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ＳＵＭＭＡＲＹ 

UsingthegenomicSELEX,atotalofsixEco〃DNAfragmentshave

beenidentified,whichformedcomplexeswithtranscriptionfactorRutRa 

putativereguIatorofthegenesforpyrimidinedegradation・TheRutRreguIon

wasfoundtoincludealargenumberofgenesencodingcomponentsfornotonIy 

degradationofpyrimidinesbutalsotransportofglutamate，synthesisof 

gIutamine，conversionofgIutaminetocarbamoylphosphate，synthesisof 

pyrimidinenucIeotidesandargininefromcarbamoyIphsphate,anddegradation 

ofpurinesDNase-IfootprintingindicatedthatRutRrecognizesapalindromic 

sequenceofTTGACCAnnTGGTCAA・ＴｈｅＲｕｔＲｂｏｘｉｎＰ１ｐｒｏｍｏｔｅｒｏｆｃＥＭＢ

encodingcarbamoyIphosphatesynthetaseakeyenzymeofpyrimidine 

synthesis，over1apswiththePepA（CarP）rep｢essor-bindingsitaimplying 

competitionbetvveenRutRandPepA、RutRbindingmW肋ｔｏｔｈｅｃａﾉﾝdＩＢＰ１

promoterwasabolishedbyaddingeitheruracilorthymine・Accordingly,ｉｎｔｈｅ

MRdeletionmutantorinthepresenceofuracil,theactivation/ｎＷｖｏｏｆｃＥＭＢ 



P1promoterwasmarkedIyreduced、NorthernbIotanalysisoftheRutRtarget

genesindicatedthatRutRrepressestheGadsystemgenesinvolvedin 

glutamate-dependentacidresistanceandallantoindegradationWeaIsｏ 

anaIyzedRutRdistributionontheEcMgenomeinlivingceIlsbyChlP-chip 

methods・CelIswereanalyzedduringgrowthphaseandwithorwithoutits

effecter,uracil・InadditionoftheRutRtargetsidentifiedbygenomicSELEX,ａ

totaloflgnewRutRtargetshavebeenidentifiedAtleastoneoftheseputative 

RutRtargets,yes(y[ﾘﾉF1）,wasidentifiedtobeunderthereguIationofRutRand 

effectoruracil、AltogetherweproposethatRutRisthepyrimidinesensorand

themaste「regulatorforaIargesetofthegenesinvoIvedinthesynthesisand

degradationofpyrimidines． 

２ 



IＮＴＲＯＤＵＣＴＩＯＮ 

AboutSOOspeciesoftranscriptionfactorsexistinESme'7℃カノョＣＭ;ｂｕｔ

theregulatoⅣfunctionsremainunidentifiedforalmostonethirdofthesefactors 

(Perez-RuedaandCollado-Vides，2000；lshihama，2000)．Theputative 

transcriptionfactorswithyetunidentifiedfunctionsareconsidereｄｔｏｐｌａｙ 

regulatoryroIesintranscriptionofthegenesneededforstressrespoｎｓｅｉｎ 

nature,whicharenotneededunderlaboratorycultureconditionsT己rgetgenes

underthecontrolofeachtranscriptionfactorcouldbepredictedbyMicroarray 

analysisofmutantslackingatesttranscriptionfactor(Khodurskyeral,2000； 

Weieral,2001),butthediscriminationbetweendirectandindirecteffectsofthe 

genedisruptionisoftendifficuItbecauseEco〃transcriptionfactorsformthe

cascadeofregulationnetwork（forexampleseeOgasawaraeral，2007a； 

2007b).TbovercomethedifficultyarisenfromtheMicroarrayassaMwehave 

initiatedasystematicsearchfortherecognitionsequencesbyalltheputative 

transcriptionfactorsusingthenewlydevelopedgenomicSELEXsystem 

３ 



(Shimadaeral,2005;Ogasawaraefa/L,２００７a;200ｱb)． 

AIongthesystematicsearchfortargetgenesandpromotersunde「ｔｈｅ

controIoftheputativetranscriptionfactorsfromEcMIweinitiatedthesearchfor 

targetsbyaputativetranscriptionfactorYcdC,whichconsistsof212aminoacid 

residuesandbeIongstotheTdRfamily､ＴｈｉｓgroupOfDNA-bindingtranscriptio、

factorsiscomposedofanN-terminaＩＤNA-bindingdOmainandaC-terminal 

