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CytochromeP450Monooxygenases

CytochromeP450(P450)wasfirstidentifiedasacarbonmonooxide-binding

pigmentin ratlivermicrosomesl1,2]andshowedan absorptionmaximum at

about450rLm inareducedCO differencespectrum･A numberofP450species

werefわundtobedistributedintoprokaryotes,plantsandmammals.Theenzymes

catalyzeoxidativereactionstowardawiderangeoflipophilicendogenousand

exogenouscompounds.MostofP450species00nst血teaP450-linked electron

transfersystemtermedP450monooxygenaseasshowninFig.1.Inbacteria,the

enzymesystem consistsofaflavoprotein reductase,aflavoprotein and soluble

P450 species catabolizing organic compounds including camphor l3]. In

mamm ahan mitochondria,theenzymesystem consistsofaNADPH-adrenodoxin

reductase,adrenodoxinandmembranebound P450 Speciescatalyzingoxidative

reactionsofendogenoussteroids･Inmamm alianmicrosomes,theenzymesystem

consistsofagenericNADPH-cytochromeP4500xidoreductase(P450reductase)

andvariousP450 Speciescatalyzing monooxygenasereactionsof exogeneous

compoundsincludingdrugsandpesticidesaswellasendogenouscompoundssuch

assteroidsandfattyacids.Intheseenzymesystems,electronsfrom NADPH or

NADHaretransferredtoelectrontransferprotein(S)andthentoaP450molecule

onwhichmolecularoxygenisactivatedandoneactiveoxygenisinsertedintoa

substratetoyiddahydroxylationproduct･Inhigherplants,P450monooxygenases

areinvolvedin secondarymetabousm aswellasin xenobioticmetabolism.The

enzymesystem issupposedtobelocalizedonthemicrosomesl4].

P450speciesconsistofoneofthemoststructurallyandfunctionallydiverse

supe血mily (Table 1-1)･Naming of a newly discovered P450 species is

determinedbasedontheamhoacidsequencebyP450NomenclatureComi ttee

l5].neaminoacidsequenceidentityof40% isrequiredtobeplacedin the

samefamily.ThenumberofP450Sequencesincreaseddramaticallywithinthese

fiveyears.Sofar,morethan 700deducedaminoacidsequencesofP450cDNAs

or genes were detemined from various organisms including vertebrates,

invertebrates,fungl,Plantsandbacteria,andclassified into more than 120

families.Estimatesfrom currentgenomeprojectimplythatthenumberofP450

genesexceeds80inhumans,60inDrosophilamelanogasterandCaenoThabdiぬ
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elegans,and160in Arabidopsisthaliana l6]･Itwassupposed thatallP450

geneshavediversedfrom acomm onancestorgenethroughmolecularevolution.

ThediversityofP450 speciesmay resultfrom co-evolution among different

organisms [7]･Forexample,plantshave evolved a variety of P450-linked

biosyntheticpathwaysproducingsecondarymetaboliteswhichaffectedagalnStthe

attackofmimalsandmicrobes,whileanimalshaveevolvedP45011inkedxenobiotic

metabolism systemstodetoxify toxiccompounds･nisisanattractivehypothesis

toexplainadivergenceofP450superfamily.

P450MonooxygenasesinHigherPlants

PlantP450monooxygenasesparticipate in broad and divergentbiosynthetic

pathwaystoproducesecondary metaboutesaswellasxenobiotic metabolism.

ImportantP450enzymesareknowntobeinvolved in biosynthesisofstero1,

glucosinolates,phenylpropanoid/flavonoid,signalmoleculesincludingsalicylicacid

andjasmonicacid,phytohormonesincludinggibberellicacids,abscisicacid and

plantgrowthregulatorincludingbrassinosteroidsaswellasin themetabolism of

herbicides(reviewedin[8]).

CharacterizationofplantP450 enzymescontributesto understand molecular

mechanismsofplantdefenseagamstpathogensandherbivores,regulationofplant

developmentaswellasherbicideselectivityand resistance.ne elucidation of

molecularmechmismswould promise many applications including molecular

breeding for herbicide and disease resistantcrops,and for dwarf crops,

bioconversion to produce phamaceutical and industrial compounds,

phytoremediation to removeenvironmentalpollutants and so on. These are

importantforagriculture,human health aswellassolution ofenvironmental

problems･

RecentlythenumberofplantP450sequencesdete-inedhasbeenincreased

rapidly.Over60sequencesofplantP450 specieshavebeen dete-ined [6].

However,thenumberofplantP450specieswhosephysiologicalsubstrateswere

identifiedwasquitelimitedasshowninTable1-2･MostofP450specieswhich

participated in oxidative reactions for the biosynthesis of defense related

compoundsandphytohormones,andherbicidedetoxificationremained unknown･
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Table1-2PlantP450speciesandthephysiologicalfunctions

Species Source Function eCner氏e良

CYP51 Sorghumbicolor

CYP51 ITriticumaestirum

CYP71CI Zeamays

CYP71C2 Zeamays

CYP71C3 Zeamays

CYP71C4 Zeamays

CYP73AI HelianLhustuberosus

CYP73A2 1%aseolusaureus

CYP73A3 Medicagosaliva

CYP73A4 CathwanLhusroseus

CYP73A5 ArabidopsisLhaliana

CYP73A9 Pisumsativum

CYP74AI Linumusitatissimum

CYP74A3 ArabidopsisLhaliana

CYP75AI Petuniahybrida

CYP75A2 Solanummelongena

CYP75A3 PeEuniahybrida

CYP79 Sorghumbicolor

CYP80 Berberisstolomfera

CYP84 ArabidopsisLhaliana

CYP88AI Zeamays

CYP90 Arabidopsisthaliana

CYP93BI Glycyrrhizaechinata

obtsusifolio114a-demethylase

obtsusifbliol14α-demethylase

DIMBOAbiosynthesis

DIMBOAbiosynthesis

DIMBOAbiosynthesis

DIMBOAbiosynthesis

cirmamicacid4-hydroxylase

c血amicacid4-hydroxylase

cinnamicacid4-hydroxylase

cinnamicacid4-hydroxylase

cimamicacid4-hydroxylase

cinnamicacid4-hydroxylase

alleneoxidesynthase

alleneoxidesynthase

flavonoid3',5'-hydroxylase

navonoid3',5'-hydroxylase

flavonoid3',5'-hydroxylase

tyrosine〟-hydroxylase

berbamuninesynthase

ferulate15-hydroxylase

gibberellinbiosynthesis

brassinosteroidbiosynthesis

(2S)-flavanone2-hydroxylase
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ThereasonsarewhypurificationofaplantP450enzymeisdifficultbecauseof

low content,instabilityandinterferencewithpigmentsandphenoliccompounds,

andwhy multiple speciesarepresent･In addition,many substratesarenot

comm erciallyavailable.nusgeneticenglneerlng,reversegeneticsandbioorganic

chemistrywouldcontributetostudyonplantP450species.

ObjectiveofThisStudy

In thepresentstudy,There arethreeresearch targets;1) tobacco P450

reductase,2)5-epi-aristolochene3-hydroxylaseinvolvedin thebiosynthesisofthe

phytoalexincapsidiolin greenpepper,and3)tobaccoP450speciesinvolvedin

herbicidemetabolism.The structure and function ofthese enzymesremained

unknown.However,characterization of three enzymes are important for

understandingmolecular mechanism ofdiseaseandherbicideresistancein higher

plants.PurificationofaplantP450enzymeisvery difficultbecause aP450

speciesismembrane-bound,low contentand unstable･Therefわre,clonmg and

heterologousexpressionofclonedcDNAs wouldsupporttoclarifythestructure

andfunctionrelationshipoftheseenzymes.

InchapterII,itwasattemptedtopurifyP450reductasefrom tobaccoBY2

cellsandtoclarifybiochemicalandimmunochemical characteristicsofthepurified

enzyme.ItisimportanttopurifytheenzymeforisolationofaCDNA encoding

the corresponding enzyme as wellas for clarification of the enzymatic

characteristics.

InchapterIII,itwasattemptedtoisolateaCDNA encoding tobac00 P450

reductasefrom tobaccoplantsanddeteminenucleotidesequenceto deducethe

primaryStructure.TobaccoP450reductaseCDNA cloned wasexpressed in the

yeastSaccharomycescerevLsiaetoanalyzethefunction.Isolationandexpressionof

aCDNA would give molecular information on the structure and function

relationshipoftoba∝oP450reductase･Inaddition,co-expressionofbothtobacco

P450reductaseandplantP450cDNAs intheyeastaswellasin tobaccoplants

hasalargepotentialforidentificationofthefunctionofP450Speciesaswellas

geneticallyenglneemgOftransgenicplants･
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InchapterIV,itwasattemptedtoisolateaCDNA encoding5-epl-aristolochene

31hydroxylasefrom greenpepper,whichcatalyzesafinaloxidation reaction to

synthesizecapsidiol,whichisoneofthephytoalexinsin Solanaceaeplants.The

biosynthesisofphytoalexinisimportantfordefensemechanism ingreenpepper,

althoughmolecularinformationonthebiosynthesismechanism wasquitelimited.

DeterminationoftheprlmaryStructureOf5-ept-ariStolochene3-hydroxylasefrom

green pepperwould glVe uS importantinfTormation on the mechanism of

biosynthesisofcapsidiolingreenpepper.

InchapterV,itwasattemptedtoisolateP450cDNAs related to herbicide

metabolism from tobaccoculturedcellsanddeterminethenucleotidesequencesto

deducetheprimaryStructure.P450cDNAs clonedwereeachexpressedin the

yeastSaccharomycescerevisiaetoexaminetheenzymefunction.itisimportantto

clarifythestructureandfunctionofP450speciesinordertounderstandherbicide

selectivity and resistance on amolecularlevel.Elucidation of the herbicide

resistanceenablestodevelopgeneticallyenglneeredplantswithenhancedherbicide

resistanceaswellastodevelopchemicalsstimulatingtheplantinl1erentherbicide

resistantmechanism.

MolecularcloningandexpressionofplantP450andP450reductasecDNAs

mayenabletounderstandthesecondarymetabolism andxenobioticmetabolism in

higherplantsandmayprovidemanyapplicationsinbioteclmology.
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CHAPTERII

PURIFICATIONANDIMMtJNOCHEMICAL

CHARACTERISTICSOFNADPH･CYTOCIIROMEP450

0XIDOREDUCTASEFROMTOBACCOCULTtJRED

CELLS
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INTRODUCTION

NADPH cytochromeP450 0xidoreductase(ECl.6･2.4)transferselectronsto
cytochromeP450speciesin themicrosomesofanimal andplantcellsl30,31].

ThetermiJlalenzyme cytochrome P450 catalyzes oxidative reactions in the

biosynthesisofavarietyofsecondary metabolitesincluding lignln,flavonoids

l32],phytoalexinsl33]andsterolsl34,35]aswellasin themetabolism of

xenobiotics l36, 37]. NADPH-cytochrome P450 0xidoreductase contains

noncovalentlyboundFAD andFMN asprostheticgroups【38,39].Uptothe

present, theenzymeshavebeen purified from some plantspecies including

CatharanLhusroseusl40],sweetpotato[41],HelianLhustuberosusl39]andmung

beanl42].Theaminoacidsequenceofthemungbeanreductasededucedfrom the

nucleotidesequenceofCDNA,showed38% similadtyintheaminoacidsequence

withthemamm alian enzymesl42].Recently,itwasreportedthatmultipleforms

ofNADPH-cytochromeP4500xidoreductasewerepresentin themicrosomeof

Jerusalem artichoketuber[43].

Here IreportNADPH-cytochromeP450 0xidoreductaseactivity in tobacco

culturedceusandpurificationoftheenzymefrom themicrosomalfraction of

tobacco BY2 cells.ne purified tobacco reductase was enzymatically and

immunochemicallycomparedwithyeastreductase.
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freshweightofcellswashomogenizedin aPotter-EIvehjem typehomogemizer

with50mi ofO･1M potassium phosphatebuffer(pH 7.4),containing0.5M

marmitol,50mM ascorbicacid,42mM 2-mercaptoethanoland5mM EDTA.A

homogenatewascentrifugedat10,000×gfb∫15mh toobtainasupematant

fraction,whichwascentrifugedat100,000×g (Beckman 70Ti)for60min.

Pellets(1ml)werethenresuspendedin 10mi ofO･1M sodium phosphatebuffer

(pH7･5)containing30% (W/V)glycerolandl･4mM 2-mercaptoethanol(buffer

A),andthenstoredat-800Cuntilused.

EnzymePurification

SteplISolubilization･Afrozenmicrosomalpreparation(450mgproteinin 25

mi ofbufferA)wasthawedoniceat40Candthenslowlymixedwithan equal

volumeof2% (W/V)Emulgen 911 solution containing 10 mM potassium

phosphatebuffer(pH7･5),0.1mM EDTA l･5mM 21merCaPtOethanoland20%

glycerol(bufferB)for30minat4oC.A solubilizedmicrosomalfraction was

centrifugedat100,000xg(Beckn an70Ti)for60mintoobtainasupernatant

fraction.

Step 2:QISepharose4B column chromatography･ A prepared supematant

fractionwasdilutedwithtwovolumesofbufferAwithoutEmulgen911andthen

loadedontoaQ-Sepharose4Bcolumn(2.2 × 45cm)equilibratedwith10mM

potassium phosphatebuffer(pH 7･4)containing0.1 mM EDTA 1.5 mM 2-

mercaptoethanol,0.2% (W/V)Emulgen911and20% glycerol(bufferC).The

columnwaswashedwith3volumesofbufferC.Proteinwaselutedbyalinear

gradient0to1M KClin bufferC (600ml)ataflow rateof3mlminll.

Fractions00ntammgtheenzymeactivitywerecollected.

Step 3:2',5'ADP-Sepharose4B columnchromatography.A pooled fraction

from Q-Sepharose4B colurrm chromatographywasappliedontoa2',5'ADP-

Sepharose4Bcolumn(1･5x 6･8cm)equilibratedwithbufferC･Afterwashing

with5volumesof200mM potassium phosphatebuffer(pH 7･4)containingO･l

mM EDTA,1.5InM 2-mercaptoethanol,0.2% (W/v)Emulgen 911 and 20%

glycerol(bufferD),proteinwaselutedwithbufferC containingO･5mM NADP+
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etall[50]･Areactionmixtureinafinalvolumeof200m1,contained26pmol

oftobac00 P450,97mmoloftobaccoreductase,100〃M FMN,250 mg of

DLPC,0･5mM NADPH,1mM trans-cinnnamicacid and O･1 M potassium

phosphatebuffer(pH7･4).Reactionwascarriedoutat25oC for1handthen

stoppedbyadditionof10〝lof4NHCl.Precipitatedproteinswereremovedby

centrifugationtoobtainasupematantwhichwasconcentratedto20FLlandthen

directlyappliedtoaCosmosilC18PaCked column,HPLC analysisoftrans-

Cinnamicacidandprla-COumariCacidwascarriedoutaccordingtothemethodof

BlumeandSaunders[51].

Areconstitutionsystemfb∫amhopynne〟-demethylasecontahed17.5nmolof

rabbitP4502C14[52],110nmoltobaccoreductasepreparation,100FLM FMN,10

mgofDLPC,0･5mM NADPH,5mM aminopyrineandO･lM Tris-HCl(pH

7.5)toafinalvolumeof0.5ml.Reactionwascarriedoutat37oC andstopped

after30min byadditionof250mi of20% (W/V)TCA･Aftermixing and

centrifugationat20,000×gfor10min,aO･5mlsupematantobtained was

mixedwith0.75 mi Nash-reagentl53]and incubated at37oC for60 min.

Amountsoffbmaldehydefbmedweredeteminedbymeasunng absorbanceat

412nm.

GlycoproteinAnalysis

Apmifiedtobaccoreductasepreparationwasanalyzedforglycoproteinbythe

methodusingconcanavalinAandperoxidase[54].

PreparationorAntibodies

About50mgofapurifiedtobaccoreductasepreparationwasmixedwitha

RibiAdjuvantSystem (Iml)andthenadministeredto afemalerabbit(New

Zealandwhite,2.5kg)byintramuscularinjection.Aftertwo weeks,an equal

amountofthereductasewasadministeredin thesameway.Afterfourweeks,

bloodsampleswere00llectedfわrpreparationofanti-senJm･

Forenzymeinhibitionstudies,anti-serum wasfurtherpurifiedbyamm omium

sulfateprecipitation･Immunoglobulinsfrom pre-immunerabbitserawereprepared

inthesameway.
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WesternBlotAnalysis

Westem blotanalysisuslnganti-reductaseantibodieswascarriedoutaccording

to theprocedureofTowbin etall55],with some modifications.Tobacco

microsomalandreductasepreparationswereanalyzedbySDS-polyacrylamidegel

electrophoresis (SDSIPAGE),and then transferred onto PVDF-plus transfer

membranes･Remammgprotein-bindingsitesonPVDFmembraneswerebyTris-

HClbuffer(pH 7･5),containing3% bovineserum albumin,150 mM NaCl,

0･05% (W/v)NaN3 andO･05% (W/v)Tween20･A鮎rtreatmentwithrabbit

anti-tobaccoreductaseserum diluted100-times,specificantigen-antibodycomplexes

were detected by goat anti-rabbit immunoglobulins coupled with akaline

phosphatase.BCIPandNBT,thesubstrateofalkalinephosphatase,wereusedfor

detectionofproteinbands.

CytochromecOxidoreductaseActivity

ReconstitutionofNADPH-cytochromecreductasewithFMN wasca汀iedout

accordingtothemethodofBenvenisteetall[39]･NADPH-dependentreductionof

cytochromecwasmonitoredbymeasunngabsorbanceat550nm,at30oC,in the

presenceof0.3M potassiumphosphatebuffer(pH7･5),100mM cytochromec,

200mM NADPH and 90 mM EDTA.KCN (1 mM)wasused to inhibit

cytochromecoxidase dueto possiblemitochondrialcontaminations.A molar

absorptioncoefBcientof21mM-1cm-1forhorseheartcytochromecwasusedfor

deteminationofenzymeactivity.

15



REStJLTS

PurificationofNADPII-CytochromeP4500xidoreductasefrom Tobacco

CulturedCells

WhenNADPH-cytochromecreductaseactivitiesin BY2,SL andS401were

measured,almostequal enzymeactivitieswereobserved.Sinceagrowth of

tobaccoBY2cellswasthefirstestofthreetobaccocelllines,BY2wasusedfor

aNADPH-cytochromeP4500xidoreductasepurification.

About450mgof100,000xgpelletswasobtainedfrom 500gof7-day-old

culturedtobac00 BY2cells.neNADPHICytOChromecreductaseactivityofthis

microsomal丘actionwasaboutO･03m olofcytochromecmin-1 mg-1 ofprotein･

ThismicrosomalfractionwassolubilizedinbufferB.thesolubilizedfractionwas

loadedontoaQ-Sepharose4Bcolumnequilibratedwithbufferc,andtheeluted

byalineargradient0to1M KClinbufferC.nepooledfractionwithenzyme

activitywasappliedontoa2',5'ADP-Sepharose4B column equilibrated with

bufferCandthenelutedwithbufferC containing0.5mM NADP'.nlePOOled

fractionwithenzymeactivitywasappliedontoDEAE-Toyopealcolumnequilibrated

withbufferEandthenelutedbyalinergradient0to1M KClinbufferE.The

pooled丘actionwithenzymeactivityshowedaslnglebandwithamolecularsize

of79kDaonSDSIPAGE(Fig.2-1)Wh enthepurifiedenzymewasanalyzedby

TSK G3000SWxLCOlumncbromatography,血emolecularmasswasapprox.80

kDa(datanotshown).Thus,purifiedreductaseseemedtobeamonomerenzyme

(datanotshown).nepurificationoftheNADPH-cytochromec(P450)reductase

fromtobaccoculturedBY2cellswassummarizedinTable2-1.mereductasewas

purified383-foldwitharecoveryof16%.Thespecificactivityofthepurified

enzymewasll･5mmolcytochromecreducedmin-1mg-1ofprotein.

EnzymaticCharacteristicsofthePurifiedTobaccoReductase

TheNADPH-cytochrome coxidoreductaseactivity of the purified tobacco

reductasewasassayedatvariouspHvaluesraglngfrom 6.0to9.0.Theresults

showedabell-shapedpHprofile･neoptimalpH forthereductaseactivitywas

around7.5.

16



1 2

Fig.2･1.SDS-PAGEanalysisofthepurifiedtobacco
NADPH･cytochrome P450 0xidoreductase.Polyacry1-
amidegelconcentration was 7.5%.h e 1:NADPHI
cytochromeP4500xidoreductaseafterchromatographyona
DEAEIToyopearl00luⅡm (0.5 FLg). Lme 2: standard
molecularweightmarker(2.0fig):myOSin (Mp 205,000);
β一galactosidase.(Mp 116,000); phosphorylas.e b (Mp
97,400);albumln,bovine(M,,66,000);albumln,egg(Mp
45,000)･

Table2-1

Puri丘00tionofNADPH-cytochromeP4500xidoreductasefromtobaccoBY2cells

Protein TotalactlVlty
(mg) (皿 ｡l/也 ) (監 禁 ASd:igql) Pu慧 on ReT%V)eけ

Microsomes 450.0 14.4 0.03

Solubilized
mlCrOSOmeS

298.0 21.6 0.07

Q-Sepharose 75.2 12.1 0.16

2',5'-ADP
Sepharose

DEAE-
Toyopearl

0.7 6.2 8.86

0.2 2.3 11.50

100

2 150

5 84

297 43

383 16

CytochromecreductionwasmeasuredinthepresenceofO･3Mpotassiumphosphate

buffer(pH7.5),100mMcytochromec,200mMNADPHand90mMEDTAat30oC.
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Kineticpropertiesweredetermined forthepurified tobaccoreductase.The

NADPH-cytochromecoxidoreductaseactivityofthepurifiedenzymewasfoundto

followMichaelis-Mentenkinetics･ThepuriBedreductasehadan apparentKm for

NADPHwas24FLM･neapparentKm forcytochromecwas16FLM (datanot

shown).As showninTable2-2,whenFMN wasaddedtothepuriBedtobacco

reductase,aremarkable.enhancementoftheNADPH-cytochromecoxidoreductase

activity wasfound.Particularly,about10-foldenhancementoftheactivitywas

observedin thepresenceof100FLM FMN.Ontheotherhand,theadditionof

FAD tothepmiBedenzymeshowedonlyasmalleffect.Fig.2-2showsthe

oxidized spectrum ofthereconstituted toba∝o reductase･Undertheoxidized

conditions,theabsorban cemaximum occurredat452nm and372rLm With a

shoulderatabout472nm inthevisible-reglOnindicatingthepresenceofFMN

andFADasprostheticgroups.neflavincontentsofthereconstitutedreductase

wasspectronuorimetriCallydeteminedtobe0.54molofFMN and0.57molof

FADpermolofthepurifiedreductasebythemethodsofFaderandSiegell45].

neglycoproteinnatureofthepmirledtobaccoreductasewasexamined.The

purifiedtoba∝oreductaseand Ovalbumin wereseparatedby SDS-PAGE and

electrophoreticallyblottedonto PVDF-membranes.As shown in Fig.2-3,the

puri丘edreductasewasnotstainedwiththeconcmaValin AIPerOXidasetechnique,

although Ovalbuminwasstainedbyusing00ncmavalinA andperoxidase.nese

resultssuggested thatthepuri丘ed reductase was notglycosylated by 也-D

mannopyranosylandα-D-glucopyrosylresidues.

