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Abstract  

Oxidativedegradaもionofalipopolysaccharide（L‡）S）by aloⅥr・mOlecular－Weight Amadori  

rearrangelnent prOdueと was studま¢d as an 王花 Uかo modelror glycated protein－mediaもed  

degrada貢onorbまopolymersunderphysiolog・icalconditions．LPSisolatedrromぷgご九er油fαCOZ£C  

（且coヱ£C）exhib如d£柁Uかoinachvatまl唱aCtivityag・aillSもbacteriophage¢Ⅹ174．でher組Cもionor  

LPS（紬g／ml）withanarylamineAmadorまr8a汀an酢mentprOduct（0．5mM）wasexaminedin  

aphosphateburferatpH7．4ror6hin班epresellCeOfCu2≠（10‘‾旨M）．Theresult＄Sl10Wedもhatthe  

ま】1aCtiva貢0乃reaC貢0点by L‡⊃S（2〟〆ml）wasinbibited by40％′Sho＼l，ing that LPSlostits  

inactivati喝abilityag・alnStthephagei乃Uか0．Thed曙radation or LPSwasdepe‡1dentonthe  

COneentrationo＝heÅmadorireal・rangementPrOductandthercaetiontimeofmixing LPS＼＼・ith  

the Amadorirearrang¢menも product．Oxygen radicalseavengers まnhibited this reaction，  

demorlS血tir唱もhat LPSlVaS OXida貢vely damag・edbyoxy卵nradicalspecies酢nerated byもhe  

AmadorirearrarlgementprOduct．  

Keywords：1ipopolysaccharide・○Ⅹidatived曙radatlon・Amadorirearrangenlent  

product・inaetivationoど¢Ⅹ174  

1．Int1・Oduction  

DNA，prOtein，pOlyunsaturatedrattyacidandcarbohydratearewelトknownasthetar卵tmOleculesin  

thefieldol、aeti、，eOX〉・genl・adicEllreseal・Ch．StruCtul、aldam且geStOthesebiomoleculessuchas chernicnl  

modiざまcaもion oramino acid residues，SCission ofDNA，Cleavag・eOr earbohydrate chain，1ead to their  

biofuncもionalloss，aSShowninanumberorthe paststし1dies．In cont‡・aSt，tlle e汀ects oractive oxygen  

radicals on more complex macl、OmOlecules，glycoconユugateS，SuCh as glycoproteins，glycolipids，  

1ipopolysaccharideshavereceまvedlessa地ntionarldinrormationabouttheserQaCもionsisverylimited．  

Structuralda∫nageS tO gangliosides】）and a sialyloligosaccharide2）by hyか0Ⅹylradicalhave been  

reportedrecently．Thesemacromoleculesexistin outerlayers oどcellsandmay be targets or active  

OXyg・帥SpeCiesぎormedinlivlng・SyStemS，alld radical－mediated damageも0払ese macromolecules，  
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hence，mightbeinvollredinoxidanレinducedalterationorcellularrunctions，   

Lipopolysaccharまdes existim bacとerialoutermembranes and some orLhenlaエーeWellknown as the  

receptorsrorthebacteriophag・e¢Ⅹ17∠i．且coZg C andぶ．蜘ん～m昆㍗£昆m areitsIlOSとbacteria．3）The  

interactionorthephag・eWiもhLPShasreceivedmuchattentioni10ritsinterestingmolecularrunctionsoi■  

recognltionandortransferrユ咽geneSintothehostcellsbythevまrusproteinsand工．PSmolecules．  

Inourlaboratory，inordertoknowthemechanisminteractionorthebacteriophagewith且 coヱ£Con  

amolecularl郡el，reSeaI、chesonthesy－ユthesisoi’01igosaccharidesorLPS，theirbiolog・1Calactivlもy，and  

analysISOr軌eirconrormationhavebeenperrormed，   

Duringthecourseorour study on the autoxidation or reducing sug・arS，it was reported that the  

Amadorirearrang・ementprOduc払thepl、1maryintermediaもesin theMaillardreaction，generateaCtive  

OXyg・en SpeCiesづ〉and the8e SpeCies cause oxidative cleavag・e Or DNA，inactivation or viruses5）and  

