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DiscoveryandPurificationofEnacyloxinOxidase

ToshihikoWATANABEandHirokoHANzAwA*

(1995年11月30日受理）

Anewextracellularoxidase,whichisinvolvedinbiosynthesisofENXIIa,acongener

ofENX,wasfoundintheculturesupernatantofハ･atez"･jasp.W-315．Theenzyme,which

wassecretedintotheculturemediumfromthecells, catalyzedconversionofanother

congenerofENX,ENXIVa,toENXIIa.

Abbreviations:DHase,dehydrogenase;ENX,Enacyloxin;HPLC,Highperformanceliquid

chromatography;NAD(P),Nicotinamideadeninedinucleotide(phosphate);PQQ,pyrrolo-

quinolinequinone;SDS-PAGE,Sodiumdodecylsulfate-polyacrylamidegelelectrophoresis;

TLC,Thinlayerchromatography

Introduction oxidase or dehydrogenase catalyzes dehy-

drogenationofENXIVa.Moreover,thischange

seemedtobeastoichiometricconversionofENX

IVa toENXIIa. Wenamed theenzyme

enacyloxinoxidase(ENXoxidase)tentatively.

Duineetαﾉ.8)havereportedthatacofactorof

D-glucoseDHase fromAci"2加加c彫γ cαノー

co""c"swasPQQ,andproposedthenameof

"quinoprotein'' forPQQ-containinggroupof

DHases. SeveralGram-negativebacteriahave

quinoproteinDHases9) intheirperiplasmfrac-

tions,butnoextracellularquinoproteinhasbeen

reported.

Inthispaper,wedescribeanewextracel-

lularquinoproteinwhich is involved inthe

biosynthesisofanewpolyenicantibiotic,ENX

IIa.

Wehavediscoveredauniqueantibiotics

namedenacyloxin(ENX),whichisafamilyof

non-lactonicpolyeneantibioticsproducedby

Fm花"γitz sp.W-315. ENXhasmorethanl2

congenersandtheyareactiveagainstGram-

positiveandGram-negativebacteria.'-5) ENX

IIahasbeenshowntoinhibitproteinsynthesisof

E. co"byinhibitingbindingofa・a.-tRNAtoA

siteofribosomes.6,7)

Intheearlyphaseofproductionoftheantibi-

otics,themainproductsecretedintotheculture

fiuidwasENXIVa,whileitgraduallydecreased

incorrespondencetotheincreaseofenacyloxin

IIa(ENXIIa)withthelapseofcultureperiod.

Thedifferences inchemical structurebetween

ENXIIaandENXIVa(Fig.1)isoxidativestatus

ofC-15' suggestingthatbacterialextracellular MaterialsandMethods

1. De姥γｿ"伽α伽〃Q/ENXSα"αe"ZWcg
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ENXIVaandENXIIawerepurified,',3,4)and

determinedbyHPLC(Tosoh,CCPD8000system

withODS120Acolumn,CH3CN/H20/HCOOH=

1000/1200/6.6)withSICchromatocorderl2(Sys-

temlnstruments Co., Ltd,Tokyo)． For

purificationofENXoxidase, theculturebroth

wasconcentratedbyultrafiltration(Millipore,
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andthischangeproceededfurtherwiththelapse

of incubationtime(3h)． PeakareasinFig.2

wereintegratedandtheamountsofENXIIaand

ENXIVawereestimated. Theresultsshowed

thatthesumofENXIVaandENXIIawaskept

constantduring3hof incubation (Table l).

Theseresults, togetherwiththechemicalstruc-

turesofbothENXssuggestthattwoatomsof

hydrogenwerewithdrawnfromENXIVaand

transferedtosomematerialstoproduceENXIIa

stoichiometrically.Thisreactionwascompletely

inactivatedbytreatmentoftheculturesuper-

natantat90｡Cfor2min,suggestingthatbacterial

oxidaseordehydrogenasewouldparticipatein

thisreaction"Whentheculturesupernatantwas

incubatedat30｡C,sumofENXswasnotconstant,

probablybecauseanenzymaticcleavageofcar-

bamoylmoietyofENXsorotherreactionswould

takeplacetoformchemicallychangedENXsin

theculturesupernatant. Thesesidereactions

seemedtobenegligibleat5｡C.

Duringtheproductionofantibiotics,when

measuredfrom30hto38hasshowninFig.3,

ENXIVaandENXIIaincreasedgraduallywith

the lapseof thecultureperiod. Sincethese

MinitanTM,U.S.A.),andthenammoniumsulfate

wasaddedtogive40%ofsaturation.Precipitate

formedwerecentrifuged(10,000xg, 5min), dis-

solvedinbufferanddialyzedovernightagainst

buffer.Thedialyzedenzymewascentrifuged(10,

OOOxg, 5min) andthesupernatantwas then

ultracentrifuged(100,000xg, 4h). Precipitates

formedweredissolvedinbufferandweresubject-

ed to gel filtration ofHPLC (TSKgel

G3000SWG).ActivefractionelutedfromHPLC

wasusedforenzymeassay.

