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Abstract  

Aconve11ienも111ethodfol、the】）reparationoralipopolysaccぬ1、まde（LPS）＼lritllエ・eeeptoI、activity  

Orbacteriopha酢¢Ⅹi74rromlargeamourltSOrとhedl、iedanddera沈edcells or励cんだrfcJ‡よαCO～£C  

Strail－ⅥraSeSもablished．Animprovemellと0】1bacteriumcultivationled toyield olrer75go圭一tlle  

dl－ied and deratとed cells（309gⅥret Ceils）l－roIT16L cu比ultelTledium co11tailling4％、、rも／v or  

D瑠1ucoseasa cさ1rboIISOu∫℃ealdl％＼Vt／v oraユ11mOniLlm Su汀ate as allitrc慣en SOtlrCe．Tlle  

modii－iedPC】〕nlethodafrorded2．25gorLPS（3．0％yieldrI・Omthecells）i－rom75go圭一thedriedand  

deraももed cells．It was conririned もhat もhe obtained LPS sho＼＼′e（まよ71リf£roa】1iflaCtivaとioIlOr  

bacLerioplla酢¢Ⅹ174rroimaP払quecouIILir曙aSSay．  

KeyWol－ds：LPS●互ぃ沌Cstl、ain・receptor・l〕aCteriopila酢¢Ⅹ174  

IlllⅠ・い【111ぐti（川  

Bacteriophage¢Ⅹ174isoIleOrthesimplest phages having a circl血rsing・1estranded DNA as a  

酢neLicinrormation，Wllich was rirstisolaもed by Sinsheimer．ミ〉‡t recogIlizeslipopolysacciはrides  

（LPSs）orLhel・OtlghIⅥutantSOrente‡、Obactel－ia，StlChasガscゐerよcゐgαCOgよC，Sα～J托0花e～gα£．押ん£m㍑rよ㍑J托  

r軋aI－dSゐなど～gαSO7乙eよetc．asareceptormolecule壬■orthehostcelll・eCOgnltio軋2）Feigeだとα～．reported  

f－romcompal・ativestudiestlSingsoIⅥeLPSslackingterminalsugal・splleparedf■ro貰ⅥmutantSthattlle  

terminaIpentasacchal・idei！1the LPS f－rom∬．∝沼C plays animportallt rOlein the reco室ぎniいon．3）  

AlthougIltheirbiologic王tlapproaclldetermined t】1e Prlmary StruCtureOr tlle reCeptOr LPS ror t】1e  

infectiontoti－el－OStCell，SOmanyhid〔ienstepstobeclaririedinもherecognlもioneventstillrelTlained  

as a blaclくbox．   

Wehavebeenpayingattentiontothisinteractionbetweenbactcriophage¢Ⅹ174andLPSofE．coli  

CtllrO帽王1SOlⅥeapprOaChessucilaSthechemicalsynthesis4｝andtheconro王、mationanalysIS5）01－tile  

tel、mil－alpel－Lasaccharidebecauseorthesimplestmodelsorvirusrecognitionorits hostcells．We  

also envisage tI－e Chemicaldegradation or LPS o柑．cogiC to prepare the terminalpenta or  

POlysaccharideasanalternativeapproach，because thepolysaccharide（PS），derivcd from LPSby  

WeakacidhydrolysIS，WerefoundtocompetitivelyinhibitthephageinactivationactivityofLPS，8〉  
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Forthepul・pOSeOrもhesestudies，Weneedtoprepareala柑eamOtlntOでLPSasastartlngmaterialor  

che王Ⅵicalan（lenzymatic modification．Wewillreport here the establishmenもOf a conventionai  

meもhodfoi，thelargescalepreparationofLPSor∬．co～£ChavlngreCepじOraCtivityrol、bacteriopha酢  