OXida由e depolymerization or hyaluronic acid．6）Il＝his study，LPS was chosen as another tar紳  

macromoleculeroractiveoxyどenradicals rormed rrom the Amadorまrearrang・eme11もpI・Oducts．We  

describeherethereactionorLPSwiもhLheÅmadorireari、a喝ementprOductt TheLPSwasexposedtothe  

auto又はationortheAmadorirearrangementproduct・rrheerfectonthebi0loglCalactivityofLPSwas  

thenexaminedbythemethodofplaqueassayrorde軌minationorLPSreceptoracもivlもy・IntactLPS  

inactivaとes¢Ⅹ174£几びか0，Whereas structurally damaged LPSまs expected toloseitsinactivating  

aぐもivity．  

2，Materials and Methods   

財α£erよα～β   

Alow－mOleculaトWeighもAlnadorireal・1、al帽ement prOduct，1－deoxy－1一夕－tOluidino－D－fructose was  

prepared as described berore・j）Yeast extract，D瑠1ucose，agar，SOdium chloride，Calcium chloride，  

potassiumchloride，magneSiumsulfate，tris（hydroxymethyl）aminomethane（Tris）andotherchem・  

icalswereobtainedrromNakalaiTesqueCo・andwereofguaranteedreagent・Polypeptonwasobtained  

fromWakoPureChemicalIndustriesLtd・Redistilledwaterwasusedthroughouttheexperiments．  

タんαgeα柁d月αC£eri昆m   

Bac紬riophage¢Ⅹ174（wildtype），WaSOriginallyobtainedrrom工）r．T．Komano，Department o£  

AgrまculturalChemistry，Kyoto University，JapaIl・Ⅰい閥S grOWn and pul・iried by the method or a  

litera血reT〉in沈islaboratorybyH・Kojima．ガ．coZ£C，WaSalsoobtaiユ1edoriglnallyrrom工）ア．T．  

Komano・It was cultivatedin a culture medium（polypepton：1％，SOdium chlorまde：0．5％，eXtraCt  

yeast：0・5乳glucose：0・1％，1MOfcalciumchlorまde：0．01％）．Arterharvesting，且eo£よCwascenもrif咽ed  

forlOminat7000rpm（40c）andthesoluもion or及 co£よCi】10．01加ITris一斑Clburfer（OD弼＝0．5）was  

preparedforplaqueassay・ArefrigeratedcentrifugeofTomySeii（OCo，Ltd．（RB－18‡Ⅴ，9000rpm）and  

anauもoclaveofAlupuCo．（KT30Ⅰ。）wereusedinLhisexpe‡†ime11t．  

ゐ0£α如托α花d動㍗沼cαわ0乃げαエわopoわ鳩αCぐんαride舟oJ乃及co£よC   

Alipopolysaccharidewasextractedwithamixturecontainingliquidphenol（90gdryphenol＋11ml  

Waとeれchlororormand紳roleumetherina、rOlumeratioor2：5：8，from血aceじonepowderorぷ．   
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coヱfCbodiesandpurii’iedbythemethodorliもera血1e．為’   

月だαCとioJlq′エ㌘S∽抽£加Amαdor；月eαrrα托geme几£タro血ご£   

LPS（lor2〟g／ml）wasincubatedwithトdeoxy・トp・tOluidino－Dイructose（0．05～0．5mか1）and Cu2ト  

（10鵬5加l）inO．01MTris－HClburrerat37℃ror6h．Sterili2edwaterinsteadora soluもion of the Amado】～i  

rearrangementproductandCu2ヤwasincubatedwithLPS，aSthecontrolrun．Årもerthereactまon，the  

phag・8reCePtOraCtivityofL】つSwasexaminedl〕ytheplaqtleaSSay．でoavoidtheI、eaCtionofexeessorthe  

AmadorirearI、ang・ementpl－Oductwi沈¢Ⅹ174，tWO m飢hods were usedin this experiment．Arterもhe  

reaction，thereactiorlmixturesweredialyzedindeionizedwaもerrortwodays toremovetheexcessorthe  

