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CHAPTERI

Introduction

Gerieratioriofactiveoxygenspecies

Mostoflivingorganismsrequiredioxygenfortheefficientproductionofenergy.

FreedioxygenappearedintheEarth警satmosphereinsignificantamountsabout2×109

yearsago,probablyduetotheevolutionofdioxygen-evolvingphotosyntheticorganisms.

Asthedioxygenleveloftheatmosphererose,italsoexpectedlivingmattertooxygen

toxicity.Activeoxygenspecies,suchassingletoxygen(102),superoxide(02-),

hydrogenpexoxide(H242),andhydroxylradicals(OH・),inactivatedenzymesand

damagelmportantcellularcomponents(HalllwelIandGutterridge1985).Althoughthe

formationofactiveoxygenspeciesisgenerallyconsideredtobedetrimentaltocellular

function,thesemolecularsareformedinnormalcellmetabolismandtheirproductionisa

regulatedcellularphenomenon{Fig.1.1).Plantcellsareespeciallypronetooxygen-

toxicityeffects,becausedioxygenconcentrationintotheirchloroplastsinthelightwill

alwaysbegreaterthanthatinthesurroundingatm()sphere,duetodioxygenproductionin

photosystemII.Moreover,theelectron-transportchainofchloroplasts,likethatof

mitochondriaandendoplasmicreticulum,canbeachievedbythereductionofdiolygenat

theacceptorsideofphotosystemIintheMehlerreaction(Mehler1.951).Thisformsthe

potentiallydeleteriousO2-radicals.Therefore,photosyntheticorganismshaveevolved

protectivemechanismsagainstoxidativestresscausedbyactiveoxygenspecies.

Protectio'2α8伽stactiveox _ygerispecies

Tocounteractthetoxicityofactiveoxygenspecies,ahighlyefficientantioxidative

defensesystem,composedofbothnon-enzymicandenzymicconstituents,ispresentin

allphotosyntheticorganisms.Thenon-enzymicantioxidantsaregenerallysmall

molecules.Ascorbate(AsA}playsapivotalroleinthedestructionofactiveoxygen

species,particularlyH202.Inaddition,thetripeptideglutathione(GSH}andlipophilic

antioxidanta-tocopheroltogetherwiththecarotenoidpigmentsfulfillessential

antioxidantfunctions.Theenzymicantioxidativecomponentsareaprerequisiteforlifein

dioxygen;theyincludesuperoxidedismutase(S4D),catalase,ascorbateperoxidase

(AsAP),electrondonor-nonspecificperoxidaseslikeguaiacolperoxidase(GP),andthe

enzymesinvolvedinthesynthesisandregenerationofthereducedformsofantioxidants.

Theprotectiveactionofcatalaseislimitedbecauseof1)itsdiscretelocalizationinthe

perohisomes,2}itsrelativelypooraffinityforitssubstrateand3}itssensitivitytolight

inducedinactivation.Glutathioneperoxidase(GSHP),animportantenzymeinthe

H2C駐 一detoxificationsystemofanimalsl㏄atedinthecytosolandmitochondria,islargely
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absentfromplanttissues.However,GSHPhasbeenfoundforthefirsttimeinthegreen

algaC〃atnydo〃30η α∫ 泥 翻 勉α74痂(Yokotaet訓.1988,Sh重geokaetal.1991b).

3Q2

by

ミ

02

_02-2H+H2Q2
e潮

(Cu+)

OH・+OH'-H20
H+

Fig.1.1Theformationo#'activeoxygenspeciesinthereductionofOatoH20z.

Furthermore,theisolationofcDNAswithhighhomologytoGSHsinNicotiana

sylvestris(Criquietal.1992)andCitrus(Hollandetal.1993)suggeststhatafunctional

GSHcyclealsomayexistinplants.Thenativeactivitiesandsubcellularlocalizationof

theseGSHPsinplantshavenotstilltobeestablished.Oxidativedamagetothe

chloroplastsandothercellularcompartmentsbyH202isminimizedbytheAsA-GSH

cycleindudingAsAP(Fig.1.2).Inthiscycle,AsAPreducesH202toformwaterand

monodehydroascorbate(MDAsA).MDAsAspontaneouslydisproportionatestoAsAand

dehydroascorbate(DAsA;105M"1s'1atpH7.0).MDAsAisalsodirectlyreducedto

AsAbytheactionofNAD(P)H-dependentMDAsAreductase(EC1.6.5.4}.DAsA

reductase(EC1.8.5.1)utilizesGSHtoreducetheDAsAandtherebyregeneratetheAsA.

TheGSHisthenregeneratedbyGSHreductase,utilizingreducingequivalentsfrom

NAD{P)H.

Ascorbateperoxidase

TheenzymeASAP(E.01.11.1.11}hasbeenfoundinhigherplantssuchas

spinach(NakanoandAsada1987,Tanakaetal.1991),pea(Gerblingetal.1984,Mittler

andZilinskas1991a},maize{Koshiba1993},teaChenandAsada1989}andlegumes

rootnodule(Daltonetal.1987)andalsodetectedineukaryoticalgaeincludingEuglena

(ShigeokaetaLl980a)andC〃 α〃り7do'rlorlcrs(Yokotaetal.1988,Shigeokaetal.1991b)

andcertaincyanobacteria(Tel-Oretal.1986,Miyakeetal.1991}.Inadditionto

photosyntheticorganisms,ASAPhasbeenfoundintheprotozoanTrypanosomecruzi

{Boverisetal.1980},butnotinfungiandmammals.
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Fig.1.2Ascorbate-glutathionecycle.Abbreviationsusedfollowing:ASAP,ascorbate

peroYidase;MDAsAR,monodeliydroascorbatereductase;DAsAR,dehydroascorbatereductase;

GSHR,glutat1ゴ011ereductase;GSHP,glutathiolleperoxidase;SOD,supcroxidedismutase;CAT,

catalase

AsAPcatalyzestheoxidationofAsAbyH202,generatingtwomoleculesofthe

MDAsAandhasmajorroleinpreventingtheaccumulationoftopiclevels(μM)ofH202

inplantcells.

?AsA+H2422MDAsA+ZH20

AsAPhasbeenknownastwotypeoCisozymes,thatis,chloroplasticandcytosolic

forms(Asada1992).Inchloroplastsofhigherplants,whichlackcatalase,AsAPoccurs

inthestromainasolubleformandalsointhethylakoidsinamembrane-boundform

(Miyakeetal.1.993).ASAPisahemeproteinjustastheGP,butitisclearlydistinctfrom

theGPintermsofenzymlogicalandmolecularproperties(Foyeretal.1991,Asada

199?}.

11π12'5「5∫ 〃4y

Unfavorableenvironmentalconditionssuchashighlightintensities,drought

stress,airpollutants,lowtemperatures,etc.,canresultinanincreaseofoxidativestress

tophotosyntheticorganisms.AlthoughmuchofinformationconcerningAsA-GSHcycle

hasfocusedonitsroleinthepreventionofoxidativedamageinthephotosynthetic

organisms(Herouartetal.1993,Foyeretal.1994aand1994b,Allen1995),andseveral

studieshavedemonstratedanincreaseinASAPactivityinresponsetoenvironmental

stresses(Tanakaetal.1985,SchonerandKrause1990,Cakmak1994),littleisknown

aboutthemolecularmechanismandregulationofASAPisozymesunderlyingitsresponse

tothesestresses.
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Usingahigherplantasaninvestigatingsystemwasfoundtobedifficultduetothe

structuralcomplexityofhigherplants,themanyfactorsaffectinggrowthanfthelengthof

thelifecycle.ivioreover,inhigherplants,thesituationisofenconsiderablycomplicated

bythepresenceofalargenumberofisoenzymeformsencodedbydifferentgenes.At

thepointofthesevie、vs,inEugleria8zαd"5,whichlackscatalase,theantioxidant

enzymesinvolvedintheAsA-GSHcycleoccuronlyinthecytosolbutnotinthe

chloroplasts(Shigeokaetal.1980b,1987c).ThesefindingsindicatethatEuglenacells

maybeausefulspeciesforelucidatingindetailthephysiologicalroleofcytosolicASAP

inphotosyntheticorganisms.WhileanumberofcDNAsforcytosolicAsAPhavebeen

isolatedandcharacterizedfromplants(MittlerandZilinskas1991,Kuboetal.1992,

WebbandAllen1995),nocDNAsthatencodechloroplasticASAPhaveyetbeen

identified.Forthisreason,littleisknownaboutthemolecularmechanismunderlyingits

responsetoenvironmentalstresses,

Inthepresentthesis,Istudiedthefollowingstoprovideimportantinformationson

molecularcharacterizationandregulationmechanismofAsAPinElcglercagracilisand

higherplanEs;

1)MolecularpropertiesofErcglejraAsAP

2)Productionofmonoclonalantibodies(mAbs)against」E〃gle〃 αAsAP

3)EffectofironandlightontheinductionofAsAP

4)cDNAcloningencodingAsAPisozymesfromspinachusingE1'gle〃oAsAP

mAbsasaprobe

4



CHAPTERII

MolecularCharacterizationofE'`g'θ π6AscorbatePeroxidase

MonoclonalAntibody

Using

Ascorbateperoxidase(ASAP)hasbeenknownastwotypesofisozymes,thatis,

chloroplasticandcytosolicforms(Asada1994).Inchloroplasts,whichlackcatalase,

AsAPoccursinthestromainasolubleformandalsointhethylakoidsinamembrane-

boundformandistheeffectivesystemforremovalofHzO2generatedbyphotosynthetic

processes(Asada1994}.1ncontrast,thedetailedphysiologicalrolesofcytosolicASAP

remainunclear.Shigeokaetal.(1980b,1987c)havereportedthatinE謬481813α,which

lackscatalase,theantioxidantenzymesinvolvedintheAsA-GSHcycleoccuronlyinthe

cytosolbutnotinthechloroplasts.Ithasbeenreportedthatpartofthedecompositionof

H202canbeaccountedforbytheperolidase-catalyzedreactionlinkedtothe

photosyntheticelectrontransportofE"818η αchloroplasts(Miyakeetal.1991).These

findingsindicatethatErrglencrcellsmaybeausefulspeciesforelucidatingindetailthe

physiologicalroleofcytosolicASAPinphotosyntheticorganisms.Previously,Shigeoka

etal.(1980a)havebeenreportedthepartialpuril+icationandsoireeenlynlologicai

propertiesofAsAPfromE〃818〃 α87αc〃'&Inthischapter,Ireportthepurificationof

AsAPfromE.87αc∫1f∫,theproductionandcharacterizationofmonocionalantibodies

raisedagainsttheEugleraaASAPanditspartialprimaryaminoacidsequence.

MaterialsandMethods

MaterialsThematerialsusedwereobtainedfromthesourcesindicated:

BALB/cmice(CLEA,Osaka,Japan},peroxidase-conjugatedgoatanti-mouseIgs

(OrganonTeknikaCorp.,WestChester,PA},andascorbicacid(WakoChemical,Osaka,

Japan).Allotherchemicalswereofanalyticalgradeandobtainedfromcommercial

sources.Plantmaterialswerepurchasedfromalocalmarket.

CellcultureEuglerurgracilis,strainZ,maintainedat26°Cunderillumination

(35μEm璽2s-1),wasculturedinKoren-Hutnermediumat26°Cfor6d,bywhichtime

thestationaryphasewasreached(ShigeokaandNakano1993).

Erryrnea∬ αyAsAPactivitywasassayedat32°Cin2mlofreactionmixture

containing50mMpotassiumphosphatebuffer(pH63),0.4mMAsA,0」mMH202

andtheenzyme{Shigeokaetal.1980a}.Thereactionvasinitiatedbytheadditionofthe

enzyme.TheoxidationofAsAwasfollowedbyadecreaseintheabsorbanceat285nm

(5.8mM-1cm-1).TheelectrondonorspecificityofEuglenaAsAPwasexamined

accordingtoShigeokaetal.(1980a).Theactivitieswithorganicperoxideswereassayed
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inthesamereactionmixtureasthatofH202,butH202wasreplacedbyO.1mMt-butyl

hydroperoxideorO.1mMcumenehydroperoxide.Hydroxyureaatafinalconcentration

of8DmMwasusedasasuicideinhibitorinthesamemixture(ChenandAsada1990).

EnzymepurificationAllpurificationprocedureswereperformedat4°C.

Euglenacells(40gwet/wt)wereharvestedbycentrifugation,resuspendedin100mlof

50mMpotassiumphosphatebuffer{pH6.3)containing20%sucrose(w/v},ImM

EDTAandlmMAsA(bufferA},andsonicated(10kHz)foratotalof15minwith2

intervalsofsmineach.Thislysatewascentrifugedat15000xgfor20mintoremove

celldebris.Thesupernatantwassubjectedtoultracentrifugationat100000xgfor30

min.TheobtainedsupernatantwasloadedontoaDEAF-cellulosecolumn(2.5x45cm)

equilibratedwithbufferA.Thecolumnwaselutedwith300mlofalineargradientofO-

300mMKCI.Activefractionswerecollectedandsubjectedto(NH4}zSQa.precipitationat

30%saturation.Theprecipitatewasremovedbycentrifugationandthesupernatantwas

loadedontoabutyl-Toyopearlcolumn(2x16cm)equilibratedwith20%saturated

(NH4}250inbufferA.Theenzymeactivitywaselutedwithadescendinggradientof

(NH=S}250from20toO%saturationin300mlofbufferA.Theactivefractionwas

pooledanddialyzedagainst?OmMpotassiumphosphatebuffer(pH6.3)containingl

mMEDTAandlmMAsAfor4hwithtwochangesofbufferA.Thedialyzedfraction

wasloadedontoacolumn(2x16cm}ofDEAE-Sephacelequilibratedwith20mMMES

buffer(pH6.3}containing10°losucrose,1mMEDTAandlmMAsA(bufferB).The

ASAPactivitywaselutedfromthecolumnwitha300mllineargradientofOtoO.3M

KClinbufferB.Activefractionswerecombinedandloadedontoacolumn(1x10cm}

ofhydroxylapatiteequilibratedwithbufferB.TheASAPactivitywaselutedfromthe

columnwithalineargradientofOto20mMphosphateinbufferB.Theactivefraction

waspooledandconcentratedbyultrafiltrationusingaCentricon-10concentrates

(Amicon}.Thepreparationswereappliedtoagelfiltrationcolumn(2.6x100cm}of

SephacrylS-300,equilibratedwith20mMpotassiumphosphatebuffer(pH6.3)

containing10°10sucrose,1mMEDTA,1mMAsAandO.1MNaCI,andelutedwiththe

samebuffer.Thepurifiedenzymewasstoredat-20°Cpriortouse.

lP70'8加 α∬ αyProteinconcentrationwasdeterminedbythemethodofLowry

etal.(1951)usingbovineserumalbuminasastandard.

DigestionofASAPandpeptideseparationPeptidesofthepurifiedASAPwere

generatedbydigestingSOOpmolofproteinwithAchromobacterlysylendopeptidase

(WakoChemicals,Osaka,Japan}atanenzyme:substrateratioof1:100for20hat37°Cin

O.1MTris-HClbuffer{pH8.9).Theresultingpeptidemixtureswereseparatedbya

reverse-phaseHPLCwithacolumnofμBondasphere5μC18300A(3.9×150mm,

Millipore).GradientelutionwasdoneatO.5rnl/minwithO.1°lotrifluoroaceticacid(TFA)

inwaterandQ.1%TFAin60%acetonitrile.
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p70∫ ε∫〃 ∫8g〃 ε,κ〃38Primarysequenceanalysiswasperformedbyautomated

Edomandegradationwithamodel477AsequencerfromAppliedBiosystemsusingthe

manufacturer'sstandardprogrammingandchemicals(ShigeokaandNakano1991a}.

Preparatio'to!〃zonoclotaalantibodiesMaleBALB!cmice(6weeksold)were

immunizedthreetimeswiththepurifiedAsAP(approximately200μg).Spleencells

fromtheimmunizedmicewerefusedwithP3/Ulmurinemyelomacells.Thefusedcells

wereincubatedwithHATmedium(GITmediumsupplementedwithO.1mM

hypoxantine,0.4μMamethopterin,and16ACMthymidine).Culturesupernatantsofthe

hybridomawerescreenedusinganELISAandimmunoblotting.Positivehybridomacells

werefurtherselectedonthebasisofspecificityandwereclonedbylimitingdilution.

Afterrepeatedscreening,eightcloneswereobtained.Stablehybridomacloneswere

propagatedasascitestumorsinBALB/cmice.Theisotypeofthemonoclonalantibodies

wasdeterminedonanELISAusingaMouseTyperKit{Bio-Rad).

ELISAInthestandardassay,100μ10fTris-bufferedsaline(TBS)containing

1μgofantigenproteinwasplacedineachwellofa96-wellmicrotiterplateandincubated

18hat4°C.Afterremovingtheantigenfluid,thewellswereblockedwithTBS

containing2°loBSAfor2hatroomtemperature.Afterwashingthewellsthreetimes

withTBS(pH7.8)containingO.05%Tween-20,themonoclonalantibodywasreacted

for?hatroomtemperature,followedbyperoxidase-conjugategoatanti-mouseIgs

antibodyfor2hatroomtemprature.Finally,theremainingperoxidaseactivitywas

determinedusing5-amino-salicylicacidassubstrate.Theresultsweremonitored

spectrophotometricallyasopticaldensityonanELISAplatereader(Bio-Rad,model

2550)withafilterat410nm.

Imrrr.urloblottirrgProteinswereseparatedusingSDS-PAGE(10%gels)with

2-mercaptoethanolaccordingtoLeammli(1970)andblottedontoanImmobilon-P

transfermembrane(PVDF,poresizeO.45gym,No.IPVH304FO,Millipore,Bedford,

MA)usingasemidryelectroblottingsystemaccordingtothemanufacturer'sinstructions

(Bin-Rad}.ImmunoblottingwasperformedaccordingtothemethodofTowbinetal.

(1979).AntibodyagainstmouseIgs,conjugatedwithperoxidase,wasusedasthe

secondantibody.

ResultsandDiscussion

PicrificatiofiofascorbateperoxidasefromEuglenaThepurificationprocedures

ofAsAPfromE置481ε παcellsareshowninTable2.1.Duringpurification,theenzyme

activitywaselutedfromallcolumnsasasharpsinglepeak.Thisresultagreedwiththe

previousstudyandsupportedthebeliefthatEuglenacellscontainedonlyonetypeof

ASAP{Shigeokaetal.1980a}.Theenzymewaspurifiedapproximately800-foldover
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thecrudeextractwithayieldof4%.Thepurificationwasrepeatedseveraltimeswith

similarresults.ThespecificactivitywithAsAandH202was475.6μmolmindmg

protein-1,whichwascomparabletothoseofcytosolicenzymesfromtealeaves(Chenand

Asada1989},potato(Eliaetal.1992},pea(MittlerandZilinskas,1991a),andlegumin

rootnoodles(Daltonetal.1987}.ThemolecularmassofAsAPwasapproximately58

kDabySDS-PAGEandgelfiltrationonacalibratedSephacrylS-300column(Fig.2.1),

indicatingthattheEuglenaAsAPexistsasamonomericforminitsnativestate.

Table2.1.PurificationofASAPfromEuglerxagracilisZ

Step Totalprotein

(mb)

Totalactivity

(μmollnilr1)

Specificactivity

(μ1nolmill-1

1ngproteilr1)

Yield

(%)

Crudeextract

Ultra-

centrifugation

DEAF-Cellulose

30%(1¶ ≡【4)2SO4

Butyl-Toyopearl

DEAF-Sephacel

Hydroxyiapatite

Sepliacryl5-300

5155.0

2832.0

・1

552.0

92.4

34.8

2.3

0.2

28.8

2421,9

24119

2012.8

1250.2

603,i

335.3

111.3

0.6

9

0

7

5

3
7

6

0

3

3

3

7
7

5

1

1
4

7

1

4

ioo

SS

84

71

44

21

12

4

CytosolicAsAPspurif-iedfromtea(ChenandAsada1989),pea(MittierandZilinskas,

1991a},andlegumerootnodules(Daltonetal.1987)indicatenativemolecularmassof

57kDa,57.5kDa,and47kDa,respectively.Theenzymesfrompeaandlegumeroot

nodulesalsohaveasubunitmolecularmassof30kDabySDS-PAGE,indicatingthat

generalcytosolicAsAPsaredimers.Incontrast,thechloroplasticisozymesoftea

stromal(ChenandAsada1989)andspinachthylakoid-boundASAP(Miyakeetal.1993}

haveamolecularmassof34kDaand40kDa,respectively,bySDS-PAGEandgel

filtration.Inthisrespect,EtrglertaAsAPseemstobemoresimilartoachloroplastictype

thantoacytosolictype,thoughthemolecularmassofEuglenaenzymeistwicethatofthe

cytosolictype.

Table2.2showsacomparisonofsomepropertiesofAsAPspurifiedfromEuglena

andhigherplants.ASAPisozymesofhigherplantshavedistinguishedspecificityforthe

electrondonorforAsA.ThechloroplasticisozymeisspecifictoAsA.Incontrast,the

cytosolicisozymeofhigherplantscanoxidizepyrogallolatanappreciablerate{Asada

1994).EugleriaASAPwasabletocatalyzetheoxidationofpyrogallolata2-foldhigher

ratethanthatofAsA.OneofthecharacteristicpropertiesofhigherplantASAPis

inactivationintheabsenceofAsA{ChenandAsada1989).Thisisespeciallythecasefor

chloroplasticAsAP,whosehalf-inactivationtimeisonly15s{Asada1994).
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Fig2.1.SDS-PAGE{malysisoftllepllrifiedAsAPfrombugle〃 α.Polyacrylamidegcl

concentrationwas125%.Protchlstalldards(1allel){md5μgofpurifiedenzyme(1alle2)wcre

su切ectcdtoSDS-PAGE.Gelswerest{dlledw川lCoomassieBrilliantBlueI之 一250.Thearrow

indicatestheASAP.