¢Ⅹ174．  

Materials and Methods   

Gど花erαヱprocど血re   

Turbidity was measured by absorbance at600nm uslng a Shimadzu UV150－02spectrometer．Thc  

rermentaionoiIgぶCんピアtよぐん£αCOエよCsもrainwasperrormed with an ABLE BIOMASTl王R－DlOjarfermenter  

（10L）equippedwiLhap王寺stattir将pt111叩．Allchemicalswerepurchasedrrom NacalaiTesque（Kyoto  

Japan）andusedwithouもぎurもherpuriricaLion．Irradiaもionorulもrasoulldrorwashil唱01、eXtraCtiollOrthe  

bacterialcellswaspeI・rOrmedwithiuchiULTRASONICCLEANERVSK150appaTatuS．  

C乙‘g£！上J・（）COr乙dよ£fo花ぶ   

Oneliもterortheri】1almediuInCOntained軌ero1lowing・ingredients：40gD－glucose，10g（N‡i・t）2SO。，5g  

yeasもextracも，0．6g MgSO4，0．5g KHどPOj，1gK2HPO4，and3g・NaCl．でhe p王ior the solution was  

adjusted to7．2by2M NaOH and thenlM CaCl芝（6mL）was addedとO the soluもion，Antまroam Ay  

suspension（3．2gpastein40mL deionized wate】う and D瑠1ucose soh止ion（2dOgin400mL deionized  

water）weresterilizeds叩arately．   

Cu比ivaとion was carried out370cinlaboraとOry rermenterABL‡ミBiOMASTER一丁）10in6L quantiもies．  

手、orinoculation，200mI．orshalくi咽Culもure（6h，37℃）conねir血将1％D－glucose，0，5％NaCl，0．5％yeast  

extract，arldlMCaC1210／∠L，WaS uSed．In rermentervessel，an a¢ration raLe or4．2Lpe‡・mirlfor6L  

medium（70％aeraもioIl）wasし1Sed．Thel）Hwaskeptat6．8by usil唱30％wt／vNaOH．The bacterial  

gI・owthwasmoniも0Ⅰ・edbyOD触n．Thecellswereharvested by cenLrirugaとioll（5000×g，15nlin）．でhe  

Celまpaste was waslled sLICCeSSiveユy wi抽ethallOl，aCetOne aIld diet‡1yleth即，and dried under reduced  

pressし汀eOVerCaC12rOrlweelく．Thedriedailddera沈edwQightofg．co～iCcellswelle7∠t．6g・．  

Jご．＼・什Ⅵ‖！■りJJ（イ／．ハゞ   

Thecells（74．6g）Ⅵrereplacedin a ceI址rifug・eもut）eS（sはi111essstee160mm¢×145mm heighも）alld  

suspended＼Viもh300rnLor血ePCPextraction mixとui・e（90％Ⅴ／vaqueouspilenOl：CIiClユ：petrOleum  

eもherこニ2：5：8v／v／v）．′rhesuspeIISionwasstirヱ、edfor15nlinaもroomtemperatuI・eunderirradiaLionof  

u抽asoundbyIUCH‡UlノrRASONICCLEARNERVS－150（50iくH£，120W）．1111eCellsweI・eCent王・ifug・edorr  

（5000×g，15miIl）an〔王もhesupeI・れaはnもWaSCOllectedin a round rlask．The precipitated cells“Fere  

extracもed oIICelmOI・e＼Vi痛も11e Same VOlurlle Orとhe PCP mixもure and centrifu那d as above and the  

supernaもa山was added to the rirsLextracも．The extracもkn wasl、epeated rotIヱ、tinleS．The combined  

stlpernatant WaS eVapOraとed at458c toユーemOVe COmpleとely chユorororm and petroleunleth軋 The  

I・emained pheIlOIsoluもionwastraIISferredi】1tO aC¢11trirl唱e Lubesandde血1ized water（40mL）was  

addeddropwiseuntiltlleLPSprecipitated．T】1epreCipitated LPSwasce王1triruged（3500rpm，20血n），  

and the supel－natant WaS decanted．′rhelriscous precipiはtelVaSlVaShedもhree times with80％Ⅴ／v  

aqueousphenol（60mL）andacetone（60mL），reSpeCtively．TheLPSwasdisso】vedin deionized water   