P450MonooxygenaseActivitiesinanZnVitroReconstitutedSystem

TbeCA4Hactivitywasassayedin aninvitroreconstitutionsystem containing

apartianypurifiedP450fractionfrom BY2cells,thepurifiedtoba∝oreductase,

DLPCandNADPH.Thespeci丘cCA4Hactivity in thereconstitutionsystem was

14pmolm虹 l nmol-1 p450･Wh enP450 0rreductasewasomittedfrom the

completeassaymixture,enzymeactivitieswerenotdetected･nerefbreitwas

foundthatthepuri丘edreductasetransferredelectronsfrom NADPH toatobacco

P450toexhibittheCA4Hactivity.Wh enthepuri丘edtobaccoreductaseandrabbit

P4502C14wereusedforthereconstitutionsystem,asshownin Table2-3,the
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Fig.2･2.Theoxidizedspectrum ofthepurified NAI)PH･cytochrome
P4500xidoreductasefromtobaccoculturedcelL nereductaseconcentration
was2.0mg/ml.

1 2 3

Fig.2･3.Glycoproteinanalysis.The purifled toba∝o NADPH-cytochrome
P4500xidoreductase(lane1,50ng),and Ovalbumh (1ane2,50 ng)were
analyzedby SDS-PAGE (7.5%) and electrophoretical1y blotted onto PVDF-
membrane.Protein wasstAmedbyconcanavalinA-peroxidaseteclmique.Ime3
containsMrmarkers･Positionofthetobaccoreductasewasmarkedbyarrow･
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Table2-2

EffectofFMNontheactivityofpuriBedtobaccoreductaseFMN(ELM) Enzymeactivity(AA55.nm/min)

0

2

5

0

0

1

01

1

3

5

0
ノ
0

0

0

0

0

1

0

0

0

0

0

1meenzymeactivityofthetobaccoNADPH-cytochromeP4500xidoreductasepreparation
(5FLg)afterchromatographyonaDEAEIToyopearlcolurrmwasmeasuredinthepresenoe
ofFMN.

Table2-3

AmhopyrineN-demethylationactivityinaninviqoreconstitutionsystem

sourceofthereductase A血 o鑑 三Ie/Niie7TEith.yllailio5n.;Ctivity

Tbbac00BY2Gems

Yeast

Rat

ReactionmixturescontainedpurifiedrabbitP4502C14(17.5nmol),thepuri丘edreductase
(110nn!ol),190mMFMN,10mgofdnauroylphosphatidylcholine,0･5mMNADPH,5
mMamlnOpynneand0.1MTriS-HCl(pH7･5)toa血alvolum eof0.5ml.Reaction
mixtureswereincubatedfor30mhat37oC.
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aminopyrineN-demethylationactivity was6pmolmi n-1 nmo1-1 ofP450.Onthe

o血erhand,whenyeastreductasewasreconstitutedwi血 rabbitP4502C14,the

specificactivitywas12pmolminl1nmorlofP450･Thereconstituted system

betweenratreductaseandP4502C14exhibitedthespeciflCactivityof38pmol

min-1nmo1-1ofP450.nusthetobacco reductasewasfound tobeefBcient

transferelectronsfrom NADPH to P4502C14 to exhibittheaminopyrmeN-

demethylaseactivity,although theefficiencyoftransferelectrontoP4502C14was

high erwithyeastandratreductasethan thetobaccoreductase.

ImmunochemicalCharacteristicsoftheTobaccoReductase

Rabbitpolyclonal antibodiesraisedagainstthepmifiedtobaccoreductasewas

preparedandusedforwesternblotanalysisofthemicrosomefractionprepared

fromeachofleaves,stemsandrootsofNicotia花αぬbacum.

AsshownhFig.2-4,westem blotanalysisrevealed也at血eantibodiesagamst

toba∝oreductasereactedwith theprotein bandofthepuri丘edtoba∝oreductase

with themolecularsizeofabout79 kDa,butdid notreactwith theyeast

reductase.Incontrast,theantibodiesagainsttheyeastreductasereactedwiththe

proteinbandofyeastreductasewith themolecularsizeof82kDa,butnotcross

reactwithtobaccoplantreductase.

As shownin Table214,theactivityofthetobacco reductasewastotally

inhibitedbyadditionofanti-tobaccoreductaseantibodies,whereasnoinhibitionof

theyeastreductasewasfoundwith addition ofan equivalentamountofthe

antibodies.Pre-immuneantibodieshadnoeffectonbothreductaseactivities.

As showninFig.2-5,anti-tobaccoreductaseantibodiesreactedwithaprotein

in themicrosomesofleaves,rootandshootsofvegetativelygrowing tobacco

plants･Fromthebandintensity,almostan equal amountoftheenzymeprotein

maybepresentheachof血etobac00 tissues･
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Fig.2-4.Westeru blotanalysisofNADPH･CytochromeP450 oxido-
reductasepreparationsfromtobaccoculturedBY2cclLsandyeast.Ime1,
Standardmolecularweightmarkers;lane2(60ng),4(120ng),6(60ng),8
(120ng),puri丘edNADPHICytOChromeP450reductasefromyeast;lane3(60ng),
5(120ng),7(60ng),9(120ng),pmifiedtobacco reductasefrom tobacco
culturedBY2cells.Lane2,3,4,and5,Westernblotanalysiswerecarriedout
withan anti-tobaccoreductaseantibody.Lme6,7,8and9,westem blotanalysis
werecarriedoutwith ananti-yeastreductaseantibody.

1 2 3

Fig.2-5.Westernblotanalysisofthemicrosomespreparedfrom leaves,
stemsandrootsoftobaeeoplaJltS･Westem blotanalysiswascarriedoutby
uslng antibodies miSed agalnSt the tobac00 reductase. Concentration of
polyacryamidegelwas7･5%･bch lanecontains10 mg ofthemicrosomal
protein.Lane1,leaf;lane2,root;lane3,shoot;lane4showsstandardmolecular
weightmarkers･Positionofthetobac00 reductaseismarkedbyarrow･TDeminor
bandsoflowerM.probablyresultedfromproteindegradationlnSOmemlCrOSOmal
preparations･
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Table2-4

IrrmunotitrationofthepurifiedNADPHICytOChromecoxidoreductaseactivityoftobac00
andyeastenzymes.

IgG/Tbba00oreductase Enzymeactivity IgG/Yeastreductase Enzymeactivity
(mg/ng) (%ofcontrol) (mg/ng) (%ofcontrol)

0
0

0

1

01

00

28

0

1 0
0

0

1

01

0

1

8

0

0

9

1

1

Afterth?pmiBedNADPH:cytocQromeP450reductase(10mg)fromtoba∝ooryeast
wasprelnCubatedwithan mcreasngamountofanti-tobaccoreductaseantibodiesfor30
min.Thereactionmixtureswerecentrifugedat100,000×g forlOmimSupernatants
wereassayedwiththestandardmethodasdescribedinMaterialsa7uiMethods.ne
acdvityincontrolwasmeasuredintheabsenceoflgG･Pre-immunelgGdidnotinhibit
thetoba∝oandyeastreductaseac血ities･
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DISCUSSION

nepresentstudy described thepurifiation of NADPH-cytochrome P450

0xidoreductasefrom tobacco BY2 cells･The specific reductase activity for

cytochromecpermgofprotein in themicrosomesofBY2cellswasabout1/10

lessthan thatofthelivermiCrosomesofun treated rabbitsl56],whereasthe

apparenttotalcytochromeP450concentrationwas1/20lessthan thatofrabbit

liversl57]･ThelevelsofbothNADPH-cytochromeP4500xidoreductaseandtotal

cytochromeP450werelessin theplantmicrosomesthan themammahan liver

microsomes【4,31].Weexaminedseveraldetergentsforsolubilizationoftoba∝o

microsomes,about150% ofthereductaseactivitywas recovered from the

microsomalmembranesbytreatmentwith2% Emulgen911.Similarresultswere

alsoreportedwith thereductaseofHeriaTuhustuberosusL.[39]･Itwaslikely

thatthetreatmentwiththisdetergentchangesthereductasemoleculeintoamore

activated form.Thespecific activity of the puri丘ed toba∝o reductase for

cytochromecwasll･5mmolmin･lmgllofprotein･ni§valuewaslowerthan

thosedescribedfわrCaLharanthusroseus(17Ⅱ皿01min-Imgー1ofprotein)[40],for

HelianLhustuberosusL.(33Ⅱ皿01mi nl1mg-1ofprotein)[39]andforpigkidney

(60mmolmi n-1 mg-1ofprotein)[58].neapparentmolecularweightofthe

tobaccopurifiedreductasewasdeterminedtobe79kDaon SDSIPAGE. This

molecularsizewassmallerthan thatofHelianlhushLberosusL･(82kDa)[39],

Tlgnaradiab ver.Berken(82kDa)[42],sweetpotato(81kDa)[41]andthe

yeastSaccharomycescerevLsiae(83kDa)【59],butnearlythesameasthatof

CatharanLhLLSrOSeuS(78kDa)[401.meapparentMichaehs-MentenKineticswith

Km valuesofthispuri丘edenzymeforcytochromecandNADPH were16FLM

and24FLM,respectively,thesevaluesaresimilartotheotherpublishedvalues

【39].

ThespecificactivityofaminopyrmeN-demethylatiom ininvめ･oreconstituted

system containingpurifiedrabbitliverP4502C14was6pmolmin-1nmorlof

P450,whichwasnearlyahalfofthatofthere00nstituted system containing

p4502C14andyeastreductase(12pmolmh~'nmol11ofP450).Theprevious

studiesshowed也atNADPH-cytocbromeP4500xidoreductasesre00nstitutedwith
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P450Speciesfrom differentonglnStOeXhibitthemonooxygenaseactivities･For

example,troutreductasere00nstitutedwithratP450[60].Likewise,avocadoP450

wasre00nstitutedw仙 ratliverreductase[6二日･Shetandhisco-workersreported

thatthereconstitution system ofporcineP45017A and mung bean reductase

showed 17α-hydroxylation acdvity [42]. Similarly, the toba∝o reductase

reconstituted with rabbit hver P4502C14 to exhibit the corresponding

monooxygenaseactivity,although toba∝oreductasewaslessefficientthan thatof

血erabbitandyeastreductases血 也ereactions.

Itwasreportedthatmicrosomal NADPH-cytochromeP4500xidoreductasesin

plants,mamm alSandyeastcontainsbothFAD andFMN in themoleculel30,

31].nelossofFMN occurredeasilyduring preparation and resulted in

formationofan inactiveenzymel43].But,theactivitywasrestoredbyaddition

ofFMNtotheenzymepreparation･Flavin contentsin thepurifiedreductasewere

0.54molofFMN andO･57molofnlD permolofthepmified reductase.

Thesevalueswerecomparablewith thoseofthereductase,CaLhaTmthusroseus
(0.76molofFMNand0.37molofFADpermolofenzyme)[40],mungbean

(0.92molofFMN and O･62 molofFAD permolofenzyme)[42]and

Helianthw tuberosusL･(0.41molofFMNand0.31molofofFADpermolof

enzyme)[39],butlowerthan thoseofmaJrmalian enzymes[30].Thelower

specificacdvity oftoba∝oreductasewasmaybeduetothelowercontentof

flavinsin thetoba∝oreductaseascomparedwiththemam alian reductases.

Thestructural differencebetweenthereductasefrom higherplantsand the

enzymesfrom ratandyeasthasbeenreported.Benvenisteandhisco-workers

reportedthattheJerusalem artichoke,avocado,maize,mcialava,sunflowerand

blamblereductasescrossreactedwithanti-Jerusalemartichokeantibodies,whilerat

liverand yeastreductasesdidnotcrossreactwith anti-Jerusalem artichoke

antibodiesl62].Ontheotherhand,fromacomparisonoftheamino-acidsequence

ofmungbeaJlreductasewiththecorrespondingsequenceofArabidopsis,yeast
andrat,Arabidopsisreductasehad73% aminoacidsequenceidentity withthe

mungbeaLnreductase,whileyeastandratreductaseshave38.8% and32.8%

血 oacidsequenceidentitywi他山emungbeanreductase,respectively[42]･Ⅰn

thisstudy,theantibodiesraisedagainstthepurified tobacco reductasewith a
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molecularsizeofabout79 kDa,butdid notcrossreactthepuri丘ed yeast

reductase.Furthemore,anti-tobac00 reductase antibodies totany inhibited the

reductaseactivityofthetoba∝ oenzyme,butnotinhibitedyeastreductaseactivity･

Fromtheseresults,itwassuggestedthattherearedifEerentantibodybindingsites,

whichcertainlyparticipateinenzymeactivity,betweentobaccoandyeastreductase.

hinviLT'Oreconstitutedsystem,thetoba∝oreductasetransferredelectronsfrom
NADPH tothetobaccoP450 andrabbitP4502C14.Therefore,thestructural

similarityrequired forinteraction with variousP450 isozymesfrom different

speciesseemedtobeconservedamongvariousreductasespeciesfrom different

orlglnS.Indeed,丘vefunctionaldomains,includingan amino-terminal domainthat

anchors theprotein to themembraneand binding regions aSSlgned to the

interactionofFAD,FMN,NADPH andcytochromeP450 arewellconserved

amonghigherplants,yeastandratreductases【42].

Atthepresenttime,thethreedimensionalstructureofanyreductasespeciesin

plants,yeastsandmam alsisnotyetknown,sowecamotclarifythedetailsof
interactionbetweenP450andthereductase.Purification ofthereductaseand

preparationofantibodiesagainstitwnlallow ustofurtherexamineitsroleand

regulation.
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CHAm RⅢ

MOLECtJLARCLONINGANDEXPRESSIONOFCDNA

FORTOBACCONADPH_CYTOCHROMEP450

0XIDOREDtJCTASEINSacchaT･OmyCeSCereVisiae
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INTRODUCTION

CytochromeP450monooxygenases(P450monooxygenases)in higherplants

involve in the biosynthesis and metabolism of sterols, glucosinolates,

phenylpropanoids/flavonoids,Salicylic acid,jasmomic acid,gibberellic acids,

abscisicacid,brassinosteroids,andalkaloidsaswellas in themetabolism of

pesticidesl8]･TheP450monooxygenasesinthemicrosomesofplantcellsconsist

ofanumberofcytochromeP450(P450)speciesandafew speciesofNADPH-

cytochromeP450 0xidoreductase(P450 reductase).TheP450 reductase is a

flavoprotein containingoneFAD andFMN asprostheticgroupsandtransfers

electronsfrom NADPHthroughFADandFMNofthereductasetohemeofeach

ofP450speciesl63]･Molecularoxygenisactivatedandoneoxygen atom is

incorporatedintoasubstrateonaP450enzyme･So,theP450reductaseplayan

importantroleintheregulationofP450dependent-monooxygenaseactivities.

P450reductasewaspurifiedfrom tobaccoculturedcellsBY2asdescribedin

chapterII.Thepmi丘edtobaccoP450reductasecoupledwith bothtobacco and

rabbitP450speciesin an inviqoreconstitutionsystem,andshowedtheP450-

dependent monooxygenase activities･ ne tobacco P450 reductase was

immunochemi canydifferentfrom yeastP450 reductaseand detected in leaves,

shootsandstemsoftoba∝oplants.Basedontheseresults,Iattemptedtoisolate

CDNAencodingtobaccoP450reductaseforclari丘cationofthepnmarystructure

and ofcharacteristicsoftheenzymeexpressed in the yeastSaccharomyces

CereVLyZae.
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MATERIALSANDMETHODS

ChemicalsandBiochemicals

5'-[ツー32p]ATP(6000Ci/mmol)andlα-32p]dCTP(3000Ci/mi)werepurchased

fromAm ersham hternationalplc.(Buckinghamshire,UK).

RestrictionendonucleasesandDNA modifyingenzymeswerepurchasedfrom

TakaraShuzoCo･,Ltd･(Shiga.Japan).碑 DNA polymerasewaspurchased

fromStratageneCloningSystems(b Jolla,CA)･

0therchemiCalSandbiochemiCalswerepurchased丘om WakoPureChemicals

(Osaka,Japan),Nacalai TesqueCo.,Ltd.(Kyoto,Japan)andSigmaChemical

Co.(St.Leuis,MO)

BacterialStrains

Escherichia coliK12 strainsY1090 andJM109wereused as hostfor

recombinantpharge九gtll andforsubcloning,respectively(Clontechhboratories,
Inc･PaloAlto,CAandThkaraShuzo)･SacchaT･OmyCeSCereVLsiaeAH22[64]was

usedashostforexpressionofclonedcDNAs.

CloningofTobaccoP450ReductaseCDNA

Sixougonucleotides(01igo-1toOligol6)weredesigneda∝ordingtotheCDNA

sequencesofArabidopsLS andmungbeanP450reductasesdepositedin GenBank

database(X66016,X66017,LO7843)[16,42]･Fouroligonucleotides(Oligo-1to

Olig0-4)and two oligonucleotides(01igo15 and Ohg0-6)corresponded to the

possibleFMNandNADPHbindingregionsOftheP450reductases,respectively.

nesenseprimersOlig0-1,01igo-3andOlig0-5WerehomologoustoArabidopsis

P450reductase(ATRl)CDNA sequencesl16],337-359bp,511-534bp,1714-
1733bp,respectively.TheantisensepnmersOlig0-2,Oug0-4andOlig0-6were

homologous to the sequences,514-537 bp,619-642 bp,2003-2025 bp,

respectively:01ig0-1,5--GGTACGCAGACTGGAACA GCTGA-3㌧01ig0-2,

5.1ATrGTCAGTAGGCTCTCCATCTCC-3T;01ig0-3,5'-TAT GGA GAT

GGA GAG CCrACTGAC-3';Olig0-4,5.-ATG TrCATA TrG GCG ATr

ACCAAG-31;01ig0-5,5'-CCTGGGACTGGGCTGGCACC-3';01ig0-6,5t-
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CGCCATGCCerrAGCArcACCGCA-31･PCRwascarriedoutbytheuse

ofa九gtlltobaccoCDNAlibrary(Nicotianatabacum cv.PetiteHavanaSR-1;a

giftofDr･Iba,FacultyofScience,KyusyuUniversity,Japan)asatemplate.The

reactionwascarriedoutthrough 30cyclesof0.5minat94oC,1minat50oC

and1.5minat72oCwith 7TaqDNA polymerase(TakaraShuzo).PCR products

wereseparatedby polyacrylamidegelelectrophoresis(PAGE)IPCR fragments

weresubclonedintoHincIIsiteofpUC18aJldthensequenced.

Toba∝oCDNA librarydescribedabovewasscreenedbyplaquehybridization

uslngaClonedPCR fragmentasaprobeDNA･Aboutl x 106 plaqueswere

screenedbyplaquehybridizationwith thecDNAfragmentastheprobewhichwas

radiolabeled with 5'-[7-32p]ATP (6000 Ci/mmol) [65].Hybridization was

performedat42oCfor20hinasolutioncontaiming50% (V/V)fomamide,5×

SSC,5×Denhardt'ssolution[65],100FLgpermlsalmonsperm DNA,0.5%

SDS,andaprobeDNA(about1x108cpm/FigOfDNA).Themembranewas

washedin2xSSC-0.1% SDSfor5minatroom temperatureatonce,30min

at50oCtwice,andthenin0.2×SSC-0.1% SDSfor30min at50oC.An insert

DNAinapositiveplaquewassubclonedintopBluescriptIIKS+(Stratagene)for

DNAsequenclng.

InversePCR

Fourohgonucleotides(IFPl1to IFp-4)Weredesigned based on nucleotide

sequenceoftobao∞ P450 reductaseCDNA cloned (pm l).Two antisense

primers(IFP-landIFP12)andtwosenseprimers(IFP-3andIFp-4)corresponded

tothe5'and3'regionsoftheCDNAclone(pCTRl),respectively.IFP-1,IFP-2,

IFP-3andIFp-4comSpOndedto也enucleoddesequenceoftoba∝o reductase

CDNA clonedpCTRl,18-37bp,33-52bp,1773-1792bpand1799-1818bp,

respectively.IFP-1;5'-AGTACCA GTCTGG GTA CCA A-3',IFP-2;5'-AG

CAAAGCm CAGCAGTAC-3',IFP-3;5'-A GGC m GGT GAA GAA

m G-3',IFp-4;5'-AC T GGAAGATATCTGCGTGA-3'.