Amadorirearrangemenもproductandotherlow－mOlecular－Welghtcompounds．AlternativQly，aftertlle  

reacもiolltiron（10mかⅠ）＼VaSaddedもOthereactionmixturetosもOpthereaction．  

タ£αq㍑eAggαツ（gg加ュα£；oJl扉月ec叩forAc£；u£妙〆工且9   

ThetypユCalplaqueassaywasusedもoexaminephagereceptoI・aCtivltyOfLPSislostafterthetreatment  

with the Amadorirearrang・ementprOduct．The phag・e recePtOT aCtivity of LPS was measured as a  

survivalratio or¢Ⅹ17∠iarte‡・nlixing・the phag・e Withintact LPS or LPSもreaとed with the Amadori  

rearrangementproduct．Ten〃loi■¢Ⅹ174（臥26×108plaque－rOrmingunits／ml）andlOO〃lor血esolution  

orintactLPSortreatedLPS（2〃g／ml）wereaddedtoO．01h∫lTri良一HClbufrer（pIまB．1），COnぬining5gor  

KCl，1g・OfNaCl，0．2gofMgSO4andlmMCaCl苫PerL．Thereactionmixture（1．Oml）wasincubatedat  

37℃．AfterincubationofOh．1h，2hand3h，aliquotswerewitlldrawn，dilutedlOOOO－foldwiththesame  

burrer，andthisdilutedsolutionorlOO〃1wasaddedto300〟lofガ．∝浴C（OD醐＝0．5），preWarmedat37  

0c，and5mloftop昭ar，arldassayedrorplaque－formingabiliもy on且∝浴Cbytheag・ar OVerlayer  

methodorAdams．g）Alltheexperimentswereperrormedintriplicaとes．Aどterincubationofagarplates  

for3hat3rC，thenumbersofplaque（A）werecountedindiluもions：10－200plaques／100LLl，Aisbetween  

A血2菰≦and≦A＋2、儀．でhephagerecep血activityorLPSwasexpress¢dasasur＼㌢ivalratio（％）．王t  

WaSCalculatedbydividi11gOfthenumberofplaque－formlngunitsafterlh，2hor3htreatmenもWithLPS  

bythenumberofplaque－formlngunitsofOhcontroIwhichwasspreadonaagarplateimmediatelyafter  

addltion ora LPSsolution．  

加んi地主o7ヱ（ゾヱゐビ0ヱidα如eガegrα血貢0花扉エアSあッぶcαUe托gerぶげAcまZueOェッgピ71月αdicα∠ぷ   

ScavengerswereaddedもOthereactionorLPSwiththeAmadorirearrangemenもproductandCu21h．The  

inhibitionraLiowasexpressedasPレP／PトPlxlOO％，Pもisthesurvまvalratioor¢Ⅹ174treatedwithLPS  

whichwasincubaもedwithもheAmadorirearrangemenもproducもandCuZ′1∴ Plis thesur＼永alratio of  

¢Ⅹ174treatedwithLPS．Pisthesurvjvalratioor¢Ⅹ174treatedwitllLPSmixturewhichwasirlCubated  

withthescaveng・erS，andtheAmadorirearraIlgementprOducも，andCu2十．  

3．Ⅰモcsults andl）iscussion   

血αごと£uα如71毎月αCエeriopたαgeわγエアSゐ0～α紬d♪om且 coZ；C   

Thebacteriophage¢Ⅹ174isinactivatedZ托Uかobさ′1まpopolysaccharideisolaLedrromitshostぷ．coヱfC   
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SOthatnolong・erformplaques£乃U£uoo花1awllSOfthehostorganism．Atもhesametime，抽eviralDNA  

beeomessusceptまbletodeoxyribonuclease（eclipse），aSitdoesatthebeg・inni喝Ofinrectionto thehost  

bacterium．AsshoⅥ7ninぎig．1A，af旭rincubation at37℃ror3h，thesurvivalratioor¢Ⅹ1740r臥26×  

108p．ど，uノmldecreasedonlyto91％，butdecreasedtoO．7％when2〃g／mlof LPS was added．In the  

preseneeorLPS，99．3％of¢Ⅹ174waskilledandtheresultshowed沈attheisolated LPShas a desired  

¢Ⅹ174inactivatir唱aCtivity．   

Th8COneentrationorLPSneededとOCauSethephag・einactivaとionisshowninFig・．1B．Whereasbelow  

lO－2〃g／mlofLPS，inaetivationof¢Ⅹ174wasnotobserved，beもWeenO．01～0．1〟g／ml，SOmeinacti閥tion  

WaSObserved．Ateoneentrationorl．25〟g／mlsurvivalratiowasfoundtobelO％andatconcentraもion  