35  SimplePreparationorLPSぎromg．coi£C   

andlyophilizedforlweektoaffordLPS2，25g（3．0％yieldfromthedriedanddefattedce】ls）．  

ノごバ／～／＝りノ（川（イJ・（－（・叩′…、“、／∫l吠＼・（〕ノーJ．J〕バ   

Accordingtothereported procedures，8・乳10）とhe phage recepもOr aCtivlty Or LPS was measured as a  

SurVivalratioor¢Ⅹ174arもertreatmentwithvariousconcenti、ationortheextractedLPS（10∴10－3，and  

Omg／m⊥）．Inthesmallもube，¢Ⅹ17∠ま（3．54×1ぴi）．ぎ．uノmL）：10〃Lwasincubated with‡．pSsolutions  

（10m3，10】2，andOmg／mL）：100〟L，andO．01M TI・is－HClburrer［pH8．1containing・KCl（5％wt／v），  

NaCl（1％wt／v），and CaCle（0．01％wt／v）］：890fLL forlh aL370c．An aliquot（100FLL）was  

Withdrawn，dilutedwiththesameburrer，andassayedrorplaqueイormingabilityon∬．∝漬Cbytheag・ar  

OVerlayermethod ofAdams．一i）Aftertheag・arPlateswereincubated for3h at37OC，the numbers of  

plaquewerecounted．TlleSurVivalratioorphagewascalculatedbydivisiono‖heplaquerlumbersartel†  

111treatnlentWi払LPSbythenumberso壬tOhcontroIwhichwasspreadonaagarplateimmediatQlyarter  

addition oran LPSsolutio】1．  

Results and Discussion  

Relaとivelownuもrl叩tmediawereorterlapplied rortlleCultivation ofgram11egaもive bacteria rorthe  

Preparation orLPS．The concenもration or sug・arS throug・hO．1tol．6％wt／v12Ⅳ17）IlaVe been used as a  

Carbonsource．However，SuChcollCenもraとionseemedtobedisadvantagerorthelargescale prepaI，ation  

Or Cells．When we have employed a medium which appliedinliteratul・eS8・l椚containing・0．2％wt／v  

D－glucose，Only5．8gorthedI・iedanddefatもedcQllsorg．∝浴Cwereobtainedrrom6Lculture，arldca．100  

mgorLPS wasyielded．in ordertoimpro＼′e theyield ofLPS，an ele＼ration ofbiolれaSSSeemedもo be  

IleCCeSSarybecaus8LPSisoneorarleSSentialcomponentoroutermembraneorgramnegahvebact8ria．  

So，Weatもemptedtocultivateガ．coヱよCirlarichmedium．   

As a preliminary experimellt，a medium containlr噌1％or D－glucose was tesもed according・tO the  

liteI・aturerOrthepreparaもionoi’LPSor且co£iB．17）でhe6hculti＼raもion arforded19．2gorthedried and  

derattedcellsrllOm6Lculture．でhen，arichmediumconもaining4％wt／voぎD瑠1ucoseandl％wt／vor  

ammoniumsulfatowぞ1Sapplied．Furtherll10re，もhe cultivatiorlWaS perrOrmed by a jarfermenter．The  

bacterialgrowthwasmonitoredbyOi〕触れ（yig・．1）．ThQgrOW抽curveshowedaplateaureachedat臥5h  

Cultivation．Theharvestedwetcells（309g・）weredefattedbywashingsuccessivelyw汀hcthanol，aCetOne，  

and diethylether undersoIlicaLion and dl、ied oveI－CaCl2undeI・reduced pI・eSSureま－orlweek to arford  