Tobacco(Nl'codana h2bacum cv.PetiteHavanaSR-1)genomicDNA (1FLg)

wasdigestedwithHindIII･ThedigestedDNA wassubjectedtoligationreaction

l66].PCRwascarriedoutwith theprimersIFP-2andIFPl3usingtheligated
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DNAdescribedaboveasatemplate･PCR wasrepeatedwith prlmerSIFPlland

IFp-4uslngthePCRmixtureasatemplateDNA.ThesePCR werecarriedout

through20Cyclesof1minat94oC,2minat50oC and3minat72oCwith f狗

DNA polymerase.An ampliaed DNA fragmentwas subcloned for DNA

SequenClng･

DNASequenclngandSequenceAnalysis

PlasmidDNAcontam gaCDNAaswellasPCR fragmentwerepurifiedby

precipitationwith polyethyleneglycoll65]･Bothstrandsweresequencedbythe

dideoxy-termination methodusmgT7 DNA polymerase with an AutoReadTM

SequencingKit(PhamaciaBiotech,Uppsala,Sweden)in aShimadzu model

DSQIDNAsequencer(ShimadzuCo.Ltd.,Kyoto,Japan).Sequenceanalysiswas

performedwith DNASIS-Macsoftware(H血chiSoftwareEngineeringCo.Ltd.,

Yokohama,Japan).MultiplesequencealigrLmentWasPerformedusingaBLAST

computerprogram [67]･Predictionofprotein localization wasperformedby a
PSORTcomputerprogram(UTL;http://www.yk.rim.or.jp/～aisoai/molbio-j.html).

Southern andNorthern BlotAnalysis

TobaccogenomicDNA waspreparedasdescribedl68]･GenomicDNA (20

FLg)wasdigestedwithBamHI,EcoRIandmndIII.Hybridizationwasperformed

underthesameconditionsofplaquehybridizationdescribedabove.

TotalRNAwaspreparedfromfrozentissuesoftobaccoplants.Frozentissues

werecrushedtoafinepowderunderliquidnitrogenandtransferredtoextraction

buffer (TriS-HCIpH 8.0,0.01 M EDTA pH 8.0,1% SDS, 1 niM

aurintricarboxylicacid(ATA),10 mM 2-mercaptoethanol).A鮎rdispersing the

tissues,0.1volumeof3M KCIwasaddedandmixed.Insolublematerialswere

removedbycentrifugationat9000×gfor20min.Thesupematantwasmixed

with0.2volumeof8M LiCl,storedat4oCovemightandcentrifugedat9000×

gfor20mintnepelletswereresuspendedin H20 andextractedwith an equal

volumeofphenol-chloroform･TotalRNA wasrecoveredbyethanolprecipitation･

Northernhybridization wascarried outunderthesameconditionsofplaque

hybridizationdescribedabove,although SSPEwasusedinsteadofSSC･
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PeptideSequencing

Toba∝oP450reductasewaspuri丘edasdescribedin chapterII.A purified

P450reductase(10fig)wasconcentratedbyultraBltration (Centricon,YM-30,

GRACEcompany,MA)andthenaddedtoO･01%(W/W)TPCK trypsin (Sigma)
in0･003NHCl･Digestionwascarriedoutat3TCfor4h･Polypeptideswere

separatedby SDS-PAGE (10% gel) and then electroblotted onto a PVDF

membraneasdescribed【69].PeptideswerestainedwithCoomassiebdliantblue

R.Am血oacidsequencewasdeterminedbyautomatedEdman degradationin an

AppliedBiosystemsmodel470A protein sequencer(Perkin-Elmer,FosterCity,

CA).

CotIStraCtionofanExpressionPlasmidfortheYeast

Two oligonucleotides,FPl1;5'-AAGm CC AIG GAG TCr ACA TCA

GAGA-3'andFPl2;5'-AAGCITKACCACACATCACG CAGAT-3'were

synthesizedbasedonDNAsequencesofaCDNAcloned(pCTRl)andagenomic

DNA cloned(pGTRl)containing thestartandstop translation codons(double

underlined),respectively,with mndIIIsite(underlined)at5'ends.Reverse

transcriptase(RT)-PCR wascarriedoutusingFP-landFP-2with apoly(A)

RJYA 丘om toba∝oleaves.An ampliBed2･1kbpfragmentwassubclonedinto

HindIIIsiteofpUC18,andnucleotidesequencewasconfirmed.Thecloned2.1

kbpCDNA PFTR wasinsertedintomndIIIsitebetween ADH promoterand

terminatorregionsoftheyeastexpressionvectorpAAH5[64].nerecombinant

plasmidwastransformedintotheyeastS･cerevLmieAH22cellsbytheuthium

cuorideme血odasdescribed[70].

CultureandPreparationofaMicrosomaIFractionoftheYeast

TranSformedyeastcellsweregrowntoaboutl･5x107 cellspermi in SD

medium [64]supplementwith 160FLgPermi ofhistidine･Preparationofyeast

microsomal fractionwascarriedoutbytheprocedureofOedaetal･[64].

ProteinAnalysis
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ABio-RadProteinAssaykit(BIO-W hboratories,Inc･,Hercules,CA)was

usedforprotein determinationasbovineserum albumin asastandard.Westem

blotanalysisuslnganti-tobaccoP450 reductaseantibodieswas camied outas

describedinchapterII･

EnzymeAssay

Cytochromecreductaseactivitywasmeasuredasdescribedin chapterII.7-

Ethoxycoum arin0-deethylaseactivitywasdeterminedasdescribedpreviouslyl64].
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RESULTS

CloningofTobaccoP450ReductaseCDNA

Basedonpreumharysequencmgofapurifiedprotein SampleoftobaccoP450

reductase,theaminoterminusseemedtobemodified･nereforetheproteinsample

wassubjectedtoumi tedproteolysis･OnemajorbandPl (43 kDa),and two

minorbandsP2(40kDa)andP3(38kDa)wereobtained.neaminoterminal

sequenceofPIwasfoundtobeVai-Val-X-His-Glu-Lys-Pro-Asn-Asn-Asp-Leu-X-

Asn(X;notdetermined).Thissequencewasnotfoundin theprotein sequences

deposited in protein detabase.Thereforethesequence seemed notto be a

conseⅣedreglOnOf也eP450reductasesequencesreported･Also,也esequence

wasshortandnotsuitablefordesi伊lngdegenerateprlmerSusedasaprobeDNA

forscreeningOfCDNAlibrary.Thereforesixoligonucleotidesweredesignedbased

ontheCDNAsequencesofArabidopsISandmungbean P450reductasesreported

l5,6].PCRwascarriedoutwitha九gtlltobaccoCDNA libraryasatemplate.

Wi也asetofOugo-1andOligo-200mSpOndingtoFMN bindingreglOn,about

200bpfragmentwasobtainedasamajorproduct.ThisPCR fragmentwas

subcloned and sequenced.Thenucleotide sequence and the deduced amino

sequenceshowedahighsirnnaritywith thoseofArabidopsIS and mung bean

P450reductasesl16,42].

Tobac00 cDNAlibrarywasscreenedwiththePCRfragmentasaprobe.Two

positiveclonespCTRlandpCrR2containedthesame2･2kbpinsertDNA･The

nucleotidesequenceandthededucedaminoacidsequenceofPCTRIcontained the

nucleotidesequenceoftheprobeusedandthepeptidesequencedeterminedby

microsequencingofthepurifiedenzyme,respectively･Themolecularweightofthe

polypeptidededucedfrom PCRIwasfoundtobeshorterthan themolecular

massofthepmifiedtoba∝oP450reductase.nerefore,theCDNAPCTRIseemed

nottoencodeafulllengthtobaccoP450reductaseandlack5'regionoftobacco

P450reductaseCDNA.Although thesameCDNA library wasrescreened,no

longerCDNAcloneswereobtained･

ToisolateaDNA fragmentcontaining5'reg10nOftobaccoP450 reductase

gene,InversePCRwascarriedoutwithtobaccogenomicDNA asatemplate･A
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1･OkbpfragmentwasZLmPliBedandsubcloned･Basedonsequencing,10clones

pGTRltoPGTRIOwerefoundtohaveaO･5kbpDNA fragmentcorresponding

to5'reg10nOftobaccoP450reductasegene.Then,RTIPCR wascarried out

usingOugOnuCleotidesFP-1andFP-2,basedonthesequencesof5'regionOf

pGTRland3'reglOnOfpCrRl,respectively.neclonePFTR wasobtainedby

cloningofan ampliBed2･1kbpDNA fragmentandthenucleotidesequenceof

PFTRwasfoundtocontainthecombinedsequencesbothpGTRlandpCTRl.As

aresult,血eCDNApm wasfわundtoen00de也een血etobaccoP450reductase.

SequenceAnalysis

Figure3-1shows也enucleotidesequenceanddeduced血 oacidsequence

informationontobaccoP450reductasebythecombinationoftheCDNA clone

pCTRlandgenomicDNAclonepGTRl.Thenucleotidesequence(jM CATGG)

resembledtotheplantimitiationstartconsensussequencel71].From thefirst

ATG codon,theopenreadingframeencoded713aminoacids.Thecalculated

molecularweightofthepolypeptidewas78531.7daltons,whichagreedwellwith

themolecularmassofthepurifiedtobaccoP450reductaseestimatedby SDSI

PAGEl72].nepeptidesequencedeterminedbymicrosequencingofthepurified

enzymewasfoundinthededucedaminoacidsequencefrom285thto297th.ne

nucleotidesequencesofpGTRl,pCTRlandpm correspondedtothenucleotide
sequence from lstto 481th, ffom 482th to 2657th and 167th to 2309th,

respectively,asshown血Fig.3-1.

ThededucedaminoacidsequenceoftobaccoP450reductasewascompared
withthoseofP450 reductasesfrom theothersourcesreported (Fig.312).

Arabidopsis(ATR2)[16],yeastl73]andratl74]P450reductasesshowed72%,

31%and35%identityinaminoacidsequencewith toba∝oP450reductase.The

amino-terminalreglOnOftobaccoP450reductasewaslongerthan thoseofyeast

andratenzymes.A hydropathypro丘leoftoba∝oP450reductaseshowed the

presenceofhydrophilicreglOnWith Serandtheotherhydrophilicamino acid

residuesprecedingtothehydrophobicregion,Whichseemedtobeamembrane

anchor.nefunctional domainsinvolvedin FMN,FAD and NADPH binding

reportedpreviouslyl75]werewellconservedin thesequenceoftobaccoP450
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既 icTTTG,CA,TCmm CCCC,CGTm CATCGCCTTCTCTCCB.GTm GTCGCCm TCA,CAGm 姐TCTCLm

A- GAGT姐TTBLACGCTTGCCCAGTTn- TTnCA℡AGAGT,CAGTTTGBm TTG- - ℡A蛾 AP,

CAGAGm CTTTTGATm ATGm TTm AAAGGTW m GATCAACTGhm ℡CAGA℡TCTGGiCG
S E Z( L S P F D F H A A I F R G G R = F D Q i N S S S D S G

ACTCAAGでTCTCCTGC℡℡CGで℡… TGGAGAACAhAGAm AATGATGATATTGACAACCTCm TGTCTTGATCG
D S S S P A S i A A i L 比 E N X D i J4 Z4 Z i T T S V A V L =

GATGmm TCCTCAACTTCTGmAAGAAm AGAGCCGCCCAAGTTGGTGGTTCCTAAGTCGm A

:T｡定 言㍊ ℡芸TG詣 義 盛 血 空盛 意 志 ℡:誌 ｡:℡ACVcc:霊 TGL芸 よ こ蕊 ,:℡£ 蕊
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㌘雪C̀響冊 をTG㌢領∝㌘弔m㌣冊 冊 TT章で笥GG㌘G告℡G㌢G告℡GF:T号TG㌢G
AGA姐でTGAAGA姐GAAACATTGGCATTCTTm TTGGCCACATATGGAGATGGTGAGCCAACTG▲TAAでGCTGCCAGATTCTATAAAT
E X i X R E T L A F F F I. Å ℡ Y G D G E P T D N A A A F Y 冗

GGTTTGTCGAGM TAm AAAm A℡GGm ARTTm TTM ACGAGCAT℡℡CA
W F V E G R ≡ a G D Y F X N L Q Y a V F G i G N A Q Y E 刀 F

ACAAGATTGCAAAAGTGGm TGACCTTCTCGCTGAGCAAGGCGGGCAGAGGCTTGTTCCTGTm TCTTGGAGATGATGACCAATGCA
N R = A 冗 V V D D i i A E Q G G Q A i V P V G i G D D D Q C

㌢冊 幣 ㌢耶 発 ℡A2GTTcTcTnTqGGTGTGTA㌢C㌘警 甥 でC

CATATACCGCTGm TA℡Am ACCCA℡G姐AAGCCTAACAACm AACACAAATGGTCATCm TGGAC
P Y T A A V i E Y A V V T H E R P N tf D i S N T N G E A N G

ATCm TTGATGC℡Cm AGCTAAでGTTW TGCTTCTGAnCGTTCTTGW
冗 A = Z D A Q H P C I A II V A V 氏 R E i H T P A S D A S C T

ATTTm T℡TCTGGAm G℡℡GT℡℡A℡m ACTGTGAhAATTTGARTGAAACCG℡AG
H i E F D = S G T G V V Y E T G D EI V a V Y C E N i I E ℡ Ⅴ

書甲をA笥TG照 AclAAm ATSAC;℡G耶 cT写℡TgCATcm 背 珊 ㌢ :㌘管 幣 ℡

CLm GTCTCCCTTCCCTCCTTGm AAGAACAGCATTGm ATGCTm M CTGCT℡TAC
S L P S P F P P C T i R T A i T L Y A D i i S S P X K S A i

TTGCTTTAGCGGCATGTGCTTCTGATCCAAATGAAGCl一肌TCGATTAAGAAATCTTGCATCACCGGCTGGAAAGGAAGAATATGCTCAST
i A L A A C A S D P N E A N A i A N i A S P A G R ≡ E Y A Q

GGATGGTTGM TCAGAGm CTTCTTGAAGTCATGGCTGJul℡m CAAGCCTTCAm TTTGCTTCTGm
W M V A S Q a S i i E V H A E F P S A 冗 P S i a V F F A S V

CTCCTCGCCTACAAJ=CGAGA℡mTACTCTATCTCATCATCTCATAGGATm AGAATTCATGTTACTTGTCW TGGm ACG
A P A i Q P R F Y S I S S S ZI a Z4 A P S R I H V T C A L V Y

ADAM GCCAACCGGACGAGTTCACAm CAACATGXiAJm TGCTGTTCCTCTAGAAJGAAAGCCTm TGCAGTA
D X H P T G R V E 冗 G V C S T W J4 R N A V P i E E S i S C S

CAGCACC℡ATTTTTGTTCGW CAGCTGATAACAAGGTTCm TAm TCGGCCCTGGTACTGGGで℡GG
T A P I F V R Q S N F 冗 i P A D N X V P ェ I Z4 Z G P G T G i

CACCATTCAGGm TCCAGGhAAGAT℡AGCTm AAG丸脳 AGGAGC℡GAGCTTGG℡CCTW m TW A
A P F R G F i Q I A L A F 冗 R I G A E i G P A V i F F G C R

酢cgcc8AAHTGGr ㌍ ㌣ ㌢C8AGP珊 cGTG冊 等AG㌍GSTTFcTSTCgGTG

AAGGACCTAACAAAGAAでBJ3GTGW BLAAATGTCAGAJm ATCTGm TGAnTTCTCAGGm ACGTATA℡G
E G P tl I E Y V Q 汀 R Z4 S ≡ R A A D I W N H 工 S Q G G Y V Y

TCTGCGGTGATGCBAAAGGCATGGCTAGGGACGTTCATCGGGC℡CTTCACACTATmCCCAGGATCAGGGATCGCTCGACAGCTCCAAGG
V C G D A R G J4 A A D V a A A i H T I A Q D Q G S i D S S A

｡TGAGGCCTTGGT｡九m TAm ｡Å℡,m GTW G琵琶孟 ふ ｡G,C,CTATAT,ATATT㍍CM CAm
AEALVXNLQITGRYI-RDVW*
GTGATTAGCGAAATATATAGG九m GTGXm TCAGCCTTTCAACAGW ACGAACTGTCGACBCAGCTTTTCCGATTGTATGATTTTTGATGAACWT℡℡TTTGA℡GA血∬℡℡℡℡℡GGTTCATGTTAAmATATACAAGBLAm AAm AATAAT
mCGmGTATTALAGTmGGCnTGmTATCGAGAGW cTATTGAACCAGCAAAATGGTTCAGACAjLCAm GTATGCTGTTGA℡℡AATTGGTTTAAGACCATCTCGTTTTATAC
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Fig.3-1.Thenucleotidesequenceobtainedbythecombinationofthe
CDNApCTRlandgenomicDNApGTRlanddeducedaminoacidsequence
oftobaccoNADPIIICytOChromeP450reductase･Thenucleotidesequencesof
pGTRl,pCmlandPFTRcorrespondedtothenucleotidesequencefrom lstto
481th,from482thto2657th and167th to2309th,respectively.The5'and3'
endsofpGTRl,pCRlandPFTRwereindicatedwith arrows･n e aminoacid
sequence00汀eSpOndedto血epeptidesequencedetem血edbymicrosequencmgof
thepurifiedenzymewasunderlined･
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Tobacco MESTSEKLSp-FDFHAA=FIくGGRェFDOLNSSSDSGDSSSPASLAALLJawl(DLHMILTTSVAVLZGCAVVl仰 RRSSTSA 79

Arabldopsiら HSSSSSSSTSH=DLMAAZTZ(GEPV=VS-DPANASAYESVAAELSSMLZENRQFAHZm SIAVLエGC工VrMLVm SGSGN 79

Teast MPFG工DNTDF---ll-------m G-LVu VILYV7(I--ll---ll------I_IRNS工XELLJ1------__-SDDGD 39

Rat HGDSHE:DTSA--ll--------THPEA-VAEEVSLFSTTDm FSLZVGVLTYWFZFRXKKEEZPE-I--I----FSKZQ 58

TObacco I(m PPKLVVpKSVZEPEEIDDGXXfNT王FFGTQTGTAZ:GFAM AJChRYDX冬℡FKVrDZ4Dt)YAADDDDYEE革も粁
ArabidopsiS SKRVEPLKPLVエKp--R虎 EIDDGRXm エFFG相 ℡G℡AZ:G･FM EAW YEXTRF7uVDLDDYAADDDEYEERLXX
yeaBt =TAV一一一一SSGNRD--エAOVVTENNRNYLVZJYASOTGTAZ:DYAXXFSXELVAXFN-Lm CADVEtVYDFESLNDVpVI--
Rat TTAp----PYRESS-IFV即uX印 GRN=IVFYGSQTG℡AEE:FAmuSRD-A兄RY6-ポRG卿 かPEEYDLADLSSLPEIZn;

★★★●★◆ ● ★ ★

r仰

59
57
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30

TObacco ET,W FFu TrGE)GEPTDN九九六FY耶 中郡 DYⅧ qYGVFGLG叩 QYE肝 yXTAm 岬 f旺･VPVGLG 239
ArabidopsIS EDVAFFru TYGDGfm DW m ETEGtJDRG=8mXNLKYGVFGL6世RQYEZIFyXVARVVDDエLV印 GAQRLVQVGLG 237
yeast - -vSェF王STYGEGDFPpGAVNFEDFZCNAE--AGALSNLRア岬 GLGNS℡YEFFNGAAJCKAE:7(tELSAA蝕 M KLGEA 185
Rat -SLVVFCn T¥GEGDPTDTTAQDFYDⅦ TD-IVD-LT叩 AVrGLGNm YEHFW GXYVDQRもEQ以⊇AQRI円姓βLG 206

★★★ ■ ★★ ● ★★★◆★ ●★ ★● ● ★ ★ ★ ★

Tobacco DD-DQCZEDDF魚卵 RBLVWPELDXFLLDGDDATPATIPYTAAVLEYRVVTHEKPNNDLSNT-II-----N-G
Arabidopsiら DD-DQCrEtDDrW REAもWPELDTZLREEGDTAVAT-PYTAAVLEYRVS工HDSEDAXFNDr--一一一-I-TLAp

Yeast DpGAGT℡DEDY仙 VTKDsェLJm RDELnLDEQEAJ(FT-SQFQYm Nt:ITDSHSLGEPSAflYLPSHQLNfiNIAD

IEm EAERLLNエSPDTFFSェHTDIくEDG 388
LSEtrVDnM皿 もDJISPDTYFSLHAEXEDG 387

LEm QFLSIFNLDPET工FDLXPLD--P 329
DSALVNQ=GE=LGADLDVIMSLNNLDEES 355

★ ★★ ★ ★ ★★● ★★★★ t ★

Tobacco TPLGGSSLPSPFPPCTLRTALTLYADLLSSPXXSALLM一九ACASDP肌 Rm SPAG1-XEEYAQ柵 VASQRSLLEV 466
ArabidopSis TPZ-SSSLPPPFPPCNLRTALTRYACLLSSPRKSALVALkA且ASDPTEAEZuXHu SPAG-1XDEYSKVm SQRSLLEV 464
YeaSt TVA-VPFPTPT----TZGAAZKHYLEェTGPVSRQLFSSLZQFAPNADV7(ERLTLLSXDKDQFAVErTSIくYFNZADALKYL 415
Raヒ N7(K-EIPFPCPT1---TYRTALTYYLDITNPPRTNVLYELAQYASEPSEQEHLHKKASSSGEGKELYLSWVVEAM ILAZ 430
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rAJ)

Yobacco HAEFPSARPSLGVFFASVAP
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Tobacco

Arabidop813
Yeast
Rat

Tobacco

ArabidopSis
Yeast
Rat

Tobacco

Arabidopsis
Yeast
Rat

SDGAm MQFLVESV-PQ
LQDYPSLRPPZDtlLCELL-P

■ ●●

め tgKVpエ正光工卿 W 甲 野 LQ写RW 喝 卯 年(甲か -一 一 597
siD岳xvpZzHrG申 年 叩 点 GFLQ甲山札 Ⅵ伽 Ⅰ応挙 一一一-- 596
5嘘 嘘 咋 HェGP:g_q W 声琴笹_主脚 軸 琴 野 SLG7( 573
p 夢 世 卿 G拠 AP印 GF榊 町 GftL-一一一 560
■ ★★★★★■★★★★ ★● ★★ ★

Ⅹ一DPZ[

諾 …至宝慧 慧 慧 慧 警 護 琵 翌 患 慧 慧 慧 整 髪 慧
-L由 2-66-疲sDi:畠¥zi垂REE舶 TT歯軸 痩面 一融 紬 vQ醜 D虐私感 I由紺 血 637★●■ ★★ ★ ★★★★ ★★★■ ★ ■ ★★●●★★ ★★

卿 ェA脚 室柳 与革YLRDVW 713
RPVHRSL耽 I噸 軸 甲 聯 棚 GR-YLRDVW 712
gEGVSm LVGrLSR16碍 TTrP_EAT--q エ唾 x2_g RYQEDVW 691
RPyQ対空FYDlⅥ敢 耶 封耶 耶 眉原YSLDVWS 678
★ ★ ■ ★ ★ ■★● ■★●

Fig.3･2.Comparisonorthededucedaminoacidsequenceoftobacco
P450reductasewiththoseofArabidopsis(GenBankaccessionJlumber
X66017),yeast(D1378S)andrat(M10068).Possible FMN,FAD and
NAI)PH bindingdomainsareshaded.Theconservedamino acid residuesare
markedwithan asterisk.
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reductase.