ligand-bindingdomain(Ramoseral,2005).YcdCformsahomo-dimmer,ａｎｄits 

crystalstructurehasbeensoIvedatthetimewhenitsregUIatoryfunctiｏｎｗａｓｎｏｔ 

yetidentified(seeYcdCstructure;Patskovdkyeral,２００６)」nthemiddleofthis

research,ＬｏｈｅｒａﾉL(2006)reportedthattheundescribedgenes,j/CdMMWﾉﾘG， 

areinvoIvedinthedegradationofpyrimidinesforreutilizationasnitrogen 

sources[theoperonwasthenrenamedto'IMBCDE戸Ｇ(Mimidineutilization)］￣ 

andtranscriptionofthisMoperoncouldberepressedbyYcdC[aIsorenamedto 

RutRlAfterthegenomicSELEXsearch,weindeedidentifiedaRutR-bindinｇ 

sequenceintheintergenicregionbetweenmZABCDE浜、ａｎｄﾉurRInaddition,ａ

numberofnoveItargetshavebeenidentifiedinthisresearch，includingｔｈｅ 

４ 



ＣａⅥBoperonencodingcarbamoylphosphatesynthetase，ｗｈｉｃｈｐｌａｙｓａｋｅｙ 

roleinthedenoVDsynthesisofpyrimidinenucIeotides(Bouviereral,１９ｓ4),the 

gadAXoperonencodingglutamatedecarboxylaseAandaglobaIregulatoｒ 

GadXofthegadreguIon(Mareral,2002;２００３),thegadBCoperoncodingfor 

gIutamatedecarboxyIaseBandgIutamate-GABA（gamma-aminobutyrate） 

antiporter（RichardandFoster，２００３)，ｔｈｅｊ/g/RgmEoperonforglutamine 

synthesisfromglutamate（vanHeeswijkefal，１９９３)，ａｎｄｔｈｅｇｃｌＬﾉﾘﾉＭｘＲ 

operonfordegradationofalIantoi、(Cusaeral,1999).AfterdetaiIedanaIysisof

transcriptionforeachofthepredictedRutRtargets,weproposethatRutRisnot 

onIyarepressorforthegenesfordegradationofpyrimidines(Loheral,200ｓ） 

butanimportantmasterregulatorforthesupplyofglutamate,theconversionof 

glutamatetogIutamine，theconversionofglutaminetocarbamoylphosphate， 

thesynthesisofpyrimidinenucleotidesandargininefromcarobamoylphosphate， 

andthedegradationofpyrimidinesandpurinesformaintenanceofmetabolic 

balancebetweenpyrimidinesandpurinesThesegenesarealsoinvolvedinthe 

maintenanceofintracellularpHhomeostasisunderexternalacidicconditions． 

５ 



TbconfirmtheresultsofgenomicSELEXanaIysis，wethenperformed 

ChIP-chip（chromatinimmunoprecipitationinconjunctionwithhigh-density 

microarrays)experimentstostudythedistributiｏｎｍＷｖｏｏｆＲｕｔＲａＩｏｎｇｔｈｅＥ 

ＣＯ"genomeChIP-chipmethodonEco"iswellstudiedtomeasureprotein－ＤＮＡ 

interactionsmWVo(WadeeraﾉL,２００７).RutRisuracil/thyminesensingregulator， 

thenWiId-typecellsandMRmutantceIlswereinocuIatedandcomparedｗｉｔｈ 

usingChlP-chipanaIysisunderthethreedifferenceconditions；Iogphase， 

stationaryphaseandIogphasewithitseffectoruraciI･Thisallowedustoidentify 

２４DNAtargetsforRutRinthelogphaseceIlsincIuding4targetsfromgenoｍｉｃ 

SELEXlnthestationaryphaseceⅡs，１３DNAtargetswereidentifiedandallｏｆ 

themareoverlappedwiththeIogphasetargets・Thenweconfirmedthebinding

activityofnewIyRutRtargetswithgelshiftassay,ｂｏｔｈ４ｔｈＡａｎｄｌＳｔｈＴｏｆｔｈｅ 

RutRbindingmotifareimportantforhighaffinitytoRutRmWim 

RutR-bindingactivityofthesenewlyidentifiedtargetswasexaminedｂｙｇｅｌ 

shiftassayandtranscriptionprofileinvivoofeachofthetargetsequenceswere 

examinedbyNorthembIotanaIyais、PhysiologicaIroIesofRutRwiIIbe

６ 



discussedｔａｋｉｎｇａｌｌｔｈｅｍＷｌｍｇｅｎｏｍｉｃＳＥＬＥＸａndinvivoChIP-chipresults 

together． 
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ＭＡＴＥＲｌＡＬＳＡＮＤＭＥＴＨＯＤＳ 