2. E"Zjﾉ加gzzss"QfEIVXO%Mzse"c加伽

ENXoxidaseactivitywasdeterminedby

estimationofENXIIaformedfromENXIVa

usingHPLC.Onehundred"lofreactionmixture

contained20"l ofO.1mMENXIVa, 10"l of

enzymesolutionand70"lofTris-HClbuffer(50

mM,pH7.2).

3. O"27<s

Bacterialgrowthwasmeasuredbyabsorban-

ceat660nmusingaHitachiU-1000spectro-

photometer. ABeckmanDU-65 spectro-

photometerwasusedformeasurementofhydro-

genperoxide. ChangesofENXsintheculture

supernatantweremeasuredusingHPLCbefore

andafter incubationat5｡Cor30｡C. Protein

concentrationswere determinedbyLowry's

method.'0) Infigures,ENXIVaandENXIIaare

abbreviatedtolVaandlla,respectively. Buffer

solutionused intheseexperiments is 5mM,

Tris-HCl,pH7.2exceptotherwiseindicated.

(A) (B) (C)

！ResultsandDiScussion
、
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IntheproductionofENXsbyF7tz彫"γj"sp.

W-315,ENXIVawasdetectedfirstintheculture

supernatantanditdecreasedgraduallyinaccord-

ancewiththeincreaseofENXIIaafterapro-

longedculture・ Toconfirmthisphenomenon

moreprecisely, analiquotoftheculturewas

centrifuged(10,000xg,10min)toremovethecells

andincubatedat5｡C.Twobigpeaks,ENXIVa

andENXIIawereseen(Fig.2). Afterlhof

incubation,profilesoftwoENXschangedgreatly
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Fig.2HPLCProfilesofENXsintheCultureSuper-
natant

(A)Thesupernatantoftheculture(38h).

(B)Thesupernatantafterincubatedforlhat5oC．

(C)Thesupernatantafterincubatedfor3hat5oC．
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Tablel DeterminationofENXIVaandENXIIafromPeakAreasinHPLC

A365unit

Name (A) (B) (A)-(B) (A)-(C)(C)

ENXIVa(a)

ENXIIa (b)

12.0

18.7

5.8

24.9

6．2

－6．2

2.2

28.6

9．8

－9．9

(a)+(b) 30.7 30.7 30.8

Others 7.3 7.0 6.5

Total 38.0 37.7 37.3

TheamountsofENXsintegratedbySICchromatocorderl2wereshownasA365units. OneA365unitcorre-

spondstolngofeachENXIIaandENXIVa. (A), (B)and(C)correspondtoHPLCprofilesincubatedforO,1and

3hat5°C
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心Fig.SChangesofENXProfilesduringtheCultiva-

tionofFM彫"γ"sp.W-315

(A)HPLCprofilesofthesupernatantfrom30h-culture.

(B)HPLCprofilesofsupernatantfrom34h-culture.

(C)HPLCprofilesofsupernatantfrom38h-culture.

Fig.4EffectsofCellsonENXOxidaseActivity

(A)HPLCprofilesofthesupernatantfrom38h-culture.

(B)HPLCprofilesofthesupernatantafterprolongedincubationat

30。Cfor3hwithoutcells．

(C)HPLCprofilesofthesupernatantafterprolongedincubationat

30･Cfor5hwithcells．

changeswerequitedifferentfromthoseofFig.2,

weattemptedtoanalyzethesephenomenaem-

ployingtheculturesupernatantof38hbypro-

longedincubationwithorwithoutthecellsat30。

C(Fig.4). Theprolongedincubationwiththe

supernatantonlyfor2hshowedabigdecreaseof

ENXIValikethoseofFi9.2,whereasthepro-

longedincubationwithboththesupernatantand
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thecellsfor5hshowedonlyaslilghtincreaseof

bothENXs,andthisresultresembledtothatof

Fig.3. One of the explanation for these

differencesinresultsofthepresenceandabsence

ofthecellsseemedtobeduetodissolvedoxygen

inthesupernatant.Torevealtheroleofoxygen

inthechangesofENXsmoreclearly,oxygenin

theincubationtubecontainingtheculturesuper-

natantwasreplacedbyargongas""c"osev-

eraltimes.Whenoxygenwasremoved(Fig.5-B),

ENXsdidnotchangesignificantlyascompared

toFig.5(A),whereaswhenoxygenwasnot

removed,ENXIVadecreasedgreatly(Fig.5-C).

Inthelogarithmicphaseoftheculture,mostof

thedissolvedoxygenwouldbeusedbythecells

andenoughoxygenwouldnotbesuppliedto

ENXoxidase,andtherefore,theprofilesofENXs

inFig.2(withoutcells)wouldbedifferentfrom

thoseinFig.3(withcells).

Fromtheseresults, anoxidaseordehy-

drogenasewouldparticipateintheconversionof

ENXIVatoENXIIa. Ingeneral,therearetwo

kindsofenzymeswhichcatalyzedehydrogena-

tion; one isdehydrogenaseandtheother is

oxidase.TheformerrequiresmainlyNAD(P)or

Havinaselectronacceptorandthe lattercan

directlyorindirectlyreactwithmolecularoxy-

（

患
の
こ

Fig.5EffectsofOxygenonENXOxidaseActivity
(A)HPLCprofilesofthesupernatantfrom38h-culture.