P450ReductaseGeneanditsTranscriptinTobaccoTissues

Toestimatea00pynumberoftobac00 P450reductasegene,Southem blot

analysiswascarriedout.netobaccogenomicDNA wasdigestedwithBamHI,

EcoRIandmndIII,andprobedwith pCTRl.OnebandwasfoundinBamHI

digest,threeandtwobandsweredetectedin EcoRIandmndIIIdigests(Fig.3-

3),respectively.OneEcoRIsitewaspresent,butnoBamHl andHindIIIsitesin

pGTRlandpCTRl.In addition,theresultsofinversePCR suggested that

mndIIIsitesmaynotbepresentinthetobaccoP450reductasegene.Therefわre,it

wassuggestedthatoneortwoP450reductasegenesmaybepresentin tobacco

(Nicotianaぬbacm CVIPetiteHavanaSR-1)genome･

Total RNA wasisolatedfrom roots,stems,leaves,and flowerlng budsof

tobaccoplants,andtheculturedBY2cells･Northem blotanalysiswascarriedout

usingpCRlasaprobeDNA (Fig･3-4)･A bandwithabout2700nucleotides

wasfoundinthetissuesexamined.A slightlyhigherlevelofthetranscriptwas

foundin flowerlngbudsandculturedBY2cellsthan intheothertissues.

ExpressionoftheTobaccoP450ReductaseCDNAintheYeast

nerecombinantplasmidPATR wasconstructedfわrexpression ofthefull
lengthcDNAPFTRoftobaccoP450reductasein theyeast.S.cerevLmieAH22

cellsweretransformedwiththeexpressionplasmidpATRandthevectorpAAH5.

netransformedyeastcellswereanalyzedbynorthem blottinguslngPFTR asa

probeDNA(Fig.3-5A)･Atranscriptwith about2500nucleotideswasfoundin

theAH22/PATRcells,butnotin theAH22/pAAH5cells.Westem blotanalysis

withanti-tobaccoP450reductaseIgGrevealedthatabouta78kDaprotein band

wasfound in the miCrosomes of the AH22/pAm cells butnotin the

AH22/PAAJB cells(Fig･3-5B).Themolecularmassofthebandagreedwellwith

thatofthepmifiedP450reductasefrom themicrosomesoftobaccoBY2cells

l72]andthepredictedmolecularweightaccordingthededucedaminoacidsequence

oftheCDNA PFTR.Thus,itwasfound thatthecloned CDNA PFTR was

expressedin theyeasttoproducethecorrespondingproteininthemicrosomes･
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Fig.3-3.GenomicSouthern blotanalysisoftobaccoP450reductasegene.
A20ILgOfgenomicDNA weredigestedwithrestrictionendonucleasesBamHI
(B),EcoRIP)andHindIII(H)･ThetobaccoP450reductaseCDNAclonePCTRI
wasusedasprobeDNA.
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Fig.3･4.Nor仙ernblotanalysisofP450reductasemRNA intobacco
tissuesandthecuLturedBY2cells.20FLgOftotal RNA from roots(R),
stems(S),leaves(L),floralbuds(F)andtheculturedceus(C)wereprobedwith
也etobac00 P450reductaseCDNApCTRl.
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Fig･3･5･ExpressionorthetobaccoP450reductaseCDNA PFTR in
Saccharomycescerevisiae･(A)Norlhem blotanalysisoftherecombinantyeast
cells.Imel,Poly(A)RNA (0.2 FLg)from theAH22/pAAH5 cells,hne2,
Poly(A)RNA(0.2FLg)from theAH22/PATR cells.netobac00 P450reductase
CPNApm wasusedasprobeDNA･(B)Westem blotanalysisofやeyeast
rmcrosomalfractionswithanti-tobaccoP450reductaseIgG.Lmel,themlCrOSOmal
fraction(10FLg)ffomtheAH22/pAAH5cells;Lzme2,themicrosomal fraction(10
ILg)fromtheAH22/pAm cells.
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Cytochromecreductaseactivitywasmeasuredinthemicrosomalfractionofthe

transformedyeastcells.neactivityofthemicrosomesoftheAH22/PATR cells

was699nmol/min/mgprotein,whichwasabout8timeshigherthan thatofthe

controlAH22/pAAH5cellsぐrable3-1).Therefore,tobaccoP450reductaseencoded

onpm seemedtobeamicrosomalenzyme.

An invitroreconstitutionsystemsconsistingoftheAH22/PATR microsomes

expressedthetobaccoP450reductaseandtheAH22/PAMCmicrosomesexpressed

ratP4501All64]wasassayedfor7-ethoxycoumarin0-deethylaseacdvity in the

presenceofNADPH･TheP4501Al-dependentactivitywasfourtimeshigherthan

thatofAH22/PAMC.Theseresultssuggestedthatthetoba∝o P450 reductase

expressedin theyeastmicrosomeswasenzymaticactiveand coupledwith rat

P4501Al,enhan cingtheP4501dependentmonooxygenaseactivityCrable312).
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Table3-1
Cytochromecreductaseactivity inthemicrosomalfraction oftherecombinant
yeastceusexpressmg也etoba∝oP450reductase.

Yeastmicroso-es cyt(oShro?TEZ:/edJgct,ars.eteaSvity

AH22/pAAH5■1 83

AH22/pATR●2 699

*1.S･cerev由iaeAH22/pAAH5(controlstrain)
*2.S･cerevLsiaeAH22/PATRexpressedtobaccoP450reductaseinthemicrosomes

Tabale3-2
7-Ethoxycoumarin0-deethylaseactivitiesinaninvitroreconstitutionsystemconsisting
oftheyeastmicrosomalfractionscontainingtobac00P450reductaseandratP4501Al

Yeaststrain 7-Ethoxycoum arin0-deethylaseacdvity

AH22/pAMC●1 AH22/pATR●2 (nmol/min/pmoIP450)

l
+

+

l

1

4

5

く

く

l

*1.S.cerevLsiaeAH22/PAMCexpressedratP4501Alinthemicrosomes(20pmol).
辛2.S.cerevLmieAH22/PATRexpressedtoba∝oP450reductaseinthemicrosomes
(0.01units)･
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DISCUSSION

Iobtained afulllength information on tobacco P450 reductase by the

combinationoftheCDNAclonepCR l andthegenomicDNAclonepGTRl.ne

de血∝d血 oaddsequenceoftoba∝oP450reductase00nsistingof713am血O

acidresidueswascomparedwiththoseofArabidopsLS,yeast,andratenzymes.

TobaccoP450reductasewasfoundtocontainthemembraneanchorfrom Leu-52

toTrp-72fわllowedbytwoArgresidues,andthecytosolicregionincludingthe

domainsforbindingofFMN,FADandNADPH.

ThetobaccoP450reductasehadaprecedingamphipaticsequenceofabout50

aminoacidresidues,whichwaslongerthan thoseofyeastandratenzymes,as

reportedwithplantP450reductasesl16,76]･Urbanetal.recentlyreportedthat

theamphipaticregionissimilartothechloroplasttargeting sequence l16]･In

tobaccoP450reductase,Met-14-Ala-15,andSerrichsequenceseemedtobea

typicalchloroplastleadersequence【77]･Thepredictionoftheprotein locau2ation

withaPSORTcomputerprogram suggestedthatiftobaccoP450reductasestarts
from Met-1,itwouldbean endoplasmicreticulun membraneprotein,butif

tobaccoP450reductasestartsffomMet-14,theenzymewouldbelocalizedonthe

thylakoidmembranesofchloroplasts.Ch theexpressionofthefulllength cDNA
PFTRoftobaccoP450reductasein theyeast,theenzymewasfound to be

mainlylocalizedonthemicrosomes.Therefore,tobaccoP450reductaseseemedto

beamicrosomalenzyme.

Reomtlythethreedimensional structureofratP450reductaseproposed the

domainSforbindingofFMN,FADandNADPHl75].h spiteof35% similarity

inthetotal aminoacidsequenceofratP450reductase,toba∝oP450reductase

conservedthesefunctional domains･By sequence aligrmentwith ratP450

reductase,intobaccoP450reductase,thereglOnSfわrbindingofFMN,FAD and

NADPHappearedtobefromPro-97toPro-258,from Asn-303toGln-358and

fromLeu-488toLeu-557,andfromPro-558toArg-707,respectively.

neinteractionofP450reductasewithcytochromecandP450dependson

iomiCaswellashydrophobic interationsl78,79].Thedockingmodell75],

chemiCal crosslinkingl78]andsite-directedmutagenesisl80]suggested that the
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peptideloopfromAsp-207toAsn-211inratP450reductaseconsistingofacidic

residues was involved in the binding to cytochrome c and P450. me

correspondingreglOnfrom Asp･240 to Cys-244 wasfound in tobacco P450

reductase･nehydrophobicinteractionbetweenthemembranebindingdomainof

P450reductaseandP450wasalsoimpo止ant[79].Itisinterestingtostudythe

structureandfunctionrelationshipofthereglOn,SincethearninO-terminalreglOnOf

tobaccoreductasewasnotconservedasdescribedabove.

Southem blotanalysissuggestedthatoneortwocopiesOfP450 reductase

genesmaybepresentintoba∝o(Nicotianahzbacm)genomealthough onegene
wasclonedin thepresentstudy･SinceNz'cotiana tabacum is an amphidiploid

betweenN.tomentosifoT.misandN.町Ivestris,twogenesmaybederivedfrom

two differenttobacco species･Itwasreported thatasinglecopy ofP450

reductasegeneispresentin rat【811,yeast【73],andCadzaranLhusroseusl76],

andthatafew copleSOfP450reductasegeneswasfoundin ArabidopsLSand

Jerusalem 打tichokel16,82].lnArabidopsis,twoP450reductasecDNAs ATRl

andATR2wereisolatedl16].ATRIshowed64% similalityin theaminoacid

sequencewith ATR2.netobac00 P450reductasein thepresentstudyshowed

72% similarity with ATR2,but65% with Am ll16].Thustobacco P450

reductasemaybelongtothesamesubfamilyasATR2.

ThetobaccoP450reductasegeneclonedin thepresentstudywasexpressedin

thewholeplants,probablyconstitutively･Ontheotherhand,mostofP450genes

werehighlyregulatedspatianyandstage-specifically,and induced by physical,

chemiCalandbiologiCal stress.Therefore,P450monooxygenasesappearedtobe

mainlyregulatedbytheexpressionofeachofP450species,although thelevelof

P450reductaseexpressed血plantcemsmayberelatedtohteractionwitheachof

manyP450species,leadingtothetotalP450dependentmonooxygenaseactivity.

nefulllengthcDNAPFTRoftobaccoP450reductasewasexpressedin the

yeastS･cerevLsiaeunderthecontrolofADH promoterand terminator･ne

recombinantyeaststrainAH22/pAm showedabout8timeshighercytochromec

reductaseacdvitythan AH22/pAAH5strainin themicrosomes･Thespeci丘cactivity

washigherthan thatoftheyeastcellsexpressedratP450reductasel83]but

lowerthan thatoftheyeastcellsoverexpressedyeastP450reductasel84].In
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CELLm RIV

MOLECULARCLONINGANDSEQUENCEANALYSIS

OFCATALASECDNAFROM GREENPEPPER

SEEDLINGSELICITEDWITHARACHIDONICACID
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INTRODtJCTION

HigherplantshavedevelopedbroadandcomplexbiochemiCalsystemstodefend
themselvesagainstwounding,environmental Changes,absorption ofxenobiotics,

attackofpathogensandherbivores.Abiosynthesisofphytoalexinsisoneofthe

importantdefensemechanismsinhigherplants.Capsidiolisasesquiterpenoid

phytoalexinproducedin greenpepperl85]andtoba∝o[86],andhasbeenstudied

onthebiosynthesisandinductionmechamismsl87I90]･h theseplantspecies,

famesylpyrophosphatewascycli2:edtoyieldtheintermediate5-epl-ariStolochene,

whichwasoxidized to producecapsidiol.Thebiosynthesisofcapsidiolwas

inducedbythetreatmentwitharachidomicacidin greenpepperseedlingsl87]and

bythe treatmentofanumberoffungal elicitorsintobaccoculturedcellsl88].

nefamesylpyrophosphatecycu23tionwasanimportantreactionforswitchingthe

biosynthesispathwaysofterpenoidsfromahealthystatetoastressedstatel88].

Inaddition,the丘nal oxidationffom 5-epl-aristolocheneto 払psidiolby 5lePl-

ariStolochene3-hydroxylaseseemedtobean importantstepin thebiosynthesis.

Hoshino etal.reported thata59 kDaprotein partiany purified from the

microsomesofthegreenpepperseedlingstreatedwitharachidomicacidwas5-epl-

ariStolochene31hydroxylasel91].

Inthisreport,weattemptedtodete血 eaminoacidsequencesofthepurified

59kDaprotein fromthegreenpepperseedlingseucitedwith arachidomicacidfor

CDNAcloming.BasedonthededucedaminoacidsequenceoftheCDNA isolated,

weattemptedtoidentifytheproteinencodedonthecDNA･
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MATERIALSANDMETHODS

PlantMaterials

Greenpepper(Capsicumalmuutn)Seedswerepurchasedfrom SapporoKonoen

SeedCo･(Sapporo,Japan)･Seedsweresterilized in 3% sodium hypochlorite

solutionfわrlOmin,andplatedonan autoclavedmedium preparedfrom 0.1%

(V/V)Hyponexand0.7% agar,andincubated at250C underlightand dark

conditionsfor12heach･After10days,seedlingswerecollectedbyremoving

agarcarefully,immersedinwatercontalnmg1mM arachidonicacidsolutionand

thenincubatedforan appropriatetimeat25oC･

PCRCloning

Greenpepperseedlingsgrownfわr10daysweretreatedwith arachidonicacid

for6,12,24 h andthen subjected to poly(A)iRNA preparation using a

QuickpPrepMicromRNAPuri丘cationKit(Pha-aciaBiotech,Uppsala,Sweden).

FirststrandCDNAwassynthesizedfrom0.1FLgOfpoly(A)'RNA usingafirst

strandCDNAsynthesiskit(Phamacia)andlO% ofthemixturewasusedasa

templateforPCR,whichwascarriedoutin100Illof10mM Tris-HCl(pH8.3)

contaiming50mM KCl,1･5mM Mgq 2,0･2 mM each dNTP,50 pmolof

degenerateprimersSynthesizedonthebaseofaminoacidsequencesand 1.25

unitsofAm pliTaqDNApolymeraseCrakaraShuzoCo･Ltd･,Otsu,Japan).ne

reactionwasperformedthrough 35cyclesoflminat94oC,2minat45oC and

3 min at72oC.PCR productswere separated on 5% polyacrylamide gel

electrophoresis.DNAfragmentwasextractedandsubclonedintopBluescriptKSII+

(StratageneCloningSystems,h Jolla,CA).

ConstructiotlandScreenlngOfcDNALibrary.

ACDNAlibraryconsistingof 2×106 recombinantswasconstructedfrom 5

FLgOfthepoly(A)'m Ausinga九ZJW CDNAsynthesiskit(Stratagene)a∝ording

tothemanufacturer'Sinstructions.TheCDNA librarywasscreened by plaque

hybridization with arandom-primed 32p-labeled PCR fragment as a probe･

Hybridizationwasperformedat42oCfor15hinasolutioncontaining50% (V/
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V)formamide,5×SSC(1×SSC:15mM sodium citratebuffercontaining150

mM NaCl),5×Denhardt'ssolution[65],100ILgPermlsalmonsperm DNA,

0.5%SDS,andaprobeDNA(about5×108cpmpe rFLgOfDNA).Membranes

werewashedin2xSSC10.1% SDSfor5min ataroom temperatureatonce,

30minat50oCtwice,andthenin0.2xSSC-0.1% SDSfor30minat50oC.

A洗erautoradiography,positiveplaqueswereisolatedandconvertedtophagemids

byinvivoexcisiona∝ordingtomanufacture'sinstructions.

DNASequenclngandSequenceAnalysis

hsertDNA fragmentsofpositiveclonesaswellasPCR fragmentwere

sequencedwithan AutoReadSequencingKit(Phamacia)usingaShimadzumodel

DSQIDNAsequencer(ShimadzuCo.Ltd.,Kyoto,Japan).Sequenceanalysiswas

performedwithaDNASIS-Macsoftware(HitachiSoftwareEnginee血gCo.Ltd.,

Yokohama,Japan).MultiplesequencealigrmentwasperformedusingaBLAST

computerprogram [67].

Northern HybridiZ:ation

Poly(A)'RNA preparationswereloaded onto 1.0% agarosegelcontaiming

1.8% formaldehydewith runmingbufferof20mM MOPSGood'sbuffer(pH

7.0)containhg5mM EDTA and 8mM sodium acetate.RNA bandswere

transferred to aHybond N nylon membrane (Am ersham Intemational plc.,

Buckinghamshire,U･K･).Abouta400bpfragmentofPCTOICDNAandl･3kbp

fragmentfromthep-ATPasegenewereusedasprobeDNA l92].Hybridization

wasperformedat42oCfor15hinasolutioncontaining50% (V/V)formamide,

5XSSPE(1XSSPE:sodium phosphatebuffer(pH 7･4)containing180mM

NaCland1mM EDTA),5xDenhardt'ssolution,100FLgpermi salmOnsperm

DNA,and0.5% SDS.Amembranewaswashedin2×SSPE-0.1% SDSfor5

minatroomtemperatureonce,30minat50oCtwice,andin 0.1×SSPE-0.1%

SDSfわr20minat50oCtwice.

PeptideSequencing
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A 59-kDaprotein SamplepmiEledfrom greenpepperseedlingstreatedwith

arachidomicacidwasgivenbyDr.T.Hoshino (Hokkaido National Industrial

ResearchInstitute,Sapporo,Japan).TheproteinSampleof1figWithabout90%

puritywereappliedonto9%SDSpolyacrylanidegelelectrophoresisaccordingto

hemm上【44],andthenelectroblottedontoaPVDFmembranel69].Protein bands

werestainedwithCoomassieBlueandthenamajorbandwith59kDawascut

out.About100pmolofproteinonthemembranewassoakedin 150FLlof70%

fomi cacidcontaining1.0% CNBr.C1eavagereactionswerecarriedoutatroom

temperaturein thedark forovemight.Tben peptideswereelutedfrom the

membranewith 10mM TriS-HClbuffer (pH 6･8)containing 2% SDS by

shaking for 1.5 h.Then,these peptides were separated by 15% SDS

polyacrylamidegelelectrophoresisand electroblotted onto aPVDF membrane.

StaizledbaJldsweresubjectedto aminoacidsequencinguSlngAppliedBiosystems

model470AproteinsequencerCThePerkin-ElmerCo.,FosterCity,CA).

51



RESULTSANDDISCtJSSION

PeptideSequences

WeattemptedtosequencetheaminoterminalreglOnOfthe59kDaprotein,

whichwaspurifiedfrom greenpepperseedlingstreatedwith arachidomicacid.

From thepreliminary sequenclng,theamino terminusofthepurified protein

seemedtobemodified.nereforetheproteinsamplewassubjected to CNBr

cleavage.As shownin Fig.411,threemajorbandswereobtained.Theamino

teminalaminoacidsequencesofthreepePtideswith31･6kDa(Pl),23.2kDa

(P2)and14.5kDa(P3)werefoundtobeAsp-Leu-Ser-Leu-Tyr-X-Pro-Ser-Ser-

Ala-Tyr-Asp-Ser-ProforPlandP2,andX-X-Asp-Glu-Glu-Val-Asp-Tyr-Leu-ProI

Ser-Ser-PheforP3(X :notidentified),respectively･TheaminO-terminal sequence

ofPlandP2wasidentical.nesetwoaminotemi al sequences(Pl/P2and

P3)showedhighsimilarity with thoseofplantatalasesreported.Both Pl/P2

andP3sequenceshad85.7%and76.9% identity withthoseoftobaccocatalase

〔93】.

CDNACloning

Based on the 血 o acid sequences determined, four degenerate

ohgonucleotideprimersweresynthesized･ThesensedegenerateprimerCOLS【5'-

AACrCGAG CCI(An)(C/G)Ⅰ(A/り(C/G)IGCITA(Cn) GA(qT)(A/P(C/G)I

CC-3';Ⅰ≡ inosine]and theantisenseprimerCOIAS l5'-AACTCGA GGG

I(C/G)(Aの (A/G)TC(A/G)TAIGCI(C/G)(A汀)I(C/G)(叩 IGGl3']werebased

onthepeptidesequencePro-Ser-Ser-Ala-Tyr-AspISer-Profrom Pl/P2with XhoI

siteat5'end.ThesensedegenerateprimerCO2S 【5'-GJM GCIT GA(A/G)

GA(jVG)GTIGA(Cn)TA(Cn)(Cn)n CCl3']andantisenseprimerCO2ASl5'-

GAAAGCTTGG IA(A/G)(A/G)TA (A/G)TC IAC (Cn)TC (C/qTC-3']were

basedonthepeptidesequenceGlu-Glu-Val-Asp-Tyr-Leu-ProfromP3withmndIII

siteat5'end.PCRwascarriedoutwith血ststrandCDNA asatemplateuslng

theseprimers.WithasetofCOISandCO2AS,1･2kbpfragmentwasobtained

asamajorproduct(Fig.4-2).The 1.2 kbp fragmentwassubcloned and
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Fig.4･1.CNBrcleavageof59kDaproteinpurifiedfromthemicrosomal
fractionofgreenpepperseedlingstreatedwitharachidonicacid. Cleaved
peptideswereseparatedbySDS-polyacrylamidegelelectrophoresis(15% gel)and
electroblottedontoPVDFmembrane.bne1,cleavedpeptides･hne2,protein
markers.66 kDa,bovineserum albumh;45 kDa,egg albumin;36 kDa,
glyceraldehyde13-phosphatedehydrogenase;29kDa,mrbomiCanhydrase;24 kDa,
trypsinogen;20kDa,trypsininhibitor;14kDa,αIlactalbumin･M車 bands(Pl,
P2andP3)WerecutoutandweresubjectedtoamlnOacidsequencing.
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(A)

COIS 5l-aactcgag
XhoZ
CClacュ ac19Cl
tg tg

tacVacactC
t ttg

C-3

CO2AS 3T-ctcctc caieta ataaaiggt tcgaaag-5'
t t g g g HindZZZ

1.21血p■-

(B) 1 2

0.7%agarOsegel

Fig.4･2.PCR amplificationofaDNA fragmentwith thefirststrand
eDNAfromgreenpepperseedlingstreatedwitharachidonicacid･(A)The
DNAsequencesofdegenerateoligonucleotidesColsandCO2AS,alignedwiththe
peptidesequences.(B)PCRproductsamplifiedwiththefirststrandCDNA asa
template(lane1).neDNA markersweremixture of九 HindIIIand ¢X174
HaeIII(lane2)･.Thel･2kbpfragmentwassubcloned,Sequencedandusedasa
probeforscreenlngOfCDNAlibrary,
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sequenced･nededucedaminoacidsequencecontainedthepeptidesequencesas

describedbefore,andshowedhighsimilaritywiththatoftobac00 catalasel93].