Of2〟g／ml，SurVivalratiowasfoundtobeO．7％．Sointhisexperimenも，WeChose2〟g／mlas a LPS  

COnCenもration，atWhichthe degree ofinactivation or¢Ⅹ174was round to be appropriateぎor usein  

determinlngtheerfectoどactiveoxyg・enradicalonLPS．  
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アig．1Inactivationor¢Ⅹ174byLPS．  

A：¢Ⅹ174（8．26×108p．f．u．／ml）wasincubatedwithout（○）orwith（◎）2pg／mlofLPSin   
O．01MTris・HClbufぎer（pH8．1）for3hat370c．Analiquatwasremoved，diluもedl．0ヰーrOld   
Withthesamebufどerandassayedforinfectiousphag・eby theagaroveト1ayer method of  
Ådams．  

B：TheErfeetofLPSConcenもrationonInactivationor¢Ⅹ174．¢Ⅹ174（8．26×10邑p．f．u．／ml）   

WaSincuba紬dwithLPSinO．01MTris－HClburrer（pH8．1）forlhaも37℃．  

かegrαぬ如花扉琉eエ邦むッ£九eエロ∽－mOZec昆ヱαト∽e£g如AmαdoJ、去月eαrrα花geme花とタro血c£   

Asdescribedin入工ethodsandMatel・ials．l．PS（2LLg：ml），n11dl－deox〉，－l－P・t01ui（lino－D－frucLose（10‖1入1）  

inthepresenceofCu2サ（10‾与M）inO．01MTris・HClbuffer（pH8．1）wasincubatedat37℃for6h．After  

incubation，10rnMtironwasaddedtostopthereaction．Therlthephage・reCePtOraCtiviもyofLPSsoiuもion  

treatedwiththeAmadorirearrangementproductwasa5Sayedbyplaqueassay．Wepreviouslyreported   
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thatirlaCtjvation or¢Ⅹ174by the Amadorirea汀angemen仁productis due to strand scissio110董tlrまral  

DNA．SowerilサStlyexalnined＼＼rll飢herもhecoIICentrationortheAnladoril、earrangementprOductusedin  

thisexperimenthadanyer壬Iecton¢Ⅹ二17′l．Ther8Sultshowed沈atthe Anladorirearrang、ementproduct  

caused50％irはCtivationor¢Ⅹ174intheabseneeoデLPS．Buも10mMOi’til▼On COuldirlhibiしthis eぎrect as  

sI10Wniniデまg．2．Blankexperimentshowedthattironalonehadnoe汀ectoninactivaとionof¢Ⅹ174．Itcan  

beconcludedもhatexcessamountorもhe Amadorirearrang・eme11もprodtlCthas no errecもO11¢Ⅹ174arter  

addiもionorlOmMOrtiron．Sothel．PSreactionmixとureafとertlぺeaLmentwithtlleAmadorirearrang－ernellt  

productwasuseddirectlytoreactwith4＞Ⅹ174andplaqueassay．InFig．2，afteTincubationfor3h，the  

surlrivalratioof¢Ⅹ174wasi■oundtobeO．17％whenLPSwasadded．Ontheotherhand，thesurvivalratio  

or¢Ⅹ174まncreasedto40％byI．PSwhiclltreatedwiththeAmadorirearra11gementprOductandCu2十．  

Thls】meanS that the LPSlostits】ぺeceptOraCtivity ai’ter treatment wれhもhe Amadorirearrangement  

product．Itisverypossiblethattheac豆ve（）Xyg・enradまcalsg・enel－atedrromもheAmadorireaェ・王、angement  

PrOductcauscthedeg・radationofLPS．Inthisexperimcnt，however，nO furthcrstructuralstudy on the  