(B)HPLCprofilesofthesupernatantafterprolongedincubationat

30｡Cforlhwithoutoxygen(Gasphaseintheincubationtube

wasreplacedbyargongas).

(C)HPLCprofilesofthesupernatantafterprolongedincubationat

30｡Cforlhwithoxygen(Gasphaseintheincubationtubewas

air).

TablellSummarizedResultsofPurificationofENXOxidase

Total

protein

Total

activity

Specific

activity
Purificationstep Purification Yield

(mg) (Kat)* (Kat×10-7/kg) (fold) (％）

Culture supernatant

(NH4)2SO4precipitate

（0-40％）

Ultracentrifuge

(100,000xg,4h)

supernatantfr.

precipitatefr.

Gelfiltration(HPLC)**

fractionl

fraction4

1200 474 3.95 1 100

180 270 15.0 3.8 57

158

20

178

99

11.27

49.3

2.8

12.5

37.5

21

0.76

0.95

６
０１

82.9

105.3

21.0

26.6

1.3

2.1

*OneKatwasdefinedastheamountofenzymeforminglmolofENXIIapersecat5｡C

**ElutionbuifercontainsO､2%TritonX-100.
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gentoformhydrogenperoxide.Astheenzyme

describedinthisreportrequiredmolecularoxy-

gen,wenamedtheenzymeenacyloxinoxidase

(ENXoxidase)tentatively.

Summarizedresultsofthepurificationshown

inTablellindicatethatthehighestpurification

wasachievedaftergelfiltration.Specificactivity

offraction4washigherby26.6foldthanthatof

theculturebroth,butitstillcontainedmorethan

twobandsinSDS-PAGE(datanotshown). Inthe

followingexperiments,weemployedthispar-

tiallypuri6edfractionastheenzymeprepara-

tion. Inordertoknowwhethermolecularoxygen

was requiredas electronacceptor inENX

oxidasereactionmoreprecisely, detectionof

bothhydrogenperoxideandENXIIawereper-

formed. Namely, afterENXoxidasewas in-

cubatedwithENXIVaat30｡C,bothformations

ofhydrogenperoxideandENXIIaweremea-

suredbythemethodofTeranishi〃α/.'')andby

HPLC,respectivelyasshowninFi9.6. Similar

amountsofhydrogenperoxideandENXIIawere

formedduringincubationof90minasshownin

Fi9.6. Enzymepreparationemployedinthese

experimentsshowedonlyaslightdarkcolorbut

ithadnoredcolorandnoappreciableabsorban-

cefrom350nmto700nmbyscanning(datanot

shown),suggestingthatitpresumablywouldnot

havecytochromesandthenmolecularoxygen

wouldaccepttwoatomsofhydrogendirectly

fromtheenzyme.WecanconcludethatENX

oxidaserequiresmolecularoxygenaselectron

acceptorandthisreactioniscoupledtoENXIVa

oxidation.

ToidentifythecofactorrequiredforENX

oxidasereaction,cofactorsuchasNAD(P),FAD

andPQQwereaddedseparatelytothereaction

mixturecontainingENXIVaandENXoxidase

inbuffer,andincubated.Anystimulativeeffect

ofeachcofactorontheenzymereaction,how-

ever,wasnot observed, suggestingthat the

cofactorofENXoxidasewouldremaininthe

partiallypurifiedenzymepreparation(datanot

shown). Sincecarbonylreagentisknownasan

inhibitorofquinoproteinbyitsreactionwith

carbonylgroupofPQQ,effectofhydroxylamine

onENXoxidasewasexamined(Fig.7). The

culture supernatant incubated for lhwith

hydroxylamine(Fig.7-B)showedabigdecrease

ofENXoxidaseactivityascomparedtothatof

Fig.4(B),suggestingthattheenzymewouldhave

PQQorPQQ-likesubstanaceasitscofactor.
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Fig.SHydrogenPeroxideProductionCorrespond-

enttoENXIIaFormation

Reactionmixturecontained40"lofO.1mMENXIVa,50"lof

ENXoxidaseandbuffer inatotalvolumeoflOOﾒzl・ Afterthe

reactionwasterminatedasindicatedinfigure, itwasdividedinto

twoportions・OneisusedforestimationofENXsandtheotheristo

measurehydrogenperoxide・ Forestimationofhydrogenperoxide,5

"lofthereactionmixturewasaddedwith20"lofTireagentandl5

"lofdistilledwater・ Absorbanceat410nmwasrecorded.

Symbols-o-and－．-indicateproductionofhydrogenperoxide

andformationofENXIIa(percentofENXIIaagainstENXIVa

plusENXIIa),respectively.
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(A)HPLCprofilesofthesupernatantfrom38h-cultul;ejustafter

additionwithlOmMofhydroxylamineHCI (HA).

(B)HPLCpro61esofthesupernatantincubatedforlhat30｡Cwith

HA．
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