TheclonedPCRfragmentwasusedasaprobeforscreeningOfgreenpepper

CDNAlibrarywhichwaspreparedfromapoly(A)十N Afractionoftheseedlings

treatedwithImM arachidomicacidfor12h･About3･Ox105 plaqueswere

screenedbyplaquehybridization.Afterscreemngwasrepeatedthreetimes,over

14positivecloneswereisolated･Theinsertsizeofthesecloneswereanalyzedby

PCRwiththeoligonucleotidepnmerscorrespondingtothenucleotidesequenceof

T3andT7promoterinpBluscriptSKII+･TheclonePCTOIcontainedthelongest

insertDNA(1.8kbp),whichwassubjectedtosequenceanalysis.

Ec Sc Bm CL Hc Ev Ev Xh

pCTOl

≡======二コ=======二コ:========二コ
.rL > r-

≡:[E E:二≡
一二三 H

100bp
Fig.4･3.RestrictionmapandsequenciTLgStrategyfortheinsertDNA of
pCTOl.TherectangularboxshowsthecDNAinsertofpCTOl.Theclosedbox
presentsthecodingreglOnandtheopenboxpresentsthe5'-and3'-untranslated
reg10nS.Horizontal arrowsindicatethedirectionandextentofsequenclng.Ec,
EcoRI;Sc,Sac暮;Bm,BamHI;C1,C払Ⅰ;Hc,HincII;Ev,EcoRV ;Xh,
XhoI.

SequenceAnalysis

Figure4-3showstherestrictionmapandsequenclngStrategyOfthe1.8kbp

insertofpCTOl.TheCDNAwasfoundtocontaina1476bpopenreadingframe

fromthefirstATGcodontoTGAstopcodon,a71bp5'-untranslatedreg10n,a

298bp3'-untranslatedregionaswellasa18bppoly(A)tail.ne5'-untranslated

regionwasAT-rich,asfわundwith plantCDNA clonesl71]･The poly(A)

additionalsignal,AATu waspresent122bpupstream ofpoly(A).Thesequence

(ACrATGGAT)resembledtotheimitiationstartconsensussequencein plantgenes

l94].From thefirstATG codon,theopenreadingframeencoded 492 amino

acids.Thecalculatedmolecularweightofthepolypeptidewas56439.0,and
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GGCACGAGCAAAAACCTTATATTAATAAAAAAAACGCCTCTCTCTTCAATTTTCATCTCATTTCARTCACTATGGATCTCTCTAAGTATC
M D i S A Y

GCCCATCAAGTGCATATGATTCCCCTTTCTTGACAACAAATGCTGGTGGTCCTGTCTACAACAATGTATCTTCCTTGACTGTTGGACCTA
R P S S A Y D S P F L T T N A G G P V Y N N V S S L T V G P

GAGGGCCTGTTCTTCTTGAGGATTATCACTTAAT℡GAGAAGCTTGCGACTTTTGATCGTGAGCGGATACCTGAGCGTGTTGTTCATGCTA
A G P V L i E D Y H L エ E 氏 i A T F D R E A I P E A V V H A

GAGGTGCCAGTGCCAAGGGCTTCTTTGAAGTCACTCATGATATTTCTCATCTTACCTGTGCTGATTTTCTCCGAGCTCCTGGTGTTCAAA

R G A S A A G ど r E V T H D I S H L T C A D F i 氏 A P G V Q

CAceTGTTATTTGTCGCTTCTCTACTGTCGTCCATACGCGTGGAAGCCCCGAATCCATCAGGGATATTCTCGGTTTTGCTGTCAAATTTT
T P V I C 氏 F S T V V H T 氏 G S P E S I A D I L G F A V X ど

ACACCAGAGAGGGTAACTTTGATCTTGTTGGAAACAATGTCCCCGTCTTCTTTAATCGTGATACAAAGTCATTCCCTGACACGATTCGTG
Y T A E G N F D i V G N N V P V F F N A D T 冗 S F P D T I A

CATTGAAACCAAATCCAAAGTCACACATTCAGGAAAACTGGAGGATCCTTGATTTCTTCTCTTTCCTCCCGGAGAGTTTGCATACGTTTG
A i 氏 P N P X S H I Q ≡ N W R I i D F F S F L P E S i H T ど

CTTTCTTCTAGGATGATGTTTGTCTCCCGACAGATTACAGACACATGGAAGGTTTTGGTGTTCACGCTTATCAATTGATCAACAAAGCTG
A F F Y D D V C L P T D Y A H II ≡ G F G V H A Y Q i I N K A

GGAAAGCACATTATGでGAAG℡TCCACTGGAAGCCAACTTGCGGTGTCAAGTCCATGACGGAGGAAGAAGCTATTAGGGTCGGAGGTACTA
G K A H Y V 冗 F H W X P T C G V R S H T E E 已 A 1 a V G G T

ATCATAGCCACGCCACCBLAGGATCTCTACGATTCAATTGCTGCTGGAAACTACCCCGAGTGGA九九CTTTTTATCCAAATTATGAACCCTG
N H S IT A T X D i Y D S エ A A G N Y P E V R i F I Q I M N P

AGGATGTTGACAAATTCGACTTTGACCCTCTTGACGTAACCAAGACCTGGCCTGAGGATATCTTGCCATTGATGCCAGTTGGTCGAYTGG
E D V D X F D F D P i D V T A T W P E D I L P L N P V G R i

TATTGAATAGGAACATCGATAACTTCTTTGCAGAGAACGAGCAGCTCGCATTTAACCCTGGACATATTGTCCCTGGTGTCTACTATTCGG
V L N A N I D N F ど A E N E Q i A F N P G 片 工 V P G V Y Y S

AGGATAAGCTTCTCCAGACTAGGATATTTGCATATGCTGATACTCAGAGACACCGTATTGGACCAAACTATATGCAGCTCCGAGTTAACG
E D X i L Q T A I F A Y A D T Q A H R I G P N Y Zi Q i P V N

CTCCCAAGTGTGCTCATCACAATAATCACCGTGATGGTGCCATGAACTTCATGCATCGCGATGAGGAGGTGGATTATTTGCCCTCAAGGT

A P K C A n H N N n 氏 D G A A t7 F M H a I__F:_旦_V D_Y i P S R

TTGATCCTTGTCGTCCTGCCGAGCAGTACCCAATTCCTTCTTGTGTCTTGACAGGAAGGCGTGAAAAGTGTGTCATTCCGAAAGAGAACA
F D P C R P A E Q Y P I P S C V L T G A A E K C V I P K E N

ACTTCAAGCAGGCTGGGGAGAGATACAGATCCTGGGCACCTGACAGGCAAGACAGATATATCAACAAATGGGTTGAGTCTTTATCCGATC
N F K Q A G E A Y A S W A P D R Q D 氏 Y I N X W V E S i S D

CCCGAGTCACTCATGAGATACGCAGTATATGGATATCATACTTGTCTCAGGCTGACAAGTCTTGTGGTCAGAAGGTCGCTTCTCGTCTCA

p R V T H E I A S I W I S Y i S Q A D K S C G Q K V AlsRLl
CTGTGAAGCCAACAATGTGAAGATGAAAACAGTTGGAAACGGGAAATGTTTCAAGTTGCAATGCTGAAGGACTAATACAAGAAAACGTTC
T V A P T Ht
GCGTGTGGGTGATATAAACTGCACTGTTTTTTCCTGTGATAATGTTGTATTTTGTACCGAACTTTCGATATCTTGTGTTTTATTACGATG

ATGTTGGAAACTGAATAAGTTTAAAGTTGTACTTGTATGTTCAAGTATTGTAATCATCTTCTTTGTTTCACTTTTTTCAAGTCATGTTGG

GTACTTGTTCACTTTGGTGCTTGAAGTAAACACTTTCAAGTCAAT

0
-

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
6

0
2

0

0

3

9

8
3

7
6

6
9

LL1
2

4
Ln

r,,)
8

2
1

1
4

0
-

9
0

8
3

7
6

6
9

Lr)
2

4
LJ1

3
8

2
9

1

0

6

1

2

3

4
1

5
1

6
1

7
2

8
2

9
2

9
3

0
3

1
3

2
3

3
4

4
4

LL1
4

6
4

7

8

8

1

1

1

1

1

1

1

1

1

1

Fig.4-4.Nucleotidesequenceandthededucedaminoacidsequenceofthe
insertDNAofpCTOl.¶lededucedaminoacidsequencewasshownbelowthe
nucleotidesequence.ThefirstATGcodonatposition72ispresumedtobe
translationinitiationstartcodon.Shadedboxindicatetheaminoacidsequence
determinedbypeptidesequenclng･OpenboxshowsputativetargetlngSequencetO
peroxisome.ASteriskrepresentsastopcodon･Putativepoly(A)additionalsignalis
underlined.
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pepper MDLSKYRp-S--------一一SAYDSPFLTTNAGGPVYNNVSSI-TVGPRGPVLLEDYHLZE 4 9

eggplant MDLSIくYRPIS----一一----SAYDTPFLTTNAGGPVYNNVSSLTVGPRGPVLLEDYZILZE 49

tobacco 一一一SRFRp-S--一一一一1---SAYDSPFLTTNAGGPVYNNVSSLTVGPRGPVLLEDY‡ILZE 46

bovine 一一ADNRDPASDQHXHWKEQRAAQRPDVLTTGGGNPVGDKLNSLTVGPRGPLLVQDVVFTD 58** * *** *** ********** *
¶A ¶A¶

pepper XLATFDRER=PERVV打ARGASAKGFFEVTHDZSELTCADFLRAPGVQTPVエCRFSm T 109

eggplant XLATFDRER=PERVVHARGASARGFF王:VTHDVSt王LTCADFLRApGVQTPV=CRFSTW HE 109
tobacco Xm TFDRERZPERVVElARGASAXGFFBVTED=SZILTCADFLM GVQTPVZCRFSTVVHE 106
bovine E比姐 FDRER=PERm AXGAGAFGYFEVTfIDエTRYSRAm EHZGXRTP=AW STVAGE 118

★ ★★★★★★★★★★★★★★★★★★★★★★★ ★ ★ ★★ ★★★★★

A T 『

peppeI RGSPES=RDILGFAVKFYTREGNFDLVGNNVPVFFNRDTXSFPDTZR姐 RPNPKSaIQEN

eggpiant RGSPESエRDIRGFAVXFYTREGNFDLVGⅣ VPVFFNRDAXSFPDT=RALKPNPXSHIGEN
tobacco RGSPESLRDIRGFAVXFYTREGNFDLVGⅣⅣVPVFFⅣRDAXSFPDTIRALXPNPKS壬王=QEY
boyine SGSADm DPRGFAVRFYTEDGNWDLVGNNTPrFFエRDALLFPSFtHSQKRNPQTZJI.XDP

★★ ★★ ★★★★★★★★ ★★ ★★★★★★★★★★★ ★★ ★ ★ ★★ I

pepper WRII･DFFSFI-PESLZITFAFFYDDVCLPTDYRHMEGFGV甘AYQIJ=tTn GXAHYVXFHWKPT
eggpiant WR=LDFFSFLPESLHTFAFFYDDVCLPINYREMEGFGVEAYQL=Nm GK礼HYVRFFWXPT
tobacco WRILDFFSFLPESIJZITFAWFFDDVCLPTDYREMEGYGVHAYQLINRAGXAHYVRFHWRPT
bovine DHVWDFWSLRPESLEQVSFLYSDRG=PDGHRtlMDGYGSHTFRLVtfADG王:AVYCRFHYRTD

★★★ ★★★★★ ★ ★ ★★★★★★ ★★ I★★★★★★

pepper CGVT:SHTEEEAZRVGGTNFSEATKDIJYDS=AAGNYPEWRLFIQIMNPEDVDXFDFDPLDV

eggpiant CGVXSHTEEEAZRVGGTNESEATXDLYDSIÅa.GNYPEWRLFIQIMDPEDVDXFDFDPLDV
tobacco CGVXCI4SEEEAZRVGGTNHSEATXDLYDSZAAGNYPEWXI.FエQ=MDTEDVDRFDFDPLDV

bovine QGIKNLSVEDAARLAZIEDPDYGLRDLFNA=ATGtTYPSWTLYIQV≠TFSEARIFPFNPFDL★★ ★ ★ ★ ★★ ★★★★★★ ★ ★ ★★★ ★★★★
† † 十

peppeI TKTWPEDILPI･MPVGRLVLtmNIDNFFAENEQLAFNPGH=VPGVYYSEDXLLQTRZFAYA

eggpiant TXTWPEDZLPLMPVGRLVL甘RNZDNFFAENEQLAFNPGtlZVPGVYYSEDKLLQTRIFAYA
tobacco TXTWPEDILPL比pVGRLVLNRNIDNFFAENEQLAFNPGrLrVPGLYYSEDXLIJQTR=FAYA

bovine TXVWpHGDYPLIPVGXLVLyRNPVNYFAEVEQLAFDPSNHPPGZEPSPDm QGRLFAYP
★★★★ ★★★★★★★★★★★ ★ ★★★★★★★★★ ★★ ★★★ ★★★★★★

pepper DTQRERIGPNYMQLPVNAPXCAE-ZINNHRDGA脚 FM-HRDEEVDYLPSRFDPCRPAEQYP

eggp1ant DTQRt王RIGPNYMQLPVNAPRCAH-ENN甘RDGAKNFM-ERDEEVDY工一PSRFDPCRPAEQYP
tobacco DTQRHR=GPNYMQLPVNAPXCAH一mTNHRDGAW FM-HRDEEVDYLPSRFDPCRHAEQYP

bovine DTZIRHRZ.GPNYLQIPVtfCPYRARVANYQRDGPMC帆 DNQGGAPNYYPNSFSAFEEQPSAL
★★ ★★★★★★★★ ★★★ ★ ★ ★ ★★★★ ★ ★★ ★

peppeI IPSCVLTGRRE王くCVZPXEⅣNFKQAGERY-RSWAPDRQDRYZNm SI･SDPRVTHEIRSI
eggpiant IPSCVLTGRRERCVZPRENNFXQAG王:RY-Rm PDRQDRY=NKm SLSDPRVTHEIRSI
tobacco =PSRVLTGRREMCVIEKENNFRQAGERYIRSWEPDRQDRYVSm ELSDPRVTYEZRSI

bovine ≡ZTRTHFSGDVQRFNSANDDⅣⅤ℡QVRTFYLKVLNEEQRXRLCENZAGfⅠLXDAQLFIQRRAV
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pepper W=SYLSQADIくSCGQK V--ASRもTV7(PTM 492
eggplant WZSYLSQADXSCGQKV--ASRLLVXPTM 492
tobacco WZCSLSQADRSCGQXVl-ASRLTLXPT加 489

bovine RNFSDVHPEYGSRZQALLDXYNEERPKN 506
★★

Fig.4･5.ColnParisonofthededucedaminoacidsequenceofpCTOlwith
thecorrespondingsequencesfromeggplant,tobac.col93]andbvinel95]
catalases.AsteriskshowsthelocationofidentiGllamlnOacid.¶andIindicate
aminoacidresiduesinvolvedindistalandproximalhemebinding,respectively･A
presentsaminoacidresiduesrelatedtocatalyticactivity･
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agreedwellwiththemolecularmassofthepurifiedprotein estlmatedonSDS

polyacrylamidegelelectrophoresis.nepeptidesequencesofPl/P2andP3were

alsofoundinthededucedaminoacidsequenceofpCrOlfrom 2ndto15thand

387thto397th residues,respectively,although both sequencescontained one

differentresidueofLysat5thpositioninsteadofLeuandArgat396thposition

insteadofSer.Inaddition,PutativeCNBrcleavagesiteswerefound in the

deduced amino acid sequence.nededuced amino acid sequenceofPCTOI

showedhighsimilaritytothoseofplantcatalasesreported.Figure415showsa

comparisonofthededucedaminOacidsequenceofPCTOIwiththoseofthree

はtalasesreported･Eggplant,tobacco [93]and bovine l95]catalases showed

97.8%,94.1% and38.8% aminoacidsequenceidentitywiththatofpCTOl.¶le

primarystructuresofplantcatalaseswerealsodeterminedwithsweetpotatol96],

maizel97],casterbeanl98],tobaccol99],barleyl100],tomatol101]andrice

l102].nLeSeSequencesWerefoundtobehighlyconservedamongthem.Based

onthethreedimensionalstructureofbovinecatalasedeterminedl103],theamino

acidresiduesinvolvedin thecatalyticsite(His-65,Ser-104,andAsn-138),and

distal(Va1-64,Arg-102,Thr1105,Phe-143,andPhe-151)andproximal(Pro-326,

Arg1344,andTyr-348)hemebindingsiteswerealsoconserved in pCTOl.A

putativetargetingsequence(Ser-Arg-Leu)toperoxisomeswasalsoconservedin

pCTOll98].Actually,GouldetallreportedthatSer(CysorAla)-Lys(Hisor

Arg)-Leuisasignalsequencefortargetingtoperoxisomesl104].Therefore,the

clonedCDNAPCTOIwasfbumdtoen00degreenpeppercatalase.

Wecouldnotconfirm whethergreen peppercatalasein thepresentstudy

shows5-ept-aristolochene3-hydroxylaseactivitybecauseofnoavailabilityofthe

substrate,51ePl-ariStolochene.Howeveritispossibleto postulatethat5-epl-

ariStolocheneisoxidizedtoproducecapsidiolinthepresenceof02Producedby

catalase, Since the compound is easily autooxidized (Hoshino, personal

00m unication).

ExpressionofGreenPepperCatalasemRNA

Theexpressionofgreenpeppercatalasegenewasanalyzedbynorthernblotting

uslngPCTOICDNAasaprobeDNA･Wh engreenpepperseedlingsweretreated
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pCTOl

β-ATPase

--T I.9kh

一一ミミ 2.1kb

06 12 24 48 h
Fig.4-6.InductionofpCTOlmRNA ingreenpepperseed)ingstreated
witharachidonieacid. Green pepperseedlingswere elicited with 1 mM
arachidomicacid.for.thetimeindicated･Poly(A)'RNA was isolated from the
seedlingsatvarlOuStlmeafteradditionofarachidonicacid(6,12,24and48h)
andO･3FLgOfpoly(A)'RNA yasprobed with green peppercatalase CDNA
(pCTOl).β-ATPaseslgnalisanlntemalstandard.
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wasalsoinducedbythesametreatmentingreenpepperseedlings[91】.Thus,

arachidomicacidseemedtoinducecatalasegeneingreenpepperseedling.

Arachidonicacid,whichisan unsaturatedfattyacid,isnotpresentin higher

plants,butpresentin lowerplantsandfungi.Itwasreporledthatarachidomicacid

wasreleasedfrom thecenwallsofincompatiblefungiand elicited fungitoxic

sesquiterpenesinpotatol105]･ArachidomiCacidoritshydroperoxideproducedby

oxygenattackmaybeaslgnal molecule,whichinduce defenserelated genes,

resul血g h hypersensitive responses･也 plant-pathogen interactions,reactive

oxygenspecies(ROS)aregeneratedattheinfectionsiteandtheproducedROS

seemedtoplayan importantroleinplantdefensel106]･H202 COntributestothe

structuralreinforcementofplantcellwallsl107],Salicylicacid(SA)accumulation

l108],aswellasalterationofredoxbalanceinthereactingcells･[106]However,

H202 isalsotoxicandcausedamagesnotonlytopathogenbutalsoto host

plants･CatalaseconvertsH202tOH20 andO2･So,inductionofcatalasegene

maybeimportantforprotectionofhostplantsagalnStthedamagecausedby

H202･Inaddition,catalasemaylnVOIvedintheoxidationof5-epl-aristolocheneto

capsidiolbecause 5-epl-aristolochene is oxidized irr-ediately under aerobic

conditions.Basedontheseresultsof也epresentstudy,itispossibletopresume

thatcatalaseinduciblewitharachidomicacidmayplayan importantrolein plant

defensemechamismsingreenpepper･
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CHAPTERV

MOLECULARCLONINGANDCHARACTERIZATION

OF2,4-DINDUCIBLEP450SPECIES

INTOBACCOCtJLTUREDCELLS
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INTRODUCTION

CytochromeP450monooxygenases(P450monooxygenases)catalyzeoxidative

reactionsinthebiosynthesisofsecondarymetabolitesaswellasinthemetabolism

ofxenobioticsinhigherplantsl8]･Particularly,herbicidemetabolism islmportant

forherbicideselectivityandresistance･However,molecularinformationonplant

P450Speciesrelatedtoherbicidemetabolismisquitelimited.

nephenylureaherbicidechlortoluronhasbeenusedforselectiveweedcontrol

in wheatand barley,which can detoxify chlortoluron through ring-methyl

bydroxylationand〟-deme血ylation[37,109,110].Bothreactionsappearedtobe

mediated by P450 species･Since the ring-methylhydroxylation produces a

nonphytotoxicmetabolitesand theN-demethylation glVeSaPartiallyphytotoxic

metabolite,metabolism throughring-methylhydroxylationisprmarilyresponsible

forchlortoluron resistance,whereasN-demethylation makesarelatively minor

contributiontowardschlortoluronresistance.Ontheotherhand,in susceptible
plantssuchascotton and tobacco,chlortoluron wasmetabolized throughN-

demethylation to produce N-demethylated chlortoluron,which is partially

phytotoxic.Thus,itwassuggested thatchlortoluron metabolism with P450

monooxygenasesisimportantfortheherbicideselectivityandresistance.