reactedLPSwasmade．  

Jく〝’〃・／（イJ†川（・／J■州T’～J削り／汀／（’（川ぐ川汀〃／イ州（1／  

とんe AmαdoJl£薫ぞαrrα柁geme花£ダro血c£0花£九e  

Oズidα£よぴeガだgrαぬ£io花q／エダS   

TherelationshipbetlVeenreaCt血1もimeorLPS  

WithO．21n丸40fトdQOXy－トβ－tOluidino－Dイructose  

inthepresenceofCu2車（10M5h・Ⅰ）andthesurvival  

raLioorゆⅩ174isshownin yig．3A．Thesur－  

vival】→aとioof¢Ⅹ174increasedgreaと1y within6  

h’sin（：ubatiolltime wh（∋n LPS wasillCubaとed  

＼VithLheAmadorirearrangementprodtlCt．   

The degradation of LPS was d叩endenもOrl  

the concentI，ation or トdeoxy－トβ－tOluidjno一日  

イrucもOSe，aS SIlOWn主L‡’ig．3王墓．The surviva】  

ratioofphageincreas（∋u〟herltheconcelltration  

oi－1－deoxy－1－p－Lolし1idillO－D－rruCtOSe（0～2×10】〉司  

M）illCreaSed．Wherltlle COnCentratiorlOrl－  

deoxy－1－p－tOluidi王10・D・rruCtOSe WaS up tO 2×  

10Ⅳ1M，血e survivalratio or ¢Ⅹ174decreased  

greaLly，because¢Ⅹ174was also damaged by  

theAmadorir飽rrang・ementprOduct（datanot  

shown）．  
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yig．2 Deg・radation or LPS by the Amadori  

Rearrallgelne11tProduct．   

LPSreactionmixtulへeSCOntaining・LPS（2〟g／ml），  

1－deoxy－1－p－tOluidino－D－rruCtOS¢（10‾j入′Ⅰ）in the  

】〕reSenCeOrCu21（10用M）inO．01丸ITris・HClburfer  

（p】i8．1）wereまncubaとedin370cror6h．Afteraddト  

tiorlOflOmMOrもiron，theLPSr¢aetionmixもurewas  

illCubaLedwithゆⅩ174（8．26×108p．ぎ．uノml），diluted  

Wi班bu£fera11dassayedrorplaque－formln官ability  

On鼠coヱZC by 抽e agar over－】ay¢r method of  

Adams，aSdescribedinMaterialsandMethods．  
¢Ⅹ174：□；¢Ⅹ17d＋Toll憺Cu2十：△；¢Ⅹ174」＜Tol＋Cu2十  

＋Tiユ10n：息；¢Ⅹ174＋LPS：○；¢Ⅹ174－卜LPSJwToけ  

Cu2さ、＋Til、On：◎．   
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Fig．311ileE汀ectsorReacもioIITimeaIldConce11t】～ationortheAmadoriRearrang・ementProdし1Ct  
OnLossorReeepも01・Acti＼rまけOfLPSforInactivationc・r¢Ⅹ174．   

A：The Errectof■Reaction Time ofMまⅩ1ng・LPS with AmadoriRearrange王nentProduct．L王）S   
reacもionmixturescontainillgLPS（2〃g／ml），トdeoxy・Lβ－tOluまdino－Dイructose（2×10血4M）   
inthepresenceorCu2サ（10¶‾SM）inO．01か王Tris・HClbui■rer（pH臥】〉）w¢reincubatedin37℃and   

assayedbytheplaqueassay，aSdescribedin】手ig．2．  
B：TheEltrectorConcentraもionoftheAnladoriRea汀ang・emenもProduct．Thereactioncondition   
issamewith thatasdescrまbedabove．  

棚板拍〃混涙α瑚押一尺αd£cαgScαぴe氾gだrSO托エ／1eガegr（Z血が0花   

To conl、il・m Whether抽e degradation orLPS wasinduced by oxygen radicals gellerated rrom the  

Amadori‡、earrangemelltPrOducいhe errects or various ag・e王1tS and erほymeS Which scave‡唱e OXygell  

radicalswereexamined．Superoxidedismutase，か011，andscavengersforsuperoxide radicalinhibited  

theLPSdegradaもion（でable），SomenonspecificscalrengerSrOrhydroxylradicalsuch as mannitol，  

thiotlrea，andI）MSOinhibjted partially the LPS degradatio王1．Efrectiveinhibition by DETA‡）ÅC，  

Catalase，SuggeStStheヱ・01esofmetalionandhydllOg・enperOXide．Theseresu】もS jndicatedthatso王Ⅵe，Or  

all，Oftheseoxygen－derivedradicalsareinvoIvedintheobserveddegradationofLPS．   

Pl－0もeins，DNA，pOlyullSaとuratedrattyacids andcarbohydratesiはVelo咽been studied by various  

SySもemso王’0Ⅹygenradicals．rrileerreCもsoroxyg・enradicalsonglycoconJug・aもesha＼rereCeivedsornewhaと  

1essattentまon．Recentlyseveralstudiesofoxidaかedamagetoganglio＄idellaVebeenr叩Orもed．Butthere  

hasbeenrew reportabout oxidativedamageonlipopolysaccharide．’rhe results orthe presentsもudy  