Table2.2.ComparisonofsomeenzymaticpropertiesofEuglenaAsAPvidthylakoid-bound(t),stromal

(s),andcytosolic(c)AsAPsvidguaiacolperoxidase(GI')fromlliblierplants.F,nzymaticassaywas

performedasdescribulin"Ma重eri三UsandMc巳110ds".

Ez4816〃 α

tAsAP

SI)111ilClla

sAsAP

Spinaclib

cAsAP

Peas

GP

Spiiiacha

Molecularmass(kDa)

Donorspecificity(%)

AsA

Iso-AsA

GSH

Cytc

NAD(P)H

Pyrogaroll

Guaiacol

Peroxidespecificity(%)

H202

:・ ・

CumOOH

Iiilubitionby

Suicideinhibitors

Ascorbatedepletion

58

(monomer)

100

64.5

0

0

0

11

0

100

68.1

52.1

十

slow

40

(monomer)

100

5

0

0

ハU

く
ゾ

100

n.d.

n.d.

十

ra!オd

30

(monomer)

100

93

0

0

0

0.7

3.3

100

0

n.d.

十

mpid

28

(dimer)

100

74

⑳

1

100

n.d.

n.d.

十

slow

34

(monomer)

100

109

0

0

234

'・・.1

・1:

100

n.d.

n.d.

none

n.d.:notdetermined
aMiyaleetal .1993,bNakanoandAsada1987,(MttlerandZillinskas1991,dseeChapterVII
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Fib.2.2.TheinactivationofpurifiedASAPfromErsglennbydepletionofAsA.PurifiedAsAP

storediiiamedituncontaiivng20mMpotassiumphosphate(pH6.3),100ycMAsAand10°lo

sucrosewasdilutedwith20mNIpotassiumphosphate(pH6.3}atthefinalAsAconcentrationof

belowlOμM(-AsA).Afterthedihltiol1,0。51nMAsAwasaddedattlleindicatedtilnesalldAsAP

activitywasassayedaccordillgto"Materials飢ldMetllods".Wllereilldicated(+AsA),thedilution

wasdonewitlltllebuffcrcontainhlgO.5111MAsA,

CytosolicASAPismorestablethanthechloroplastictype.Thehalf-inactivationtimeof

thepurinedE〃818〃oAsAPwasapproxlmately5min(Fig2。2).

TheE配818η αAsAPalsoreducedレbutylhydroperoxideandcumenehydroperoxide

asanelectronacceptorinthepresenceofAsA,whichwasinagreementwiththeresult

describedpreviously(Shigeokaetal.1980a).IthasbeenreportedthattheAsAPsof

somecyanobacteriareducevariousorganichydroperoYidesaswellasHzO?(Tel-Oretal.

1986).InChapterIII,伽8181診 αcellsshowanabsoluterequirementforironforgrowth,

ASAPactivityisnotobservediniron-deficientEuglerlacells,andthatlipidperoxides

(thiobarbituricacid-reactivesubstances}iniron-deficientcellsaxeapproximately2.6-fold

greaterthanthoseiniron-sufficientcells.TheseresultssuggestthattheEuglenaASAP,

likeglutathioneperoxidaseinanimalsandC〃 α〃リァ4αη07塀3(ShigeokaetaLl991b),may

servetoprotectthecellmembranebyreducingtheperoxidecompoundsgenerated

endogenouslyfromunsaturatedfattyacids.Asimilarsituationmayalsooccurin

eukaryoticalgaeandcyanobacteria.
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Prifnar _ynjnirtoacidsequenceanalysisofEuglenaascorbateperoxidaseThe

N-terminalsequenceofthe35aminoacidsofEuglenaASAPwasdetermindbydirect

analysisoftheundegradedenzymeasfollows:ELPTWVPDFVKGLLEPPQPPYT-

LAEIDQVPWGQLA.AcomparisonoftheN-terminalsequenceto21residuesofthe

Eugle」iaASAPwithcytosolicandchloroplasticAsAPsfromseveralplantsources

indicatesnosignificantsequencesimilarity(Fig.2.3).Thisresultmaybeinpartdueto

thedifferenceinmolecularweightbetweenEuglenaASAPandhigherplantAsAPs,

becausethemolecularmassofEuglenaASAPisapproximately18to28kDahigherthan

thoseofhigherplantAsAPs.ScreeningoftheN-terminalsequenceintheSwiss-Prot

databaserevealedthatitssimilaritytoclassicalplantperoxidases,suchasguaiacol

peroxidase,wasalsoverylow.
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Flg.2.3.TlleN-tenmnalanunoacidsequencesofAsAPsfromEuglenaandhigherplants。The

sequencesofN-tem血alaminoacidsofAsAPsweredetertniiiedwithamodel477Aautomatedgas

phasesequencer(ShigeokaandNakano1993).Aminoacidsequenceswerealignedtoobtain

cna<Yimalsimilarity.Shadedareashowshomologies.E.AsAP,EuglenaASAP(thisstudy);

P.cAsAP,PeacytosolicAsAP(MittieraidZilinskas1991);S.cAsAP,SpillachcytosolicAsAP

(ChapterVII);A.cAsAP,ArabidopsiscytosolicASAP(Buboetal.1992);S.sAsAP,Spinach

stroinalASAP(thisstudy};S.tAsAP,Spinachtylakoid-boundASAP(Miyakeetal.1993);

T.sAsAP,TeastromalAsAP(ChenandAsada1989).

Inordertoobtainanyinternalprimarystructureinformation,theEuglenaASAP

wascleavedatthelysineresiduesbylysylendopeptidase.Thepeptideswereresolvedby

areverse-phaseHPLCusingagradientofOto60°loacetonitrile.Approximately30

peptidesweredetectedat210nmandwell-resolvedpeaks(21peptides)werecollected

andsequenced(Fig.2.4,2.5).Sequencescontainingatotalof195residueswere

determined,whichrepresented37.5%oftheEuglenaAsAP,asdeducedfromthe

molecularmass.ThepartialaminoacidsequencesofEuglenaASAPwerecomparedwith

thoseofAsAPsfromplantsourcesandcytochromecperoYidase(CCP)fromyeast,

whichwerededucedpreviouslyfromtheirrespectivecDNAs,andthoseofchloroplastic

AsAPpurifiedfromtealeaves{Fig.2.6).
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Fig.2.4.SeparationoflysylendopeptidasedigestsofEuglenaAsAPbyreverse-phaseHPLC.

ThedigestedAsAPwasappliedtoaOolu㎜ofμBondasphere5μCl8300A(3.9×150mm,

Millipore)andelutedwithalineargradientofacetonitrile(0-60%,1%/min)inO.1%

trifluoroaceticacid.
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Fig.2.5,Peptidesequen㏄ofEμ81ε'3αAsAP.Peptidesarenumberedaccordingtotheelution

profilesbyreverse-phaseHPLC,andthelettersofthealphabetindicatethepeptidepeakseparated

byrechroinatography,asdescribedinthetext.P-18acorrespondedwiththeN-tern血ussequence

oftheundegradedenzyme.

Ithasbeenreportedthattheprimaryaminoacidsequencesofchloroplasticandcytosolic

AsAPshaveconsiderablehomologywiththatofyeastCCP(MittlerandZilinskas1991b,

Kuboetal.1992,Chenetal.1992).Welinder(1992}hasdescribedthatASAPandCCP

belongtothesameclasslperoxidases,whicharedistinguishedfromclassicalplant

peroxidases(classIII).Sixpeptides(P-6b,P-16,P-18,P-27,P-28a,andP-28b)

derivedfromEuglenaAsAPshowedahighdegreeofhomologytocytosolicAsAPsfrom

Arabidopsis{Kuboetal.1992)andspinach{ChapterVII}.InChapterVII,Ihave

demonstratedthatcDNAencodinganewtypeofASAP(SAP1)isisolatedfromspinach

anditsrecombinantenzymeshowspropertiessimilartothoseofcytosolicAsAPs.P-6b,

P-16,andP-27exhibited63.6010,55.6°lo,and62.5°lohomologywithSAP1.Especially,

peptideP-18bshowed.50.0%,and42.9%homologywithbothteastromalAsAPand

yeastCCP,respectively{Chenetal.1992,Kauptetal.1982).PeptideP-6bandP-27
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exhibitedhighlyhomologoussequenceswithyeastCCP{45.5°lo)andteastromalAsAP

(85.7°10),respectively.TheseresultsindicatethattheEuglenaASAPexistsinhighly

homologousregionswiththeAsAPsofhigherplantsandtheCCPofyeast.

E.ASAP

S.cAsAP

A.cAsAP

SAPl

T.sAsAP

CCP

E.AsAP

S.CAsAP

A.cAsAP

SAPl

T.sAsAP

CCP

E.ASAP

S.cAsAP

A.cAsAP

P-fib

　灘雛 　
113謙 撒QE胚Q購123

P-27

P-28b

::薩鎌

P-18b

l;1懸 醗 ≡137137

、37輔 鐡畿KD、5。

にコ　る

灘 難　
269EF蜘 繊 梱277

P-28a
　　　 　　 　ま

227罵 螺232
227鱒 鱗D解 難232

Fig.2.6.Alig1㎜elltofamilloacidsequell㏄oftllepeptidesfromEμ81θ 〃αAsAPhigherplant

ASAPisozymes,andyeastCCP.E.AsAP,EuglenaASAP(thisstudy);SAP1,spinachASAP

(ChapterViI};S.cAsAP,spinachcytosolicASAP(ChapterVII);A.cAsAP,Arabidopsiscytosolic

ASAP(Kuboetal.1992);T.sAsAF,TeastromalAsAP(ChenandAsada1989};CCP,yeastCCP

(h:auptetal.1982).ShadedareashowsHomologies.

ProductiojtoffnotzoclojialantibodiesagaifistEugienaascorbateperoxidaseA

purifiedEugletiaASAPwasusedfortheimmunizationofmice.Hybridomacultures

werescreenedfortheproductionofantibodiesspecifictopurifiedAsAPbybothELISA

andimmunoblots.Eightmonoclonalhybridomas(EAP1-8)werechosenforexpansion

andpassageintomiceforascitesftuidproduction.Forthedesignationofthese

monoclonalantibodies(mAb)seeTable2-3.SubtypinganalysisshowedthattwomAbs

(EAP1,andEAP2)wereoftheIgGlsubclass,whereastheothermAbs{EAP3-S)were

oftheIgMtype.AllmAbshadxlightchains.TheascitesfluidsfromthesemAbswere

titratedby1/(2't}dilutionsunderoptimalconditions.TheEAPIandEAP2gave10-3and

sx10-6dilutions,respectively,to50%bindingintheELISA(Fig.2.7).ThefiveIgMs

(EAP4-8)respondedmuchmoreweakly.IncubationofthepurifiedEuglenaAsAPwith

twoIgGs(EAPI.andEAP2}hadlittleeffectontheactivityoftheenzyme,indicatingthat

theseantibodieswerenotdirectedtowardtheactivesiteofAsAP.AfterSDS-PAGEof

crudeEugleyta.extracts,followedbyimmunoblotting,alleightmAbsrecognizeda58kDa

bandcorrespondingtothesizeoftheEugleyiaAsAP{Fig.2.8).
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Table2-3.CharacterizationofmonoclonalantibodiesraisedabainstEuglenaASAP

EAP1

Monoclonalantibodies

EAP2EAP3EAP4EAP5EAP6EAP7EAP8

Titration* 10.3Sx10-6 10-47×1α15×10-15xIO-27xlα15×10-2

Subclass IgGl IgGI IgM IgM IgM IgM IgM IgM

Binding

specificity 十十 十十十 十 十 十 十 十 十

Crossreactivity**

S.sAsAP

S.cAsAP

h.cAsAP

A.cAsAP

十十

十十

十十

十

十十

十十

十十

+++,verystrong;++,strong;+,slglllflCallt;,noeffect
*Thedilutionofthesupernatantfractionsgiven50%bindingintheELISA .
**S .sAsAP,spinadlstrolnalAsAP;S.cAsAP,spinachcytosolicAsAP;K.cAsAP,kolnatsuna

cytosolicASAP;A.cAsAP,ArabidopsiscytosolicAsAP

0.2

」0
O
專
く

o.o

,0薗110'210-31041σ510・61σ71σ810-91σ1・10・1旭

Dilution

Fig.2.7.Anenzyme-litil:edimmunosorbentassayofmAbsagainst、 助glenaASAP.To96-well

microtiterplatesprecoatcdwithEzご8Zθ20AsAP,adilutionseriesofasciteswereadded.ELISA

assaywasperfolmedasdescribediバMaterialsandMedlods".1-8,EAP1-EAP8.
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Fig.2。8.ImmlmoblotallalysisofL,ugle≫aAsAPwi吐he三ghtmAbs.PartialpurifedAsAP(0.5

μg!1alle)wassubjectedtUSDS-PAGEonslabgels(10%polyacrylamidc),electro-phoretically

trvisferredontoaPVDPmembrane,alldreactedwithEAPI(1alle1),EAP2(lane2),EAP3(1{me

3),EAP4(1allc4),EAP5(kmc5),EAP6(1vie6),EAP7(1ane7),EAP8(lvie8).Proteinsize

markerswereshownontheleft.ThearrowindicatestheAsAP.

Crossreaclivity(ゾral)10π4EAR)2w'〃iご7∫corわ α18peroxidase'SOZ)〃 η8isolated

fromplantsolcrcesInordertoexaminethecrossreactivityoftheErcglefinmAbs

(EAPlandEAP2),weperformedimmunoblotanalysisofchloroplasticandcytosolic

AsAPisozymesfromseveralhigherplants,whichcontaintwomoretypesofAsAP

isozymes.OnaDEAF-Sephacelcolumn,theactivitiesofAsAPisozymesdesignatedP-I

andP-IlfromspinachleaveswereelutedastwoseparatepeaksatO.1MandO.14Mof

KCI(Fig.?.9).P-Iwasfurtherpurifiedtoelectrophoretichomogeneity.Themolecular

weightoftheP-Iwascalculatedtobe34kDaasjudgedbygelfiltrationandSDS-PAGE,

whichvaluewasinagreementwiththatoftheteastromalform(ChenandAsada1989).

TheN-terminalaminoacidsequenceoftheP-Iwasthefollowing:

YASDPAQLKNAREDIK-ELLQR(Fig.2.3).Thisresultexhibitsahighlysignificant

homology(75%)overthefirst20aminoacidsequenceoftheN-terminusofteastromal

AsAP(ChenandAsada1989).TheP-Iwasparticularlylabileandshowedahighdonor

specificityforAsA.Incontrast,P-IIwasmorestablethanP-Iandutilizedpyrogallolata

higherratethanAsAasanelectrondonor,whichagreedwiththecharacteristicsofthe

typicalcytosolicAsAPdescribedbyAsada(1994).Itturnedout,therefore,thatP-Iisthe

stromalformandP-IIisthecytosolicform.Wealsoobtainedcytosolicisozymes

purifiedfromkomatsuna(Bra∬ZC(lrapの(ChapterVI)andpartiallypurifedfrom

Arnbitlopsisinamannersimilartothatdescribedabove.

15



(
}ヒ

旧2

9

二

〇
E

マ
ε

E

口。
∈

5

>
ξ

旧ぢ

⑩
α
<
ω
く

0.3

0.2

0.1

0 20 4060

Fractionnumber

80

0.2

ε
0.1U

oZ

100

Fib.2.9.ElutionprofileofspinachASAPactivitiesfroiiitheDEAE-Sephacc:lcoltiiiui.Detaile

isdescribediii重lie"Materials三mdMctllods'1.(●)AsAPactivity,(…)co11㏄11tratiollofKCI.

kDa

58

EAP1 EAP2

噸,

4

8

3

2 鞠蝉脚 鞠 繍

奪
≧L

1234 5678

Fig.2.10.ImmunoblotsofcytosolicandchloroplasticAsAPsinhigherplantswithEAPIaiul

EAP2.EachAsAPwassuhjcctedtoSDS-PAGEallddlcnclcc巳rotrmlsfcrrcdtoPVI)Fmclnbr三mcs,

followcdbyimml1110blot重ingwi電hEAP1三uldEAP2.Protcillsizcsarcshownonthelcfし

Lmeslξmd5,pu1-ifiedAsAPfromE1481ぞ'/Q;lallcs2vul6,purificdstro111a】AsAPfro111spinach;

hies3and7,partiallypurifiedcytosolicAsAPfromspinach;lames4and6,purifiedcytosolic

AsAPTromkomatsuna(Brassicarapa).

AsshowninFig.?.10,bothEAPIandEAP?efficientlyreacted≪pitha28kDa

bandcorrespondingtothepredictedsizeofthecytosolicAsAPsfromspinach(P-II)and

komatsuna.BothmAbsshowcdacross-reactionwithcytosolicAsAPfromA70わ'dopsis

butdidnotcross-reactwithguaiacolperoxidasefromhorseradish.Theseobservations

indicatethattheEiig/eiinAsAPisimmunologicallyrelatedtothehigherplantcytosolic
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andalgalAsAPs.ItisworthnotingthatEAPIcross-reactedwithbothchloroplasticand

cytosolicASAP,suggestingthatASAPisozymeshaveacommonepitope,thatis,ahighly

antigenicregionrecognizedbyEAP1.Ithasbeenreportedthatantiserumraisedagainst

theteastromalASAPcross-reactedwithbothspinachthylakoid-boundASAPandtea

cytosolicASAP(ChenandAsada1989,Miyakeetal.1993).Incontrast,thepolyclonal

antibodiestothepeacytosolicAsAPandthemAbstospinachcytosolicASAPfailedto

cross-reactwiththerespectivechloroplasticisozymes(MittlerandZilinskas1991,Sajiet

al.1990).

Inconclusion,thepresentresultsclearlyrevealthattheEugletzaASAPhasboth

closelysimilarenzymlogicalandimmunologicalpropertiestothoseofASAPisozymes

fromhigherplantsanditsownproperties{e.g.,thereductionoflipidperoxides,thehigh

molecularweightandtheaminoacidsequenceoftheN-terminus).Inthisregard,

whetherasimilartypeofASAPexistsineukaryoticalgaeandcyanobacteriaisan

interestingproblem.Oligonucleotideprobesdeducedfromthepeptidesequencesandthe

mAbsfromErtglercaAsAPwillbeusefulinexploringthisquestion.

Summary

AsaorbateperoxidasehasbeenpurifiedtoelectrophoretichomogenityfromEuglena

87αc'1」∫3Z.Theenzymeshowedamolecularmassof58kDaonSDS-PAGEandagel

filtration,indicatingthatE〃818η αasaorbateperoxidaseexisitsasamonomericform.The

substratespecificityforelectrondonorandthestabiltyofthepurifiedenzymewere

similartothoseofcytosolicisozymesfromhigherplants.Oneofthecharacteristic

propertieswasthatEuglenaasaorbateperoxidasereduceorganichydroperoxidesaswell

asH202.N-terminalaminoacidsequenceshowednosignificantsimilaritytoanyother

asaorbateperoxidasesfromhigherplants.However,thesequenceofthepeptidesfrom

thepurifiedenzymeexhibitedahighdegreeofhomologytosequencesofcytosolicand

chloroplasticasaorbateperoxidases.MonoclonalantibodiesagainstthepurifiedEuglerta

asaorbateperoxidasewereprepared.Twomonoclonalantibodies(EAPIandEAP2}

showedhighhomologytocytosolicasaorbateperoxidasesofhigherplants,fudgedby

westernblotanalysis.TheEAPIwasalsospecificforchloroplasticasaorbateperoxidase

fromspinach.ThesefindingsindicatethatEuglenaasaorbateperoxidaseexistsinhighly

homologiousregionswiththeasaorbateperoxidasesofhigherplants.
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CHAPTERIII

EffectofIronontheExpressionofAscorbatePeroxidaseinEYCgleria

Iron{Fe)servesasaprostheticgroupforFe-proteins,suchashemoglobin,

cytochromesandguaiacolperoxidase(RisenandListowsky1980).Euglenaascorbate

peroxidase(ASAP)isalsoahemoprotein,basedonabsorptionspectraofthepurified

protein.Inaddition,spinachASAPhascontainedanon-hemeFe,whichisreleasedfrom

theenzymeintheAsA-depletedmediumunderaerobicconditions(NakanoandAsada

1987}.TheseresultssuggestthatFemayregulatetheexpressionofASAP.

ASAPofEtcglerinandcyanobacteria,likeglutathioneperoxidase(GSHP)from

animalsourcescanreducesorganichydroperoxidesaswellasH202(Shigeokaetal.

1980b,ChapterII),suggestingthatAsAPprotectsthecellmembraneandcell-bound

enzymesfromthedamageoftheintegrityandtheinactivation,bythereductionoflipids

peroxidesgeneratedinvivo.

ThischapterreportstherequirementanduptakeofFebyEicgle」iacellsandthe

effectofFeontheErcglenaAsAPactivityinordertofindacluetotheexpression

mechanismofAsAPbyFe.Finally,IdeterminelipidperoxidesinFe-sufficientand

-deficientcellsanddiscusstheimportantphysiologicalfunctionofAsAPwithregardto

thelipidperoxide-scavengingsystem.