Bacね脂ﾉｓｌ７ａｍｓａｎｄｃｕ/1ｔ"℃ｃｏｎｄ/17,ﾉ7ｓ

ESC/7eﾉﾌﾞ、厄ＣＯ〃BW2511S（WS110lacﾉﾜ〃nBT7平△lacZI/Ｗ７Ｓ

ﾉﾌsdR57平△aﾉaBADAH3a△ﾉﾌﾟﾌaBADLD7aノwasusedaswild-typestrain．

StartingfromBW2511Sstrain,aM1E7disruptantstrainJWOggBwasconstructed 

(Babaefal,200ｓ).ＣｅⅡsweregrownatS7oCunderaeratioｎｉｎＭｇｇｌｕｃｏｓｅ 

(0.4％)mediumCeIlgrowthwasmonitoredbymeasuringtheturbidityatGOO 

ｎｍ。

Puﾉﾌﾞ７７℃a肋ｎｏ/ＦＭＲｐｂね、

PlasmidpYcdCforexpressionofHis-taggedRutRwasconstructedby 

insertingaPCR-ampIifiedRutR-codingsequenceDNAintopET21a(+） 

(Novagen）betweenハbCland/Vmsites・pYcdCwastransformedintoEco〃

BL21（DES)TransformantsweregrowninLBbrothandRutRexpressionwas 

ｉｎｄｕｃｅｄｂｙａｄｄｉｎｇｌｍＭｌＰＴＧ･ＡｆｔｅｒＳｈ「induction，cellswereharvestedand

８ 



subjectedtoRutRpurification・Proteinpurificationwascarriedoutaccordingto

thestandardprocedureinthisIaboratory」nbrief，lysozyme-treatedcelIswere

sonicatedinthepresenceoflOOmMPＭＳＦ,AftercentrifugationofceIIlysateat 

15,OOOrpmfor20minat4oQtheresultingsupernatantwasmixedwith2mIof 

50％Ni-NTAagarosesolution(Qiagen)ａｎｄloadedontoacoIumnAfterwashing 

withlOmlofIysisbuffer,ｔｈｅｃｏｌｕｍｎｗａｓｗａｓｈｅｄｗｉｔｈｌＯｍＩｏｆｗａshingbuffer 

(s0mMTris-HCl,pH80at4oC,１００ｍＭＮａＣｌ).Proteinswerethenelutedwith2 

mlofanelutionbuffer(200mMimidazole,s0mMTris-HCI,ｐＨ８０ａｔ４ｏＣ’１００ 

mMNaCl),ａｎｄdialyzedagainstastoragebuffer(s0mMTris-HCl,ｐＨ７６，２００ 

mMKCl,１０mMMgCI2,Ｏ１ｍＭＥＤＴＡ,１ｍＭＤＴｍａｎｄ５０％glyceroI).ＲｕｔＲ 

usedthroughoutthisstudywasmorethan９５％ｐｕｒｅａｓａｎａｌｙｚｅｄｂｙＳＤＳ－ＰＡＧＥ 

SELEXsea'℃/7/b'/EMR-bﾉ77dmgsequences 

ThesubstrateDNAforSELEXscreeninｇｗａｓｐｒｅｐａｒｅｄｂｙＰＣＲ 

ampIificationof200-SOObp-IongEcMDNAfragmentsusingtheplasmidlibrary 

astemplate,eachcarryinganEcD〃genomefragmentof200-SOObpinlength

９ 



(Shimadaefal,2004)．ForSELEXscreening,spmoIofDNAfragmentsand 

１０pmoIHis-taggedYcdCweremixedinabindingbuffer(１０mMTri-HCl,ｐＨ７８ 

at4oOSmMMgacetate,１５０ｍＭＮａＣｌ,ＢＳＡ１２５ｕｇ/､l)andincubatedforSO 

minatS7oCThemixturewasappliedontoNi-NTAcolumnandafterwashing 

unboundDNAwiththebindingbuffercontaininglOmMimidazoIe，ＤＮＡ－ＹｃｄＣ 

complexeswereelutedwithanelutiｏｎbuffercontaininglOOmMimidazole． 