InthetobaccoculturedcellsS401,chlortoluronwasfoundtobemetabolized

throughbothring-me仙ylhydroxylationand〟-demethylation,andboth activities

wereinducedbythetreatmentwith2,4-D.However,purificationoftheP450

enzymesweredifficultbecauseoflowcontentsandinstability.Inordertoclarify

thestructureandfunctionofP450Speciesrelatedtometabolismofchlortoluron,I

attemptedtoclonecDNAs ofnovelP450speciesfrom 2,4-D treatedS401cells,

to sequence CDNA clones and to express each of 也em in the yeast

SaccharomycescerevLdaetoidentify thesefunctions.
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MATERIALSAND METHODS

ChemicalsandBiochemicals

la-32p]dCTP(3000Ci/mi)waspurchasedfrom Am ersham Intemationalplc.

(Buckinghamshire,UK).lPheny1-U-14C]chlortoluron(specificactivity,2.99 MBq

mgll; radiochemicalpurity,>98%) and nonlabeled reference standards were

providedbyNovartisCo.,Ltd･(Basel,Switzerland).

RestrictionendonucleasesandDNA modifyingenzymeswerepurchasedfrom

TakaraShuzoCol,Ltd･(Shiga.Japan).* DNA polymerasewaspurchased

fromStratageneCloningSystems(b Jolla,CA).

OtherchemicalSandbiochemicalswerepurchasedfrom WakoPureChemicals

(Osaka,Japan),NacalaiTesqueCo.,Ltd･(Kyoto,Japan)andSigma Chemical

Co.(St.Louis,MO)

PlantMaterials

Thetobaccocultured celllineS401resistantto 2,4-D wasderived from

Nicotianatabacum L.cv.Samsun[111]･Theculturedcellsweregrown in a

modifiedMSmedium containing3% sucroseand1.5FLM 2,4-D at250C with

shaking.About1gofthecellsweresubculturedinto150mi ofthemedium

everysevendays.

PCRCloning

TbetobaccoS401cellsgrownfor7daysweretreatedwith150FLM 2,41D for

2,6,12,24 h and then subjectedtopoly(A)'RNA preparation using a

QuickPrepMicromRNA PmificationKit(PharmaciaBiotech,Uppsala,Sweden).

Poly(A)'RNAfractionspreparedweremixedandthen0.1figOfthemixturewas

subjectedtofirststrandCDNA synthesis.AboutlO% ofthefirststrandCDNA

preparedwasusedasatemplateforPCR･PCR reactionwasperformedusing

Taqpolymerase(ThkaraShuzo)through30cyclesof0.5minat94oC,1min at

40oCand1.5minat72oC.PCRproductswereseparatedon5% polyacrylamide

gelelectrophoresis.DNAfragmentswereextractedandsubclonedintopBluescript

KSII+(Stratagene)brDNAsequencing.
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ConstructionandScreeningorCDNALibrary

ACDNAlibraryconsistingof 2×106 recombinantswasconstructedfrom 5

figOfthemixtureofpoly(A)'N A fractionsdescribedaboveusing a九ZAP

CDNAsynthesiskit(Stratagene)accordingtothemanufacturer'Sinstructions.The

CDNAlibrarywasscreenedbyplaquehybridizationasdescribedinChapterIV.

InversePCR

Fouroligonucleotides(ITCPl-1to ITCP1-4)Weredesigned based on the

nudeotidesequenceof也eCDNA cloneTCPl丘om theCDNA library.Two

antisenseprimers(ITCPllandITCPl2)andtwo senseprimers(ITCPl-3 and

ITCP1-4)comSpOndedto血e5'and3'regionsofTCPl;71-90bp,93-112bp,

126-145bpand149-168bp,respectively.ITCP-1;5'-ACT AAG AAA TGG

AGCTGG TG-3',ITCPl-2;5'-A AAG ATG GCC AAT AAA GGG G-3',

ITCPl-3;5'-A CCA m CAA CGTACC孤 G-3',ITCP1-4;5'rAA ATC

TCCGAACGTTATGGC-3'.

GenomicDNA(1fig)preparedfromthetobaccoS401cellswasdigestedwith

PstI.nedigestedDNAwassubjectedtoligationreactionl66].PCR wascarried

outwitb血epnmersITCPl-2andITCPl-3uslng也eligated DNA descdbed

aboveasatemplate･PCRwasrepeatedwi也prlmerSITCPl-1andITCP1-4uslng

thePCRmixtureasatemplateDNA･ThesePCR werecamiedoutthrough20

cyclesoflminat94oC,2minat50oC and3minat720C withPPiDNA

polymerase･An ampliBedDNAfragmentwassubclonedforDNAsequenclng.

DNASequencingandSeqllenCeAnalysis

InsertDNA fragmentsofpositiveclonesaswellasPCR fragmentswere

sequencedbytheuseofaThemoSequenaseTMpremixedcyclesequencingkit

(Am ersham)and aBigDyeTerminatorcyclesequencing Ready Reaction kit

(Perkin-Elmer,FosterCity,CA)in aHitachiSQ15500DNA sequencer(Hitachi

Co.Ltd.,Tokyo,Japan)andanABIPRISMTM 310 GeneticAnalyzer(Perkin-

Elmer).SequenceanalysiswasperformedwithaDNASISIMacsoftware(Hitachi

SoftwareEngineeringCo.Ltd.,Yokohama,Japan).Homologysearchwascamied
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OutbytheuseofaBLASTcomputerprogram l67].A phylogemictreewas

calculatedbyaDDBJcomputerprogram "malign"(http://ww .ddbj.nig.ac.jpnltmls/
E-mail/malwe1-e.html.)

NorthernHybridization

Poly(A)'RNAwaspreparedfromthetobaccoS40lcellstreatedwithchemical

CompoundsusingaQuickPrepMicromm APurificationKit(PharmaciaBiotech).

HybridizationwasperformedbytheuseofanECLdirectnucleicacidlabeling

anddetectionsystems(Am ersham).

ExpressionorP450cDNAsin仙eYeast

5'and3'Endsoftheco°ingregionOfcloned cDNAs weremodified by

flankingHindIIIsitesuslngPCR.Expression plasmidspATCPland pATCP2

wereconstructedbyinsertionofthemodifiedDNA fragmentsatHindIIIsite

betweenADHpromoterandteminatorofpAAH5Nl112].neexpressionplasmid

PATRN wasconstructedbyreplacementofBamHIsiteattheend ofADH

terminatorwithNotIsiteonPATR,whichwasdescribedin ChapterIII.ThecO-

expressionplasmidsPATCPITR andpATCP2TRwere00nstmctedbyinsertionof

3.6kbpNotIfragmentofpATCPlandpATCP2intoNotlsiteofPATRN.The

co-expressionplasmidspATCPIYRandpATCP2YRwereconstructedbyinsertion

of3.6kbpNotIfragmentofpATCPlandpATCP2intoNotIsiteofpARR3N

[84】･

Saccharomycescerev由iaeAH22 cellsweretransfわrmed with each of the

expressionplasmidsbylithiumchloridemethodasdescribedl70].

MeasurementofP450Hemoprotein

Microsomalfractionswerepreparedfrom recombinantyeastcellsdescribed

previouslyl64].ReducedCO-deferencespectraofthemicrosomal fractions were

measuredasdescribed【641.

MonooxygenaseActivitiesinRecombinantYeastStrains
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Metabolismofl14C]chlortoluroninthemicrosomalfractionofrecombinantyeast
strainswasmeasuredasfollows.A reactionmixturein 200 FLlof100mM

potassium phosphatebuffer(pH 7.4) containing 20 % glycerol,100 FLM

l14C]chlortoluron(1.5×109dpmpermmol),0.5mM NADPH wasincubatedat

30oCfor15hwithshaking.Metabolismofl14C]chlortoluroninwholeyeastcells

wasmeasuredunderthefollowingcondition;25nmolofl14C]chlortoluron(1.5×

109dpmpermm ol)wasaddedto2･5mi ofacultureofrecombinantyeastcells

(2×107cellsperml).Theyeastculturewasincubatedat300C withshaking

andaliquots(0.5 mi )ofthe mixtureweresampledat0,3,12 and 24h.

Chlortoluronanditsmetaboliteswereextractedwith0.1volumeof4N HCland

twovolumeofethylacetate.Extractswereconcentratedanddissolvedin50FLlof

90%methanol(V/V).Ahalfvolumeofthemixturewasspottedonathin layer

plate(0.25mm silicagel60F254platesMerckA･G･,Damstadt,Germany).ne

platewasdevelopedbythesolventsystem ofhexane/ethylaatate2/1(V/V).

Metabolitesfrom l14C]chlortoluron was detected in a BAS2000 Bioimaging

Analyzer(FujiFilm Co.Ltd.,Tokyo,Japan)･

71Ethoxycoumarin 0-deethylaseactivitywasmeasuredasdescribedl83]･
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REStJLTS

CDNACloningof2,41DInducibleP450SpeciesfromTobaccoS401Cells

SincethetobaccoculturedcelllineS401wasenhancedinthemetabolism of

theherbicidechlortoluronwith2,4-Dtreatment,itwasattemptedtoisolateCDNA

clonesofP450 speciesfrom tobacco S401 cells treated with 2,4-D.Ten

ougonucleotidesweredesignedbasedontheaminOacidsequencesoftworeglOnS

BOXlandBOx2conservedamongplantP450speciesreportedasshownin Fig.

5-1.PCRwascarriedoutwiththefirststrandcDNA from amm A fractionof

2,4-DtreatedS401cellsasatemplate.Am pliaedDNAfragmentswithabout260

bpinlengthwassubcloned,andrandomlysequencedfor80clones,ofwhich41

cloneswerefoundtoencodepartialsequencesrelatedtoP450speciesbyBLAST

analysis,andclassi丘edbtolldistinctspecies:A (2clones),B (9),C (2),D

(1),E(13),F(3),G(3),H(4),I(2),J(1)andK(1).Northem blotanalysis

wasperformedfor2,41DtreatedS40lcellswitheachofthesellclones(A-1,

B-2,C-20,D-30,E-34,F-39,G-44,H-48,Ⅰ-54,∫-64andK-70)asaprobe

DNA.FourclonesA-1,B-2,H-48andI-54wereselededas2,4-D inducible

clones･Then,aCDNA libraryprepared 丘om 2,41D treated S401 cellswas

screenedwithA-1,B-2,H-48andI-54asprobeDNAs.Asaresult,8positive

cloneswereisolatedanddividedto4Classes:TCPl(oneclone),TCP2 (3),

TCP3(2)andTCP4(2),SinceTCPl,TCP2,TCP3andTCP4 cDNAs were

hybridizedwithA-1,B-2,Ⅰ-54andH-48,respectively.Basedonmesequence

analysis,TCPICDNAseemedtolackthe5'reglOn.Therefore,inversePCR was

camiedouttoobtain theinfomation on theamino terminalreglOn OfTCPI

protein.As aresult,GTCPlofaboutO･5kbpfragmentcontaimingthe5'reglOn

ofTCPlgenewasisolated.

SequenceAnalysisofP450cDNAs

Figures5-2,-3,14and-5showedthenucleotidesequencesandthededuced

aminoacidsequencesofthecombinationofboth TCPl and GTCPl,TCP2,

TCP3andTCP4CDNAclones,respectively･neopenreadingflamesofTCPl,

TCP2,TCP3andTCP4encoded511,500,522and496aminoacidresidues,
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(A)
BOXIBOX2

P450 .-

CYp75AI

CYP73A2

CYP92A2

CYP85

CYP71B7

Conserved

BOXI

AZCRETFRKHP

Am ETLRLRM

A=VRETMRLHP

AV=LETSRLAT

LVLKEZFRこHP

★ ★ ★ ★ ★ ★

CYP75AI

CYP92A2

CYP71CI

CYP84

CYP73AI

Conserved

I

BOX2

PEGAGRRZC

PFGAGRRMC

PFGAGRR工C

PFGSGRRSC

PFGVGRRSI

★★★★★★★

(B)

Ser]seprinlerS

F1 5'-AT_Gab_T_T_CAALAGAAACATTTCGAAAGCACCC-3'

F2 5'-AT_qaa_T_T_CGCAGTGGTGAAGGAAAceCTTCG-3'

F3 5'-ATgaATTEGCAATTGTTAAA GAGACTATGCG-3'

F4 5'-AT_GbATT_CGCTGTGATTTTAGAGAceTCCAG-3'

F5 5′-AT_qaa_T_T_CCTTGTGGTCAAGGAGATATTTAG-3'

AntiseJnSePn'mers

R1 5'-ATAA_qgTTAAATTCTTCGTCCAGCAceAAATGG-3'

R2 5'-ATaA_qgTTACATCCTTCTCCCAGCTCCA姐 TGG-3'

R3 5'-ATaa_qE:_T_TAGATCCTGCGCCCAGCCCCGAACGG-3'

R4 5'-ATAA_qE:_T_TACGATCTACGACCCGACCCGAACGG-3'

R5 5'-ATAA_GgT_TAGCTTCTTCTCCCAÅcACCAAAGGG-3'

Fig.5･1.DesignofPCRprumersforcloningornovelP450cDNAsfrom
(A)Conservedregionsamongthe primary structure守Of
reported.BOXl and BOX2 indicate conseⅣed reglOnS.
wereusedtodesign血ePCRprimers.(B)DNA sequences
F2,F3,F4andF5correspondto血enucleotidesequences
CYP75Al,CYP73A2,CYP92A2,CYP85 and CYP71B7,
R3,R4andR5correspondtoBOx2reg10nOfCYP75Al,

CYp92A2,CYP71C1,CYP84andCYP73Al,respectively.Dottedlineindicates
therestrictionsitesofEcoRI(F1-F5)andHindIII(R1-R5),respectively･
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lGTCPI
AAAGAAATAAAATTACTCCATTAGTCTATTAAT℡CCBLAAAACGTGATCTAGACGTACGGCTTGAACACACTT 72
TGCTTTAAAATCATMGTAAATCAACBLAGTTTAGACA姐GCAAGTAAGT℡GCTTTCC℡TTAAAAAAGGAAAAT 144
CAGCGnTTATTAAACAATATACTACACTTCAAATTTCTAGAACCCAAAGAAAAATCTAAGACATTGGTAAA 216

E=E=-

AAGAACTGACCCCATTA℡TCACGACATTGACCCCCATCACAAGTCTTCAAATTA姐 CCCCAAPATBLAATH:A 288
AACAATAACCTAATATGCCAACCATTACAAAAACACATTCA℡℡TCCCTCTTTATCCCAAAAACAAAATTCCA 360

GTCPlllTCPI
ATGGTTAACATGTTCACTCCAA℡TATATACGCTCCTCTCCTTTTAGCTTTTTACATTATCACAAAACATTTC 432
M V N M F T P 工 = Y A P L i L A F Y I I T X H F 24

T℡ACGCAAACTCAGA姐 TAATCCACCAGCTCCATTTCTTACT℡TCCCCTTTA℡TGGCCATCTTTATCTCTTC 504
L R R L A N N P P A P F i T F P F I G H L Y L F 48

BLLLAW CCACTTCAACGTACCTTAGCCAAAATCTCCGAACGTTATGGCTCTGTTCTTCTACTCGBLATTCGG℡ 576
E R P L Q R T L A X = S E A Y G S V i i i E F G 72

TCACGA丸姐GTACTTTTGGTTTCTTCACCATCTGCAGCTGAAGAATGCTTAACA九九礼姐CGATATTATTTTC 648
S R X V L L V S a P S A A E E C i T R N D T = F 96

GCGAATCGTCCTCTTTTGATGGCTGGAAAACATCTTGGATATAATTTTACTTCTTTGGCTTGGAGTTCGTAC 720
A N R P i L M A G K H i G Y N F T S L A W S S Y 120

GGAGA℡CACTGGAGAAA℡CTTCGTAGGATTACT℡CAGTTGAGATG℡℡℡TCGACTCATCGTCTTCAAATGCTA 792
G D H W A N L R R 工 T S V E M F S T 冗 a i Q H L 144

CATGGAATTCGTATTGATGAAGTGAAATCTATGGT℡AAGAGGC℡CAA.TTCCTCTGCCA℡AGC℡GAAAAATCT 864
H G I a I D E V R S H V R R L N S S A I A E R S 168

GTGGATATGAAGTCTATGTTTTTTGAGCTGATGCTCAA℡Gで℡ATGATGAGGACAA℡℡GCTGGAAAAAGATAt■ 936
V D M 冗 S M F F E L M i N V Z4 M 良 T 工 A G R R Y 192

TACGGTGAGAATGTGGAGGACA℡TGAGGAAGCTACGAGATTCAAAGGTTTGGTGCAAGAGACTTTCAGGATT 1O0a
Y G E N V E: D I E E A T R F X G i V Q E T F R ェ 216

GGCGGGGCGAGGBLATATTGGCGACTTTTTGCCGGCGTTGAAGTTATTGGTGAGGAAATTGGAGAA姐 GTTVA 1080
G G A T N I G D F L P A L X L L V R 冗 L E R S L 240

ATTGTGTTGCAAGAGAACAGAGATGAGTTTATGCAGGAATTAhTTA姐 GATTGCAGAAAAAGAATGGAGAAA 1152
Z V L Q E N A D E F M Q E L I R D C R R R M E X 264

GAAGG℡ACTGTTACTGATTCAGAAATTGAAGGGAACAAGAAATGTTTAAT℡GAAGTTTTGTTAACACTACAA 1224
E G T V T D S E 工 E G N 冗 X C L = E V i L T i Q 288

GAA姐 TGAACCGGAATACTACAAAGATGAAATCATCAGAAGCCTTATGCTTGTTCTATTATCAGC℡GGTACA 1296
E N E P ≡ Y Y Iく D E I I A S L H L V L L S A G T 312

GATACTTCAG℡TGGGACAATGGAATGGGCT℡TATCATTAA.℡GTTAAACCACCCTGAAACTCTGBLAGAAAGCA 1368
D ℡ S V G T M E W A L S L M L N H P E T L R X A 336

CAAGCTGAAATTGATGAACATATAGGACATGAACGTTTAGTGGACGAGTCGGACATCAACAALCCTACC℡℡AC 1440
Q A E I D E Zl I G H E R L V D E S D = N N L P Y 360

CTACGTTGTATAATCAACGAGACATTCCGhATGTACCCTGCAGGACCACTAC℡AGTCCCACACGAGTCGTCA 1512
L 氏 C Z 工 N E ℡ F A J4 Y P A G P i i V P a E S S 384

GAGGAAACCACCGTAGGAGGCTACCGTGTACCCGGAGGAACCATGTTAC℡TGTGAATTTGTGGGCTATTCAC 1584
E E T T V G a Y R V P a G T 池 L L V N L W A I H 408

AATGATCCAAAGCTATGGGATGAACCAAGAAAGTTTAAGCCAGA姐GA℡℡TGAAGGACTAGAAGGTGTTAGA 1656
N D P 冗 I. W D E P 氏 X F 冗 P E A F I G L E G V R 432

GATGG℡℡ACAAAA℡GATGCCTTTTGGTTC℡GGACGBLAGGAGT℡GTCCTGGAGAAGGATTGGCTATTCGAATG 1732
D G Y R Z4 H P F G S a R A S C P 6 E G i A I A H 456

GTTGCATTGTCATTGGGATGTA℡TATTCAATGCTT℡GATTGGCAACGAC℡℡GGGGAAGGA℡TGGTTGATAAG 1804
V A L S i G C I r Q C F D W Q R L G E G i V D R 480

ACTGAAGGAACTGGACTTACTTTGCCTAAAGCTCAA.CCTTTAGTGGCCAAGTGTAGCCCACGACCTATAATG 1876
T E G T G i T L P X A Q P i V A 冗 C S P A P 工 Z4 504

GCTAATCTTCTTTCTCAGA℡TTGAACATAATTGGTTTCTACCAAACATCCCCAAACTAGAATATTATTATTG 1948
A N IJ L S Q Z * 511

GTTACATATACAALTGTAATCAATTTTGAACCATA℡TATATCTCAATGTATTCCTTTTTTATTTATTTAAAAA 2020
TCPll

2034

Fig. 5-2. N ueleotidesequenceandthededucedamino acid sequence of
tobacco P450 TCPIcloneandGTCPIclone(CYP81B2). The deduced
ami no acid sequenceisindicatedbelowthenucleotidesequence.Highly conserv ed
ami no acidresiduesandmotifsareshowninboldfacetype.Thecysteineresidue
correspondingtothehemebindingisunderlined.Asteriskindicatesstopcodon.
BoxshowsputativeTATAbox.UnderlinedDNAsequencesSBF-1ishomologous
tosequencemotifsfoundin silencerregionOfasoybeanchalconesynthase
promoter[113].
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GGCACGAGA姐TGAAGTTCCTTTTAGTGGTAGCTTC℡CTCTTTCTCTTTGT℡℡TCCTAATATTATCGGCCAC 72
M 冗 F L L V V A S L F L F V F L I L S A T 21

AAAGAGGAAAAGCAAAGCAAAAAAGC℡CCCTCCAGGTCCAAGGAAACTGCCCGTAATAGGAAACCTTCTTCA 144
R R X a X A 冗 R L P P G P R R L P V ェ G N L L Q 45

BLATTGGA姐A℡TACCTCATCGTTCAC℡TCAAAAACTTTCTAATGAATA℡GGGGATTTCAT℡℡℡CでTGCAATT 216
Z G X L P H 氏 S I- Q X L a N E Y G D F I F L Q L 69

AGGTTCTGTCCCAAC℡GTGGTTGTCT℡T℡CAGCTGGCATTGCCCGAGAGATCTTTAGAACTCAAGACCTTGT 288
G S V P T V V V F S A G I A a E I F R T Q D L V 93