MaterialsandMethods

Organismarr.dcrr.ltrcreErcglefragracrlrsz(Fe-sufficientcells}weregrown

organotrophicallyat26°Cfor5daysunderillumination(55μE酊2sec-1)in150mlof

Koren--Hutnermediumcontaining50mgI-iferrousammoniumsulfatewhich

correspondedto7.1mg1-1(0.13mM)ofFeasdescribeinChapterII.Thecells(14x

106cellsm卜1)growninthismannerweretransferredtoabasalmedium(150ml)lacking

Feandculturedforsdays.Subsequently,thecells(1ml)instationaryphasewereagain

culturedinaKoren-HutnermediumlackingFeforsdaystoobtainFe-deficientcells(9x

106cellsm1"1).Fe-sufficientcellsweregrownfor5daysinamediumsupplemented

with30-,60-and100-foldhigherconcentrationofFeincomparisonwiththatofthe

originalKoren-Hutnermedium.Thesecells,inthestationaryphase,representFe-excess

cells.Cellnumberwasdeterminedwithahaemocytometer.

DeterrrtinatioriofironEuglefiacells{wetwt.0.2g)wereharvestedby

centrifugationat3000xgforsmin,washedtwicewithdistilledwaterandresuspended

insmlofnitricacid.TheconcentrationofFevasassayedbymeasuringabsorbanceof
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Feat24931usinganatomicabsorptionspectrophotometer(ShimadzuAA-640-12).The

relationofpeakheighttothequantityofFewas1孟nearupto100μmol.

Assayofiro」luptakeFe-deficientcellsgrownforSdays,bywhichtimethe

stationaryphasewasreached,wasusedforassayofironuptake.0.13mMFewasadded

to50mlofcellcultureofFe-deficientcells.Atgivenintervals,asmlsamplewas

withdrawnandcentrifugedat1400xgforSmintoobtainthecellandsupernatant

fractions.ThecontentofFeinbothfractionswasdeterminedasdescribedabove.

SubcellulardistributiortofironFe-deficientEugleraacells(wetwt.0.2g),

whichhadtakenupexogenousFefor2h,weredisintegratedbysonication{iDkHz,2

min)in3mlofSOmMTris-HCIbuffer(pH6.9)andcentrifugedat500xgfor3minto

removethecelldebris.Thecellhomogenatewascentrifugedat10000xgfor10minto

obtainthe10000xg-precipitateandthenthesupernatantfractionwasultracentrifugedat

100000xgfor30min.Subsequently,the100000xg-supernatantfluidwas

chromatographedonaSephadexG-25column(1.8x45cm)equilibratedwithSOmM

Tris-HCIbuffer(pH6.9)ataflowrateof24mlh-1andtheeluatewascollected{1.2-ml

fraction).

A∬ のisofascorbnteperoxidaseα π41ipidperoxidesFe-sufficient,-deficient

and-excessEagle〃ncellsgrowninthestationaryphasewereusedforassaysofAsAP

activityandlipidperoxides.CrudeextractsofEuglejirrcellswerepreparedandassayed

forASAPasdescribedinChapterII.Lipidperoxidationwasassessedbymeasurement

ofthiobarbituricacid-reactivesubstances(TBARS)(Buege1978).Fivemlofl%(w/v)

trichloroaceticacidwasaddedtoEugleraacells(wetwt.1g}.Themixturewassonicated

(10kHz)foratotaloflminwithtwointervalsof30seachandcentrifugedat10000×g

for10min.ThesupernatantfractionvasusedtodetermineTBARS.Eachvalue

representsthemeanoffourassays±S.D.

IIIItTlllilOUIOttlflgProteinswereseparatedusingSDS-PAGEandblottedonto

anImmobilon-Ptransfermembrane(PVDF,poresizeO,45μm,No.IPVH304FO,

Millipore,Bedford,MA)usingasemidryelectroblottingsystemaccordingtothe

manufacturer'sinstructions{Bio-Rad}.Immunoblottingwasperformedaccordingtothe

methodofChapterII.Eicglenamonoclonalantibodieswerepreparedasdescribedin

ChapterII.

ResultsandDiscussion

Regi-cirenaeritandtcptakeofirojibyEuglenacellsFig.3.1showsgrowth

curvesofFe-sufficient,-deficientand-excess(30-fold}Euglenacells.Eachculture

reachedstationaryphaseinsdays.ThecellgrowthofFe-deficientcellsdecreasedto

66010incomparisonwiththatofFe-sufficientcells.
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Fig.3.1.GrowthcurvesofFe-sufficient,-deficientand-excessEuglenacells.・,Fe-sufficient;

OFe-deficiellt;■,Fe-excess(30-fold),Thesolidline(口)showsthegrow山curveofFe-

deficientcellsaftertheadditionof7.1mghlFe.Eachexperimentalpointrepresentsthemeanof

fourassays(coefficientofvariation<5%).

WhenO.13mlVlFe,whichcorrespondstothatofFe-sufficientcells,wasaddedto

Fe-deficientcultures,celldivisioncommencedandthecellnumberreachedthesamelevel

asthatofFe-sufficientcellswithin2days.ThecontentofFeinEuglenacellsin

stationaryphaseundereachgrowthconditionwasdetermined.Fe-sufficientcells

containedO.18±0.02mgofFeperl(Pcells,indicatingthat35.5%oftheamountofFe

presentintheoriginalmediumwastakenupintheFe-sufficientcells.Incontrast,Fe

wasnotdetectedinFe-deficientcellsgrownfor4to6days,showingthatFe-deficient

cellscontainLittleironorextremelylowamountsbeyondthelimitoftheFemeasurement.

TheseresultsdemonstratethatFeisabsolutelyrequiredforthegrowthofEuglenacells.

Whencellsweregrowninamediumsupplementedwitha30-foldhigherFe

concentration(213mg1-1)thanthatofFe-sufficientcells,therewasnochangeofthecell

growthinastationaryphase.Thesameresultwasobtainedfromcellsgrownina

mediumcontaining60-or100-foldhigherFeconcentration.ThecellularcontentofFein

30-,60-and100-foldFe-excesscellswasO.38±0.02,0.78±0.03and1.13±0.03

mg,respectively,per109cells,indicatingthat2.7%,2.7%and2.4%oftheoriginal

amountofFesuppliedwasaccumulatedinthecells.TheseresultssuggestthatEuglena

possessesaregulatorysystemthatpreventstheincorporationofalargeamountof

externalFesothatthecellularconcentrationofFeismaintainedatrelativelylowlevels.
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Fig.3.2.ChangesinFelevelsinFe-supplementedcellsandmedium.

medium.0.13mMFewasaddedtotheFe-deficientcells.

d,Feincells;・,Fein

WhenO.13mMFewasaddedtoFe-deficientcultures,Fewasincorporatedlinearly

andpeakedatlh(Fig.3.2).TherateofFeuptakeinFe-deficientcellswascalculatedas

2.5ycmolh-110咀9cells.ThesubcellulardistributionofFetakenupfor2hwasexamined

bythedifferentialcentrifugationmethod{Table3.1).OfFe,69%waslocatedin10000x

g-precipitatedfraction,4°loin100000xg-precipitatedfractionand18%in100000xg-

supernatantfraction.Subsequently,the100000xg-supernatantwaschromatographedon

aSephadexG-25column.AsshowninFig.3.3,Fewaspredominantlyelutedinthe

highmolecularweightfractions.ThesedatademonstratethatFeincorporatedintothe

Euglertacellsexistsmostlyinaboundform,notinafreefor肌Ithasbeenreportedthat

freeFebecomestoxictomanyce恥 】arcomponentssinceitisinvolvedinthereactionof

superoxideanionandhydrogenperoxide,thatis,theFentonreaction,toproduce

hydroxylradicalswhicharethemostreactivespeciesofactiveoxygen(Halliwelland

Gutterridge1985).InV79Chinesehamsterovarycells,oxidativestressinduces

activationofacytosolicprotein,namediron-responsiveelement-bindingprotein,

responsibleforcontrolofFeuptake(Martinsetal.1995}.Itseemstobeaforthcoming

problemwhetheraproteinrelatedtoregulationofFeuptakeexistsinEuglenacells.

Accordingly,thefactsthatErcgleriacellsLimitthecellularlevelofFeandavoid

21



accumulationoffreecellularFeseemtobeageneralstrategyforthesuppressionofthe

oxidativestressproducedbyfreeFe.

Table3.1.DistributionofFecontentandproteininsubceliuiarfractionsofFe-deficientcells

withaddedO.13mMFefor2h.

Fraction Protein(μ9) Fecontent(μ9)

Crude

homogenate

10,000xgPpt
ioo,00axgPpt

100,000xgSup

190.0±6.8(100%)*

92.0±5.6(46)

24.8±2.1(13)

51.5±4.5(27)

65.0±5.1(100%)

44.7±3.5(69)

2.9±0.2(4}

11.5±1.8(1$)

Preparationofcntdehomogenateanddifferentialcentrifu-gationwascarriedoutasdescribedin
"MaterialsandMethods"

.Eachvatuerepresents血emeanofthreeassays±S.D.*Perccnt

distributioninparentheses.
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Fig.3.3ElutionpatternofFeinthe10000xg-supernatantfractionbycolurmichromatography

onSephadexG-25.The10000xg-supernatantfractionwasobtainedbydifferential

centrifugationwasappliedtoaSephadexG-25coluEnnandelutedwitha50mMTris-HCIbuffer

(pH6.9).SeeMaterialsandMethodsfordetails.O,Fc;●,Pro紅ein.

Effect(ゾ 〃OtZora〃z8Euglenaα5coγ わα∫8ρ8roκ ∫磁3εactivityItiswellknown

thatFeplaysacriticalroleintheexpressionofhemeandnon-hemeproteinsofliving

organisms(RisenandListowsky1980}.AsAPisahemoproteinLikeguaiacolperoxidase

andcytochromec.BydialysisofthepurifiedspinachAsAPagainst50mMphosphate

buffer{pH7.6},theFecontentoftheenzymedecreasedtoabouthalfandtheactivitywas
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lost,becauseASAPalsocontainsoneatomofnon-hemeFe,whichisinvolvedinthe

stabilityoftheenzyme(NakanoandAsada1987,ChenandAsada1989}.Inthis

context,itisinterestingtoinvestigatehowFeaffectstheactivityofASAPinFe-sufficient

and-deficientEicglertacells.Fe-sufficientcellsinthestationaryphasecontain75.3±2.3

μmolmin-110-gcellsofAsAPactivity,whichcorrespondstothevaluereported

previously(Shigeokaetal.1987c){Table3.2}.Tomysurprise,noenzymeactivitywas

foundinFe-deficientcellsgrownfor4tobdays.Shigeokaetal.(1980a)have

previouslyreportedthat54ACMferroussulfateisnecessarytopreventextractableASAP

frominactivation.However,theenzymeactivitywasnotrecoveredbyincubationofthe

crudeextractpreparedfromFe-deficientcellswith50μMferroussulfate.Theseresults

suggestthatFefedexogenouslyisincorporatedintoEuglenacellsandthenisinvolvedin

theexpressionofASAPactivity.Radtkeetal.(1992}showedthattheproliferationofFe-

deficientEztglenacellsdecreasedbytheadditionofユ00μMH2Q2,butFe-sufficientcells

hadnoeffect.ThisresultmayaccountfortheinsufficiencyofASAPinFe-deficient

cells.

Tabie3.2.EffectofirononAsAPandlipidperoxides孟n」 動816〃 α.Fe-

sufficient,-deficientand-excessiveEuglenacellsgrowninthestationary

phasewereusedforassaysfarAsAPactivityandlipidperoxides{TBARS)as

describedin"MaterialsandMethods",

Cells

AsOQrba重eperoxidase

activity

(μm・1血 一110-9cells)

十.s

ψ1n・110-9ce11・)

Fe-sufficient

Fe-deficient

Fe-excessive

75.3±2.3

n.d.

77.5±3.1

6.2±0.6

15.8±2.1

14.3±1.9

Eachvaluerepresentsthemeanoffourassays±S.D.

n.d.:notdetected.

Asmentionedabove,ASAPisahemoproteinandtheenzymeactivitywasnot

detectedinFe-deficientcells,suggestingthattheFe-deficientcellsmaybeusedfor

elucidatingtheeffectofFeontheASAPproteinsynthesis.Theadditionof1500mg1-1

ferrousammoniumsulfatetotheFe-deficientcellscausestheASAPactivitytorapidly

increaseover3handthenlinearlyupto24h(Fig.3.4).Thesimultaneousadditionof

cycloheximide(CHI;5×10-4M),aninhibitorofproteinsynthesis,hasnoeffectonthe

increaseintheASAPactivityover3h,whereastheincreaseintheactivityfrom3to24h

iscompletelyinhibitedbyCHI.WhenCHIwasaddedtoculturemediumatdifferent

times,theincreaseinAsAPactivitywascompletelyinhibited(Fig.3.4).Onimmunoblot

analysisusinganti-EacglenaASAPmonoclonalantibody,theASAPprotein{58kDa)is
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detectedintheFe-deficientcells.ThelevelofAsAPproteindoesnotchangeupto3h,

butincreasesinparallelwiththeincreaseintheASAPactivityupto24h{Fig.3.5}.

TheseresultssuggestthattherapidincreaseinASAPover3hbyFeisduetothe

activationofpre-existingproteinandtheincreasefrom3to24hisattributabletothe

proteinsynthesisofAsAP.Succinylacetone,aninhibitorofhemesynthesis,completely

inhibitstheincreaseinAsAPactivityfrom3to24h,butnottheincreaseintheenzyme

activityupto3h{Fig.3.6}.Thisresultandtheinhibitoryeffectofcycloheximide{Fig.

3.4)suggestthatthesynthesesofhemeandproteinofAsAPmaybeinvolvedinthe

increaseinAsAPactivityfrom3to24h.InEscherichiacoli,theFurproteinthatis

activatedthroughbindingtoFe2+,servesasatranscriptionalregulatorofsod,へ(coding

forMnSOD)andsoda(FeSOD)(Fee1991).ThetranscriptionfactorMAClofyeast

whichregulatetheCTTIgene{codingforcytosoliccatalase}isnecessaryforthebasal

transcriptionlevelofFRE1(codingforthetransmembraneFe3+reductase)andforthe

feedbackregulationbyelevatedFe{Jungmannetal.1993}.lsolativnofcDNAs

encodingtheElcglenaAsAPwillbeausefultoolforinvestigatingASAPgeneexpression

bytheadditionofFe.
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Fig.3.4.EffectofFeandcycloheximide(CH-}onASAPactivityinFe-deficientcells.1500mg

1-1ferrousanunoiuumsulfatewasaddedtoFe-deficientcells.Eacharrowrepresentstheaddition

ofCHI(5×10-4M).SolidlineshowstheactivityofASAPaftertheadditionofCHI.E配81θ 〃α

cells(wet.wtO.2g)wereharvestedbycentrifugation{500xg),washedtwicewithdeionized

water,resuspendedin50mMpotassiumphosphatebuffer,pH6.3,containinblmMAsA,and

disintegratedbysonication(10kHz)for2min.TheIysatewascentrifugedat10000xgfor10

min,andthesupernatantwasusedasacrudeextract.ASAPactivitywasassayedasdescribed
°MaterialsandMethods"

.
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Fig.3.5.LnmunoblotvialysisofAsf1PproteinlevelsinFc-supplementedEttglenacells.The

cnldcproteill(50μ9)frontFc-dcficiellt三md-sl1PPlcmcntcd1∫'ご818〃Qccllswcrcscpru-atcdbySDS-

PAGE,blottcdtoPVDFmc111brallc,imddc吐cc吐cdwi吐h1ゴ'481θ1αAsAPmonoclonalvi[ibodiesas

dcscrihccli11"MatcrialsalldMctllo(ls".AarrowrepresentsAsAPprotcin,、 、・llicllcon°cspoll(ling重o

amolecularmassof58kDa.P;purillcdE'ogle〃(1AsAP.
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Fig,3.6.Cffectofsurcinylacc:iotic(SA)onAsAPactivityofrc-dcricicllt伽818〃ncells。5mM

SAwasaddcdtoFe-deficientcells,111bcforeaddi吐io置10f1500mgrlfcrrous{1mmollillmsulfa電c.

SeethelegendofFig.3.4.forafullaccountofdetailedproceduresfortheexperiments.

D8'8cがo〃(ゾ 〃 ρ'4ρ870κ ノ48AsAPinI:'rcgle〃n(ShigeokaetaLl980a,chapter

II)andsomecyanobacteria(Tel-Oretal.1986)reducesvariousorganichydroperoxides

as≪yellasH2G2,suggestingthatthisenzyme,likeGSHP,protectsthecellmembrane

andpreventsinactivationofmembrane-boundenzymesfromdamagebylipidperoxides

generatedcndogenouslyfromunsaturatedfattyacids.r,'glenacontainsalargequantity

ofpolyunsaturatedfattyacids(Hulanickaetal.1964).Asmentionedabove,theAsAP

activitywasnotobservedinFe-deficientcells.TheseresultsindicatethatFe-deficient

Ercglerracellsmaybeusefulorganismsforelucidatingindetailthephysiologicalroleof
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ASAPintheLipidperoxide-scavengingsystem.ThusTBARSwasdeterminedinFe-

sufficient,-deficienta.nd-excessEuglenacellsgrowntostationaryphase(Table3.2).

TBARSinFe-deficientcellswasabout2.5-foldgreaterthanthatinFe-sufficientcells.

TheincreaseinTBARSinFe-deficientcellsseemstostemfromthedepletionofAsAP

activity.TheTBARSinFe-excesscellswas2.3-foldhigherthanthatinFe-sufficient

cells.Inthiscase,AsAPmaybeunabletoremovelargeamountsoflipidperoxidesfrom

lipidperoxidation,causedbyhydroxylradicalsproducedbyFeaccumulatedinFe-excess

cells.ThefindingsthattheactivityofASAPinFe-excesscellsdidnotincreasewiththe

cellularconcentrationofFe(Table3.2)andthat73%ofFeincorporatedintothecellswas

distributedinthecellmembranes(Table3.1)supportthisview.Thusthesefactssuggest

thatEuglerlaASAPpossessesalipidperoxidescavengingfunctionasasecondimportant

function,nesttoitsactionofdestroyingH202iiivivo.

Summary

盈`818〃 α8γ αc〃isshowsanabsoluterequirementforironforgrowth,Iron-deficient

cellsexhaustivelytakeupironwithinlhoftheadditionofiron.Incorporatedironexists

inaboundform,butnotinafreeform.Theascorbateperoxidaseactivityisnotfoundin

iron-deficientcells.Theadditionofirontotheiron-deficientcellscausestheascorbate

peroxidaseactivitytorapidlyincreaseover3handthenlinearlyupto24h.Immunoblot

analysisandinhibitoryeffectofcycloheximideandsuccinylacetonesuggestthatthe

synthesesofhemeandproteinofascorbateperoxidasemaybeinvolvedintheincreasein

ascorbateperoxidaseactivityfrom3to24h.Lipidperoxides(thiobarbituricacid-reactive

substances}iniron-deficientcellsismuchhigherthanthoseiniron-sufficientcells.

Theseresultssuggestthatironisinvolvedintheexpressionofascorbateperoxidaseand

E〃8Z81」 αascorbateperoxidasemaypossessasecondimportantfunctionintheformofa

lipidperoxidescavengingsystem,inadditiontoitsactionofdestroyinghydrogen

peroxide.
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CHAPTERIV

EffectofIlluminationontheInductionofAscorbatePeroxidaseand

EnzymesRelatedtoAscorbate-GlutathioneCycleinEuglenagracilisZ

EnvironmentalstressessuchashighIightintensity(GillhamandDodge1987),low

temperature{Jahnkeetai.1991),anddrought(MittlerandZilinskas1994,Sgherriand

Navari-Izzo1995}havebeencorrelatedwithincreasedproductionofactiveoxygen

speciesandactivityofantioxidantenzymes.Ithasbeenknown,forinstance,illuminated

chloroplastsproduceH202byelectrontransferfromphotosystemItoO2toform

superoxide(02-}fromwhichH202isformedbytheactionofsuperoxidedismutase

(SOD)(Mehler1951,Asada1994).InEuglenacells,TschierschandOhmann(1993)

observedtheformationofreactiveoxygenintheprocessofphotoinhibitionrelatedto

photosystemIIandthylakoids.

Shigeokaetal.(1979b,19874)havereportedthatwhendark-grownEugleriacells

wereilluminated,thecellularcontentofAsAandGSHincreasedbyabout7-and4.5-

fold,respectively.Theseresultsaretobeexpectedfortheresponseoftheenzymes

relatedtoAsA-GSHcycleincludingascorbateperoxidase(AsAP)toLightcondition.

ThepresentchapterreportsthatilluminationincreasestheactivityofASAPandthe

enzymesrelatedtoAsA-GSHcycle(SAD,monodehydroascorbate[MDAsA]reductase,

dehydroascorbate[DAsA]reductase,andGSHreductase)andthattheincreasesaredue

todenovosynthesisofthierprotein.

MaterialsandMethods

078α'置'∫〃iandci〃irecojlditions.EuglenagracilisZwasmaintainedat26°Cin

thedarkconditionandpreculturedheterotraphicallyintheKHmediumasdescribedin

ChapterII.Cellnumberwasdeterminedwithahaemocytometer.

