc
ggttcttaag
caaggttgga
tgaaagggtc
tgagggcgag
catggagatc
agggacagat
cagggtgttg
tgacgaagtt
aatgcaccca
gtatgtgatc
caaatactgg
aggggaagca
tgggaggaga
atctcttatc
tgatgatgcc
tctcgtttgt
ataatcatca

ggccccttat
ttgttcaagc
tctgccataa
tggaagttcg
ctcaggcctt
gaggcccaga
tccatgatga
atcttcggeg
aagtatgaga
atcaagaagc
gccageggeg
aaaattacca
tccacagcgg
caaaaggctc
gacactcaaa
ccactcccag
ccagagggag
gacagaccat
gggcctcttg
atgtgccctg
caatgctttg
aaagttagca
gttccacttg
tatacaatag

tctctctctc
tcttcctceca
gacgcctcac
tgaggaagct
tgaggaccca
agccccttga
tgctcggega
aatacagcct
agaggattga
gccgtgagat
tcttcctcga
aggagcaaat
tggcaacaga
gtgaggaggt
accttcctta
tggtcaaaag
cattggttct
cagaattccg
atcttagggg
gtgtcaattt
acctgcaagt
tggaagagag
caaggatcgg
tagtgtcttg



Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

LOCUS FJ770474 1134 bp mRNA linear PLN 23-MAR-2009
DEFINITION Glycine max flavanone 3-hydroxylase (F3H) mRNA, complete cds.
ACCESSION  FJ770474

VERSION FJ770474.1 G1:225194712

KEYWORDS -

SOURCE Glycine max (soybean)

ORGANISM Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
rosids; eurosids |; Fabales; Fabaceae; Papilionoideae; Phaseoleae;
Glycine.

REFERENCE 1 (bases 1 to 1134)

AUTHORS  Trantas,E., Panopoulos,N.J. and Ververidis,F.

TITLE Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae

JOURNAL Unpublished

REFERENCE 2 (bases 1 to 1134)

AUTHORS  Trantas,E. and Ververidis,F.

TITLE Direct Submission

JOURNAL  Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece

FEATURES Location/Qualifiers
source 1..1134
/organism="Glycine max"'
/mol_type=""mRNA"
/db_xref="taxon:3847"
gene 1..1134
/gene=""F3H"
CDS 7..1134
/gene=""F3H"
/EC_number="1.14.11.9"
/note=""2-oxoglutarate-dependent dioxygenase; flavanone
3beta-hydroxylase"
/codon_start=1
/product="flavanone 3-hydroxylase"
/protein_id="ACN81825.1"
/db_xref="G1:225194713"
/translation="MAPTAKTLTYLAQEKTLESSFVRDEEERPKVAYNEFSDEIPVIS
LAG IDEVDGRRRE I CEK1VEACENWG I FQVVDHGVDQQLVAEMTRLAKEFFALPPDEK
LRFDMSGAKKGGF I VSSHLQGESVQDWRE IVTYFSYPKRERDYSRWPDTPEGWRSVTE
EYSDKVMGLACKLMEVLSEAMGLEKEGLSKACVYDMDQKVVVNYYPKCPQPDLTLGLKR
HTDPGTITLLLQDQVGGLQATRDNGKTWITVQPVEAAFVVNLGDHAHYLSNGRFKNAD
HQAVVNSNHSRLSIATFQNPAPNATVYPLKIREGEKPVMEEP I TFAEMYRRKMSKDIE
1 ARMKKLAKEKHLQDLENEKHLQELDQKAKLEAKPLKEILA™
ORIGIN
1 caacatatgg caccaacagc caagactctg acttacctgg cccaggagaa aaccctagaa
61 tcgagcttcg ttcgggacga ggaggagcgt cccaaggttg cctacaacga attcagcgac
121 gagatcccag tgatttctct tgccggaatc gacgaggtgg atggacgcag aagagagatt
181 tgtgagaaga tcgtggaggc ttgcgagaat tggggtatat tccaggttgt tgatcacggt
241 gtggatcaac aactcgtggc cgagatgacc cgtctcgcca aagagttctt tgctttgcca
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ccggacgaga
agccatctcc
ccaaaaagag
actgaggaat
gaagcaatgg
gtggtggtta
cacacggatc
accagggaca
aatcttggag
gcggtggtga
aatgcaactg
atcacttttg
aagaagctgg
cttgatcaga