TTTCTCAGGCCGTCCTGCTTTGTATGCTGGCAA姐GGTTTAGTTACAALTTGTTGTAACGTGTCTTTTGCACC 360
F S G a P A L Y A G R a F S Y N C C N V S F A P 117

C℡ACGG℡AA.TTACTGGAGAGAGGCTAGGAAAATTCTAG℡CT℡GGAGTTGCTAAGTACAAAGAGAGTACAAAG 432
Y G N Y W R E A R R I L V L E IJ L a T R R V Q S 141

TTTCGAGGCAALTTCGAGACGAGGAAGTAAGTAGT℡TGGTTCA姐T℡ATTTGTAGTTCCTTGAGCTCACCTGT 504
F E A I A D E I V S S i V Q I I C S S i S a P V 165

TAACATAAGCACA℡TAGCACTATCCTTGGCA姐TAACG℡℡G℡T℡GTCGAGTGGCTTTTGGGAAAGGGAGTGA 576
N = S T i A i S L A N N V V C R V A f■ G X G S D 189

TGAAGGAGGAAATGATTATGGGGAGAGGAAGTTTCATGAAA℡TCTTTTTGAGACACAAGAATTATTGGGTGA 648
E G G N D Y G E 氏 R F H E I L F E T Q E L L G E 213

GTTTAATG℡TGCTGATTATTTTCCTGGGATGGCATGGATTBLACAA姐TAAATGGGCTAGATGAAAGATTGGA 720
F N V A D Y F P G H A W r N X t N G L D E R L E 237

A姐GAA℡TTTAGGGAA.℡TGGATAAGTTTTATGACAAAATAATAGAAGATCATCTTBATTCAAGTAGCTGGAT 792
K N F 氏 E L D Iく F Y D R 工 = E D ZI L N S S S W M 261

GA姐CAAAGGGATGATGAAGACGTTATTGATGTATTGCTTCGAA℡CCAAAAGGACCCAAACCAAGAAATTCC 864
R Q R D D E D V = D V L L R I Q X D P N Q E = P 285

TCTCAAAGATGATCATATTAAGGGCCTTCTTGCGGATATATTCATAGCTGGAACTGATACATCA℡CAACAAC 936
L R D D E エ Ⅹ G L L A D I F I A 6 T D ℡ S S T T 309

CATAGAA℡GGGCAATG℡CAGAAC℡CA℡AAAAAATCCAAGAGTCTTGAGAAAAGCTCAAGAGGAAGTTAGAGA1008
Z E W A M S E L I R N P R V L R R A Q B E V R E 333

AGTTGCCAAGGGAAAACAABLAGGTCCAAGAAAGCGATCTTTGCAAACTCGAA℡ACTTGA姐TTGGTCATCAA 1080
V A 冗 G R Q 冗 V Q E S D L C K L I Y i K i V I R 357

AGAAACCCTTAGATTACACCCACCAGCCCCATTACTAGTCCCTCGAGTAACAACAGCCAGCTGCAAAATAA.T1152
E ℡ I' R L H P P A P IJ L V P a V T T A S C R I M 381

GGAATACGAAATTCCAGCAGATACAAGAGTCCTTATCAACTCGACAGCAATTGGGACGGATCCAAAATATTG1224
E Y E I P A D ℡ R V L = N S T A I G T D P R Y W 405

GGAAAATCCATTGACATTCTTGCCAGAGAGATTCTTGGATAAGGAGATTGATTACAGAGGCAAAAATTTTGA1296
E N P i T F L P ≡ A F L D R E t D Y 氏 a X N F E 429

GTTGTTGCCATTTGGGGCAGGGAGAA.GAGGGTGTCCAGGAATTAA℡TTTTCAATACCACTTGTTGAGCTTGC1368
L I- P F 6 A G R A G C P ¢ Z N F S ェ P i V E L A 453

ACでTGCTAALTCTATTGTTTCATTATAATTGGTCACTTCCTGAGGGGATGCTACCTAAGGATGTTGATATGGA1440
L A N L L F H Y N W S L P E G M I. P X D V D J4 E 477

AGAAGCTTTGGGGATTACCATGCACAAGAAATCTCCCCTTTGCTTAGTAGCTTCTCATTATAACTTGTTGTG1512
E A L G I T H H R R S P L C L V A S H Y N i L * 500

ATCTTAAAAGATTTTAACATACTATACTTTGAGGTGTCATTTGTAACATATATGTATCTAGTTCTTAATTTT1584
AATATTATTATGCAAAACTTTCCTC 1631

Fig.5･3.Nucleotidesequenceandthededucedaminoacidsequenceof
tobaccoP450TCP2(CYP71All)･The deduced amino.acid sequence is
indicatedbelowthenucleotidesequence.HighlyconservedamlnOacidresiduesand
motifsareshownin boldfacetype.necysteineresiduecorresponding to the
hemebindinglSunderlined･Asteriskindicatesstopcodon･
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GAATTCGGCACGAGATAGAAGGGACATCTGTTTTATAAACTACACCTACCCTGAGTTCTAAGTTCTATAATT 72
CTCTATTGTTTCAAGTTTTCGCCTATGGAGAATCTGBLACTCTAGCTACTAC℡ACTACTACTACTACTTAGCT 144

H E N i N S S Y Y Y Y Y Y Y L A 16

ATCTTGCTATTTTTCTTTGTCATTTTATTCAAATACTTGCTTCCTTCCGGAAAACGT℡TACCACCTAGTCCT 216
Z L i F F F V = L F A Y L i P S G R A L P P S P 40

CTGTCTCTTCCGATAATTGGTCATCTTTACCTTATTAAGAATTCCCTACACGAGACACTAACTTCCCTATCT 288
L S L P 工 Z G H L Y i I R N a L H E T L ℡ S i S 64

ACAAAATATGGCCCTGTTTTGTATCTCCGATTCGGCTGTAGAAATTTGCTTGTTGTGTCTTCTCCATCTGCG 360
T X Y G P V I- Y L R f■G C a N i L V V S S P S A 88

ATGGAAGAATGCTTCACCBLAA.AACGATATCATATTTGCA姐TCGTCCTCAGAGCATGGCTGGAGATCAGTTT 432
H E I C F ℡ R N D I I F A N 氏 P Q S H A G D Q F 112

TCCTTCAACTATAAGGCTGTTGTCTGGGCTCCTTACGGCTATC℡TTGGAGAGCTCTCCGCCGTCTAACTGTT 504
S F N Y K A V V W A P Y G Y i W R A L R a L T V 136

ATTGAGATCTTCTCTTCCAATAGCTTGCAGAAGTCTTCTGCACTGCGGAATGAAGAAATTGGAATTCTTA℡℡ 576
= E I F S a N S L Q X S S A L R N E E = G I L Z 160

CGCTCTTTGTT℡ARLAGCCAGCACTAATAATGGCAGTAG℡GGTGCAAGAG℡TAACTTGAGTCATTGGGTTTTT 648
R S L F R A S T N N G S S G A a V N L S H W V F 184

ACTTTTGCGGTCAATGTTATGATGAGAACTGGCACTGGAAAACG℡TGCGTAAGTGAAGAAGACA℡GGAAACA 720
T F A V N V M J4 R T G T G R A C V S E i D A E T 208

GAGAAGGGGAAACAAATCATTGAAGAGATBLAGAGGATTTTTCTTCGCGACCTTGGTAGTTTTGAACGTGTGT 792
E X G K Q = Z E E 工 R G F F F A T i V V IJ N V C 232

GATTTCATGCCAGTTTTGAAATGGTTTGGGTACA姐GGGCTAGAGAAAAGGATGGTCT℡AGCGCACCAAAAG 864
D F A P V I' R W F G Y R G IJ E K 氏 M V L A H Q K 256

AGAAATGAATTCTTGAACAACTTACTGGACGAATTTCGACAGAM AGCTGGTAT℡℡CAGAATCCAGT 936
R N E F L N N L i D ≡ F A Q K R I A G I S E S S 280

ACTGATAGTATCAATGCTAR.GAZiGACCACGCTGGTCGA姐CTCTCTTGTCACTACAAGAATC℡GAACCTGAA1008
T D S = N A R R T T L V E T i L S L Q E S E P E 304

TTTTACACAGATGATCTAATTAAAAGTGTTTTACTGGTTTTATTTATTGCTGGAACAGAGACAACATCAATG1080
F Y T D D L I A S V L L V L F I A a T E ℡ T S M 328

ACCATTCAATGGGCGATGCGACTTCTTTTAGCTCATCCTAAGGCATTTACAAAACTGAGAGCTGAGATTGAY1152
T t Q W A M A L I' L A H P I( A F T R L 氏 A E I D 352

AGCAAAGTGGGGAACGATGGCTTGCTAAATGAATCAGACATTCCCAAGC℡TCCTTATTTACA℡CGTGTTATA1224
S X V G N D G L I. N E S D I P R L P Y i ZI R V Z 376

AACGAGACGCTAAGATTGTACCCTCCAGTACCACTTTTGTTGCC℡CACTACTCATTAGBLAGATTGTACTGTT1296
N E ℡ L A L Y P P V P L L i P H Y S i E D C T V 400

GGGGGATATGAAGTACCAAAACATACGATCCTAATGGTTAACGCTTGGGCTATCCATAGGGATCCCAAGTTA1368
G G Y E V P R tl ℡ 工 L H V N A W A I H R D P K L 424

TGGGACGAACCTGAAAAGTTCAAACCAGAGCGATTTGAGGCCA℡GGAAGGAGAAAAAGAAGGATTCAACTAT1440
W D E P E Iく F 氏 P E R F E A M I G E 冗 E G F tT Y 448

AAAJTTAGTACCATTTGGAATGGGGAGAAGAGCATGCCCTGGAGCTGCTATGGGCTTGCGCACTGTTTCACTG1512
R i V P F G M a R R A C P G A A H G i R T V S L 472

GTATTGGGTTCCCTGATTCAGTCGTTCGATTGGAAAAGTGTGGAAGAAGAAAAGTTGGACGCGTGCTATAAT1584
V L G S L I Q S F D W K S V E E E Iく L D A C Y N 496

TCTAGAATCACTTTGAACAAAGA℡AAACCTTTGGAGGCTGTTTGTATTCCACGACAAAATTGGCGTGGTTTC1656
S 氏 I T L N X D R P i E A V C = P A Q N W a G F 520

CTTTCTTGAGCCGAGGTCTCTCTATCTTCCTAAAGTAGGGGATCTCACTGGGTTTGTACTGTTGTTGTATGT1728
LS* 522
ATGTATAGTGTAAAAATTTACCTTTGTGCTCTAAGGTAATG℡GACTAAATAAAGTTGACTATGTAGAACAALG1800
AGATATTAAATA姐GC℡TAAGCTATTATTTGGTGAA℡GTG 1860

Fig.5･4.Nucleotidesequenceandthededucedaminoacidsequenceof
tobaccoP450TCP3(CYP81C1)･The deduced aminO.acid sequence is
hdicatedbelow也enuCleotidesequence.HiguyconseⅣedammoacidresiduesand
motifsareshownin boldfacetype.Thecysteineresiduecorresponding to the
hemebindinglSunderlined.Asteriskindicatesstopcodon･
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AGGTAGACGGTATCGATAA.GCTTGATATCGAATTCGGCACGAGGTTTCAAA℡GGAGAATCTGAATTTCAACT 72
M E N L N F N 7

ACTACTACTACTTAGCTGTCTTGCTATGTTTCTTTGTCATT℡TATTCAAATACTTGCTTCATCCCAGAAAAC 144
Y Y Y Y I. A V L i C F F V = L F R Y i L H P A Iく 31

GTTTAGCACCTAGTCCTCTGTC℡C℡℡CCAATAATTGGCCACCTTTACCTTATCAAGAATTCCCTACACGAGA 216
良 L A P S P L S i P I I G H L Y L I K N S L H E 55

ccTTAACTTCCTTATCTACAAAA℡ATGGCCCTGTTTTGTATCTCCGGTTCGGCTGTAGAAATTTGCTTGT℡G 288
T L T S L S T R Y G P V i Y i R F G C a N L i V 79

TGTCTTCTCCA℡CTGCGGTAGAAGAATGCTTCACCAAAAACGATATCATATTTGCAAATCGCCCTCAGAGCA 360
V S S P S A V E E C F T R N D I I F A N R P Q S 103

TGGCTGGAGATCAGTTTTCCTTCAAC℡ATAAGGCTGTTGTCTGGGCTCCTTACGGCTATCT℡TGGAGGGCTC 432
M A G D Q F S F N Y R A V V W A P Y G Y L W A A 127

TCCGCCGTCTAACTGTGATCGAGATCTTCTC℡TCCAATAGCCTTCAAAAATC℡TCTGCACTGCGGAATGAAG 504
i R a L T V I E ェ F S S N S L Q X S S A L 氏 N E 151

AAATTGGAA.TTCTTATTCGCTCTTTG℡TTAAGGCCAGCACTGGTAG℡GGGAGCAAAAGAGTTAACTTGAGTC 576
E = G I L = R a L F R A S T G S a S R R V N i S 175

ATTGGGTTTTTACT℡TTGCGG℡CAA℡GTTATGATGAGAACTGGTACTGGBLA姐CGTTG℡G℡AAGTGAA.GAAG 648
I W V F ℡ F A V N V M M R T a T G R R C V S E E 199

ACATGGGAACAGAA姐GGGGAAACA姐TCA℡TGAAGAGATAAAGGGATTTTTCTTCGCGACCTTGGTAGTTT 720
D M G T E R G X Q = = E E I A G F F F A T L V V 223

TGBLACGTGTGTGATTTCATGCCAGTTT℡GAAA℡GGTTTGGGTACAAAGGGC℡AGAGAAAAGGATGGTCTTAG 792
i tT V C D F M P V L K W F G Y K a i E Iく R H V L 247

CGCACCAAAAGAGAAATGAATTCTTGAALCAGCTTACTGGACGAATTTCGACAGAAAAAAAATAGCTGGTATT 864
A H Q X R N E F L N S L L D E F A Q X R N S W Y 271

CAGAATCCAGTACTGATAGTATCAATGCGAAGAAGACCACGCTGG℡℡GAAACTCTCTTGTCTCTGCAGGAAT 936
S 王: S S T D S I N A I( R T T L V E T L L S L Q E 295

CAGAACCCGAATTCTATACAGATGATCTTATTAAAAGTGTTTTACTGG℡℡℡℡ATTTATTGCTGGAACAGAGA1008
S 王: P E F Y T D D L I R S V i L V i F I A G ℡ E 319

CAACATCAATGACCATTCAATGGGCGATGCGACTTCTTTTAGCTCATCCTAAGGCATTTACAAAACTGAGAG1080
℡ ℡ S M T I Q W A M R L L i A ≡ P 冗 A F T X i R 343

CTGAGAT℡GA℡AGCA姐GTGGAGAACGATCGCTTGCTAAA℡GAATCAGACATTCCCAAGCTTCCTTATTTAT1152
A E I D S R V E tT D A L i N E S D I P R L P Y I. 367

ATTGTGTTATAAACGAGACGCTAAGATTGTACCCTCCAGTACCACTTT℡GTTGCCTCACTACTCATTAGAAG1224
Y C V I N E ℡ L 良 L Y P P V P i i L P ZI Y S L E 391

ATTGTACTGTTGGGGGATATGAAGTACCBLAAACATACTATCCTAATGATTAACGCTTGGGCTATCCATAGGG1296
D C T V G G Y E V P R a T = L H I N A W A I fI R 415

ATCCCAAGTTATGGGACGAGCCTGAAAAGTTCA姐CCAGAGCGA℡TTGAGGCAATGGACT℡GGGGGAAAAAG1368
D P R I. W D ≡ P E R F K P E A F E A H D L G E R 439

AAGGATTCAATTATAAATTTGTACCATTTGGAATGGGGAGAAGAGCATGCCCTGGAGCCACTATGGGCTTGC1440
E G F N Y R F V P F G M a A A A C P 6 A T M G L 463

GCACTGTTTCACTGGTATTGGGTTCTCTGATTCAGTGGTTCGATTGGGAAAGTGTGGAAA.ALGAA姐GTTGGA1512
R T V S L V L G S L I Q W F D W E S V E X X S W 487

CGCGTGCTATAATTCTAGAATCACTTTGAACAAAGATAAACCTTTGGAGGCTGTTTGTATTCCCGACAAAAT1584
T R A Z = L E S L * 496

TGTCGTGG℡TTCCTTGCCCAACTATGAGACTATTCGTACAAATTTGTTCCTTTTGTAGGTA℡GTATAGTGTT1656
TTTTTTGAGCCAAGGGTCAGAAACAGTTTTCCTATCTTTCCACAGTAGAGGTAATA℡ATA姐GTCTGCG℡GC1728
ACACTTCCCTCCTCATACCCVACTTGTAAGATCTCACTGGGTTTGTTATTGTTGTATGTATGTATGTATAGT1800
GTAAAAATTTACCTTTGTGCTCTAAGGTAATGTGACTAAATAAAGTTGACTATGTAGAACAAGAGACATTAA1872
ATAAAGCTTAAGCTATTATTTGGTG 1915

Fig.515.Nucleotidesequenceandthededucedaminoacidsequenceof
tobaccoP450TCP4(CYP81C2)･The deduced aminO.acid sequence is
indicatedbelowthenucleotidesequence.HighlyconservedamlnOacidresiduesand
motifsareshownin boldfacetype.Thecysteineresiduecorrespondingtothe
hemebindinglSunderlined.Asteriskindicatesstopcodon･
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respectively･Thecalculatedmolecularweightsofthepolypeptideswere58178.9,

56670･7,59705･1and 57091･4,respectively･nLehydrophobic transmembrane

regionWasfoundin theamino-terminalreglOnOfeachofTCPl,TCP2,TCP3

andTCP4,Thecysteineresiduewhichappearedtobeinvolved in theheme

bindingwasfoundat447th,440th,460thand456th也theaminoacidsequences

ofTCPl,TCP2,TCP3andTCP4,respectively.Basedonthesequences,TCPl,

TCP2,TCP3andTCP4WerenovelP450 speciesand theywerenamed as

CYP81B2,CYP71All,CYP81Cl and CYP81C2,respectively,by the P450

momenclaturecommittee.

Figure5-6showedthephylogemictreeofCYP81B2,CYP71All,CYP81Cl

andCYP81C2aswellasplantP450speciesreportedpreviously･Whileplant

P450speciesweredividedinto an typeA andnon-typeA groupsl116],these

fourP450speciesisolatedin thepresentstudyappearedtobelongtotypeA

groupaccordingtothephylogemictree･

TranscriptsorCYP81B2,CYP71All,CYP81ClandCYP81C2in2,4･D

TreatedTobaccoS401Cells

Apoly(A)'RNAfractionwasisolatedfrom2,4-DtreatedS401cellsfor2,6,

12,24and48haftertreatment.Northem blotanalysiswasperformedbytheuse

ofthecDNAsofCYP81B2,CYP71All,CYP81Cland CYP81C2 asprobes

(Fig.5-7).CYP81B2 mRNA reachedthemaximal levelat6 h,and then

graduallydecreased.CYP71AllmRNA wasinducedat2handmaintainedthe

levelby48h.CYP81ClandCYP81C2mRNAswerealsofわundtobeinduced

at2h,butboth niRNA levelswerelowerthan thoseofCYP81B2 and

CYP71All.Thus,CYP81B2,CYP71All,CYP81ClandCYP81C2geneswere

found tobeinduced by thetreatmentofS401cellswith 2,4-D,although

inductionpattemsweredifferenteachother･

InductionofCYPSlB2andCYP71AllGenesbySeveralChemicals

TheinductionofCYP81B2andCYP71AllgenesinS401cellswasexamined

forseveralchemicals.Northem blotanalysiswascamiedoutforS40lcellstreated

witheachofseveralchemicals:naphthalicanhydride(NA),aherbicidesa氏ner
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Fig.5･6.A dendrogram showingtherelatednessoftobaccoCYP$lBl,
CYP71All,CYP81ClandCYP81C2withthoseoftheotherplantP450
speciesreported･Thedendrogram wasgeneratedby theuseoftheDDBJ
program malign･CYP51,0btusifolio114α-demethy.lasefrom Sorghum bicolorl9];
CYP71C4,aP450involvedinacycuchydroxamlCacidbiosynthesisfrom maize
l11];CYP73A2,cinnamicacid4-hydroxylasefrom mungbean [13];CYP75Al,
flavonoid 3', 5'-hydroxylase from petunia l22]; CYP79, P450tyr with
multifunct.ionalN-hydroxylase activity from Sorghum bicolorl24]; CYP80,
berbamunlneSynthasefrom barberryl25];CYP84,ferulate-5-hydroxylase frQm
Arabidopsisl26];CYP88,aP450involveqin gibberellinbiosynthesisfrom maヮe
l27];CYP90,aP450involvedin brasslnOSterOidbiosynthesisfrom ArabidopsIS
l28];CYP93Bl,(2S)-flavanone2-hydroxylasefromlicoricel29]･
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Fig.517.TranscriptsoftobaccoCYP81B2,CYP71All,CYP81Cland
CYP81C2in2,41DtreatedS401cclls.Apoly(A)RNA fractionwasprepared
fromtheS401ceustreatedwith150FLM 2,4-D fo.rindicatedtime･A poly(A)
RNAof2figWasloadedoneachlane.β-ATPaseslgnal isaninternalstandard
[92].
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Fig.518.TranscriptofCYP71AllintobaccoS40lceJJstreatedwith
chemicalsat)dplantsignalingcompoutIds.Tobac00 S401cellswere treated
with150FLM 2,41D,20FLM naphthaucanhydride(NA),30FLM methyljasmonate
(MeJA),200FLM salicylicacid(SA),100FLM arachidonicacid.Poly(A)RNAwas
eachpreparedfrom theS401cellstreatedwithchemicalsforindicatedtime.A
poly(A)RNAof2FLgWasloadedoneachlane･
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[37]･methyljasmonate(MeJA)andsahcylicacid(SA),signalingcompoundsl115,

116],arachidonicacid(AA),an elicitorofSolanaceaeplan tsl105].CYP81B2

mRNAwasfoundtobeaccumulatedbythetreatmentof150fLM 2,4-D,butnot

with200FLM SA,20FLM NA,100lLMAAand30FLMMeJA(datanotshown).