Show thatur）derthephysiologlCCOndition LPSwas oxidatjvely degradedby autoxidizable AmadoTi  

rearI▼ang■ementprOduct，1eading toloss orits receptoユ1aC損雨y for ¢Ⅹ174．′rhe autoxidatiorlOr the  

Amadorirearrangementproductwasreportedpreviouslyandactiveoxygenradicalswerefoundtobe  

那neratedrrolⅥtheÅmadorirearrang・em帥tprOducts，Somereaturesof Lhe deg・radation or LPS by  

autoxidizableAmadorirearllangementPllOductare v8ry Similar to those or phageinactivaとion，HA   
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Tab】e Tile E汀ects or Oxyg・en RadicalSeavengers and  
MetalChelators on theInacもivation or LPS，A  
Receptor ror Bacterまophag・eS ¢Ⅹ174，by A  
AmadoriRearI・allgellュerlもProducもin the Presence  
ofCu2∴  

Additive Concentraもion（m丸i） Inhibiもion（％）  

SOD  llO U／ml  

Caぬ1ase  280 U／1111  

Tiror主  1  

DETAPAC  O．1  

Mannito1  50  

Thiouま－ea  lO  

DMSO  lOO  

0
 
6
 
7
 
1
h
U
 
7
 
0
 
7
 
 

3
 
ハ
U
 
3
 
3
 
5
 
7
 
0
 
 

8
 
Q
U
 
7
 
9
 
1
 
5
 
5
 
 

LPSreacもionnlixh汀eSCOntaining・LPS（2〟g／ml），1－deoxy－1－p－tOluidino－D－rmCぬSe（10）ヰM）in  

thepresenceoi’Cu2－∨（】．0【5丸！）andscaveng・ersinO．01ふITris－HClbtlrrer（p王i臥1）wereincubated  

at370Cror6h．AfteradditionorlOmMOfもiron，theLPSreactionmixturewasincubated w汀h¢  
Ⅹ174（8．26×108p．f．uノml），dilutedwithburrerandassayedrorplaque一ぎormまngabilityon∬．∝浴  
Cbytheagarover－1ay8rmeぬodofAdams，aS describedin Materials and Methods．Inhibitioll  
ratiowasexpressedasPトP／PレPlXlOO％．Pもisthesurvivalraもio or¢Ⅹ174reactir噌With LPS  
reactionmixturewllichwasincubatedwiththeAmadorir蝕rrang・ementprOducとandCu2す．Plis  
thesurvivalratioor¢Ⅹ174r讐Cもingw油LPS・Pisthesurvivalratioor¢Ⅹ174rQaCtingwithLPS  

reactionmixturewhichwa＄1nCubated wiも11thescaveng・erS，Amadorirearrang■ementprOduct  
andCt12〃   

d叩01ymel，izaとion and nucleic acids strand scission by Amadorirearrangement products，reducing・  

Sugar phosphaもes and reductones such as ascorbic aeid，Qiand Kashimura reported thatぎructose  

6－phosphaもealsogaverisetosまmilaI、damag・eもoLPS．i¢）   

Theobservedinhibitorye汀ectsorSOD，Catalaseandoth鮮radicalscavengerssugg・estthatsuperoxまde，  

hydrogeIlperOXまdeandhydroxylradicalaI、eiユ1VOlvedin the LPS degradaもion．Superoxideradicalis  

knownto（a）undergodismutationtoyieldhydrog・enperOXide，and（b）rcactwithhydrogenperoxide  

togeneratehydroxylradical．Hydl－0Ⅹyll・adicalissug官eSted as respomsible叩∝iesどor HA，DNÅand  

protein deg・radation with many8．uもoxidi組ble compounds．Some scaveng¢rS for hydroxylradical，  

howeve‡▼まnllibiもedpa王、tially抽edeg・radaとionorLPSbytheAmadorirearrarlgemenもproduct．   

Phag・einacもivatioll，DNAstralldscissionanddepolymerizationorHAbytheÅmadorirea汀angement  

PrOductsarestimLllaもedbyC正目．封1thisworkweh椚enOteXaminedwhetherthedeg・radaLion orLPS  

canbestimulatedbyCu2く－aloneandwhetheracomplexbetweenCu21andLPSisformedornot．Buもthe  

errectiveinhibitoryeぎfectbymetalchelateorDETAPACsuggestedもhattraceamountsorCu21inthe  

reaction mixture may beinvoll，edirlautOXidation or払e Amadol・ireaI，rang・ement prOduct．The  

de官radation ofLPSmay be dueもO the Fenton－1i如reacもiorl．AlthougTh redisti11ed water was used  