agcttcgttt
aaggggaatc
agagggacta
acagcgacaa
ggttagagaa
attactaccc
cgggcactat
atggcaaaac
atcatgctca
actcaaacca
tttaccctct
ctgaaatgta
ctaaggaaaa
aggcaaaact

tgatatgtcc
ggtgcaggac
ttcaaggtgg
agtaatgggt
agagggttta
caaatgccct
caccttgctg
atggatcacc
ttatctgagc
tagccgtttg
gaagataaga
caggaggaag
gcatttgcag
tgaggccaag

ggcgccaaaa
tggagagaaa
ccagacacgc
ctagcttgca
agcaaagcat
caacctgacc
cttcaggacc
gttcagcctg
aatggaaggt
tccatagcca
gaaggagaga
atgagcaagg
gaccttgaga
cctttgaagg

agggtggatt
tagtgacata
cagaagggtg
agctcatgga
gtgttgacat
tcactcttgg
aagtgggtgy
tggaggctge
tcaagaatgc
cttttcaaaa
agcctgtgat
acattgagat
atgaaaagca
agattcttgc

cattgtctcc
cttttcgtac
gagatcggtg
ggtgttgtcc
ggaccagaag
cctgaagcgc
acttcaagcc
cttcgtcgtc
tgatcaccaa
cccagcacca
ggaggaacca
tgcaaggatg
tttgcaagaa
ttaa



Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

LOCUS FJ770475 1070 bp mRNA linear PLN 23-MAR-2009
DEFINITION Solanum tuberosum flavonol synthase (FLS) mRNA, complete cds.
ACCESSION  FJ770475

VERSION FJ770475.1 G1:225194714

KEYWORDS -

SOURCE Solanum tuberosum (potato)

ORGANISM Solanum tuberosum
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
asterids; lamiids; Solanales; Solanaceae; Solanoideae; Solaneae;
Solanum.

REFERENCE 1 (bases 1 to 1070)

AUTHORS  Trantas,E., Panopoulos,N.J. and Ververidis,F.

TITLE Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae

JOURNAL Unpublished

REFERENCE 2 (bases 1 to 1070)

AUTHORS  Trantas,E. and Ververidis,F.

TITLE Direct Submission

JOURNAL  Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece

FEATURES Location/Qualifiers
source 1..1070
/organism=""Solanum tuberosum"
/mol_type=""mRNA"
/db_xref="taxon:4113"
gene 1..1070
/gene=""FLS"
CDS 1..1059
/gene=""FLS"
/EC_number="1.14.11.23""
/note=""2-oxoglutarate-dependent dioxygenase"
/codon_start=1
/product="flavonol synthase"
/protein_id="ACN81826.1"
/db_xref="G1:225194715"
/translation="MKTIQGQSATTALTMEVARVQAISSITKCMDT IPSEY IRSENEQ
PAATTLQGVVLEVPVIDISNVDDDEEKLVKE I'VEASKEWG I FQVINHG IPDEVIENLQ
KVGKEFFEEVPQEEKEL I AKKPGAQSLEGYGTSLQKE I EGKKGWVDHLFHK ITWPPSAI
NYRYWPKNPPSYREANEEYAKWLRKVADG I FRSLSLGLGLEGHEMMEAAGSED 1 VYML
KINYYPPCPRPDLALGVVAHTDMSY I TLLVPNEVQGLQVFKDGHWYDVNY IPNAT IVH
I1GDQVE ILSNGKYKSVYHRTTVNKYKTRMSWPVFLEPSSEHEVGP I PKL INEANPPKF
KTKKYKDYVYCKLNKLPQ""
ORIGIN
1 atgaaaacaa ttcaaggtca gagtgcaaca acagccttga cgatggaggt ggcaagggtc
61 caagcaatat cgtcaataac gaaatgcatg gacacaatac catcagaata tattcgttca
121 gagaacgaac aacctgcagc gacaacgctg cagggagtgg tacttgaggt accagtcatc
181 gacataagta atgtcgatga cgacgaagaa aagttagtga aagaaatagt tgaggctagt
241 aaagagtggg gtatttttca agtgataaat catgggatac ctgatgaagt gattgagaat
301 ttgcagaaag ttggaaagga gttttttgag gaagtgccac aagaggaaaa agaattgatt
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gcaaagaagc
gaagggaaaa
aactatcgtt
aagtggctgc
gaaggccatg
aattattatc
atgtcatata
ggtcattggt
gttgagattc
tacaagacaa
ccaatcccta
gattatgtct