PreparationofcrudeextractEuglenacellswereharvestedbycentrifugation,

washedtwice,resuspendedin50mMpotassiumphosphatebuffer,pH6.3,containing

10°lo{w/v)sucrose,1mMEDTA,andlmMAsAanddisintegratedbysonocation{10

kHz}for2min.Thelysatewascentrifugedat10000xgfor10min,andthesupernatant

wasusedasacrudeextract.

EnzymeassaysTheactivityofASAPwasdeterminedspectrophotometrically

asdescribedinChapterII.

SODwasassayedspectrophotometricallyastheinhibitionofxanthineoxidase-

dependentreductionof10μMferricyt㏄hromec(Sigma,U.S.A.)monitoredat550nm

in50mMphosphatebuffer(pH7.8)containinglmMEDTA,and50μMxanthine.One
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unitofSODinhibitedby50%acontrolrate,establishedbysufficientxanthineoxidase,

offerricytochromecreductionofO.025Assamin-1(KanematsuandAsada1979)

MDAsAfortheMDAsAreductaseassaywasgeneratedbyAsAandanAsA

oxidasesystemaccordingtoArrigonietal.(1981).Thereactionmixture{2ml)

contained50mMphosphatebuffer(pH7.0),1mMAsA,1unitAsAoxidase

(BoehringerMannheim,Germany),0.2mMNAD(P)H,andenzymeandthereaction

wasstartedbyaddingAsAoxidase.

DAsAreductasewasassayedinareactionmixture(2ml}containing50mM

phosphatebuffer(pH7.0},2.5mMDAsA,2.5mMGSH,1unitGSHreductase

(Sigma,U.S.A.),0.2mMNADPH,andenzymebymeasuringthedecreasein

absorbanceofNADPHat340nm,6.22mM-1cm1(Shigeokaetal.1987c).

GRwasassayedin2mlofreactionmixturecontaining50mMphosphatebuffer

(pH8.2),1mMEDTA,0.2mMNADPH,andO.2mMGSSHandtheenzymeas

describedpreviously(Shigeokaetal.198'7a}.Theprogressofthereactionwas

monitoredbymeasuringthedecreaseinabsorbanceofNADPHat340nm(6.22mM-1

cm-1).

IrrijraufaoUlotnjaalysisWesternimmunoblottingusingmonoclonalantibodies

(mAbs}raisedagainstpurifiedEuglena.ASAPwascarriedoutbythemethodofdescribed

inChapterII.ThecrudeextractsweresubjectedtoSDS-PAGEon10%slabgel.

FollowingSDS-PAGE,gelswereequilibratedfor?Ominintransferbuffer(25mMTris,

192mMglysineand20°lo[v/v]methanol).Proteinsweretransferredelectropho-retically

toaPVDFmembranebyusingasemi-dryblottingapparatus(Bio-Rad).

ImmunodetectionofproteinsonblotswasdoneatroomtemperaturewithO.1%BSAin

PBSbufferasablockingreagent.Peroaidase-conjugatedgoatanti-{mouseIgs)serum

usedasasecondaryantibody.

Pro'ε 伽 ∬ αyProteinwasdeterminedbythemethodofBradford(1976)with

BSAasastandard.

ResultsandDiscussion

Effectofi〃 〃 珈atl・flOI2CISCOアbateper・xidnseacti吻 ω246ηz遡8αC'∫V∫"ε ∫781α ∫ε4

toAsA-GSHcycleToinvestigatethepossiblelight-dependenceoftheexpression

oftheAsAPactivity,、E"81ε ηαcellsweresu切ectedtoalightshifttreatmentinwhichdark-

growncellswereswitchedtodifferentlight-conditions.Fig.4.1showstheeffectof

illuminationontheASAPactivityinthedark-adaptedErcgleyracells.Whenculturedinthe

darkcondition,Er.`gle'ヱ αcellscontainedAsAPactivityequivalentto25nmolmin-11(ン

6cells .Illuminationat55μEm-2sec-1allowedapproximately35-foldincreaseinthe

enzymeactivityupto24h.Thesameresultwasobtainedbyilluminationat150μEm凸2

sec-1.Whenthecellswereilluminatedat20JOEm-2sec卿1,theAsAPactivityincreased
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graduallyuptO72htoreachasamelevelofilluminationat55μEm-2sec-1.These

resultssuggestedthattheincreaseintheAsAPactivityissaturatedwithalightintensity

of55μEm-2sec-1.
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Fig。4.1.Effectsofilhm並11atiollollAsAPactivitiesillEi48」8η αgracilis.■,20μEln-2sec4;

●,55μEm-2sec-1;▲,150μEm-2sec-1EadldatapointrepreselltstlleineacYofthree

replicates.

EuglerlacellscontaintwoFe-SODinsolublefractionandaMn-SODinthylakoids

{KanematsuandAsada1979).Furthermore,alltheenzymesrelatedtoAsA-GSHcycle

arepresentinthecytosol,notinthechloroplasts(Shigeokaetal.1987a,1987c}.These

factssuggestthattheactiveoxygenscavengingenzymesareeffectivelyoperativeasa

corサugatedsysteminresponsetolightintensity,InadditiontoAsAPactivity,the

increaseinSODactivityandenzymeactivitiesrelatedtoAsA-GSHcyclewereobserbed

(Fig.4.2).SODactivityrose5-to6-foldafter8hofilluminationat150μEm-2seσI

anddeclinedduringtheremainderoftheilluminationpriod.TheactivitiesofMDAsA

reductase,DAsAreductase,andGSHreductasewerefoundtoriseapproximately3-,4-,

and8-fold,respectively,after24hofilluminationat150SCEm-2sec-」.Increasesin

activitiesofAsA-GSHcycleenzymesinilluminatedErtglenacellsareaccompaniedbythe

increaseinAsAPactivity.

Previously,Shigeokaetal.(1979b)havereportedthatilluminationofdark-grown

Errglerracellsfor4hat35μEm-2sec-1causesabouta7-foldincreaseofthecellular

contentofAsA.Moreover,whendark-grownEz48」61昭cellswereilluminatedat55μE

m-2sec-,thecontentoftotalGSHincreasedbyabout4.5-foldtoreachapeakafter7h

(Shigeokaetal.1987d).Thelight-dependentincreaseofAsA-GSHcycleenzymes,
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relatedtotheadaptationoftheEugleraacellstotheillumination,isalsocloselyconnected

withthoseofAsAandGSH.Thesefactsclearlyindicatethatelevatedlevelsof

antioxidativecomponentscanbeconsideredanearlyphysiologicalresponseofEacglena

cellstoremoveH202generatedbyillumination.
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Fig.4.2,Effectofillulnillatiollat150μEm'2sec"1011SODacdvitya皿denzymeac匠vities

relatedtoAsA-GSHcycle.●,enzymeactivi匠iesO,enzymeactivitiesafteradditionof

cycloheximide、Cycloheximidewasaddedinthedarktotheculturemed重umatafina1サ
concentratiollof5x10つM,wluchdidnotaffectcellviability.Eachdatapointrepresentsthe

meanofthreereplicates.

Inhigherplants,reportintheliteratureshowedchloroplastsisolatedfrompea

leavesgrownatahigherlightintensity(400μmolm-2sec-1)containedenhanced

activitiesofASAP,GSHreductaseandDAsAreductase,andhigherlevelsofAsAthan

chloroplastsgrownatalowerlightintensity(100μmolm-zsec-)(Gillhamanddodge
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1987).Thomsenetal.{1992)reportedthattheappearanceofASAPisregulatedbylight

viaphytochrome.Furthermore,recentstudiesreportedthatinhigherplants,highlight

intensity,especiallyincombinationwithchilling,magnesiumdeficiencytreatmentand

hightemperature,increasesthelevelsofAsAandactivitiesofantioxidantenzymes

includingASAP(SchonerandKrause1990,CakmakandMarschner1992,Fuseetal.

1993}.Theseresultsindicatethatlightisaimportantfactorintheregulationofactive

oxygenscavengingsystemsinphotosyntheticorganisms.

EffectsofsomeantibioticsonascorbateperoxidaseandenzymesrelatedtoAsA-

GSHcycleEffectsofsomeantibioticsontheactivityofASAPinEuglenacellsafter

24hinthelightareshowninTable4.1.Cycloheximide(CHI),aninhibitorofprotein

synthesisonthe87Scytoplasmicribosomes(Bovarnicketal.1974x,1974b) ,completely

inhibitedtheincreaseinAsAPactivity,whereaschloramphenicolandstreptomycin ,

specificinhibitorsofproteinsynthesisonthe68Splastidribosomes{Bovarnicketal.

1974a,1974b},hadlittleeffect.WhenCHIwasaddedtothemediumatdifferentstages

duringthecellcycle,ASAPactivitypromptlystopped.CHIalsoinhibitedtheincreasein

SOD,MDHreductase,DAsAreductase,andGSHreductaseactivities(Fig.4.?).These

resultsshowedthattheincreaseinactivitiesofAsA-GSHcycleenzymesincludingASAP

areattributabletoaphotoinductionofdenovoproteinsynthesisoncytoplasmic

ribosomes.

Table4.1.EffectsofsomeantibioticsontheincreaseofASAPactivityinEugleria

gracilisonillumination.Antibioticswereaddedinthedarktotheculturemediumat
afinalconcentrationshown,whichdidnotaffectcellviability.Effectsareshownas

percentageinhibitionafter24hascomparedwiththeincreaseoftheAsAPactivity
inthecontroltowhichnoantibioticwasadded.

Antibiotics Concentration

(M)

Iiilubitiou

(%)

Cyclohexiimide

Clilorainpheiucol

Streptomycin

sXio-5

Xlo-3

zo-s

goo

7.5

1.5

EffectofillurraitiationonascorbateperoxidaseproteintrartslatiortlevelsAlthough

severalstudieshavedemonstratedanincreaseinASAPactivityinresponsetolight

intensity,noinformationsaboutthemolecularmechanismincludingproteintranslation

haveexisted.Inordertoexaminetherelationshipbetweenthelight-dependentinduction

ofAsAPactivityandthetranslationofASAPprotein,immunoblotanalysisusing

monoclonalantibodies(mAbs)raisedagainstpurifiedEuglenaASAP(ChapterII)was

performed.Euglenacellswereharvestedafterdifferentperiodsofexposuretolight(SS
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SCEm-'sec-1)andtotalcellularproteinwasresolvedbySDS-PAGE,withgellanes

loadedonthebasisofequalproteins.A58kDaproteinbandscorrespondingtothe

purifiedAsAPwasdetected.Fig.4.3.showedthattheaccumulationofAsAPprotein

increasedwiththeelapseoftime.TheaccumulationofAsAPprotcinwaschangedin

paralleltothatoftheAsAPactivitydependingnnthepresenceofillumination.These

resultssuggestthatuncicrthelightstress,AsAPcontributestothedcfensesystembythe

increasinglcvclsofAsAPac`ivitydcpendingonthedcnovoprotcinsynthesisorAsAP

protein.

…一一 雛 、 〈唾一一58kDa
_綴 鱗 讃

0361224

Time(h)

Fig.431mlnulloblotalla】ysisofAsAPpro【eillprcparcdfromilluminatedEugle〃o

cclls.To重 ξdsolublcpro1cinwascxtractcdfro111Euglenncells,rcsolvcdbySDS-

PAGE,alldclcc電roblo賦c(ltoPVDF111cmbr三1ncascicscribcdh1"Materialsalld

Methods".Eachlviecontvncci100ugofsohlblcprotcilLEμ818〃acellswere

illuminatedat55μEm。2scσ1forO,3,6,12,alld2411.

Inhigherplants,thesituationisoftenconsiderablycomplicatedbythepresenceofa

largenumberofisoenymeforms;forexample,thelargeGSHrcductaseandSOD

familiesofisoenzymes,encodedbydifferentgenes(Foyeretal.1994).AsAPisalso

locatedinchloroplastsandcy[osol(Asada1994).Itisimportanttoconsidertheapproach

tounderstandtheresponsetoenvironmentalstressesmaybetheisolationandengineering

ofregulatorygenesthatcontrolthesynthesisofdifferentenzymesinvolvedinoxidative

stressresponse.Atthepointofthisvic、v,itisanticipatedthattheE〃818〃acellswouldbe

usefulspeciestodisolvethisproblem,becausealltheenzymesrelatedtotheAsA-GSH

cyclelocatedonlyinthecytosol,notintheorganelles(Shigeokaetal.1987x,1987c,

ChapterII).ItisinterestingproblemwhytheE"gle'mccllslackAsAPfromchloroplasts

andhowtheccllsarcfunctioningtoscavcngcH202gcncratedinchloroplasts.This

problemwillbediscussedinChapterV.

Summary

Illuminationofdark。grownE"gle〃ocellsfor24hat55μEm-2sec-lcausedabout

3.5-foldincreaseintheascorbateperoxidaseactivity.Theincreaseintheascorbate

peroxidaseactivity、 、・assaturatedwithalightintensityofabout55μEm冒2scc-1.The

activitiesofenzymesinvolvedinascorbate-glutathionecycle,superoxidedismutase,

monodehydroascorbatereductase,dehydroascorbatereductase,andglutathionereductase
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werealsofoundtoincreaseduringilluminationat150μEm-2sec-1.Increasesin

activitiesoftheseenzymesinilluminatedEugleytacellsareaccompaniedbytheincreasein

ascorbateperoxidaseactivity.Theinductionsof亡heenzymeactivitiesrelatedto

ascorbate-glutathionecycleincludingascorbateperoxidasebyilluminationwereinhibited

bycyclohehimide,butnotchloramphenicolandstreptomycin.lmmunoblotanalysis

showedtheaccumulationofascorbateperoxidaseproteinwaschangedinparalleltothat

oftheascorbateperoxidaseactivitydependingontheintensityofillumination.These

resultsclearlysuggestthattheincreasedleveloftheenzymeactivitiesinascorbate-

glutathionecycleisattributedtosynthcsisdenovooftheirproteins。
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CHAPTERV

HydrogenPeroxideGenerationinOrganellesofEuglettagracilisZ

HzO2isgeneratedbythefollowingtworeactions;oneistheunivalentreductionof

oxygentoformsuperoxideradicalsfollowedbyadisproportionationwithenzymeor

non-enzymeintoH202andoxygen,andtheotheristhedivalentreductionofmolecular

oxygenwithenzymessuchasD,L-aminoacidoaidaseandglucoseoxidase{Halliwell

andGutterridge1985).TheproductionofsuperoxideradicalandH202hasbeen

substantiatedinisolatedsubcellularorganellessuchasmitochondria,microsomesand

chloroplasts.

EugleraagracilisIackscatalase;howeverEugleraacontainsASAPthatislocalized

onlyinthecytosol,butnotinothercellcompartmentsbasedonthesubcellular

distributionusinglinearsucrosedensitygradientcentrifugation(Shigeokaetal.1980a).

Eu.glejracontainstwoFe-andaMn-superoxidedismutases(SOD}(Kanematsuand

Asada1979).Therefore,EuglenacellsshouldcontainaH202-generatingsystem.

However,directevidenceonthegenerationofH202inE〃8Z8η αcellsremainsunknown.

ThischapterreportsontheformationofH202inintactchloropastsandmitochondria

fromE配8」6η αceUsanddemonstratesthatH202generatedineachorganelleimmediately

diffusesintotlYecytosol.

MaterialsandMethods

ルMaterialsHorseradishperoxidase,GradeI-C,RZ(A403nm1A275nm)≧3.3,

tivaspurchasedfromToyoboCo.Ltd.Tokyo.Homovanillicacidwasobtainedfrom

Sigma.Allotherchemicalspurchasedfromcommercialsourceswereofthehighest

purityavailable.

Organis」rr.andcults-creHeterotrophicculturesofEuglenagracilisZwere

obtainedbyculturingtheunicellularalgaat26°CinKoren-Hutnermedium(Korenand

Hutner1967)underillumination(35μEm'2∬1)for5days,asdescribedinChapterII.

IsolationoforganellesAllprocedureswerecarriedoutatO-4°C.Partial

trypsindigestionofthepelliclesfollowedbymildmechanicaldisruptionofEuglenacells

andsubcellularfractionationbydifferentialcentrifugationwereconductedaccordingto

Shigeokaetal.(1980c).Thechloroplastandmitochondrialfractionswerefurther

purifiedbystepwisePercolldensitygradientcentrifugationasdescribedpreviously

(Isegawaetal.1.984).PhotosyntheticCO2fixationandferricyanidereductionwere

measuredinordertoelucidatetheintactstateofisolatedchloroplasts(Shigeokaetal.

1980c).ThechloroplastswerecapableoffixingCO2attherateof21μmolofCO2mg
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chlorophyll-lhr1:thisvaluecorrespondedtoone-thirdtherateofwholecellsusedfor

isolationofchloroplasts.Ferricyanidereductionwasnotobservedbythechloroplasts,

indicatingthatthiscompounddidnotpenetrateintoCheorganelles.AboutSO%of

ribulosebisphosphatecarboxylaseactivity,asolublemarkerenzymeforchloroplasts,

vasrecoveredinchloroplastfractions.

Isolatedmitochondriashowedsatisfactoryrespiratorycontrolratioandnearly

theoreticalP/Oratiowithsomerespiratorysubstrates.Themitochondriacontainedabout

85000fthetotalsuccinatesemialdehydedehydrogenaseactivity,amitochondrialsoluble

markerenzyme.Sincetheseresultswereinagreementwithpreviousstudiesofisolated

chloroplastsandmitochondria(Shigeokaetal.1980c,Tokunagaetal.197b),we

concludedthattheisolatedorganellesarephysiologicallyintactandnotcontaminatedby

othersubcellularfractions.

DeterrrainatiotiofH202Theisolatedchloroplastsweresuspendedinlmof

25mMHEPESbuffer(pH7.4)containingO.33Mmannitoltothefinalconcentrationof

200μgchlorophyllml層1,bubbledwith100%oxygenfor3min,andthenilluminatedat

750μEm-2s-1.Ateachtimepointafterillumination,thechloroplastpreparation(100μ1)

wascentrifugedat3000xgforlmintoobtainthechloroplastandthesupernatant

fractions ..Thesupernatantrepresentstheexternalchloroplastfraction.Intact

chloroplastswereresuspendedinthesamevolumeof25mMHEPESbuffer(pH7.4}to

rupturethemosmotically.Thelysatewascentrifugedat100000xgfor20min.The

obtainedsupernatantrepresentstheinternalchloroplastfraction.H2a2inbothfractions

wasmeasuredfluorometricallyusinghomovanillicacid(Tokunagaetal.1970.Reaction

mixture(4ml)contained1.25mMhomovanillicacid,50μMhorseradishperoxidase,25

mMphosphatebuffer(pH7.5)and100μlofinternalandexternalchloroplastfraction.

Thefluoresenceyieldwasmeasuredatanexcitationof315nmandanemmisionof425

nm.TheconcentrationofH202ininternalandexternalchloroplastswasexpressedas

nmolmgchlorophyl卜1.IsolatedmitochondriawereresuspendedinlOOμ10f25mM

HEPESbuf`f`er(pH7.4)containingO.25Msucrosetothefinalconcentrationof2mg

proteinml-1.H202generationinmitochondriawasdeterminedspectro-photometrically

bymonitoringtherateofformationofhorseradishperoxidase-H202compoundinshift

oftheabsorptionmaximumfrom402to417nm(△ εmM=501itremmo1-lcm-1)(Boveris

etal.197?).Thereactionmixture(2rrll}contained50mMTris-acetatebuffer(pH7.4},

0.25Msucrose,2ACMhorseradishperoxidase,5mMrespiratorysubstrateand

mitochondria)preparation(0.5mgofproteinml-1).Itwaspreincubatedat27°Cfor3min

priortotheadditionofeachrespiratorysubstrate.ThegenerationrateofH202in

mitochondriawasrepresentedasnmolmgprotein-Imin-1.Chlorophyllandproteinwere

determinedbythemethodsofMacKinney{1941)andBradford(1976},respectively.
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ResultsandDiscussion

GenerationofH202iriintactrriitocttondriaThegenerationofH202via

superoxideradicalbytherespiratorychaininhigherplantandanimalmitochondriahas

beenestablishedasaphysiologicaleventunderaerobicconditions{Halliwelland

Gutterridge1985).Thegenerationofsuperoxideradicalwasobservedintheregionsof

NADHdehydrogenaseandubiquinone-cytochromebsegmentsoftherespiratorychain

{Boveriseta1.1972,RichandBonner1978).InEuglenamitochondria,thesequenceof

electroncarriersthatmediatetheflowofelectronsfromrespiratorysubstratestooxygen

viacytochromeoxidaseisthesameasthatfoundinanimalandhigherplantmitochondria

(Buetow1989}.TheadditionofeachrespiratorysubstratecausedH202generationin

intactmitochondria(Table5。1).Lactate,themosteffectivesubstrate,yieldedH202atthe

rateof95nmolmin昌lmgprotein71.IthasbeenreportedthattherateofH202generation

calculatedusingthehorseradishperoxidaseassayisone-thirdofthatusingyeast

cytochromecperoxidaseassay(Boveris1972},suggestingthatthenetformationof

H?OzinEuglercamitochondriaiscertainlymorethanthevaluesshowninTable5.LRat

liverandpigeonheartmitochondriaproducedH202atratesofO.5nmolmin-1mg

protein-lwithsuccinate(Boverisl972)and20nmolmin`1mgprotein-1witheither

succinate-glutamateormalate-glutamate(BoverisandChance1973),respectively.

Table5.1GenerationofHZOaiuintactmitochondria.