血roughouttheexperiments，Cu2ナislくnOWnもOhaveacaLalyticerfectonautoxidation，‖〉Itwa＄repOrted  

血atpolysaccharides containingphosphoesterbond ean efrectively coridenseもrace metalions such as  

Cu2卜．12〉Astheprese11も1ipopolysaccharidehavephosphoesLerbonds，t】1eymayha＼reaSimilarrurlCtionor  

tracemetalionscondensation．   

Th¢0沈erreaturesofdegradationorLPSbytheAmadorまrearrang・ementprOductarestillnotcl飽rOn  

もhisstage．Itremaimstobestudiedeiもhersug・arreSiduesoriipidpartorLPS are preferablely cま¢aVed．   
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Thepositまonorscissionamongsugarresiduesisthoug血もO beimportantin払edegradaもion orLPS，  

Sinceneutra】sug・arCI一雨npiayanimportantroleintherecognitionorthe！）hage・】3〉  

Illthe】⊃reSentStし1dy，Ⅵ，ehalredescribedthedeg・radatio】10ral．PS，reC叩tOrf’or¢Ⅹ174，byとheAmadori  

rea汀angementpr－oductinthepresenceofcopperioll．ThepユーeSentWOrlくhasdemonstrated that LPSis  

danュagedb），0Ⅹyg－ellradicalg・eneratedrromtheAmadoril，earユ1an酢mentprOductandlosesitsreceptor  

aごとivityror¢Ⅹ174王托Uか0．T】1elossorthel－eCePtOraChvitywasdependentontlleCOnCentratiollOrthe  

Ama（lol・i王1earユーang・ementproduct used and reacもion tinle Or Li〕S with the Amadoril－earrangemenも  

PrOduct・0ⅩygenI・adicals sca＼rellgerSinhibiもed tllis reactjon，SuggeStlng that LPS was oxidativelさ′  

damag・edbytheAmadorirearrangementproduct．BuもLPSdarnagespor・tionisnotclearandremainsto  

bestudied・】Ji）Sexistsinbacterialoutermembrane・Membranesareve－ヰySuSCeptibletoperoxidaとionb）ア  

activeoxy酢Ⅰ－SPeCies・】4〉LPSmaybeataI耶tOraCtiveoxygeTISPeCiesandthisoxidativedamagetoLPS  

nlaさ∫talくePlacein＼，i＼・0．  

Aeknowledgments   

ⅥFeareg・I、と1tei－ultoMs・R－Suzuki，ag・raduatQStudel－tOrMieUnまvers】もy，forhel－もechnicalassistance  

｛111ddisctlSSions．  

Rei■er¢neeS  

l）KoNAGAYA，N・，M・1NAGAIく1，S・Nほ…－（AWA，andN・KA弧MURA・Facile reaction organgliosides＼Ⅴは1  

hydroxylradical，月だdo∬月叩Or£，2ほ）：185仙189（1996）．  

2）KoiくEⅦU，M・，R・SuzuJくi，S・NISI一王－iくA、VA，al－d二N・KAS…む王URA・加L需用 degradatio王－0圭一a sialyト   

01igosaccharidederivativebyhydroxylradical，Cαrむ0わッか．エビ££，，1：199－206（1995）．  

3）WILKINSON，S・G・Composition and s汀ucture ofbacteriallipopolysaccharidesill嵐癖ce Cαrわ0一   

九ッdrα£eぶ扉血ダroゐαrツ0とZcCだ～～（ed．byI．Sutherland，AcademicPress，London），壬つ97梱176（1977）一  

4）Zu，JりJ・MoR汀Å∫S・NISf11KAWA，andN・KAS＝ユMURA・Generation o慮■active oxygen species by some   

low－mOlecular Amadorirearrangem紺t prOduets under pI－ySlOlog・1Calcondiもioms，Cαrわ0た）′か．  

エe££．，1：457血464（1996）．  

5）KASfHIIMURA，N．∴LMoRiTA，K．SuG】URÅ，S．NISⅢ1くA＼VA，and Z．Ku入′1AZA＼VA－ Autoxidation and g托Uかo   