caggggcaca
aaggttgggt
attggccaaa
gaaaagttgc
aaatgatgga
caccatgccc
tcacccttct
atgatgtcaa
ttagcaatgg
gaatgtcatg
agttaattaa
attgtaagct

aagtttagaa
tgatcatttg
aaatcctcct
tgatggtata
ggcagctggt
aaggcctgat
tgtcccaaat
ctacatacca
gaaatataag
gcctgttttc
tgaggccaac
taacaaactt

ggatatggta
tttcataaga
tcctacaggg
tttaggagct
agtgaagaca
ttggctcttg
gaagtccaag
aatgctataa
agtgtgtatc
ttggagccct
ccacccaaat
cctcagtgaa

cttctttgca
tttggcctcc
aagcaaatga
tgtcacttgg
tagtttacat
gagttgtggc
gactccaagt
ttgtccacat
ataggacaac
catcagagca
tcaagaccaa
gaattatggg

gaaggaaatt
ttctgctatt
ggaatacgca
gcttggtttg
gttaaagatc
ccatacagat
gtttaaggat
tggtgaccaa
agtgaacaag
tgaagttggg
gaagtacaaa



Etepoloyn frooovOean prafovociomy kai oTilfevociomy evaoewy - Anuocisdoels

LOCUS FJ770476 1589 bp mRNA linear PLN 23-MAR-2009
DEFINITION Glycine max flavonoid 3"-hydroxylase (F3"H) mRNA, complete cds.
ACCESSION  FJ770476

VERSION FJ770476.1 G1:225194716
KEYWORDS -
SOURCE Glycine max (soybean)

ORGANISM Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
rosids; eurosids |; Fabales; Fabaceae; Papilionoideae; Phaseoleae;
Glycine.

REFERENCE 1 (bases 1 to 1589)

AUTHORS  Trantas,E., Panopoulos,N.J. and Ververidis,F.

TITLE Metabolic engineering of the complete pathway leading to
heterologous biosynthesis of various flavonoids and stilbenoids in
Saccharomyces cerevisiae

JOURNAL Unpublished

REFERENCE 2 (bases 1 to 1589)

AUTHORS  Trantas,E. and Ververidis,F.

TITLE Direct Submission

JOURNAL  Submitted (21-FEB-2009) Plant Sciences, Technological Educational
Institute of Crete, Estavromenos, Heraklion, Crete, Greece

FEATURES Location/Qualifiers
source 1..1589
/organism="Glycine max"'
/mol_type=""mRNA"
/db_xref="taxon:3847"

gene 1..1589
/gene="F3"H"

CDS 1..1542
/gene="F3"H"