Substrate

(5mM)

HzOageneraEed

(㎜01n血 一1mgprotein'1)

Malate

Succinate

Lactate

Glutamate

Glycolate

4.00±0.25

0.32±0.07

9.47±0.59

2.10±0.11

0.32±0.06

DetailsofthereactionmixtureacidtheassayofHZOaare

describedinthe"MaterialsandMethods"section.

Whealeachrespiratorysubstrateisomittedfromthe

reactioniuixtureinthecontrol,H20zgenerationisnot

observed.

Valuesaremeansofthreeassays±S.D.

Gε π87α"oπofH202iyt"π αc'chloroplastsInchloroplastsofhigherplants,

superoxideradicalisproducedthroughtheautooxidationofthephotoreduced,primary

electronacceptorinphotosystemIandthephotoreducedferredoxin,evenunderfavorable

conditions{AsadaandTakahashi1987}.H?02isformedthroughthedismutationof
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superoxideradicalbySODandthechemicalreactionbyantioxidantssuchasL-ascorbate

andglutathione(HalliwellandGutterridge1985,AsadaandTakahashi1987).Eugleraa

chloroplastscontainFe-andMn-SOD(KanematsuandAsada1979).Afterbubblingof

lOO%oxygenfor3min,theintactchloroplastswereiUuminatedat750μEm281fbr10

min,whichresultedintherapidgenerationofH20z{Fig.5.1).Theehternalchloroplast

H24z.increasedandleveledoffin7.5min,whiletheinternalchloroplastH202increased

slightly,correspondingtoonetenthofthatofexternalchloroplastH242.Theinitialrate

ofH202generation,whichwasevaluatedfromtheH2021evelexternaltothe

chloroplasts,was5μmolh-lmgchlorophyll-1(28.7nmolmin〒lmgprotein-1),

correspondingto25%oftherateofCOzfixationinintactchloroplasts.
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Fig.5.1GenerationofH202inintactchloroplasts.See"Materialsandmethods"sectionfor

details.　 ,internalchloroplasts;・,externalchloroplasts.Eachexperimentalpointrepresents

themeanforfourassays(coefficientofvariationく5%).

ChloroplastsofhigherplantsscavengeH202byAsAPandalsocontainMDAsA

reductase,DAsAreductaseandGSHreductasetoconstitutetheredoxcycleofAsA-GSH

incombinationwithASAP(AsadaandTakahashi1987).H24zproducedinchloroplasts

isreducedtowaterusingaphotoreductantastheelectrondonorbyaperoxidasereaction.

Basedontheresultsreportedhereanddata.reportedpreviously(KanematsuandAsada

1979,Shigeokaetai.1980b},itisclearthatEugleraapossessestheH202-generating

systemandthedefensesystemagainsttoxicactiveoxygensbytwoFe-andoneMn-SOD

andtheAsA-GSHcycle.Theactiveoxygen-scavengingsystemsmayeffectivelycontrol
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theconcentrationofoxygenreductionproductsduetotheircharacteristicsubcellular

distributions.

TheenzymesthatconstitutetheAsA-GSHcycleareexclusivelylocatedinthe

cytosolofEuglenacells(Shigeokaetal.1987a,1987c).Thisisalsothecasein

Acetabularia(Castilloetal.1986}andhetrotrophictissuelikesoybeanrootnodules

(Daltonetal.1987).Inaddition,ithasbeenreportedthatabout60°OofH202

decompositioninE灘8∫ επαcellswasaccountedforbytheAsA-GSHcyclewitha

photoreductantastheelectrondonorlinkedtophotosyntheticelectrontransport{Miyake

etal.1991).TheseresultsraisethequestionhowtheAsA-GSHcycleinthecytosolcan

decomposeH242generatedineachorganelle.Ateachtimepointafterillumination,the

H202concentrationwasdeterminedininternalandexternalchloroplastfractions.The

remarkableaccumulationofH202wasonlyobservedintheexternalchloroplastfraction,

butnotintheinternalchloroplastfraction(Fig.5.1).TheresultsofH202generationin

intactmitochondria(Table5.1)showedthathorseradishperoxidasereactedwithH202

producedaftertheadditionofarespiratorysubstrateandimmediatelydiffusedfrom

mitochondria,sincemitochondria)membraneswereimpermeabletotheperoxidase.The

evidencereportedhereindicatesthatH202generatedinchloroplastsandmitochondria

mustdif#useimmediatelyfromeachorganelleintothecytosolandthendecomposebythe

AsA-GSHcycle,includingAsAP.IthasbeenfoundthatH20z,unlikethesuperoxide

radical,caneasilypenetratecomplexmultilayeredcellwallsandplasmamembranessince

thepKaofH202(H202⇔HO2"+H+)islL8andH202existsinaneutralformat

physiologicalpH(Chanceetal.1979,Hayakawaetal.1984).Theproductionrateof

superoxideradicalandH202wasestimatedtobeabout160and80μMs'1,respectively

inchloroplastsofhigherplantsundernormalconditions(AsadaandTakahashi1987}.

LowconcentrationofH202(10μM)stronglyinhibitedCO2fixationwithinseveral

seconds(Kaiser197b}.Enzymessuchasfructosel,b-bisphosphatase(FBPase},

glyceraldehyde-3-phosphatedehydrogenase(GAPDH),andribulose-5-phosphatekinase

(Ru5P-K)relatedtotheCO2fixationcycleareinhibitedbyH202,diminishingleaf

photosynthesis.

AsdescribedinChapterII,itisaninterestingproblemwhythel翫8∫8η αcells

localizeASAPonlyinthecytsol,butnotinthechloroplasts,toscavengeH242generated

invivo.Inthischapter,IdemonstratedthatH202formedinEugleraachloroplasts

diffusesfromthisorganelleintothecytosol.Recently,Takedaetal.(1995)foundthat

photosynthesisofalgalcellsincludingEuglenaisresistanttoH2.02.uptolmMcompared

tothatofhigherplantchloroplasts,whichisduetotheinsusceptibilityofthethiol-

modulatedenzymessuchasFBPase,GAPDH,andRuSP-KtoH?02.Iconcludethat

theresistanceofphotosynthesistoH?02andthediffusionofH202fromchloroplasts

intothecytosolaswellastheH202-scavengingbyASAPseemstobeaprotectivesystem

againstoxidativestressinEacglenacells.
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Sロmmary

H202generationinintactmitochondriaandchloroplastswasinvestigatedin

Euglertagracilis.Inmitochondria,theadditionofrespiratorysubstratecausedthe

formationofHzO?.Lactate,themosteffectivesubstrate,yieldedH20zattherateof9.5

nmolmin-1mgprotein-1.ChloroplastsshowedarateofH202generationof5μmolh-l

mgchlorophyll-1underillumination.TheresultsreportedheredemonstratethatH242is

generatedinmitochondriaandchloroplastsandimmediatelydiffusesfromeachorganelle

intothecytosol.
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CHAPTERVI

PurificationandCharacterizationofCytosolicAscorbatePeroxidasefrom

Komatsuna(ii∬ 伽rapの

Ascorbateperoxidase(AsAP)hasbeenfoundtooccurasatleastthreedistinct

isozymes:thecytosolicisoform,andtwochloroplasticisoforms,oneinthestromaand

theotherassociatedwiththethylakoidmembranes(Asada1994).Thephysiologicalrole

ofthechloroplasticAsAPisparticularlywelldocumented(Asada1994}.Thiol-

modulatedenzymessuchasfructose1,6-bisphosphataseandglyceraldehyde-3-phosphate

dehydrogenaseinphotosyntheticcarbonreduction(PCR}cyclearereadilyinactivatedif

theAsAPsdonotservetoridcellsofexcessH202(Kaiser1976,Asada1994).Mittler

andZilinskas(1991)reportedthatcytosolicASAPisindeedamajorcomponentof

enzymaticoxyradicalscavengingsysteminpealeaves.Schantzetal.(1995)pointedout

thatdifferentexpressionofisoformsoccursinthecytosolaswellasintheplastidal

compartmentinbellpepper.AnovelAsAPisozymehasbeenfoundtobelocalizedon

membranesofmicrobodiesinpumpkinanditsactivesitewasexposedtothecytosol

{Yamaguchietal.1995).Furthermore,ithasbeenknownthatnon-photosynthetic

tissuessuchasrootnodulesoflegumes{Daltonetal.1987)andpotatotubers(Eliaetal.

1992)containonlycytosolicAsAP.AlthoughthesefactssuggestthatASAPisa

multigenefamilyandcytosolicASAPplaysamajorroleinscavengingH202inacaseof

somestressanddevelopmentconditions,thephysiologicalpropertiesofcytosolicAsAP

remainstillunclear.Thus,inphotosyntheticorganism,itisnecessarytoelucidatea

detailedphysiologicalfunctionsofcytosolicASAP.

Inordertounderstandacluetothephysiologicalrolesofcytosolicisozyme,this

chapterreportstheratiosofactivitiesofASAPisozymesandpurificationandsome

propertiesofcytosolicAsAPinkomatsuna(iI∬icaRapのleaves.

MaterialsandMethods

1)10'π 〃'α'8ア∫α1Freshlyharvestedkomatsuna(i∬rcarapa)werepurchased

atthelocalmarketandstoredat4°Cinthedarkuntilused.Stemsandpetioleswere

removedbeforeuse.

EnzymeassaysASAPwasmeasuredbythedecreaseintheabsorbanceat285

nmduetoascorbateoxidationasdescribedinChapterII.Thereactionmixtures

contained50mMpotassiumphosphate(pH6.3),0.4mMAsA,andO.1mMH202.

Oxidationofalternateelectrondonorswasmeasuredinthesameassaymixtureasthat
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usedforascorbate,butascorbatewasreplacedby20mMpyrogallol(430nm,2.47mM-

1cm-1)
,20mMdianisidine(460nm,11.3mM-1cm-1).

Separatea∬ αy/orascorbate」 ρ6ro漉 面58isozyrnesSeparateassayforAsAP

isozymeswasdonebytherecommendedprocedureofAmakoetal.(1994).The

principleofthismethodexploitthedifferentsensltlvidesoftheisozymestoinactivationin

AsA-depletedmedium.Thecrudeextractpreparedaccordingtothedescriptionbelow.

Theextract(1ml)waspassedthroughage1-filtrationcolumnofSephadexG-25(10x

500mm),whichhadbeenequilibratedwiththe10mMpotassiumphosphatebuffer(pH

7.0)containing20%sorbitol,1mMEDTAand100μMAsA,andthevoidvolume

fraction(1.ml}wasusedastheassaysample.

CytosolicascorhateperoxidasepurificationAllstepsinthepurificationWere

carriedoutat4°C.Komatsunaleaveswerehomogenizedin300mlof10mMpotassium

phosphatebuffer(pH7.0)containing.20%(w/v)sorbitol,1mMAsA,1%

polyvinylpyrolydonebymortarandpestle.Thehomogenatewasfilteredthrougheight

layersclothandthencentrifugedat8000xgfor20mintoremovecelldebris.The

supernatantwillbereferredtointhisreportasthecrudeextracts.Crudeextractsloaded

ontoaDEAF-Sephacelcolumn(2.3x27cm)equilibratedin10mMphosphatebuffer

(pH7、0)containing20%sorbitol,1mMAsA,andlmMEDTA.Thecolumnwas

elutedwith300mlofalineargradientofO-300mMNaCI.Activefractionswere

collectedandsubjectedtoammoniumsulfateprecipitationat30%saturation.The

precipitatewasremovedbycentrifugationat15000xgfor20minandthesupernatant

wasloadedontoabutyl-Toyopearlcolumn(1.2x16cm)equilibratedwith10mM

potassiumphosphatebuffer(pH7.0)containing20%sorbitol,1mMAsA,1mMEDTA,

andammoniumsulfate{20%saturation).Thecolumnwaswashedwith200mlofthe

equilibrationbuffer,andtheenzymeactivitywaselutedwithadescendinggradientof

ammoniumsulfatefrom30toO%saturationmadein300mlofthesamebuffer.T≪o

peaksdesignatedP-IandP-II,wereelutedbyammoniumsulfateatapproximately20%

and15%concentration,respectively。TheactivefractionofP-II,whichcorresponded

withcytosolicAsAP,waspooledandconcentratedbyultrafiltration(throughanAmicon

PM-10membrane)usingcentricon-IQconcentrator(Amicon).Thepreparationof

concentratedfractionwasappliedtoagelfiltrationcolumn(0.75x60cm}ofTSK-gel

G3000SW(TORSO,Japan),equilibratedwith10mMpotassiumphosphatebuffer(pH

7.0)containing20%sorbito1,1mMEDTA,lmMAsA,andO.IMNaC1,andeluted

withthesamebuffer.Thepurifiedenzymewasstoredat-20°Cpriortouse.

S`DS-PAGESDS-PAGEonslabgelwasperformedbythemethodof

Laemmliwith5°70acrylamideforthestackinggeland15°ioacrylamidefortheseparating

gel.Samplesweredenaturedbyboilingfor3mininO.1°/0{w/v}SDSinthepresenceof

5°lo(vJv)2-mercaptoethanol.
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ProteinsequencingPurifiedASAPwasanalyzedbyautomatedEdoman

degradationonaproteinsequencer(AppliedBiosystemsmodel470A)equippedwitha

phenylthiohydantoinanalyzer(model120A}asdescribedinChapterII.

IrnrnacrtoUlottiftgProteinswereseparatedusingSDS-PAGEandblottedonto

anImmobilon-Ptransfermembrane(PVDF,poresizeO.45gym,No.IPVH304FO,

Millipore,Bedford,MA}usingasemidryelectroblottingsystemaccordingtothe

manufacturer'sinstructions(Bio-Rad).Immunobiottingwasperformedaccordingtothe

methodofTowbineta1.(1979).Engle'lamonoclonalantibodieswerepreparedas

describedinChapterII.

ProteinassayProteinwasmeasuredaccordingtoLowryetal.(1951)as

describedinChapterIIusingbovineserumalbuminasstandard.

ResultsandDiscussion

TheratioO!αC"vi.tiesofasco加toperoxidaseゴsozynzes〃akofnatsuna,leaves

InordertoexaminetheratiosofactivitiesofchioropiasticandcytosolicASAPin

komatsunaleaves,IexploitedseparateassayofASAPaccordingtoAmakoetal.{X994).
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Fig.6.1.ThedinecourseofinactivationofASAPinextractsfromkomatsunaleaves.The

crudeextractfromkoinatsuaaleaveswaspreparedits10mMpQtassiumphosphatebuffer(pH7.0)

colltailhllg20%(w!v)sorbitolandlmMAsAasdescribediガlMaterialsandMethods".The

extract(iinl)waspassedthroughagel-filtrationcolumnofSephadexCr-25(10x500mrn),

wl並chlladbeellequilibratedwithtllelO11廿vlpotassiunlphosphatebuf】 「er(pH7.0)containing20%

sorbitol,1inMEDTAand100ycMAsA,andthevoidvolumefraction(1m1)wasusedasthe

assaysample.T'heincubationwasstartcdto20-folddilutetheextractin血e10mMpotassium

phosphatebuffer(pH7.0)containing20°losorbitol,1inNIEDTA.TheinactivationinAsA-

depletedmediumwasstoppedbytheadditionofAsAtofinalconcentrationoflmMineachtime

periods.ASAPactivitywasassayedaccordingto"MaterialsandMethods".
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Theextractsfromkomatsunaleavesshowedtwo-phasekineticsofinactivationofAsAP

(Fig.6.1).IthasbeenknownthatchloroplasticASAPandcytosolicAsAPare50%

inactivatedintheabsenceofAsAbywithinapproximately15sand40min,respectively

{ChenandAsada1989).Themeasurementoftheirinactivitiesallowedustoestimatethe

activitiesofchloroplasticandcytosolicASAPisozymeratiosofkomatsunaleaves.Table

6.1showscomparisonoftheratiosofchloroplasticandcytosolicASAPactivitiesfrom

varioushigherplantsincludingkomatsunaleaves.Inkomatsunaleaves,chloroplastic

ASAPactivitywasalowratio(approximately20%)comparedwithcytosolicASAP

activity.Fromtheseresults,itisimportanttonotethathigherplantscanbeclassifiedinto

twotypeswithrespecttotheratioofchloroplasticAsAPtocytosolicAsAPactivities

onetypeisahighratioofcytosolicenzymeactivitylikekomatsunaandmaizeleaves,and

theothertypeisahighratioofchloroplasticASAPactivityasteaandspinachleaves.

ChaptcrIIshowedthat,inEuglenucells,AsAPoccursonlyinthecytosolbutnotinthe

chloroplasts.

Table6.1.Separateassayofchloroplastic(sAsAP)and
cytosolic(cAsAP}isozymesofAsAPinleaves.

ASAPactivityratios

cAsAP(070}sAsAP(°lo}

Komats㎜a

Cucumber*

Rice*

Maize*

Spinach*

Tea*

Eugle〃agracilts

76

70

65

80

35

25

ioo

24

30

35

20

65

75

0

TheactivitiesofAsAPisozymesweredeterminedbythe
separateassaysdescribedin"MaterialsandMethods".The
asterisksarefromreferenceofAmakoandAsada(1994).

Purificationofcytosolicascorbateperoxidasefromkorriatsunaleaves--

ChloroplasticandcytosolicisozymesofAsAPhasbeenf6undinteaandspinachleaves,

andtheirpropertieswerecharacterized(ChenandAsada1989,Tanakaetal.1991).The

chloroplasticisozymeisspecifictoAsA.Incontrast,thecytosoiicisozymecanoxidize

pyrogaliolatanappreciablerate(Asada1994).Oneofthecharacteristicpropertiesof

ASAPisozymesisinactivationintheAsA-depletedmedium.Thisisespeciallythecase

forchloroplasticASAP,whosehalf-inactivationtimeisonly15s.CytosolicASAPis

morestablethanthechloroplastictype{Asada1994).Inthefirstchromatographicstepa

singlepeakofASAPactivitywasobtainedwiththeyieldof54.0%.Atthepurification

stepusingbutyl-Toyopearlcolumnchromatography,theASAPactivitywasseparated
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intothemajoractivepeakandminoronedesignatedP-IIandP-1,respectively(Fig.6.2}.

P-IandP-IIwereelutedbyammoniumsulfateatapproximately20%and15%

concentration,respectively.Thebothpeaksshowedsharpandsinglepeakandno

detectableanyotherpeakswereobserved.InaAsA-depletedmedium,P-Iwas

particularlylabileaswellasspinachandteachloroplasticisozymes,while,P-IIwasmore

stablethanP-Iasdescribedbelow.P-IisspecifictoAsAastheelectrondonorandP-II

canutilizenotonlyAsAbutalsopyrogallol.Thus,1discriminatedthatP-IandP-IIwere

chloroplasticandcytosolicAsAP,respectively.TheP-IIwasfurtherpurifiedas

describedin"MaterialsandMethods"section.Atypicalpurificationstepsofkomatsuna

cytosoiicASAParesummarizedinTable6.2.Thepurificationofkomatsunacytosolic

ASAPresultedina100-foldincreaseinspecificactivityandafinalyieldofx.0°10.The

purifiedenzymehadaspecificactivityof56.0μmolmin'1mgprotein"1.Thepurification

wasrepeatedseveraltimeswithsimilarresults.Theseresultsindicatethatasregards

cytosolicAsAP,komatsunaleavescontainonlyonetypeisozyme.
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Fig.6.2.ElutionpatternofAsAPonbutyl-Toyopearlcolumnchromatography.Detailed

procedureswerepresentedin"MaterialsandMethods".

TheN-terminalsequenceofkomatsunacytosolicASAPcouldnotbedeterminedby

Edomandegradationontheproteinsequencer,indicatingthattheN-terminusresidueof

thisenzymewasblocked.ThisisthefirstcaseasfarasIknow.N-Terminalsequences

ofcytosolicAsAPsfromvarioushigherplantsaredeterminedandthereisahighdegree

ofhomologybetweendifferentsequencesofcytosolicAsAPs{MittlerandZilinskas

1991b,Tanakaetal.1991,Kuboetal.1992}
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Table6.2.Pu!ificatiollofAsAPfromkomatsulla(β'・n∬icurapの1eavcs,

Step Totalprotein

(mg>

Totalactivity

(川01milr1)

Specificacitivity

ψmOImhrl

mgprotei∬1)

Fold Yield

(%〉

Crudeextract
Ultra-
centrifubatioii

DEAF-Sephacel
30%(NH4)2SO4
Butyl-Toyopearl
TSBG3000SW

497.0

493.2

30.9

21.G

1.9

0.4

?79.7

272.G

234.9

22L8

83.9

22.4

056

O.JJ

9.29

10.27

14.90

56.00

1.0

1.0

16.6

18.3

26.6

100

100

97.5

8=x.0

79.3

30.0

8.0

DetailsoftheplUificationaredescribedin"MaterialsvuiMethods".

kDa

97

66

42

28kDa-一 　
30

20

14

1 2

Fig.G.3.SDS-PAGEanalysisofthepurifiedcytosolicASAPfromICOIIIalsllllilleaves.

Po夏yacrylaiiiidegclcoiicciitrationwas12.5%.5μgoCpurifiedcnzymc(1allc1)alld11101ccular

massproteinstandards(lame2)weresubjectedtoSllS-PAGE.GelswerestainedwithCoomassie

BrilliantB重ueR-250.ThearrowindicatesthcAsAP。

TheglycoproteinnatureofthepurifiedkomatsunacytosolicAsAPwasexamined.