Ontheotherhand,CYP71AllmRNAwasinducedbythetreatmentofallfive

chemicalsexamined,particularlywithNA andSA (Fig.5-8).ThenirNA level

wasextremelyhigh 2haftertreatmentwith NA andSA･Theseresultssuggested

thatCYP71Allwasindudblebytreatmentwithnotonlyxenobioticsbutalso

slgnalingcompounds･

Expression ofCYPSlB2 and CYP71All cDNAs in Saccharomyces

CereVISlae

SinceCYP81B2andCYP71Allwhichwereinducedby2,4-D treatmentin

S401cells,bothcDNAcloneswereeachexaminedforexpressionin theyeast.

SixrecombinantplasmidswereconstructedfortheexpressionofCYP81B2and

CYP71AllcDNAs asshowninFig.5-9.pATCPlandpATCP2 carried the

codingreg10nSOfCYP81B2andCYP71AllCDNA clones,respectively,between

ADHpromoterandterminatoroftheexpressionvectorpAAH5N･PATCPITR and

pATCP2TR,andPATCPIYR andpATCP2YRwereconstructedforsimultaneous

expressionofboth也eco汀eSpOndingP450speciesandP450reductaseby 血e

introductionoftheexpressionumitoftobac00 P450reductaseCDNA describedin

ChapterIIIandofyeastP450reductasegenel84],respectively.S･cerevLsiae

AH22Gensweretransfわrmedwitheachoftheexpressionplasmidsconstructed.

Figure5110showedthereduced CO differencespectraofthemicrosomal

fractionsofAH22/pATCPlandAH22/pATCP2.Bothshowedthepeakat449nm

and448nm,respectively.TheP450contentinAH22/pATCPlandAH22/pATCP2

was188 and 22 pmolpermgprotein,respectively.TheP450 content in

AH22/PATCPITRandAH22/PATCPIYR was25and55pmolpermgprotein,

respectively.neP450contentin AH22/pATCP2TRandAH22/pATCP2YR was

12and9pmolpermgprotein,respectively(Table5-1)･Theseresultssuggested

thatCYP81B2andCYP71Allwereeachlocalizedin theyeastmicrosomes.The

contentofCYP81B2washigherthan thatofCYP71All･Sincein CYP71All,
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pATCP2

Fig.5･9.Structuresoftherecombinantplasmidsforexpression of
CYP81B2 and CYP71All in Saccharomyces cerevisiae AH22 ce日S.
pAAH5N00ntainsalcoholdehydrogenaseIpromoter(ADH-P)andtheteminator
(APH-T)･pATCPlandpATCP2hadeachPfCYP81B2andCYP71Allco°ing
reg10nS between 山e promoter and te-lnatOr,respectively. PTCPITR and
pTCP2TRwereconstructedforco-expressionbyintroducingtheexpressionunitof
tobac00 P450reductaseCDNA.PATCPIYRandpATCP2YR wereconstmctedfor
cO-expressionbyintroducingtheexpressionumitofyeastP450reductasegene.Hd
andNtindicateHindIIIandNotlsites,respectively･
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thepeakat420nmwasalsofoundwith448nm,thepeakat448nm maybe

changedto420nm,imm ediatelyduringpreparationofthemicrosomes.Therefore,

CYP71Allenzymeexpressedintheyeastmaybelessstablein themicrosomes

ascomparedwithCYP81B2･Table5-2showedtheactivityof7-ethoxycoumarin

0-deethylase(ECOD)inthemicrosomalfractionsofthere00mbinantyeaststrains.

Theactivityin AH22/pATCP2waslowerthan thedetectionlimit.Ontheother

hand,theECOD activity wasenl1anCed in the strains ofAH22/PATCPITR,

AH22/PATCPIYR, AH22/pATCP2TR and AH22/pATCP2YR. these results

suggestedthatbothCYP81B2andCYP71Allexpressedin theyeastmicrosomes

showed血eP450dependentmonooxygenaseactivity･Inaddition,CO-expressionof

thecorrespondingP450speciesandyeastortoba∝oP450reductaseenhancedthe

monooxygenaseactivity.

ChlortoluronMetabolisminRecombitLantYeastStrains

Metabolismofl14C]chlortoluronwasexaminedin therecombinantyeaststrains.
Afterincubationof[14C]chlortoluronwitheachofthemicrosomepreparations,the

parentcompoundanditsmetaboliteswereextractedandsubjectedtonCanalysis.

Ring-methylhydroxylated chlortoluron was found to be increased in the

microsomalfractionofAH22/PATCPITR (Fig･5-ll(A))ascomparedwith the

controlstrain AH22/pAAH5N.The production of rug-methyl hydroxylated

chlortoluronwasdependentOn血mbationtime山 地e也ewholecells(Fig.5-ll

(B)).Therefore,itwassuggestedthatCYP81B2expressedintheyeastmetabolized

chlortoluron through ring-methylhydroxylation.In themicrosomal fraction of

AH22/pATCP2YR,therewerenosignificantdifferencesbetweenincubatedandno

incubatedsamples(Fig.5-ll(A)).However,in thewholecells,N-demethylated

and血g一methylby血oxylatedchlortoluronswerefわundtobeincreaseddependent

onincubation time, although N-demethylated chlortoluron was produced

predominantly(Fig.5111(B))ATheseresultssuggestedthatCYP71Allexpressed

in theyeastmetabolized chlortoluron throughN-demethylation and ring-methyl

hydroxylationinvivo,butthemetaboliteswerenotdetectedinthemicrosomes

becauseCYP71Allenzymewasunstableduringthepreparationofthemicrosomes

asshowninFig.5-10.
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Fig.5110.ThereducedCO･differencespectraofthemicrosoma]fractions
prepared from AE22/pATCPl (A), AH22/pATCP2 (B) and
AII22/pAAH5N(AandA)･Tbemi9rOSOmal fractionsof2mg(A)and6mg
(B)wassuspendedin 100mM potasslum Phosphatebuffer(pH7.4)andbubbled
withCOfor30sec･A鮎radditionofsolidNa2S30.,spectraweretraced.
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Table511P450contentandcytochromecreductaseactivityinthemicrosomalfractions
oftherecombinantyeaststrains

Yeaststrain
P450content Cytochromecreductaseactivity

bmol/min/mgprotein) (nmol/min/mgprotein)

AH22/pAAH5N

AH22/PATCP1

AH22/PATCP1TR

AH22/PATCP1YR

AH22/pATCP2

AH22/pATCP2TR

AH22pATCP2YR

1

00
5

5

2

2

0
ノ

く

8

2

5

2

1

1

3

0

8

5

1

7

1

8
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7

q
ノ
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8

2

3

2

1

1

Table5127-Ethoxycoumarin0-deethylaseactivitiesinthemicrosomalfractionsofthe
re00mbbantyeaststrains

Yeaststrain
7-Etboxy00uma血 0-deethylaseactivity

bmol/min/rmoIP450)

AH22/pAAH5N

AH22/PATCP1

AH22/PATCP1TR

AH22/PATCP1YR

AH22/pATCP2

AH22/pATCP2TR

AH22/pATCP2YR

1

4

3

2

1

5

7

<

2

1

q
ノ
く

2

q
/

l
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Fig.5-ll.ChLortoluronmetabolism inthemicrosomalfractions(A)and

inH2t2h/e,AT;LisITiB)andOfALe2C20/TAiTnan,t2YyRe.aSLehSbt.ruPtienss｡fATl等]/cphf.i.Tu5rTi
wereappliedtosilicagelthinlayerplates,anddevelopedbythesolventsystem
ofhexane/ethylacetate(2/1).Closedboxandopenboxin(A),andsquareand
circlein (B)indicateN-demethylatedchlortoluron and ring-methylhydroxylated
chlortoluron,respectively.
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DISCUSSION

Itwas known thatherbicide chlortoluron was metabolized through N-

demethylationin tobaccoplantsl117],However,chlortoluronwasalsometabolized

through ring-methylhydroxylation andN-demethylation in themicrosomes of

tobaccoS401censtreatedwith2,4lD.¶lePresentStudyrevealedthattwoP450

Speciesrelated to chlortoluron metabousm were identified as CYP81B2 and

CYP71All･CYP81B2expressedin theyeastmetabolized chlortoluron through

-g-me山ylby血oxylation･On血eo也erhand,CYP71Allexpressedh theyeast

metabolizedchlortoluronthrough ring-methylhydroxylation andN-demethylation.

Theactivitiesin chlortoluronmetabousm ofCYP81B2andCYP71Allwerelower

thanthoseofratCYPIAl(ゐtanotshown)･Recently,itwasreported 血at

Jerusalem artichokeCYP76Bl,whichisstrongly induced by variouschemical

treatments,metabolizedchlortoluronthrough ring-methylhydroxylation l118].In

addition,Jerusalem artichokeCYP73Alexpressedintheyeastshowedchlortoluron

ring一methylhydroxylationactivityslightly【119]･Tberefbre,tobac00 P450species

CYP81B2 and CYP71All appeared to be homologous to CYP76Bl and

CYP73Alinthemetabolismofchlortoluron.

Themonocotcropplantswheatandbarleywerehighlyactivein ring-methyl

hydroxylaseactivityofdlortoluron【110]･Itisimportanttoknow whetherP450

specieswithahigherspecificactivity arepresentortheP450enzymessuchas

CYP81B2 and CYP71Allarehighly expressed in the monocot plants as

comparedwiththedicotplants･Characterization ofP450 Speciesinvolved in

chlortoluronmetabolism inmonocotplantsandcomparisonofthecharactedsticsof

P450speciesin dicotplantsappeared to beimportantforunderstanding the

mechanismofhe血icideselectivityandresistance.

Inthenucleotidesequenceof5'reglOnOfCYP81B2gene,wasGis-element

homologoustothatfoundinflavonoidbiosynthesisgeneswerepresentwithin 0.4

kbpfrom theputativetranslationstartsites･ThepnmarystructureofCYP81B2

wassimilartothoseofP450Speciesrelatedtophenylpropanoids,lignlnSand

flavonoids.Therefore,itispossibletosupposethatCYP81B2maybeinvolvedin

thebiosynthesisofphenylpropanoids,lignlnSOrflavonoids･Itwasreportedthat

83



morethan 15plantP450specieswereknowntobeinVolvedinthebiosynthetic

pathwaysl120].CYP71Allgenewasinducedwithin2hbyNA,MeJA,SAand

AA.Therefore,CYP71Allwould be related to the P450 species in the

biosynthesisofasignal moleculewhichinducedefenserelatedgenesorinthe

biosynthesisofan antimicrobialcompoundinearlystep.

P450speciesin higherplantsaresupposed to haveevolved to generate

biosyntheticpathwaystoproduceavarietyofsecondarymetabolitesthroughco-

evolutionbetweenplantsandanimals,orplantsandpathogensl7].PlantP450

Specieshavebeenthoughttohaveanarrowsubstratespecificityascomparedwith

mamm alianP450Speciesrelatedtoxenobioticmetabolism.However,CYP81B2

andCYP71Allmetabolizedboth7-ethoxycoumarinandchlortoluron.Suchwide

specificityoftheP450speciesmaycontributetoselfdefenseagainstxenobiotics

includingherbicidesandtoadaptationtoenvironmentalpollution.

CYP81B2 H 0

HOH2C夢 二蒜 H3C昏 ん-3-Nく::33ゆ -NくCH"3
cI CYP71Al1 CI CYP71Al1

rlng-methylhydroxylated chlortoluron N-demethylated
chlortolurom chlortoluron

Fig.5･12.ProposedmetabolismofchlortoluronbyCYPSlB2and
CYP71AllintobaccoS401cells.Chlortoluronwasmetabolizedthroughring-
methylbydroxylationbyCYP81B2andthroughring一methylbydroxylationandルー
demethylationbyCYP71All,respectively.
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CHAPTERVI

CONCLUDINGREMARKS
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CytochromeP450monooxygenasesparticipateinoxidativereactionsrelatedto

secondarymetabolism aswellasxenobioticmetabolism in higherplants.This

enzymesystem islocalizedinthemicrosomesofplantcells,andconsistsofmany

cytochromeP450(P450)Speciesandafew speciesofNADPHICytOChromeP450

0xidoreductase(P450reductase).BiochemicalstudiesonplantP450speciesare

difficultbecauseoflowcontent,instabiutyaswellasinterferencewithpigments

andphenoliccompounds.Therefore,IattemptedtoisolatecDNAs encodingP450

reductaseaswellasnovelP450speciesrelated to secondary metabolism and

xenobioticmetabolism,to detem血e也enucleotidesequencesand to express

heterologouslyforcharacterizationofenzymefunctionsasdescribedinchapterI.

InchapterII,P450reductasewaspurifiedfromtobaccoculturedcellsBY2and

characterizedtheenzymefunction.An apparentmolecularmassoftheprotein of

purifiedtoba∝oP450reductasewasabout79kDa･nepurifiedenzymeshowed

atypical navoproteinredoxspectrum.An invitroreconstitutionsystem ofthe

purifiedtobaccoP450reductasewithapartiallypmifiedtobaccoP450preparations

showedtheactivityofcinnamicadd4-hydroxylase.Polyclonalantibodiesraised

agalnStthepurifiedtobaccoP450reductasereactedwithtobac00 P450reductase

butnotwithyeastP450 reductase.Theanti-tobaccoP450 reductaseantibody

totallyinhibitedtheactivityoftobaccoP450reductasebutnotthatofyeastP450

reductase.Based on these results,tobacco P450 reductase was identified

biochemiGlllyandimmunochemically.

InchapterIII,CDNA en00dingtoba∝oP450reductasewasisolatedand也e

prunary structurewasdeduced from thenucleotidesequence･ne conserved

sequencescorrespondingtoFMN,FADandNADPHbindingdomainswerefound

intobaccoP450reductase.TobaccoP450reductaseCDNA wasexpressedin the

yeastSaccharomycescerev由iae.TheproteinbandoftobaccoP450reductasewas

found and cytochromecreductaseactivity wasenhanced in the microsomal

fractionoftherecombinantyeastcells.¶leinvitroreconstitutionsystem with the

microsomalfractionexpressmgratP4501AIshowedanenhancedactivityof7-

ethoxycoumarin0-deethylase･Basedontheseresults,theprlmaryStructureand

enzymaticfunctionoftobaccoP450reductasewereclariBed.
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InchapterIV,CDNAfor5-epl-ariStolochene3-hydroxylasewhichwasinvolved

in thebiosynthesisofcapsidiolwasisolatedfrom green pepper･The deduced

aminoacidsequenceshowedhighsimilaritywiththoseofplantcatalasesreported.

Itispossibletopostulatethat5-epZ-ariStolocheneisoxidizedtoproducecapsidiol

in thepresenceof02Producedbycatalase･Basedontheseresults,theprlmary

structureoftheenzymewhichwassupposedtoparticipatein thebiosynthesisof

mpsidiolwasdetemined･

In chapterV,2,4-D inducibleP450 speciesin tobacco S40l cellswere

characterized.FourP450cDNAs Wereisolatedfrom theCDNA libraryof2,4-D

treated tobacco S401 cells,which were named as CYP71All,CYP81B2,

CYP81C1andCYP81C2,respectively.necDNAs ofCYP71AllandCYP81B2,

whichwerestronglyinducedby2,4-D wereeach expressed in the yeastfor

characterization ofthe enzymefunctions.Itwas found that CYP81B2 and

CYP71Allexpressedin theyeastmetabolizedtheherbicidechlortoluronthrough

nng一methylbydroxylation and through both ring一methylhydroxylation and ルー

demethylation,respectively･Basedontheseresults,novelP450speciesinvolvedin

xenobioticmetabolism inhigherplantswereidentified.

Inthepresentstudy,thestructuresandfunctionsofnovelcytochromeP450

speciesandP450reductaseintobaccoplantswereclarifiedbygeneticenglneenng

approach.Theseresultsmaycontributetounderstandmolecularmechamismson

plantdefense mechmism aswellasherbicide selectivity and resistance.In

addition,theCDNAclonesfornovelP450SpeciesandP450reductaseareuseful

forgenetic englneerlng Ofcrop plants on herbicide resistance as well as

phytoremediation.
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SUMMARY
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CytochromeP450monooxygenasesconsisting ofanumberofcytochrome

P450 species and generic NADPH-cytocbrome P450 0xidoreductase (P450

reductase)(EC 1.6.2.4)play importantrole in oxidative reactions for the

biosynthesisofsecondarymetabolism aswellasmetabolism ofxenobioticsin

higherplants.Tobacco (Nicotiana tabacum) BY2 cells were used for the

purificationofP450reductasewhichlocalizedinthemicrosomal fraction.The

microsomesweresolubilized and subjected to chromatography on two anion-

exchangecolumnsand 2',5'-ADP-Sepharose4B column･nepurified enzyme

showedasingleproteinbandwithamolecularweightof79kDaonSDSIPAGE

andexhibitedatypicalflavoproteinredoxspectrum,indicatingthepresenceofan

equlmOlarquantityofFAD andFMN.neenzymefollowed Michaelis-Menten

KineticswithKm valuesof24fLM forNADPH and16FLM forcytochromec.

An invitroreconstitutedsystemofthepuri丘edreductasewithapartiallypurified

toba∝ocytochromeP450 preparation showed thecinnamicacid4-hydroxylase

actlVltyattherateof14pmolmin-1nmorlp450protein andwith apurified

rabbitP4502C14catalyzedN-demethylationofaminopyrlneattherateof6pmol

mi nJl nmol-1p450 protein･Polyclonal antibodies raised againstthe purified

reductasereactedwithtoba∝oreductasebutnotwithyeastreductaseonWestem

blotanalysis.Anti-yeastreductaseantibodiesdid notreactwith the tobac00

reductase.Thisresultindicatethatthetobaccoreductasewasimmunochemically

differentfrom theyeastreductase･Theanti-tobacco reductaseantibodiestotally

inhibitedthetobaccoreductaseactivity,butnottheyeastreductase.Also,Westem

blotanalysisuslngtheanti-tobac00 reductaseantibodiesrevealedthatleaves,roots

and shootsofNicotiana tabacum plantscontained an equalamountof the

reductaseprotein･From theseresults,itwassuggestedthattherearedifferent

antibodybindingsites,which certainlyparticipatein enzymeactivity,between

tobac00 andyeastreductase.

TobaccoP450reductaseCDNAwasisolatedfrom aCDNA libraryoftoba∝o

plantsbytheuseofaDNAfragmentcorrespondingtotheFMN bindingregion

oftobaccoP450reductaseasaprobeDNA.Afulllengthinformationontobacco

P450reductaseCDNA wasclari丘edby thecombination oftheCDNA clone

pCTRlandthegenomicDNA clonepGTRl･Thenucleotidesequencecombined
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PCTRIwithPGTRIcontainedan openreadingframeof2142bpencoding a

proteinof713aminOacidresidueswiththemolecularweightof78531.7daltons.

Thededucedaminoacidsequencecontainedthesequencedeterminedwith the

pmifiedP450reductasefrom tobacco BY2 cells.Also,theprunary structure

containedthesequencecorrespondingtoFMN,FADandNADPHbindingregions.

Basedontheinformation,Ialsoobtainedthetobacco P450 reductaseCDNA

PFTR by RT-PCR.TheCDNA wasexpressed in the yeastSaccharomyces

cerevLsiaeunderthecontrolofyeastalcoholdehydrogenaseI(ADH)promoterand

terminator･ThetransformedyeastcellscarrylngPFTR producedthecorresponding

mRNAandprotein,andshowedan enhancedcytochromecreductaseactivityin

themicrosomes.An in vitro reconstitution system ofthe yeastmicrosomal

fractionsexpressedtobao00 P450reductaseandratP4501AIshowedanenhanced

71eth0ⅩyCOumarin0-deethylaseactivity.neseresultssuggestedthattoba∝oP450

reductaseexpressedin theyeastmicrosomescoupledwithratP4501Al in the

yeastmicrosomes,enhanclngthemonooxygenaseactivity.

A catalaseCDNA wasisolated from green pepperseedlingselicited with

arachidonicacidbasedontheaminOacidsequencesofthepurifiedprotein.The

nucleotidesequenceoftheisolatedCDNA containedaslngleopenreadingframe

predictedtoencode492amhoacidresidueswithacalculatedmolecularweightof

56439.0daltons.Thededucedamino acid sequencecontained theamino acid

sequencesdeterminedbysequencingOfthepeptides.Thetotaldeducedaminoacid

sequenceshowedhighsimiladtywiththoseof也eo仙erplantcatalasesreportedso

far,andwasfound topossesstheperoxisomaltargeting sequenceconserved

amongplantcatalases･Transcriptionofthecatalasegeneingreenpepperseedlings

wasfoundtobeinducedbythetreatmentofarachidomicacid.

NovelP450speciesrelated to berbicidemetabolism in higherplantswere

clariBedbygeneticenglneerlng.P450cDNAs wereisolatedfrom tobac00 cultured

S401cells.TheherbicidechlortoluronwasmetabolizedthroughN-demethylation

and血g-methylhydroxylationbyP450monooxygenasesin 2,41D treatedtobacco

S401cells.Four2,4-DbducibleP450cDNAswereisolatedby也euseofRT-

PCRandscreenlngOfCDNA librarypreparedfrom 2,4-D treatedtobaccoS401

cells.IsolatedP450speciesweresequenced.Basedonthededucedaminoacid
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sequences,fourcloneswerenamedasCYP71All,CYP81B2,CYP81Cland

CYP81C2,respectively.ThecodingreglOnSOfCYP81B2andCYP71Allwere

eachexpressedintheyeastSaccharomycescerevLsiae.CYP81B2expressedinthe

yeastshowedchlortoluronnng-methylhydroxylaseactivity.CYP71Allmetabolized

chlortoluronthrough ring-methylhydroxylationandN-demethylation.neseresults

suggestedthatCYP81B2andCYP71Allparticipatein chlortoluronmetabolism in

toba∝oS401cells.Basedontheseresults,cytochromeP450 monooxygenases

consistingofP450speciesandP450reductaseintobaccoplantswereclarified.

Theseinformationareusefulforunderstanding molecularmechanlsmsofplant

defensemechanism aswellasherbicideselectivityandresistance.
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