74．6g・ofthedrjedandderattedcells．ByincreasingD瑠1ucoseconce11tration行omO．2to4％wt／v，the  

bi（〕maSSOr∬．cog∠Cgairledaと1easLtwelverolds．   

TheLPSwas prepared rrom the dried and defatted cells by tile phenoトchloroform－petrOleum ether  

（PC】〕）extractionmet】10d，aCCOrdingtotheproceduredescribedbyGalanos7）wまthsome modifications．  

Forconventiolla】operation，まrradiaLion ofultェ、aSOu11d by alaboratory cleaneI・WaS uSedinsもead ora  

meclほnicalhomog・enizerrorsuspendir将tlleCellswiとhPCPextl・aCLio】1mixとure．Bec払uSetllQpurpOSe Or  

抽isも‡、eatmellもWaSIlOt mea11t tO breal＝he cellsl〕utも00btain the王て1in a rine suspension，a15ⅠⅥi】ュ  

主rradiation of ultrasound（50kIiz，120Ⅵ7）by alaboratol▼y Cleaner was su汀icient－ The fouI、times  

repetiとion oi’extl、aCtio】1S Were Lhe optlmal，Since the amouTlt Orも主Ie LPS did notincrease whenもhQ  

exとractioIISWererepeatedmorethan5times．Theamou11tOreXtraCtedLPSwas2．25g，tileyield ofLPS   
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Fig，1．Growt王1Cu‡・ve Oデーg．CO～£C．  

CulもunヨCOIldiもions：Onelitt（汀medium conもained  

D－glucose（40gう，（NH・！）2SOィ（10g），yeaSt eXtraCt  

（5g），MgSOノt（0．6gう，壬くH2POィ（0．5gう，K2HPOl  

（】．Ogう，NaCl（鞄），Cし11tivatedin6L quantiもy，pIi  

6．8，37℃8．5h，70％aeration，500rpm stirring∴  

was3．0％wtfromthedriedanddefattedcclls．Scherechtetal．…9）r叩OrtedthatLhcyield orLPSdidnot  

incl・easeWhenぶαgJ乃0乃e～～αSp．SWereCuまtivatedinaD－glしICOSe－richmeditlm（3％wも／v）rorelevatiollOr  

biolmaSS．′Ⅰ’ilepl・eSelltLPS’syiel（1，3．0％wtr】・Omthedriedand（まefatted ce】1s，WaS Slig加Iylarg・erも11an  

thatoi－ou】～pre＼ケiousconditioIldescribedabove（2－2．5％wも）．   

SomepapeI、SI、ePOl，もedthat血ecultuI・eCOnditions，nutrients，2¢γ22）oraeraもion，2＝さ）al捷red quantiしy and  

quali丹Oi－LPSsorgram】1eg・ativebacteI・ia．Fol・eXample，t】1eLPSde】1il，edrromtileCells grownat hig・h  

Cultivationtenlpel・atul・e（37℃）hadlowinactまvaとingactiviとy rorsomephagesthan thatgro＼川atlow  

拍汀叩朝・aとure（25℃），犯2了）and the extracLed LPS was next examined wlletheritilaS a desired¢Ⅹ174－  

inactivatingacとivILy．   

¢Ⅹ174undergoes£1n eC】ipse reactionもO releaseits DNA whenit colltaCtS£J川まわ～OWitlltheisolated  

recepとOr，LPS．鋸 0IICephag・e releaseditsI〕NA，iLまoses theillreCtivltyi■or tlle host cells．Hence，血e  

extractedIJPSis expectedもO deprive Lheinrectivity or¢Ⅹ174to t】1e host cell，irぬeI．PS could be  

l・ecog・nizedby¢Ⅹ174asareceptor・．Accordingto the reportedprocedures，8・9■10〉thereceptoractivity of  

LPSror¢Ⅹ174wasdetermilledbymonitoヱ・ir唱thelossorphageillreCtiviもyarter】htreaLmentaも37℃in  