ThepurifiedenzymewasseparatedbySDS-PAGEandelectrophoreticallyblottedonto

PVDF-membranesandthenglycochainsdetectedusingG.P.sensor(HonenCorp.,

Japan).TheresultshowedthekomatsunaAsAPwasnotglycosylatedbya-D一
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mannopyranosylanda-D-glucopyrosylresiduesaspreviouslyreport(ChenandAsada

1989)(datanotshown).

Cvomassie-stainedSDS-PAGEofthefinalpreparationshowedasingleband

correspondingtomolecularmassof?8000Da{Fig.6.3).Gelfiltrationchromatography

withaTSK-gelG3000SWcolumn(TOHSO,Japan}revealedthattheisolated

komatsunacytosolicAsAPhadanativemolecularmassof280()0±1000Da(Fig.6.4).
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Fig.6,4.MolecularIIlasscletenniiiationofkoiliatsunacytosolicAsAPbyHPLConTSK-gel

G3000S≪'.Thedetailedproceduresweredescribedin"MaterialsacidMethods".Thepurified

enzviiie(3μg)wasinjectedintoHPLCcoltiirui.ThecolulnllwascalibratedwithEliemolecular

massstandardprofeiiisasfollowing:1,BSA(dinier;1321:Da);2,BSA(monoiuer;661:Da);3,

chickencggalbulnill(斗5kDa);4,carbonicanllydrasc(29kDa);5,α 一lactalbulnin(14.2kDa).

TheseresultsindicatekomatsunacytosolicAsAPexistsamonomericforminitsnative

state.Inpealeaves,cytosolicAsAPoccursasahomodimeroftwosubunits,whichdid

notassociateviadisulfidebonds,withmolecularmassofapproximately29500Da

(MittlerandZilinskas1991a).PreviousstudywithpurifiedcytosolicASAPfrompotato

tubersindicatednati、 ・emolecularmassof32000Daandhadasubunitmolecularmassof

30000Da(Eliaetal.199?).IncontrastwithcytosolicASAP,thespinachthylakoid-

boundandteastromalisozymeswerefoundamonomericformwithmolecularmassof

40000Daand34000Da,respectively(Miyakeetal.1993,ChenandAsada1989).

TheseresultsindicatethatcytosolicAsAPsinhigherplantsexistastwoformsintheir

nativestateswhicharedimericandmonomeric.ChapterIIshowedthatinanAsA-

depletedmediumEtcglenncytosolicAsAPhasanexceptionallyhighmolecularmassand

isamonomericformwithamolecularmassof58000Da.

αzαrαc'εrた α"o'ZOf(:ytosolicascorbateperoxidasefromlu)〃zα お ∫〃zαleavesThe

optlmumpHofthepurifiedcytosolicAsAPwas6.5andtheoμimumtemperaturewas

39°C(Fig.6.5}.PreviousreportswithrespecttocytosolicandchloroplasticASAP

isozymesfromvarioussourcesindicateoptimumpHrangesof6.0-8.0(Mittlerand
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Zilinskas1991x,Eliaetal.1992,ChenandAsada1989,Miyakeetal.1993}.The

enzymeretainedfullactivityupto35°CbetweenpH6.5and7.5andLostactivity

completelyat55°C(Fig.6.5).

ASAPutilizesAsAasthemosteffectiveelectrondonor(Asada1992).Unlike

chloroplasticAsAP,thecytosolicisozymecanutilizealternateelectrondonors,suchas

pyrogallolandguaiacol(Asada1992}.Utilizationofalternateelectrondonorsis

demonstratedinTable6.3.Inagreementwithpreviousstudies(ChenandAsada1959,

MittlerandZilinskas1991a),komatsunacytosolicASAPwasabletocatalyzethe

oxidationofpyrogallolata2.5-foldhigherratethanthatofAsA.
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Fig.6.5.OptimumpHandtemperature,andpHandthermalstabilityofkomatsunacytosolic

ASAP.AshowstheoptimumpHandpHstability.Bshowstheoptimumtemperatureand

thermalstability.TheoptimumpHwasdeterminedbyusing50inMTricinebuffer(pH7.5-8.5},

50inMpotassiumphosphatebuffer(pH6.0-8.0),50mMHEPESblaffer(pH7.0-8.0}aiadSO

mMTris-acetatebuffer(pH5.0-9.0).Thereactionnuxture(2ml)contained100nzMofthe

phosphatebufferdescribedaboveand"MaterialsandMethods".ThepHinthereactionmixture

wasmeastuedat37°ConpHmeter(HORIBA)afterthedete㎜inationofthcactivity.ThepH

stabilitywasdeterminedwiththeenzymepretreatedatvariouspHvaluefor15minat40°C.

RelativeactivitywasexpressedinpercentagainsttheactivityofpH6.5.Thespecificactivityat

pH6.5was60.Oycmolmirilmgprotein-1.Theoptimumtemperaturewasdeterminedby

incubationbetween4and55°Cwith50rnMphosphatebuffer{pH7.0).Thethermalstability

wasmeasuredwiththeenzymepreincubatedatvarioustemperaturesfor15minatpH7.0.

RelativeactivitywasexpressedinpercentagainsttheactivityofpH7.0.Thespecificactivityat

pl{7.Owas56.0μmollnin-1nlgProtei1ゴ1,Fordetailssee"MaterialsandMethods・.

TheapparentKmvaluesforAsAandH2(並weredete㎜inedtobe402μMand24

μM,respectively,fromthedoublereciprocalplotsofsubstrateconcentrationsand

reactionrates(Fig.6.6).Thesevalueswereofthesameorderofmagnitudeasthose

reportedforcytosolicandchloroplasticAsAPsfromothersources;theKmvaluesfor

AsAandH202areintheranges220-480ACMand20-80JAMinphotosynthetic

organisms,respectively{Shigeokaetal.1980a,MittlerandZilinskas1991a,Chenand

Asada1989).
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Fig.6.7.TheinactivationofpurifiedcytosolicAsAPfromkomatsunaleavesbydepletionof

AsA.PurifiedAsAPstoredinamediumcontaining10mMpotassiumphosphate(pH7.0),100

μMAsAand20%sorbitolwasdilutedwith10mMpotassiumphosphate(pH7.0)atthefinal

AsAconcentrationofbelowlOμM(-AsA).ARer廿ledilutio11,1mMAsAwasaddedauhe

indicatedtimesandAsAPactivitywasassayedaccordinbto"MaterialsandMethods".Where

indicated(+AsA},thedilutionwasdonewiththebuffercontaiiunglmMAsA.
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OneofthecharacteristicpropertiesofhigherplantAsAPsisinactivationinthe

absenceofAsAasdescribedabove.Thehalf-inactivationtimeofthepurifiedkomatsuna

cytosolicASAPwasapproximately80min{Fig.b.7).Thisisalsothecaseofalready

knowncytosolicASAP{ChenandAsada1989).

Thepurifiedenzymewasstronglyinhibited87.1°70and82.0°70byO.5mMazide

and14JAMcyanide,respectively(Table6.3),indicatingthatkomatsunacytosolicAsAP

isatypicalhemeproteinaswellasotherAsAPs.

Table6.3.SummaryofsomepropertiesofcytosolicASAP
fromkouiatsiuia(Brassicarapa)leaves.

Moleculermass(Da}

OptimumpH(stability}

OptimumTemp.(stability)

Donorspecificity(°lo}

AsA

GSH

Cytc

NAD(P)H

Pyrogallol

Guaiacol

O-Dlal--SICI111C

κIllvalue(μM)

AsA

I-bO2

Eff㏄tofi1皿 オbitors(%)

NaNsO.5mM

l.nIllM

KCN10.0μM

50.0μM

Carbohydrate

:11

G.5(6.5-7.5)

39°C(35°C>}

104

0

0

0

250

0

6.5

A∠

4
刀

⑳

2

87.l

goo

82

goo

none

加 〃nurroblot.analysisofkorraatsi.r.trcr.crscorbate、peroxidase〃S〃 」8Euglena'〃orioclorial

ω πめoのImmunoblαanalysiswasperformedusingEugle"αmAb(EAPI)which

cross-reactedwithbothchloroplasticandcytosolicAsAPsfromhigherplants{Chapter

II).ThepurifiedkomatsunacytosolicASAPcross-reactedwiththeEicgle」zamAbata

positioncorrespondingtoamolecularmassof28000Da(Fig.6.8).Thisresultshowed

thatkomatsunacytosolicASAPandalreadyknowncytosolicAsAPssharecommon

epitopes.Theimmunoblotanalysiswithcrudeextractfromkomatsunaleavesshowed

onlyoneproteinbandcorrespondingtoapurifiedenzyme,supportingkomatsunaleaves

containaonlyonetypeofcytosolicAsAP.

Inconclusion,komatsunaleavesexhibitedahighratioofcytosolicASAPto

chloroplasticAsAP.TheenzymaticcharacterizationofkomatsunacytosolicASAP

agreedverycloselywiththoseofalreadyknowncytosolicAsAPs.
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CHAPTERVII

CloningandExpressionofcDNAEncodingaNewTypeofAscorbate

PeroxidasefromSpinach

Plant-typeperoxidaseshavebeengroupedinthreeclasses,whicharedistantly

relatedstructurally.Classlisformedbyprokaryoticlineagessuchasyeastcytochromec

peroxidase(CCP}andascorbateperoxidase(AsAP).Secretoryfungalperoxidases

(manganeseandligninperoxidases)belongtoclassII,whiletheclassicalplant

peroxidasessuchasGPbelongtoclass111(Welinder1992).

TheorganizationofthecDNAclonescodingthecytosolicASAPhasbeenreported

inpea(MittlerandZilinskas1991),Arabidopsis(Kuboetal.1992),soybean(Chatfield

andDalton1993),maize{Breusegemetal.1995),andspinach{WebbandAllen1995).

InChapterII,monoclonalantibodies(mAb;EAPIandEAP2)raisedagainstEuglena

ASAPcross-reactedwithcytosolicandchloroplasticASAPinspinachleaves.This

chapterreportsthecloningandexpressioninE.colaoftwocDNAclonesencodinganew

typeofASAPandalreadyknowncytosolicAsAPfromspinachleavesusingthemAbasa

probe.

MaterialsandMethods

ルMaterialsAspinach(SpinaciaoleraceのcDNAlibrarywaspurchasedfrom

Stratagene.Goatanti--mouseantibodieswereobtainedfromBoehringerMannheim.GP

fromspinachleaveswasgenerouslysuppliedbyDr.KoziAsada(KyotoUniversity).

Allotherchemicalswerereagentgradeandusedwithoutfurtherpurification.

3c78ε 加 重8(ゾthecDIVAlibraryAspinachcDNAlibraryinλZAPwas

screenedbymAbsraisedagainstEuglenaASAP.ThepurificationofEuglenaASAPand

mAbspreparationaredescribedinChapterII.RecombinantpBluescriptSK-phagemids

wererescuedfrompositivebacteriophageclonesbyanvivoexcisionbytheprocedure

providedbythemanufacturer.ThenucleotidesoftheisolatedcDNAclonewere

sequencedbythedideoxychainprimermethodmodifiedfordoublestrandedplasmid

DNA.

PreparationofrecombinantproteinE.colicellsweregrownwithshakingat

37°CtoanOD6000fO.6-0.7inLuria-Bertanimediumcontaining100mg/mlampicillin.

ExpressionwastheninducedbyaddingIPTGto1.OmMandshakingfor3hmoreat

37°C.Cellswereharvestedbycentrifugationat500xgfor20min.Afterresuspension

ofthepelletin50mMpotassiumphosphatebuffer,pH7.0,containinglmMAsAandl

mMEDTA,thecellsweredisruptedbysonication(10kHz)for3min.Thesupernatant

Sl



obtainedbycentrifugationat10000xgfor15minwasusedasthecruderecombinant

enzyme.

AssayofperoxidaseactivityTheactivityofASAPwasdetermined

spectrophotometricallyasdescribedinChapterII.Oxidationofalternateelectrondonors

wasmeasuredinthesameassaymixtureasthatusedforASAP,butAsAwasreplacedby

20mMpyrogallol(430nm,2.47mM-1cm-1)or20mMguaiacol(460nm,11.3mM-1

cm占1).

NorthernblotanalysisTotalRNAwasextractedfromleavesand.rootsof

spinachasdescribedinreference(ChomczynskiandSacchi1987}.Poly(A)+-RNAwas

preparedbyusingPolyATtractmRNAIsolationSystems(Promega).TotalRNA(20fig)

andPoly(A)+-RNA(2fig)wereelectrophoresedinaformaldehyde/1.2°loagarosegel,

blottedonanylonmembranefilter,andhybridizedtoa32P-labeledprobe.ForNorthern

blotting,SAPIandSAP4wereusedaseachprobes.Themembraneswerewashedin

O.2xstandardsalinecitrate/0.1%SDSat60°Cfor20min.

ResultsandDiscussion

IsolationandcharacterizationofcDNAencodingascorbateperoxidaseThe

spinachcDNAlibrarywasscreenedwiththemonoclonalantibodiesraisedagainst

E1'gleyr.nAsAP(ChapterII).TwopositiveclonesdesignatedSAPIandSAP4,

containinginsertsof1.2-kband1.1-kb,respectively,wereisolatedandcompletely

sequenced(Fig.7.1,7.2).

A

016 480 770
., 1133

EAPE

==_　 』≡≡}←
一 一一一

B

068203 647 8319391083

KIE

一〇
KSHES

{↓　
H↓↓↑

Fig.7.1.PartialrestrictionmapandsequencingstrategyforSAP1(A}andSAP4{B).
Restrictionenzymesareshownasfollows:A,Apal;E,EcoRI;H,HindllI;K,Kpnl;P,Pstl;S,
Scrcl.Thecodingsitesareboned.Arrowsindicatethedirectionandextentofsequencing.
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ThenucleotidesequenceofSAPIconsistedof927byinthecodingregion.TheQRF

codedforaproteinof309aminoacids.Thecalculatedmolecularmassofthecloned

sequenceinSAPlwas34471Da.Ontheotherhand,the1.1-kbinsertofSAP4

containedanQRFcodingforaproteinof250aminoacidresidues,whichwascalculated

tobe?7560Da.NeitherclonedcDNAhadatransitpeptide.Thenucleotidesequences

andtheprimarystructureofthededucedSAP4proteinagreedwiththespinachcytosolic

AsAF{WebbandAllen1995),andthededucedaminoacidsequencesoftheNterminal

regionwashomologouswiththesequencedNterminusofspinachcytosolicASAP

reportedbyTanakaetal.(1991.Incontrast,thededucedNterminusofSAPlwaslittle

homologouswithcytosolicAsAPsincludingSAP4andtheclassicalplantperoxidases

(MittlerandZilinskas1993,Koshiba1993,Welinder1976).

Q

NGATCAAGTTCCAAAATGGGAAGAGTACCAATTGTGAATGAAAACTATCGGAGGGTAATT

MGRVPIVNENYRRVI

GAGGCAGCTCGTCGAGACCTCCACCGTTCTCTCGTCCAGGACAACAACAACTCTGCTCCT

EAARRDLHRSLVQDNNNSAP

ATCCTCCTCCGCCTCTCATTTCACGATGCAGTGGACTATGATGCAGCAACAAAACGAGGT

工LAVDYDAATKRG

GGTGCAAATGGTTCAGTTAGGTTAGCTCAGGAGTTGAACCGCACCCCAA.ACAAGGGCATA

GANGSVRLAQELNRTPNKGI

GAAACTGCTGTTAGATTTTGTGAGCCGATCAAGCGTAGACACCCTGATATTACATATGCT

ETAVRFCEPIKRRHPDITYA

GACCTTTATCAGCTAGCTGGAATTGTTGCAGTAGAAGTAACCGGAGGTCCTGCTATTGAT

DLYQLAGIVAVEVTGGPAID

GCTGATGTTGCAGACCA.AGACAATATCCCAAACCCTAGAAGAGGAGCGGATCATCTGAGA

ADVADQDN工PNPRRGADHLR

ACCGTATTTTATCGAATGGGCCTCAATGACAAGGATATCGTTGTACTTTCTGGGGCCCAC

TVFYRMGLNDKD

GCACTGGGTGGAGCACACAAGGACAGATCAGGGTTTGACGGCGATTTCACTCGAAACCCT

ALGGAHRDRSGFDGDFTRNP

TTGACGTTTGATAACTCCTACTTTGTAGAGCTACTGAGGGGTGATACTCCAGGGTTGGTG

LTFDNSYFVELLRGDTPGLV

AAATTTCCAACAGATAAGGCTCTCTTAACTGACCCTCGTTTCCGTCCCTTTGTTGATCTC

KFPTDKALLTDPRFRPFVDL

TACGCTAGGGATCAAAGAGCATTCTTCAGAGATTATGCAGAATCACACAAGAAGATGTCC

YARDQRAFFRDYAESHKKMS

CTGCTAGGGCTTAATCATCCGGAATCCAACCTATATGAAAGTAACAGCTGCAGCACGAGG

LLGLNHPESNLYESNSCSTR

TTGAGTGTGGTGCTCAATCCTACGTTGTCCAAAACGGAGGCTGTCCAATGCAATACGGAT

LSVVLNPTLSKTEAVQCNTD

ATGCTCGACCCTATGCAGTTGGAAATGGTTGCTGCCCAGGCGGCTACTGATACCTATAAT

MLDPMQLEMVAAQAATDTYN

ATGCCCATATATACGGCTGTTAACTGTAACAGTCTACGTGACTGAGTGAGTACGTGATGG

MP工YTAVNCNSLRD★

GAATTAATATCTTTGAGTTCATGTGATGGCCTCAAGAATAATTAAGTTGTAACGTTTTAC

TTTGTTATATATACTCGTTTATTATGTAATTAAAGTTGTAGTAGTAACGGGGAAACTGTA

CGTGACAGGAACTTGCTTGGAGAAAATCAGCCTTCCTGCCCTCCCTGCATGCT

60
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B

GCTCACCACACTCATCTTCCGCTTTTTAGGGTTTTTCATTCATTTGATTCTTCATCAGAC

TTTAAGCCATGGGAAAGAGCTACCCAACTGTCAGTGAGAACTACCAGAAATCTATTGAAA

MGKSYPTVSENYQKSIEK

AGGCCCGGAGAAAGCTCAGGGGTTTGATCGCAGAGAAGCAATGTGCTCCTCTTATGCTTC

ARRKLRGL工AEKQCAPLML

GTCTTGCATGGCACTCTGCTGGTACCTTTGATTGTACTTCAAAAACTGGAGGTCCCTTTG

糞難雛 灘 　 '郎SAGTFDCTSKTGGPFG
GTACAATGAAGCACCAGGCAGAGCTGGCTCATGGGGCTAACAATGGGCTTGTTATTGCTG

TMKHQAELAHGANNGLV工AV

TTAGGCTGTTGGAACCCATCAAGGAACAATTCCCCGAAATTACTTATGCTGACTTTTACC

RLLEPTKEQFPEITYADFYQ

AGCTGGCTGAGTTTGTGGCCGTTGAAGTTACTGGAGGACCTGAAGTTCCCTTCCACCCAG

LAEFVAVEVTGGPEVPFHPG

GCAGAGAGGACAAGCCAGAGCCACCCCAGGAAGGACGTCTCCCTGATGCCACCAAGGGTT

REDKPEPPQEGRLPDATKGC

GTGACCATTTGAGAGATGTCTTCATCAAGCAAATGGGTCTTACTGACCAGGACATTGTTG

DHLRDVFIKQMGLTDQDI

CTCTATCTGGAGGCCACACTTTGGGGAGATGCCACAAGGACCGCTCTGGTTTTGAAGGTG
}Il「LGRCHKDRSGFEGA

CTTGGACTACCAACCCTTTGGTCTTCGACAACACCTACTTCAAGGAGCTCCTGAGTGGTG

WTTNPLVFDNTYFKELLSGE

AGAAAGAAGGTCTCTTGCAGCTGCCATCTGACAAGGCTCTTCTCTCTGACCCTGTCTTCC

KEGLLQLPSDKALLSDPVFR

GCCCACTGGTTGAGAAATATGCAGCTGATGAAGATGCATTCTTTGCCGACTATGCTGAGG

PLVEKYAADEDAFFADYAEA

CGCACTTGAAACTTTCTGAACTCGGATTTGCTGATGCTTAAGCAGTTGGAGAAAGACTGA

HLKLSELGFADA

TAGAAGGGTTGAAGAGAATAGCACCAGTGTCATCTTTTGTATTTCTTGCATTTACATGGG

GTTCGTTTAGTAACATTGCGCTTAGGTTGCTTTAGGGGAAGCTTGGTCATTTTAGTACCA

GGGCATCTAACTGTCTCGTTTGCTGAGTTTGATGGATTGTGGAAATGCATACTAGGATTT

CTTTTTTGTGGATTGGTCATGATATTGATCATGTTGCTTGCTTTGGTAATAAAAGATGTT

GAC

60
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Fig7、2.NucleoUdeseqllellceanddeducedaminoacidscqllell㏄ofSAP1(A)alldSAP4(B).Theamillo

acidsequencededucedfromanopenreadingframeisshownbelowthenucleotidesequences.Theputative

polyadenylationsignalisshownbyanunderline.PutativeN-glycosilationsite,Asn-X-Ser!Thr,are

double-ullderlilled.AminoacidregionslleardledistalalldproximalHisarcslladed.Tllenuclcotide

sequencedataofSAPlwillappearintheDDBJ,ENIBL,a<ldNCBInucleotidesequencedatabaseswiththe

accessiollnumbcrD49679.