DNA－Cleavageactivityof■somenitl、OgenOuSderi、∫aかesofl、educingsugarsinrんe月0～ビガ0ズユ′餅肌玩   

Cんemょぎ£㌻ツα花d月よocただm£ざ£㍗ツ（ed．byW．Ando，Y．Moro－Oka，El〕；EIs糾7ier，Ams短rdam）蓼33：p483  

岬488（1988），  

6）Zu・J・，S・NIS＝】iくAWA，a】1dN・ⅨAS＝1入4URA－ Depolymerizationorhyaluro】1ic acid bylowべnOlecular－   

WeightAmadori－rearrangementprOductsandglycatedpolylyslne，月£0ぷC£．月£0紬c九 戯0ご九emり61   

（1）：188…190（1997）．  

7）KoMÅNO，’r一¢Ⅹ174Bacteriophage，ダJ～0£だよ′l，〃昆油まcαC£dα71d助zッJれe，9（2）：26削30（1973）（ill   

Japanese）．  

8）GALA※OS，C・，0・LuoERl・rZ．andO灘益′rP王1AL．Anewmethodrorextractio王10rRlipopolysaccharides，   

肋㍗．J．戯oぐんem．，9（2）：245叫249（1969）．  

9）A餌闇勘MIH．Bacteriophages，IntersciencePubiisiler，N飢VYo沈，p450M454（1959）．   



55  OxidativeDeg・‡、adaLiorlOrLPS   

10）Qi，L．T王1eSisofMasもer，MieUni、7erSity，1994・  

11）BARRON，E．S．G，，Z．B．MilJLE民，andG－KALNl，1tSKY．0ⅩidationofdithioIs，Biochem．J．，41：62N…68   

（1947）．  

12）SAiくAGUC王うi，T．，T．HoRllくOS‡lI，andA．NAKAJiか1A．StudiesontheaccumulationorheavymetaleIements   

i】1bま0loglCalsさ′StenlS，parとⅤIl．Adsorption or hea、†y metalioI－S by ch最n phosphate an（1   

chitosanphospllate，〃加oJ？Aroge£∬d卯た昆gαよぶたi，53（5）：149－56（1979）（inJapanese）・  

13）FEtGE，U．andS．S′1、JRM．Onthestructu‡－eOiltheEぎどんどJ－k最α∝漬CcelllVa111jpopolさrSaCChal・idecore   

andonits¢Ⅹ174receptorregion，戊oc九だm．戯叩わ鳩．属eぶ．Co汀㍍れこ↓乃．，71（2）：566…573（1976）・  

14）YんMAMOTO，YりE．Nl】く1，J．EGtJCi王i，Y，ⅩA丸LまエYA，andH．SHlⅣ！ASÅKi．0Ⅹidation oi－biologicalllュembranes  

anditsinhibition．Free radicalchaillOXidation of即yth王－OCyもe g・host membranes by ox〉唱en，  

戯ocん£タフl．戯op／！ツざ．Ac拍，81凱29仙36（1985）．   



56  JianZu，MuneharuKAl，0，ShiroNェsHIiくAWA，andNaoki壬くAS‡J王MU況A  

アマドリ転位化合物によるバクテリオファージ¢Ⅹ174レセプター活性を  

有するリボ多糖（LPS）の酸化的損傷反応  

祖  建・加藤 宗春・西川 司朗・杓村 政樹  

三盈大学生物資源学部塵蘭慣性化学教曹研究分野   

グリケート化タンパク質のモデル化食物として，低分子アマドリ転位化合物によるリボ多糖（LPS）の酸化損傷反  

応を検討した．大腸菌C株から得られたバクテリオファージ¢Ⅹ174のレセプターとしての染粉活性を有するLPS  

は，プラーク検定法で，その汗＝正和でのファージ不活化活性を調べたところ，温度37℃で，アマドリ化合物によ  

る6hの処理で，LPSのファージ不倍化活性が失われることが認められた．また一 この反応はアマドリ転位化合物の  

磯皮と反応時間に依存し，活性観衆ラジカル阻薯剤などによって阻賓されることから，アマドリ転位化合物から生成  

する活性酸素は建腰的条件下で∴姐埋活性を有するリボ多糖の機能的，構造的な損傷を引き起こしたことを示した．   

この結果ほ，Z花Uか0でアマドリ転位化合物が生成すれば，LPSの機能的な損傷が起こり得ることを示している，   