DNAfragmentsrecoveredfromthecomplexeswereIigatedintopBRS22ａｎｄ 

PCR-amplifiedasabovelfnecessary,thisSELEXcycIewasrepeatedseveraI 

timesForsequencingofRutR-boundDNAfragments，PCRproductswere 

cIonedintopT7Blue-Tvector(Novagen）andtransformedintoEcMDH5q． 

Sequencingwascarriedoutuslng T7-primer （５，‐ 

TAATACGACTCACTATAGGG-S，)． 

Geﾉﾉ770b"ｿllys/WTassay 

AlltheDNAprobesforthemobiIityshiftassayweregeneratedbyPCR 

amplificationofthepromoterregionofRutRtargetgeneSusingasetofprimers， 

1０ 



FITC-IabelledT7-Fprimer(5,-TAATACGACTCACTATAGGG-S,)andunlabelIed 

T7-Rprimer(S'一GGTTTTCCCAGTCACACGACG-S,),cIonedSELEXfragment

(ＳＯｎｇｅａｃｈ)astemplate,andEx-TaqDNApoIymeraseAfterpurificationby 

ＰＡＧＥ,theFlTC-labelledprobeswereincubatedatS7oCforl5minwithRutＲｉｎ 

OO1mloftranscriptionbuffer,whichcontained50mMTris-HCl(ｐＨ７．S),５０，Ｍ 

ＮａＣｌ,ＳｍＭＭｇａｃｅｔａｔｅ，０１，ＭＥＤＴＡ,O1mMdithiothreitol，ａｎｄ２５Ｉｕｇ/ｍｌｏｆ 

BSAReactionmixturesweredirectlysublectedto６％polyacrylamidegel 

electrophoresis、ForsearchoftheeffectorforRutR,thegeIshiftreactionwas

performedunderthesameconditionsinthepresenceofvariouspyrimidine 

metabolitesatthefinalconcentrａｔｉｏｎｏｆｌＯＯＵＭ． 

､ﾉVase-/わoｌｍｍｍｇ

TheprobewasgeneratedbyPCRampIificationoftheRutR-binding 

sequence，isolatedbygenomicSELEXandidentifiedbygel-shiftassay,using 

32P-end-labeledprimers,ＥｃＭｇｅｎｏｍｅＤＮＡ(100,9)ａｓｔｈｅｔｅｍｐＩａｔｅａｎｄＥｘ 

TaqDNApolymerasePCRproductswerｅｐｕｒｉｆｉｅｄｂｙＰＡＧＥＤＮａｓｅ－Ｉ 

1１ 



footprintingwasperformedessentiaIlyaccordingtothestandardprocedure 

(Yamamotoandlshihama,２００３)」nbrief,eachIabeIedprobewasincubatedat

Ｓ７ｏＣｆｏｒｌＳｍｉｎｗｉｔｈＲｕｔＲｉｎ２５Ｕｌｔｒanscriptionbuffer・Afterincubationforl5

minDNAdigestionwasinitiatedbytheadditionof5ngofDNaseI(Takara)． 

Afterdigestionfor45sat25oC,thereactionwasterminatedbytheadditionof4S 

IﾉLlofDNaselstopsoIution(２０，ＭEDTA,２００ｍＭＮａＣｌ’１％SDS,２５０四ｏｆ

yeasttRNAperml)．Digestedproductswereprecipitatedbyaddingethanol， 

dissoIvedinfomamidedyesolution，ａｎｄanalyzedbyelectrophoresisona６％ 

poIyacrylamidegelcontainingSMurea 

MeasL"emenrofinvivop'○mo灯acかWrl／

PromoteractivitymIWDwasmeasuredusingthenewIydeveIopedDFP 