Fig.7.3comparesthededucedaminoacidsequencesofSAP1,SAP4,Arabidopsis

cytosolicASAP(Kuboetal.1992),andpeacytosolicASAP(MittlerandZilinskas

1991b}.AsawholethetwosequencesofSAPlandSAP4were50.8%identical.The

deducedaminoacidsequenceofSAPlwashighlyhomologouswiththoseofcytosolic

AsAPs,49.4%homologouswithAア αわ∫40p∫'3AsAPand47.8%homologouswithpea

ASAP.ConsiderablehomologyofcytosolicandchloroplasticAsAPsfromhigherpants

hasbeenfoundwithyeastCCPincomparisonwithGP(MittlerandZilinskas1991b,

Kuboetal.1992,Chenetal.1992}.SAP4was35.1%identicalwithCCPinagreement
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withtheresultsofcytosolicAsAPsfrompeaandA70か140ρ5'3(MittlerandZilinskas

1991b,Kuboetal.1992).SAPlwasalso30%identicalover250aminoacidswith

CCPandhadlesshomologywiththeclassicalplantperoxidase.

SAPl

SAP4

A.cAsAP

P.cAsAP

・

1:MGRV-P工VNENYRRVIEAARRDLHRSLVQDNNNSAP工LLRLSFHDAVDYDAATRRGGANG

1:..RSY.T.S...QRS..R...K.一.G.iAE-KQC..LM...AW.S.GTF.CTS.T..PF.

1:.TKNY.T.S,D.KKAV.KC..K.一.G.IAE-K.C..,MV..AW.S.GTF.CQSRT..PF.

1:..KSY.T.SD-.QKA..K.K.K.一.GFIAE-KKC..LI...AW.S.GTF.SK..T..PF.

★ ★ ★ ★ ★ ★ ★ ★ ★★1謄 曹 ★ ★ ★ ★★ ★

60:SVRLAQELNRTPNKGIETAVRFCEPIKRRHPA工TYADLYQLAG工VAVEVTGGP--AID-A

59:TMKHQA..AHGA.N.LVI...LL....EQF.E.....F....EF.........EVPFHPG

59:TM.FDA.QAHGA.S..HI.L.LLD..REQF.T.SF..FH....V.........DIPFHPG

58:T工KHQA..AHGA.N.LD工 。..LL。...EQF.工VS...F...,.V。.。.工 。...EVPFHPG

禽 ★ 糞 ☆ ★ ☆☆ 禽 費☆ ★★禽 ★★☆★ ★★w「★

・

1173--D--v-ADQDNIPNPRRGADHLRTVFXR-MGLNDXDIvvLSGAHI配LGGAHKDRSGFDGD

119:RE.KPEPPQEGRL.DATK.C....D..IKQ...T.Q...A...G.T..RC.......E.A

I193RE.KPQPPPEGR工 」。DATK。C....D.。AKΩ 。.。S.....A.....T..RC.......E.A

118含RE.ICPEPPPEGRL.DATK.S..。.D..GRA...S.Ω..。A..。G.T工.A...E....E.P

嚢 曹 ★ ★★★貢 ★嚢 喚★ ☆ ★ 脅☆ ★ 費 費嘘 ★ ★ ☆ 費 貢 ★曹 ★ ★

1;1:翻 鰹 囎 艶 総?麗?灘1講 脳 憲?PRFRPFVDLXAR.V...L.EK..A?暑鰹 衰?YAES...A
・79・ 離 ・・… ・ … …K・ ・…EKE・ ・L。LV曝 …D・ ・V…L・ ・K・ ・A・ED…A・ …A

178轍.S…1… …T…T・EKD・ ・LQL.S辮 … …SV・ ・.LEK・ ・A・EDV..A_.A

★ ★鳶★ ★★★ ★倉 ★☆☆ ★ ★★ 鳶★ ★禽禽 ☆ ★★ ★ ★ 鳶脅 費 費★ ☆☆ ★禽

231:HKKMSLI、GLNHPESNLXESNSCSTR工.SWLNPTI、SKTEAVQCNTDMLDPMQLEMVAAQAA
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★ ☆ 嚢★ 糞 ★

291:TDTYNMPIYTAVNCNSLRD

247:-G-一 一一一一F-.一 一一DA-一 一

247:-G-一 一一一一F-.一 一一DA-一 一

246:-G-一 一一一一F-.一 一一EA-一 一

★

Fig.7.3.Alignmentofthededucedaminoacidsequencesofascorbateperoxidasesfromspinach

(SAPIandSAP4)wid1`hededucedaminoacidsequencesofcy【osolicascorb飢epeloxidasesf士om

Arabidopsisandpea.A.cAsAP,Arabidopsiscytosolicascorbateperoxidase(buboetal.1992);

P.cAsAP,Peacytosolicascorbateperoxidase(MittlerandZilinskas1991b).Dashesareincluded

toivaxinnuzealigiunentaciddotsindicatehomologywiththeSAPIaminoacidsequence.The

asterisksshowthccollsensus壬m遜noacids.Thedis重alandproximalHisresiduesarcshownby

heavydots.TheTrpandAspresidue,whichcorrelatedwi血activesite,areilldicatedbyshade.

ItisinterestingtonotethattheC-terminalofSAPIwasapproximately60aminoacids

longerthancytosolicAsAPscontainingSAP4{Fig.7.3).AsshowninFig.7.4,the60-

residueC-terminalregionofSAPlcontainedabout40%ahydrophobicaminoacids;the

hydrophobicityinthisregionishigherthanthatintheregionfromN-terminustoresidue

250,suggestingthatSAPIproteinmaybeboundtothecellorganellesasaperipheral

membraneprotein.TherearetwoorthreecytosolicASAPisozymes,notincluding
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chloroplasticisozymes,inspinachleaves{Tanakaetal.1991 ,NakanoandAsada1987).

Moreover,MittlerandZilinskas(1993}havereportedthatpealeavescontainseveral

ASAPisozymes,whichhaddifferentsubstratespecificitiesandenzymaticstabilities.

Residuenumber

311

Fig.7.4.HydropathyprofileofthededucedaminoacidsequenceofSAP1.Hydrophobicitywas
analyzedbytheGENETYXsoftwareprogram,asdescribedinreference(KyteandDoolittle1982),
forawindowsizeoftuneanunoacidresidues.Hydrophobicdomainsareabovethezeroline.
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P.cAsAP

A.CASAP

Y.CCP

HRP

TUP

LP(H8}

MnP

36

3S

35

35

45

35

35

40

39

DistalHis

・

難

ProximalHis

・

難蠣
魏灘 灘撒

158

167

166

166

177

173

171

179

176

Fig.7.5.ComparisonofSAPlandSAP4fromspinachwithotherperoxidasesatregionsnear
thedistalandproximalHis.P.cAsAP,peacytosolicascorbateperoxidase(MittlerandZilinskas
1991b);A.cAsAP,Arabidopsiscytosolicascorbateperoxidase(Kuboetal.1992};Y.CCP,yeast
cytochromecperoxidase(Kaputetal.1982);HRP,horseradishperoxidase(Welinderi976);TUP,
Turnipperoxidase(MazzaandWelinder1980);LP(H8),ligninperoxidaseH8(TienandTu1987);
MnP,manganese-dependentperoxidase{Peaseetal.1989).Aminoacidswhichareidenticalto
SAPIareshaded.Dotsindicatedistal.andproximalHisresidues.

Acomparisonoftheprimaryaminoacidresiduesneartheactivesiteisshownin

Fig.7.5.Plant-typeperoxidasescontaintwoHisresidues,whichareproposedtobe

essentialforactivity,oneoftheHisresidues(proximal}istheaxialligandofhemeand

theotherone(distal}isinthedistalpocket{PoulosandKraut,1980).TheclassI

peroxidasesarehighlyconservedaroundthedistalHisresidues{R-L-A-W-H}.SAP4
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alsohadcorrespondingresiduesinthesequence.Incontrast,SAPIpossessedPhe-42

ratherthanaTrp-42;thusinthisrespect,SAPIwasmoresimilartoclassicalplant

peroxidasesthantocytosolicAsAPs.TheaminoacidsequenceneartheproximalHisof

cytosolicAsAPswashighlyconservedinSAPIandSAP4.TheAsp-235residue

correlatedwiththeactivesiteofCCP(Fisheletal.1991)wasconservedinSAPIand

cytosolicAsAPsincludingSAP4(Fig.7.3).However,theactivesiteTrp-191inCCP

whichwasimportantforthestorageofoxidizingcquivalentsincompoundI(Fisheletal.

1991),wasnotconservedinSAP1.TheclassIIandIIIperoxidasesarecharacterizedby

theeightCysresiduesattheconservedpositionsforthefourdisulfidebonds(Welinder

1976).However,nohalf-cystineresidueshavebeenfoundincorrespondingpositionsin

eitherSAPIorSAP4,asisthecaseforcytosolicAsAPsandCCP(MittlerandZilinskas

1991b,Kuboetal.199?,Kaputetal.198?).

Mostclassicalplantperoxidasesareheavilyglycosylated.Horseradishperoxidase

possesseseightconsensusN-glycosylationsites,Asn-X-Ser/Thr(Welinder1976,

KornfeldandKorenfeld1985).SAPIcontainedfoursitesinthesequenceatAsn

residues31,58,68,and261(Fig.7.2.A).NeitherAsAPnorCCPisglycolated(Asada

199?).Asdescribedbelow,SAPIwasexpressedasamatureenzymewithahighAsAP

activityintransformedF.colicells.Accordingly,glycosylationofSAPlproteinmaybe

loworlacking.

A B

(kb)
(kb)

9.5-
・7

.5-

4.4

1.4一

0.2一

1ト1.3kb

9.5_

7.5-

4.4一

2.4一

1.4一

0.2一

難 鱒 ぐ 一1・2kb

ず 諒 ず ず

Fig.7.6.NorthcrnblotξmalyslsofspinachlcafandrootmRNAprobcdwiththecDNAclonesto

theSAP1(A)andSAP4(B).TotalRNAandmRNAwerepreparedfromleavesandroots.In

eachlaneofpanelA,20N°oftotalRNAwereputon.InpanelB,2μgofpoly(A)+-RNAwere

puton.Themigrationofsizemarkersisindicatedontheleft.
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Nortleerjiblotnfral _ysisTheexpressionofSAPImRNAaswellasthatof

SAP4vasdetectedbyNorthernblotanalysisusingrandomlyprimedcDNAinsertsas

hybridizationprobes.Eachprobewashybridizedtoa1.3-kbRNAofSAPIand1.?-kb

ofSAP4,respectively,indicatingthatthetranscriptswerefoundinbothleavesandroots

(Fig.7.6).IthasbeenreportedthatthepcacytosolicAsAPtranscript,whichwasfound

tobe1050b,wasobser、'edinbothlcavesandroots,andthatsteadystateAsAP

transcriptlevelsincreasedinresponsetoseveralstressesimposedbydrought ,heat,and

paraquat(MittlerandZilinskas199?).

<←-34kDa

ぐ 一28kDa

〆'
Fig.7,7.Immiiiiohlotごmalysisofcnidecxtrac重sfromZヨ.co〃 ㏄11sthathavebeentrallsformedwith

SAPIalldSAP4.Molloclollalantibodyraisedag{盛nstr:'イ818〃 αAsAPwasusedasthep1imary

all〔ibodya㏄ordillgtoChaP1crIL〆 、11al了owhcadin(licatesdlcPosi吐io璽10ftheproteinreco9置ureciby

thealltibody.

BacterialexpressionmidAsAPactivityAfterinductionwithIPTG,the

recombinantAsAPproteinsfromSAPlandSAP4wereetpressedinE.colicells.

WesternblotanalysiswasdonewiththemonoclonalantibodiesraisedagainstEuglena

AsAP,whichreactedwiththecytosolicAsAPsfromplantsources,btrtdidnotcrossreact

withGP(ChapterII).AsshowninFig.7.7,theantibodiesreactedwitha34kDa

recombinantSAPlproteinanda?9kDarecombinantSAP4protein.RecombinantSAPI

correlatedwellwishthecalculatedmolecularmassoftheprimaryprotein.Somereports

existontheproductionofantibodiesagainstplantAsAPs(Tanakaetal.1991,Mittlerand
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Zilinskas1991a,Koshiba1993,ChenandAsada1989).Thereisnoevidenceofcross-

reactionwithGP.TheseresultssuggestthatSAPIwashomologouswithASAP,not

GP.

AsAPischaracterizedbyaspecificelectrondonorforAsA,thoughthe

chloroplasticAsAPismorespecifictoAsAthanthecytosolicenzyme(Asada1992).

Recently,WilliamandThomas{1994)havereportedarecombinantpeacytosolicAsAP

expressedandpurifiedfromE.coli,whichhasenzymaticandspectralpropertiesnearly

identicaltothenativeASAP.RecombinantSAPlandSAP4showedahighdonor

specificityforAsAandnoorlowactivityforelectrondonorssuchasGSH,NAL)H,and

guaiacol(Table7.1),inagreementwithnativecytosalicASAPfromtea(ChenandAsada

1989)andpea{MittlerandZilinskas1991a)leaves.Incontrast,GPpurifiedfrom

spinachleaves(AsadaandTakahashi1971},oxidizedpyrogallolandguaiacolathigher

ratesthanAsA(Table7.1).ReconlbinantSAPユdidnotreducelmMt-

butylhydroperoxideasanelectronacceptorinthepresenceofAsA.Theseresultsindicate

thattherecombinantenzymesfromSAPIandSAP4areclearlydistinctfromGP

isozymes.

Table7.1.Effectsofdifferentelectrondonorsontherelativeactivityoftherecombinant
SAPI{rSAPI},SAP4(rSAP4},andendogenousguaiacolperoxidase(GP)fromspinach.
Thepreparationandassayofrecombinantenzymesweredoneasdescribedin"Materialsand

Methods."

Donor rSAPl rSAP4

RelativeActivity{°lo)*

GP

AsA

Iso-AsA
GSH

eyc.c

NADPH

NADH

Pyrogallol

Guaiacol

100(1.2)**
90
0
0
0
0

2370
64

100{3.6)
30
0
0
0
0
1:
10

100(1.0)

109

0

0

0

234

・':!

9082

GSH:reducedglutatluone,Cytc:reducedcytochrotnec

*皿ieperoxidaseactivityforAsAwasshownas100%ofactivity .

**Specificactivity(μ1nolmin-lmgprotein1)giveninparentheses

Onthebasisofthedatareportedhere,IconcludedthatSAPIcanbeclassifiedasa

newtypeofASAPgene.Detailedstudiesonthedetectionandsubcellularlocalizationof

endogeneousproteinfromthenewSAPlremaintobedone.
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Summary

TwocDNAsclones(SAPIandSAP4)encodingascorbateperoxidasewere

isolatedfromacDNAlibraryusingthemonoclonalantibodiesraisedagainstascorbate

peroxidasepurifiedfromEuglenagracilisZ.SAPlcontainedanopenreadingframe

encodingaproteinof309aminoacidsandacalculatedmolecularmassof34471Da.The

deducedaminoacidsequenceofSAPlshovedratherhigherhomologywiththecytosolic

ascorbateperoxidasefromplantsourcesandSAP4thanwithbacterialperoxidasesand

classicalplantperoxidases.SAP4containedanopenreadingframeencodingaproteinof

250aminoacidsandacalculatedmolecularmassof27625Da,inagreementwithspinach

cytosolicascorbateperoxidase{WebbandAllen1995}.Thecompletecodingsequence

oftheSAPlandSAP4wereexpressedinE.coli.Theperoxidsaeactivityofrecombinant

SAPIproteinwasi.6-foldhigherwithascorbatethanwithguaiacol,whichwassimilar

tothoseofSAP4.NorthernblotanalysisshowedthatascorbateperoxidasemRNAsfrom

SAPIandSAP4wereexpressedinleavesandroots.HereIconcludethatSAPIisanew

typeofcytosolicascorbateperoxidasefromspinach.
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CHAPTERVIII

CloningandSequenceAnalysisofacDNAEncodingChloroplastic

AscorbatePeroxidasefromSpinach

ASAPisknowntohavetwotypesofisozymes,thatis,chloroplasticandcytosolic

forms(Asada1992).Inangiospermchloroplasts,ASAPoccursinthestromaasa

solubleform(sAsAP}andalsointhethylakoidsasamembrane-boundform{tAsAP).

TheenzymaticandmolecularpropertiesofASAPisozymeshavebeencharacterizedand

areclearlydifferentfromthoseofguaiacolperoxidase(GP)fromhorseradish{Asada

1992}.

Recently,manipulationoftheexpressionofanti-oxidativeenzymesincluding

superoxidedismutaseandglutathionereductasebygenetransfertechnologyhasprovided

newinsightsintotheroleoftheseenzymesinchloroplastsbyallowingthedirect

investigationoftheirfunctionsandinteractions(Foyeretal.1994b,Allen1995}.cDNAs

forcytosolicASAP(cAsAP},encodedbynucleargenesareisolatedandcharacterized

frommanyplantsources,includingpea(MittlerandZilinskas1991b,1992)and

Araゐidopsis(KuboetaL1992,1993).However,nocDNAsthatencodechloroplastic

AsAPshaveyetbeenidentified.Forthisreason,ithasnotbecomeclearhowthe

regulationsystemofchloroplasticASAPgenesrespondtoenvironmentalstress.

InChapterVII,IreportedtwocDNAclonesencodinganewtypeofcAsAP

(SAPl)andhavealreadydeterminedcAsAPfrommaturespinachleavesusing

monoclonalantibodiesraisedagainstEκ8`ε ηαAsAPasaprobe.Here,Idescribethefirst

completecloningofachloroplasticASAPcDNAfromspinachgreeningcotyledonsusing

theEuglejiamAb.

MaterialsandMethods

1VlaterialsSpinachseeds(∫ 御 α磁016roc6のweregerminatedonmoistgauze

at15°Cinthedark.Thecotyledonsfromseedlingsgrownfor4-5daysinthedarkwere

transferredtoillumination(140μEm2sec曜1)for24hrtoobtainthegreeningcotyledons.

Allchemicalswerereagentgradeandusedwithoutfurtherpurification.

ConstructionandscreeningofcDNAlibraryTotalRNAwasisolatedfrom

greeningcotyledonsofspinachseedlings(5.Og,wet!wt)asdescribedinChapterVII.A

cDNAwassynthesizedusingacDNAsynthesiskit{Amersham,UK)andacDNA

librarywasconstructedinλgtllasdescribedl)ythesupplier(Amersham,UK).The

spinachcDNAlibraryinλgtllwasscreenedbymonoclonalantibodiesraisedagainst

EuglenaASAP(ChapterII).ThecDNAinsertfromanimmunopositiveclonewas
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subclonedintotheplasmidvectorpBluescriptSK(+)andusedasahybridizationprobeto

obtainlongercDNAclonesfromthesamelibrarybyplaquehybridization.The

nucleotideofthelongestcDNAclonewassubclonedintopBluescriptSK(+)and

sequencedbythemethodasdescribedinchapterVII.AcDNAclonecontainingthe5'

endofthechloroplasticASAPmRNAwasobtainedby5'RACEPCR(Edwardsetal.

1991)usingnestedantisenseprimerssynthesizedtosequencesdownstreamoftheN-

terminalprimerposition.

PurificationofstrornalascorbateperoxidaseIntactchloroplastswereisolated

fromthefreshspinachleavesbypercolldensitycentrifugation(lshikoetal.1992).The

purificationofsAsAPfromintactchloroplastswasthendoneaccordingtoNakanoand

Asada(1987}.TodeterminetheN-terminalaminoacidsequence,partiallypurified

sAsAPwasseparatedbySDS-PAGEandtheresolvedproteinswereelectroblottedontoa

PVDFmembrane(Millipore,USA).TheblotwasstainedinO.1%Coomassiebrilliant

blueR-250andthemainbandcorrespondingtothesAsAPprotein(34kDa}wascutout

witharazorblade.TheN-terminalsequencesoftheexcisedsAsAPbandwas

performedbyautomatedEdomandegradationusingamodel477Asequencer(Applied

Biosystems,USA).

ResultsandDiscussion

InordertoisolateacDNAcloneforputativechloroplasticASAP,theEuglenaanti

AsAPmAbs(EAPI,EAP2),whichcross-reactedwithchloroplasticASAP(ChapterII),

wasusedasaprobe.