Lhepresenceoitvariousconcentraion of LPS（10】4，10w3，alld Omg・／nlL）．The Fig．2－describesもhe  

relaもionshipbetween】」PSconcQnもrationandtheresidualinrectivityoi’¢Ⅹ174．Thesurvivalratioorphage  

decl、eaSed whenもheco】1CellもrationorLPS（rroml㌻■ltolOパmg／mL）＼VaSincreased．When the LPS  

extracもedrrom沈ece11sg・rOWnaもat）瑠1ucose－richmediumwascompared w汀h ule LPS rI、Om tlle Cells   
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yig・2・Rece‡）tOr aCとivlty Ofthe extracted LPS rrom the cells g王・OWn at dirrerent nledia．  

⑳the extracted LPSi－rom tl】e Cellgrown at al〕－glucose－rich medhm（4％wt／v）  

図Lhe extracted LpS rromとhe ce】1grown at a D－glucose－ユ）00エー1nedium（0．2％wt／v）  

Conditions：¢Ⅹ174（3．54×10譲 p．r．u．／rnL）：10〃し LPS solutions（10朝3，10Ⅳ2，a】ld  

Omg／mL）：】00〃Ⅰ．，0．01M TI・is－HClbu汀er［p‡i臥1，COntaini11g KCl（5％wt／v），NaCl  

（1％wt／、r），CaC12（0．01％wt／v）］：890〟1，37℃，1hincubation．でhe surviv¢d plⅧgeS  

were coul一ted by the agar ovcriayer method by Adamsli）・  

1nset：11ime dependence orinactivaLioIiOr¢Ⅹ174by the extracted LPS（10－ノーmgノmL）  

rrom the celj grown aもaI〕－gltlCOSe－rich mediulて1．  

grownata D－glucose－pOOrmediunl，bo沈LPSs s】10Wed血einactilraもion orとIle phag・ein qu江esimilar  

manneユ・・InsetorFig・2t showstheLimed叩e‡ldenceoninacもivation olt phag・es by the exもracted】Ji）S  

（10…j】ng／mL）froIn抽ecellg・rOWnatal〕－gltlCOSe－ric】111ュedium．Thed曙reeOrinaetivationobeystypical  

rirstorderkinetics・竃〉Fromtheseresul毎bothLPSsextractedi’rom thecellsg・rOWn atdi汀erentmedia  

lVereeStiln鉦拍dequivalentwithaI，eCeptOrOr¢Ⅹ174．  

i‡－Summarさr，WeeStablishedLheconventionalme軌odroralargescaleprepa‡・ationorLPSrrom∬．cog£  

Cstrainwi沈1†eCeptO－qaC貢vityorbacteriopiほge¢Ⅹ174．Theprese11tmethodwouldbeoraかanはgeasa  

l）1、ilⅥitivetooloゴ、沈eresearcllOrtherecog・niもionmecllanismbetween¢Ⅹ174a11dtherecepLoI、LPS．  
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バクテリオファ岬ジ¢Ⅹ174レセプター活性を有する  

大腸菌C株リボ多糖の簡便大盤調製法  

稲垣  穣。加藤 宗春。大角 善保。員谷 康治。西川 司郎。植村 直樹  
三成大学優物資溺ミ学部生澄l呈活性化学教曹研究分野   

バクテリオファージゆⅩ174のレセプターとしての生動舌性を有するり掛多穐を大腸儲C株の乾燥脱脂薗体から簡  

便に大愚調製する方法を確立した。培養条件を改良サることによって次発源としてグルコース4％wt／lr，窒素源と  

して硫安1％wt／＼rを含む6Lの培謹液から75gの乾燥脱脂菌体（混菌体で309gうを得ることが由来た。得られた菌  

体からPCP才岨i改良法によってリボ多糖を抽出したところ，2．25gのリボ多糖が得られた（菌体藁．駁の3．0％収率）。  

得られたリボ多糖がバクテリオファージ¢Ⅹ17∠iのレセプターとしての生理活性を有し，玩」最mでのファージ不活  

化能力を示すことがプラーク計数法で確認された。   