(doubIe-fluorescentprotein)vector(Makinoshimaeral,2002;Shimadaeral， 

2004)BriefIythetestpromoterofSOO-500bpstartingfromtheinitiationcodonis 

insertedintoTFP(two-fluorescentprotein)vectorsotoadjusttheinitiationcodon 

oｆＧＦＰ（greenfluorescentprotein）whileＲＦＰ（redfluorescentprotein）ｗａｓ 

1２ 



expressedbythereferencepromoterlacUV5、FluorescentintensitiesofGFP

andRFPweremeasuredasdescribedbefore（Makinoshimaeオａ1,2002；

Shimadaeral,2004)． 

Ｓ７ｍａｐｐﾉi7gofcarAm/EＷＡｓ 

The32P-end-labeledcaﾉﾝ２１promoterfragmentwasamplifiedbyＰＣＲ 

usingWS110genomicDNA(100,9)astemplata32P-end-IabeIedcaⅥＲａｎｄ 

unlabeledcEM4Fp｢imers(Tableｌ),andExTaqDNApolymerase(Takara)Ｔｈｅ 

32P-labeIedfragmentwaspurifiedbyPAGEMixturesofthe32P-end-labeledcaﾉﾝ2１ 

proｂｅ(104ｃｐｍ)andtotalRNA(s01Lg)wereincubatedforlOminat7SoCfoｒ 

denaturation，andthenincubatedatS7oCovernightforhybridizationAfter 

digestionwith50unitsofS1nuclease(Takara)ａｔＳ７ｏＣｆｏｒｌＯｍｉｎ,undigested 

productswereextractedwithphenoLprecipitatedwithethanol,andanalyzedby 

electrophoresisonpolyacrylamidegelscontainingSMureaThegelwaｓｄｒｉｅｄ 

andexposedonImageplate(Fuji)Thescanninganimageplatewascarriｅｄｏｕｔ 

withBAS1000(Fuji)． 

1ｓ 



R/WIpﾉごpa旧17,ﾉ7aﾉﾌdﾉVb肋e"Mﾌﾉbfa/7a(ys/Ｓ

TbtaIRNAswereextractedfromexponentialIygrowingEco〃ceIls

(OD6oo=0.ｓ）orstationary-phasecelIs（OD6oo=１２）bythehotphenoImethod， 

precipitatedwithethano1,anddissolvedinRNase-freeH20Afterdigestionwith 

RNase-freeDNasel(Takara),RNAwasreextracted,precipitatedwithethanol， 

dissolvedinRNase-freewater,andstoredat-BOoCuntiluseThｅｐｕｒｉｔｙｏｆＲＮＡ 

wascheckedbyelectrophoresison2％agarosegelinthepresenceof 

formaldehydefollowedbystainingｗｉｔｈＥｔＢｒ､TheDlG-labeledDNAfragments 

wereamplifiedbyPCRusingWS110genｏｍｉｃＤＮＡ（Ｓｏｎｇ）astempIate， 

DIG-11-dUTP（Roche）anddNTPassubstrates，gene-specificforwardand 

reverseprimers(Tableｌ),ａｎｄＥｘＴａｑＤＮＡｐｏｌｙｍｅｒａｓｅ(Takara).FourILgof 

totalRNAswereincubatedinformaldehyde-MOPS(morpholinepropanesuIfonjc 

acid）ｇｅｌ－ｌｏａｄｉｎｇｂｕｆｆｅｒｆｏｒｌＯｍｉｎａｔｅＳｏCfordenaturation，subjectedto 