/note=""P450 enzyme"’
/codon_start=1
/product="flavonoid 3"-hydroxylase"
/protein_id="ACN81827.1"
/db_xref="G1:225194717"
/translation=""MSPLIVALATIAAAILIYRIIKFITRPSLPLPPGPKPWPIVGNL
PHMGPVPHHSLAALAR IHGPLMHLRLGFVDVVVAASASVAEQFLK IHDSNFSSRPPNA
GAKY TAYNYQDLVFAPYGPRWRLLRKLTSVHLFSGKAMNEFRHLRQEEVARLTCNLAS
SDTKAVNLGQLLNVCTTNALARAMIGRRVFNDGNGGCDPRADEFKAMVMEVMVLAGVF
N1GDF IPSLEWLDLQGVQAKMKKLHKRFDAFLTS I IEEHNNSSSKNENHKNFLSILLS
LKDVRDDHGNHLTDTE IKALLLNMFTAGTDTSSSTTEWATAEL IKNPQILAKLQQELD
TVVGRDRSVKEEDLAHLPYLQAV IKETFRLHPSTPLSVPRAAAESCE IFGYHIPKGAT
LLVNIWATARDPKEWNDPLEFRPERFLLGGEKADVDVRGNDFEVIPFGAGRRICAGLS
LGLQMVQLLTAALAHSFDWELEDCMNPEKLNMDEAYGLTLQRAVPLSVHPRPRLAPHV
YSMSS*™
ORIGIN
1 atgtctccat tgattgttgc cttggctaca atcgcagcag caatcctcat atatcgtata

61 ataaagttca taacacgccc atccctcccc ctcccaccgg gccctaaacc atggcccata

121 gtgggaaact tgccacacat gggcccggtg ccgcaccact ccctcgeggce gttggcccge

181 atccacggcc cgttgatgca cctccgcctc ggcttcgtcg atgtcgtggt tgccgcgtcg

191



Adaxtopixn owatpifn Tpavra Euuovooni
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241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

192

gccteggtgy
aacgccggeg
ccacgctggce
aatgaattta
tcagacacaa
gcgagggcaa
gctgatgagt
ggtgacttta
aaattacaca
tcttccaaga
agggatgatc
tttacggcag
aaaaacccac
aggagtgtca
accttcagac
gagatatttg
gcccgagacc
ggtggtgaga
gctggacgaa
gcagccttgg
aacatggatg
aggcccaggc
tggagttttt

cggaacagtt
cgaaatatat
gattgctccg
gacacttgcg
aagcagtgaa
tgattggacg
ttaaggctat
ttccttcectt
aaagatttga
atgagaatca
atggaaacca
gaactgacac
aaattttggc
aagaagagga
tccacccatc
gctaccacat
caaaagagtg
aggccgatgt
gaatttgtgc
cccattcatt
aagcgtatgg
tcgcaccaca
cttccttata

cttgaagatt
agcttataac
gaaactcacc
tcaggaagag
tttgggacaa
aagagtgttt
ggtgatggag
ggagtggcta
tgcattttta
taagaatttc
tctcactgat
atcatcaagc
caaactccaa
cttggcccac
aacccctctt
ccccaagggt
gaatgaccca
tgatgttagg
tggacttagt
tgattgggaa
gctaacccta
tgtgtactca
attgtcgac

catgactcta
taccaagatc
tcegttcacce
gtagctagat
ttattgaatg
aacgatggca
gtgatggtgt
gaccttcaag
accagcatta
ttgagtatct
accgagatta
accacagaat
caagagttgg
ctcccatact
tctgtgccac
gctacactct
ttggagttta
ggcaatgact
cttgggcttc
ctagaagatt
caacgggccg
atgtcttcct

atttcagcag
tggtgtttgc
tcttctecgg
tgacatgcaa
tatgcaccac
atggagggty
tggctggagt
gggtgcaagc
ttgaggagca
tattgtcact
aagcactact
gggccattgce
acaccgttgt
tacaagctgt
gtgctgectgce
tggtgaacat
ggcccgaaag
ttgaggtgat
aaatggttca
gcatgaaccc
tgcctctttc
aatttttaag

ccggccaccg
tccctacggce
caaggccatg
cttggcaagt
caacgcatta
tgatcctagg
tttcaacatt
taagatgaaa
caataacagt
taaagatgtg
tctgaacatg
ggaactaata
gggtcgagat
tatcaaggaa
cgagagttgt
ttgggccata
gtttcttcta
accttttggt
acttctcact
agaaaagttg
agtgcaccct
ttctacattt