A

B

0 336

H
0 1287

tAsAP

1

一一一 一一 一 一一一一一一 一一一 一一伽レ

一 一 一

1407

一
一一一

Fig.8.1.PartialrestrictionmapandcloiungstrategyofcDNAencodingthylakoid-boundASAP

(tAsAP)fromspinach.tAsAPcDNAwasconstructedfromthesequenceoftwooverlapping
cDNAclonesAandBobtainedbyRACE-PCRusingnestedantisenseprimerssynthesisedto
sequencesatpositions317-336byand372-391bydownstreamoftheS-terminalposition(see
Fig.8.2).Restrictionenzymesareshownasfollows:N,Ndel;Sa,Sacl;Sc,Scal.Arrows
indicatethedirectionandextentofsequencing.
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GAAAAACCACCCAATCTCACTCACTTTCTCTCTCTATATTTTCAAACCACCACCCCGCAA

CCAATGACTGATCGTCTAGCAATGGCATCCTTCACTACCACCACCGCCGCCGCTGCATCT

MASFTTTTAAAAS

CGTCTGCTTCCTTCTTCTTCCTCCTCCATCTCTCGACTTTCTCTCTCCTCTTCTTCCTCC

RI」LPSSSSS工SRLS工 」SSSSS

TCCTCCTCCTCACTCAAATGTCTCCGATCATCTCCACTCGTCTCTCACCTCTTCCTTCGA

SSSSLKCLRSSPLVSHLFLR

CAGAGAGGAGGTTCAGCTTATGTGACGAAGACGAGGTTTAGCACGAAATGCTACGCTTCT

QRGGSAYVTKTRFSTKCYAS ▲
GATCCTGCGCAGCTGAAGAATGCTAGGGAAGATATTAAAGAGCTTCTTCAATCTAAGTTC

DPAQLKNAREDIKELLQSKF

TGTCATCCTATTATGGTTCGCTTAGGTTGGCACGATGCCGGTACTTATAATAAGGACATT

CHPIMVRLGWHDAGTYNKDI

AAAGAATGGCCACAAAGAGGTGGAGCCAATGGCAGTCTGAGCTTTGATGTTGAGCTCAGG

KEWPQRGGANGSLSFDVELR

CATGGAGCTAATGCAGGTCTTGTTAATGCCCTGAAACTTCTACAGCCCATAAAAGACAAG

HGANAGLVNALKLLQPIKDK

TACTCTGGAGTTACATATGCAGATCTATTCCAGCTGGCTAGTGCTACTGCAATAGAGGAG

YSGVTYADLFQLASATAIEE

GCTGGTGGTCCAACAATACCCATGAAGTATGGAAGAGTGGATGCCACAGGGCCGGAGCAG

AGGPTIPMKYGRVDATGPEQ

TGCCCAGAAGAAGGAAGGCTTCCTGATGCTGGACCTCCTTCACCTGCTCAACATCTACGT

CPEEGRLPDAGPPSPAQHLR

GATGTTTTCTACAGAATGGGTCTTGATGATAAGGATATAGTAGCATTATCTGGAGCACAT

DVFYRMGLDDKDIVALSGAH

ACGTTGGGAAGGTCTAGACCTGAACGCAGTGGTTGGGGCAAGCCAGAGACTAAATACACG

TLGRSRPERSGWGKPETKYT

AAAGATGGACCTGGAGCTCCAGGAGGGCAGTCATGGACTGCGGAGTGGTTGAAGTTTGAT

KDGPGAPGGQSWTAEWLKFD

AATTCCTATTTCAAGGACATCAAAGAP,AAGAGAGATGCAGATTTGCTTGTTTTGCCAACT

NSYFKDIKEKRDADLLVLPT

GATGCTGCTCTTTTCGAAGATCCGTCTTTCAAGGTATATGCAGAGAAATATGCAGCTGAC

DAALFEDPSFKVYAEKYAAD

CAAGAAGCATTTTTCAAGGATTACGCTGAAGCCCATGCCAAACTCAGCAACCAAGGAGCC

QEAFFKDYAEAHAKLSNQGA

AAATTTGACCCTGCTGAGGGTATCACTCTTAATGGAACCCCTGCCGGAGCAGCTCCAGAG

KFDPAEGITLNGTPAGAAPE

AAGTTTGTAGCAGCCAAGTACTCATCTAACAAGAGATCAGAGCTTTCGGATTCTATGAAG

KFVAAKYSSNKRSELSDSMK

GAAAAGATTCGCGCTGAATATGAAGGTTTTGGAGGTAGCCCTAATAAGCCTCTACCAACA

EKIRAEYEGFGGSPNKPLPT

AACTACTTCCTAAACATTATGATTGTGATTGGAGTTTTGGCAGTTCTATCATATCTTGCG

NYFLNIMIV工GVLAVLSY】 ⊃A

GGAAATTGATTTGTGGTTTGATGAGTTTTTTTCCATTTATAAATATAACGGCAGTTGATT

GN

ATATGAAAAAAAAAAAAAAAAAAAAムA

Fib.8.2.
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1140

353

zoo

373
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i3so
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1407

Nucleotidesequenceofspinachthylakoid-boundASAPanddeducedan血oacidsequences.The

aminoacidsequencededucedfromanopenreadingframeisshownbelow血enucleotidesequences.The

arrow五ndicatestheputativecleavagesiteofthetransitpeptide.TlleputativeIV.glycosilationsite,Asn-X.

Ser!Thr,areunderlined.ThenucleotidesequencedatareportedinthischapterwillappearintheDDBJ,

EIViBLandGenBazil:nucleotidesequence(iatabaseswi血 血efollowingaccessionnumberD77997.

A950bpcDNAfragmentwasisolatedfromaλgtllcDNAlibraryconstructedwith

mRNAisolatedfromthegreeningcotyledonsofspinachseedlings.ThesamecDNA
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librarywasrescreenedbyplaquehybridizationusingthe950bycDNAfragmentasa

probe.Oneclonewitha1287bp-lengthinsertwasselectedforsequenceanalysis,which

lackedthe5'endcontainingtheputativestartcodon.Weemployed5'RACEtoamplify

theunknownsequenceatthe5'endofthecDNAclone.Theresulting336byfragment

wasfoundtocontain216byofoverlappingsequencewiththeformerclone.Thewhole

nucleotidesequenceconsistedof1407by(Fig.8.1).Itisnotpossibletounambiguously

deducethetranslationalstartforthespinachchloroplasticASAP-precursorprotein.The

openreadingframeprecedingthematurepolypeptideincludestwoin-phasemethionine

residuesatnucleotidepositions64-66and82-84.Thesequencescontiguouswiththese,

thefirstmethioninecodons,matchtheconsensussequencesforplanttranslationinitiation

sites(A/GA/CXATGG)withpurineat-3andGatposition+4beingthemostcritical

{Lutckeetal.1987}.So,IassumedthattheATGcodonatposition82-84actsasthe

initiatorcodon.Thecompletesequencerevealedtheopenreadingframeof1248by

encoding415aminoacids{Fig.8.2).Thecalculatedmolecularmassoftheencoded

proteinwas45015Da.

4.0
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Fig.8.3.Hydropathyprofileofthededucedaminoacidsequenceofspinachthylakoid-bound
ASAP.HydrophobicitywasanalyzedbydieGENETYXsoftwareprogram,asdescribedKyteand
Doolittle{1982),forawindowsizeofnineaminoacidresidues.Thehydrophobicdomainsare
abovethezeroline.

ThecorrespondingsequencewiththepurifiedtAsAPfromspinachleaveswas

foundinthefirst20aminoacidsequenceofthededucedaminoacids71to90(Miyakeet

al.1993}.So,thepositionofdeducedaminoacidsbetween70and71wasdefinedas

thecleavagesite.Thecalculatedmolecularmassofthepredictedmatureproteinwas

37710Da.ThetAsAPsolubiiizedandpurifiedfromspinachleaveswasestimatedtobea

molecularmassof40000±2000Dabygel-filtration(Miyakeetal.1993}.Furthermore,

hydropathyanalysisshowedthatthepredictedmatureproteinhasonemajorhydrophobic
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region{residues380-415)attheC-terminousdomain,whichmaybethedomainforthe

bindingtothethylakoidmembranes(Fig.8.3).Theseresultsclearlyindicatethatthe

isolatedcDNAcloneencodestAsAPofthespinachchloroplasfis.
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S.tAsAP360:YSSNKRSELSDSMKEKIRAEYEGFGGSPNKPLPTNYFLNIM工VIGVLAVLSYLAGN

S.SAP1266:KTEAVQCNTDMLDPMQ工,EMVAAQAATDTYNMPIYTAVNCNSLRD

Fig.8.4.Alignmentofthededucedanvnoacidsequencesofspinachthylal:oid-boundAsAPwith
thepartialaminoacidsequenceofteastroinalASAPandthededucedaminoacidsequencesof
spinachcytosolicAsAPs.S.tAsAP,spinachthylakoid-boundascorbateperoxidase(thisstudy);
T.sAsAP,[eastromalascorbateperoxidase(Chenetal.1992);S.cAsAP,spinachcytosolic
ascorbateperoxidase(ChapterVII);S.SAP1,spinachcytosolicascorbateperoxidaseisozyme

(ChapterVII).Aminoacids,whichareidenticaltothespinachthylakoid-boundascorbate

peroxidase,areshaded.Dashesareincludedtomaximizeali;nment.Theasterisksshowthe
consensusaminoacids.ThedistalandproximalHisresiduesareshownbyheavydots.

ThesequenceupstreamoftheN-terminusofthematureAsAPproteinencoded74

aminoacidresidues,withapredictedmolecularmassof7322Da,whichhadseveral

featurescommontomostchloroplastictransitpeptides.Likethetransitpeptidesofthe

majorityofchloroplasticprecursors,thetransitpeptideofthetAsAPprecursorcontained

fewacidicresidues,wasrichinserineandthreonine,andhadanetpositivecharge.It
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alsohadapotentialtoformanamphiphilic(3-strandclosetotheputativeprocessingsite

{deBoerandWeisbeek1991).

Fig.8.4comparesthepredictedaminoacidsequenceencodingspinachtAsAPwith

thoseofotherAsAPs.ThetAsAPfromspinachdoesexhibitahighlysignificant

homology(82.4%)overa108residualregiontopartialaminoacidsequencesofsAsAP

purifiedfromtealeaves(Chenetal.1992}.ThededucedspinachtAsAPhada46.5%

and40.2%homologywiththatofcAsAPandSAPlfromspinach,respectively.

Moreover,thededucedspinachtAsAPproteinshowed46.5°loaminoacididentitywith

theArabidopsiscAsAP{Kuboetal.1992)and43.8%identitywithpeacAsAP{Mittler

andZilinskas1992}.AsAPandyeastcytochromecperoxidase(CCP)havebeen

classifiedasamemberoftheclassIplantperoxidasefromitsaminoacidsequenceand

hasbeenpartofthelineageofprokaryoticperoxidases{Welinder199?).Thededuced

spinachtAsAPwas34.6%identicalover240aminoacidswithyeastCCPandhadless

homologywiththeclassicalplantperoxidasesuchasGP.Thisisalsothecaseforthe

otherpreviouslydescribedAsAPs(Kuboetal.199?,Chenetal.1992,ChapterVII).

Inordertoanalyzetherelationshipsamongplanttypeperoxidases,aphylogenic

treewasconstructedaccordingtoHein'salignmentalgorithm(1-rein1990).Asillustrated

inFig.8.5,tAsAPwasmorecloselyrelatedtothecAsAPsandyeastCCPthantoother

perolidases.ThisresultclearlysupportsthefactthattAsAPbelongstobetheclassI

peroxidaseaswellascAsAPs.SuchahighdegreeofhomologyamongAsAPssuggests

thatAsAPgenesmighthaveevolvedfromthesameancestralgeneandhavebeenfar

fromclassicalplantperoxidasesuchasGPintermsofmolecularevolution.

S.tAsAP

S.cAsAP

S.SAP1

Y.CCP

P.Mn-P

HRP

Fig.8.5.Phylogetvctreeforspinachthylakoid-boundandcytosolicAsAPsandotherplanttype

peroxidases.Thedendrogranlwasgeneratedbycoitiparisoiioftheknownacniiioacidsequences

a㏄ordiヨ1gtoHeill(1990).Thele皿gthofthebrallchcsisproportiollaltotlleevdutiollary

divergence.S.tAsAP,spinachthylal:oid-boundascorbateperoxidase(thisstudy);S.cAsAP,

spinachcytosolicascorbateperoxidase(ChapterVII);S.SAP1,spinachcytosolicascorbate

peroxidaseisozyme(ChapterVII);Y.CCP,yeastcytochromecperoxidase(Kaputetal.1982);

PMn-PPharierochaetecんysosporii〃 ηmanganese-dependentperoxidase(Peaseetal」989);HRP,

horseradishperoxidase(Welinder1976}.
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Distal{His-104)andproximal(His-233)histidineresiduesattheactivesiteare

indicatedinFig.8.4bydots.TheclassIperoxidasessharethecommonfeaturesofthe

distalhistidinesite(R-L-A-W-H).ThetAsAPalsohadhighlyconservedresiduesinthe

sequence,exceptforoneresidueatthepositionofglycine-102.Theproximalhistidine

siteofthetAsAPagreedverycloselywiththatofteasAsAP(Fig.8.4}.ThetAsAP

containedtwoputativeN-glycosilationsiteswhichfollowthegeneralruleofAsn-X-

Thr/Ser(KornfeldandKorenfeld1985}.TeasAsAPshowsthatitssugarcontentis

lowerthanO.25%andisnotaglycoprotein{ChenandAsada1989).TheputativeN-

glycosylationsitesofspinachtAsAPmaynotbeglycolated.

InordertomakecomparisonswiththeprimarystructuresofthechloroplasticASAP

isozymes,sAsAPwaspurifiedfromisolatedintactspinachchloroplasts.ThesAsAP

showedamolecularmassof34000Daasamonomerjudgedbygel-filtrationandSDS-

PAGE.TheaminoacidsequenceoftheN-terminalresiduesofthematuresAsAPfrom

spinachwasdeterminedasfollows:YASDPAQLKNAREDIKELLQ.Interestingly,the

first20aminoacidsofspinachsAsAPexhibitedacompleteconsensussequencewiththat

ofspinachtAsAP.ChenandAsada(1989)reportedthemolecularmassofteasAsAP

wasestimatedtobe34000Daandhadapproximately309aminoacidsdeducedfromits

aminoacidcomposition.Fromtheaminoacidsposition71to3790fthepredicted

tAsAP,whichcorrespondedtothatofteasAsAP,itispossibletocalculatethemolecular

massof33885Da.Furthermore,theaminoacidcompositionofspinachtAsAP

determinedfromitspredictedaminoacids(residues71-379)wassimilartothatoftea

sAsAP(datanotshown).Theresidual36aminoacidsresiduesoftheC-terminalregion

(residues380-415)hadahydrohobicdomainasdescribedabove.Recently,weisolated

thecDNAencodinganewtypeofcAsAP(SAP1},whichisdifferentfromthatofthe

alreadyknowncAsAP(ChapterVII).SixASAPisozymeswerefoundinbellpeppers

andacomparisonoftheseisozymesshoweddifferencesinitsgrowthconditions

{Schantzetal.1995).AnovelAsAPisozymewasfoundtobelocalizedonthe

membranesofmicrobodiesinpumpkin(Yamaguchietal.1995).Takingintoaccountthe

datareportedsofarandthepresentfindings,itseemslikelythattheASAPofspinachisa

multigenefamilyandthereareatleastmorethanthreeASAPgenes,twoofwhichmaybe

encodedbynearlyidenticalchloroplasticgenes,differingonlyinthepresenceorabsence

ofthe3'codingregions,whichconstructahydrophobicregionattheG-terminusdomain

intheASAPprotein.
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Summary

AcDNAcloneencodingthylakoid-boundascorbateperoxidasewasisolatedfroma

spinachcDNAlibraryconstructedbygreeningcotyledonsfromseedlingsusingthe

monoclonalantibodyraisedagainstEuglenaascorbateperoxidaseasaprobe.ThecDNA

containedanopenreadingframeencodingamatureproteinof345aminoacidswitha

calculatedmolecularmassof37,710Daprecededbyatransitpeptideof70aminoacid

residues.Thededucedaminoacidsequencehad40-46010and34.6%homologytothe

otherknownascorbateperoxidasesfromplantsourcesandcytochromecperoxidasefrom

yeast,respectively.
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CHAPTERIX

Conclusion

InEuglefiagracilis,whichlackscatalase,theantioxidantenzymesinvolvedinthe

AsA-GSHcycleoccuronlyinthecytosolbutnotinthechloroplasts.Theuseofthis

organismasamodelspeciesforstudyingtheeffectofalteredlevelsofASAPinvolvedin

protectionagainstoxidativestresshasmeanedthatabetterknowledgeisrequiredof

ASAPandofitsregulation.

EuglenaAsAPwaspurifiedtohomogeneity.AlthoughtheEuglenaAsAPshowed

closelysimilarenzymlogicalpropertiestothoseofcytosolicASAPisozymefromhigher

plants,theenzymepossesseditsownproperties;thehighmolecularweightandthe

diferenceofaminoacidsequenceoftheN-terminus.Especially,itisworthnotingthat

theErcglenaASAPalsoreducedt-butylhydroperohideandcumenehydroperoxideasan

electronacceptorinthepresenceofAsA.Tomyknowledge,EugleriaAsAPisthefirst

ASAPwhosesubstrateisanorganichydroperoxideaswellasH242inphotosynthetic

eukaryotes.InChapterIII,theASAPactivitywasnotobservedinFe-deficientEuglena

cells,andthatlipidperoxides(thiobarbituricacid-reactivesubstances)inFe-deficientcells

wereapproximately2.6-foldgreaterthanthoseinFe-sufficientcells.Theseresults

suggestthattheErr.glenaAsAP,likeglutathioneperoxidaseinanimalsand

Clilarnydotnotrcrs,mayservetoprotectthecellmembranebyreducingtheperoxide

compoundsgeneratedendogenouslyfromunsaturatedfattyacids.N--terminalaminoacid

sequenceofEuglenaASAPshowednosignificantsimilaritytoanyotherAsAPsfrom

higherplants.FromtheresultofpartialaminoacidsequencesofE配81ε ηαAsAP,

however,theenzymeexhibitedahighdegreeofhomologytosequencesofcytosolicand

chloroplasticAsAPsinhigherplants,suggestingthatEuglenaASAPgeneisalso

comprisedinthesameancestralgene.

ChapterIIIandChapterIVshowthatbothFeandlightbecomeimportantregulatry

factorsforAsAPexpression.Fe-deficientEatglenacellsaregoodmodeltoinvestigatethe

molecularmechanismofASAPexpression.TheAsAPactivityvasnotfoundinFe-

deficientcellsasstatedabove.TheadditionofFetotheFe-deficientcellscausesthe

AsAPactivitytoincreasebytwophase,theformerwastheactivationofASAPandthe

laterwasdenovosynthesisofASAPprotein.Illuminationofdark-grownEuglenacells

causedanincreaseintheAsAPactivity.TheactivitiesofenzymesrelatedtoAsA-GSH

cyclesuchasSAD,MDAsAreductase,DAsAreductase,andGSHreductasewerealso

foundtoriseparalleltotheincreaseinASAPactivity.Theincreasedleveloftheenzyme

activitiesinAsA-CrSHcyclewereattributedtosynthesisdenovooftheirproteins.These
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factsclearlyindicatethatelevatedlevelsofantioxidativecomponentscanbeconsideredan

earlyphysiologicalresponseofEugleraacellstoremoveH202generatedinvivo.

ItisaninterestingproblemwhytheEuglenacellslocalizeAsAPonlyinthe

cytosol,butnotinthechloroplasts,toscavengeH202generatedircvivo.ChapterV

demonstratedthatH20?formedinEugletcachloroplastsandmitochondriadiffusesfrom

theseorganellesintothecytosol.Onthebasisoftheseobservations,Fig.9.1showed

theworkingmodelsofprotectivesystemagainstH202inEuglerraandhigherplantcells.

Inhigherplants,H20iseliminatedbyASAPlocatedinchloroplastsandcytosoland

catalaselocatedinmicrobodies.Ontheotherhand,inEuglerracells,H202generatedin

chloroplastsandmitochondriamustdiffusefromeachorganelleintothecytosolandthen

decomposebytheAsA-GSHcycleincludingAsAP.ThediffusionofH202from

chloroplastsintothecytosolaswellastheH202-scavengingbyASAPseemstobea

protectivesystemagainstoxidativestressinEacgleruccells.

Higherplants

助g'eηacellS

Fig.9.1MetabolismofHZOainhigherplantsandEuglenacells.
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Inhigherplants,thesituationtoinducetheresponseofantioxidativeenzymesto

environmentalstressesisoftenconsiderablycomplicatedbythepresenceofalarge

numberofisoenzymeforms.Forexample,ASAPislocatedinchloroplasts,microbodies

andcytosol。Inkomatsuna(i/∬icaRαPα)leaves,chloroplasticAsAPwasalow

content(approximately20%}comparedwithcytosolicASAPandkomatsunaleaves

containonlyonetypeofcytosolicisozyme.Itislikelythatkomatsunaisalsotheuseful

plantmodeltoinvestigatetheresponseofcytosolicASAPtoalterationsintheoxidative

stresses.

Atthepresenttime,onlyonetypeofcytosolicASAPisclonedandnocDNAsthat

encodechloroplasticAsAPshaveyetbeenidentified.Forthisreason,littleisknown

aboutthemolecularmechanismofAsAPisozymesunderlyingtheirresponseto

environmentalstresses.oneofmonoclonalantibodies{EAPI)raisedagainstpurified

EugleraaASAPcross-reactedwithbothcytosolicandchloroplasticAsAPisozymesin

higherplants,indicatingthatEuglenaASAPisimmunologicallyrelatedtoAsAPisozymes

inhigherplantandthatEAPIbecomeagoodprobeto_screenacDNAencodingAsAP

isozymesfromhigherpunts ..Actually,ChapterVIIandChapterVIIIshowedcDNA

cloningofcDNAsencodingtwocytosolicASAPisozymes(SAPlandSAP4)anda

cDNAencodingthylakoid-boundAsAPofspinachleavesusingEAPIasaprobe.SAPl

wasidentifiedtobeanewtypeofAsAPisozyme,Comparisonofthededucedamino

acidsequencesofthreeASAPisozymesshowedapproximately45%identityamongthese

isozymes,suggestedthatAsAPisozymeinspinachisamultigenefamily.ThesecDNAs

andmonoclonalantibodiespreparedinthisstudywouldprovideexcellentprobesfor

studyingthemolecularmechanismofAsAPgenesresponsetoenvironmentalstresses.
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