eIectrophoresisonformaldehyde-containing2％agarosegeLandthen 

transferredtonylonmembrane(Roche)HybridizationwasperformedwithＤＩＧ 

1４ 



easyHybsystem（Roche）at50oCovernightwithDIGlabeledprobeFor 

detectiontheDIGlabeIedprobe,themembranesweretreatedwithanti－ＤｌＧ－ＡＰ 

FabfragmentsandCDP-Star（Roche)，andtheimageswerescannedwith 

LAS-1000(FujiFilm).Theproductssizeonthemembranewasestimatedonthe 

basisofmigrationofRNAmarkers(Tbyobo)． 

助/P-C'7わana(ys/Ｓ

Bacterialcellsweretreatedwithformaldehyde，harvested，lysedand 

theirnucleoproteinwasextractedasdescribedbyGraingereral（2007)． 

lmmunoprecipitationwasthenperformedusingrabbitpolyclonalantibodies 

againstRutRlmmunoprecipitatedDNAsamplesandtotaIcellnucleoprotein 

sampleswerepurifiedandlabeledwithCySorCySrespectiveIy，without 

amplification，asdescribedbyGraingerefal（2007)．Microarrays（Oxford 

GeneTCchnology)weredesignedandproducedspecificaIlytoanalyseDNA 

obtainedfromChlPexperimentswithEcMMG1e55anditsderivatives 

(Graingereraﾉﾄ2005)LabelledDNAobtainedfromimmunoprecipitationswas 

1５ 



hybridizedtothemicroarrayasdescribedpreviously（Graingereral200S)． 

ArrayswerethenscannedandprobeswithlowCy5andCySvaIuesandisolated 

probeswithahighCy5/CySintensityratiowereremoved． 

C/71P-d7仁ｄａ砲ana(ysjs

TheaverageCy5/CySintensityratiocalculatedforeachmicroarray 

spotwasplottedagainstthecorrespondingpositionontheEcoliMG1e55 

chromosome,creatingaprofileofRutRbinding(Fig.１０A).Wethensearched 

theprofiIeforpeaks，，ｆｏｒｍedbytwoormoreconsecutiveprobes，ｗｉｔｈａ 

Cy5/CySratioclearlydistinguishabIefromthebackgroundsignalAcut-off,ｂｏｔｈ 

Cy5/CySratiogreaterthan25inwithouturacilconditionand(Cy5/CySratioof 

withouturacil)/(Cy5/CySratioofwithuracil)ratiogreaterthan2-foldwasset， 

andalIprobesthathadanintensityratiogreaterthanthisvaluewereseIectedas 

RutRtargetsWhenseveraladjacentprobes（i,e，probeSformingonepeak） 

passedthecut-off,thetargetpositionwasdefinedasthecentreoftheprobewith 

thehighestCy5/CyS(listedinTableS)． 

1ｓ 



Table1．PrimersusedforpreparationofDNAprobesforGel-shiftassayandNorthern 

blot． 

Primername Sequence5，ｔｏ３ 

1.PrimersusedingenomicSELEXstudy． 

ＣＣＡＴＣＧＴＴＣＣＧＧＣＧＣＡＡＡＣＴＴ 

ＴＴＡＣＴＴＡＧＣＧＧ~ｎＴＴＡＣＧＧＴＡＣＴＧ 

Ca帆-Ｆ

Ca/Ａ－Ｒ 

TＧＧＣＧＧＧＴＧＴＴＴＣＡＡＡＡＡＣＣＡＡＴＣ ＭＲＬＦ 

TＴＡＡＣＧＴＧＧＴＣＧＡＡＴＣＣＣＣＴＣＡＡ mrRLR 

ＡＴＧＧＡＣＣＡＧＡＡＧＣＴＧＴＴＡＡＣＧＧＡ 

ＴＧＣＣＡＧＣＡＧＡＴＴＴＧＴＡＣＣＧＧＡ 

Ｆ
Ｒ
Ｆ
Ｒ
Ｆ
Ｒ
Ｆ
Ｒ
 

Ｆ
Ｒ
Ｆ
Ｒ
Ｆ
Ｒ
 

剛
鮴
剛
剛
岬
繩
剛
鰄
腓
帆
船
棚
腓
腓
鮎
脈

CＡＧＡＡＡＴＧＣＴＡＣＧＴＡＡＡＡＧＡＧＣＡＴＴＡＡＴ 

ＣＴＡＴＡＡＴＣＴＴＡＴＴＣＣＴＴＣＣＧＣＡＧＡＡＣ 

ＡＴＧＧＡＴＡＡＧＡＡＧＣＡＡＧＴＡＡＣＧＧＡＴＴＴＡＡ 

ＴＧＣＣＡＧＣＡＧＡＴＴＴＧＴＡＣＣＧＧＡ 

ＴＧＧＴＧＡＴＴＡＣＧＴＣＴＡＴＣＧＣＧＴＴＧ 

ＴＴＡＧＴＧＴＴＴＣＴＴＧＴＣＡＴＴＣＡＴＣＡＣＡＡＴＡＴＡＧＴ 

ＣＧＣＴＡＧＧＧＧＴＴＴＧＴＧＣＣＧ 

ＴＴＡＴＴＣＡＴＡＧＴＧＣＡＴＧＡＡＧＣＡＧＧＴＴＴＣ 

ＧTＧＡＡＧＧＧＡＣＧＴＴＧＴＣＧＡＴＴＡＴＧ 

TＣＡＧＧＣＣＡＧＴＴＴＡＴＧＧＴＴＡＧＣＣＡ 

AＴＧＧＣＴＣＡＧＧＡＡＡＴＣＧＡＡＴＴＡＡＡＧＴＴＴＡＴＴ 

TＧＴＣＧＣＣＧＣＴＡＡＧＣＡＧＴＴＣＣ 

ＣＧＴＧＧＧＡＡＣＡＴＣＡＧＧＣＧＣＴ 

TＣＡＴＴＣＴＴＣＣＡＣＣＡＧＣＣＡＣＴＴＣＴ 

1ア



2.PrimersusedinChlP-chipstudy． 

(A)GelShiftAssay 

ＧＧＣＴＧＣＧＡＡＴＴＣＣＴＴＴＴＴＧＡＴＡＴＧＣＧＡＧＡＴＧＴＡＣＴＴ Ca/Ａ－ｕｐ 

cEM4-down ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＡＡＡＣＡＣＣＣＴＣＣＡＧＡＧＡＡＴＡ 

、'ayEup ＧＧＣＴＧＣＧＡＡＴＴＣＧＣＡＡＣＧＣＴＴＧＡＴＧＣＴＡＴＣＡＡＡ 

ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＧＴＣＣＣＡＴＴＣＴＣＣＴＧＴＡＡＡ 

ＧＧＣＴＧＣＧＡＡＴＴＣＣＡＴＣＡＣＣＧＴＴＡＡＴＧＧＴＣＡＧＡＡＡ 

ＣＧＣＣＣＧＡＡＧＣＴＴ１ＴＧＡＧＣＧＴＧＡＣＡＣＣＡＴＡＣ 

、ﾉayEdown

gcdLup 

gcDLdown 

yaM-up ＧＧＣＴＧＣＧＡＡＴＴＣＴＧＣＴＧＡＡＴＧＧＡＴＴＣＡＧＴＣＴＴＡＡＴ 

yaM-down ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＧＡＡＣＡＣＡＣＣＴＴＴＡＴＣTTTTATC 

ｐ
０
Ｏ
Ｄ
Ｕ
Ｏ
Ｄ
０
 

ｕ
。
。
Ｕ
●
。
Ｕ

Ｗ
 
ｎ
 

Ｗ
 
ｎ
 

鰕
伽
鵬
鵬
柵

ＧＧＣＴＧＣＧＡＡＴＴＣＧＴＡＴＴＧＣＣＴＧＴＡＴＴＣＣＴＧＧ 

ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＡＡＴＴＡＡＣＣＴＣＴｎＴＡＡＡ~ｎＴＣＧＣ 

ＧＧＣＴＧＣＧＡＡＴＴＣＧＡＣＧＣＴＧＧＴＧＧＡＡＡＣＡＡＴＡ 

ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＡＴＣＡＴＣＣＴＣＣＡＣＡＡＡＡＴＧＡＴＡ 

ＧＧＣＴＧＣＧＡＡＴＴＣＧＴＴＴＡＡＡＴＧＡＧＡＡＡＡＴＣＧＡＡＧＧＣ 

ＣＧＣＣＣＧＡＡＧＣＴＴＡＣＣＡＣＣＣＧ~ｎＴＣＧＧＴＣＡＴＴＴＴ 

ＧＧＣＴＧＣＧＡＡＴＴＣＣＧＡＡＡＴＣＴＴＣＡＣＧＡＡＡＣＧＣＴ 

泊bA-down

mtA/lrutRLup 

mZA/ＭＲｄｏｗｎＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＡＴＣＣＴｎＴＣＡＧＣＣＧＣ 

ｊＵＷ/j/Ｃｿﾞ７０upGGCTGCGAATTCAGGACTCTACGTGCTGATTAA 

j/ｍＭｊ/mOLdownCGCCCGAAGCTTCATTAT1TACTCCTGTATTCAGG 

厄aB-up ＧＧＣＴＧＣＧＡＡＴＴＣＴＣＡＣＡＴＣＣＴＣＡＴＧＴＴＧＣＧＡＡ 

尼ａＢＬｄｏｗｎ ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＡＴＡＴＴＣＣＧＴＧＴＣＧＴＴＴＧＣＣＡ 

ｊＭ７Ｌ/j/dﾉﾌMLupGGCTGCGAATTCGGCGCAATAGTAATACGCT 

yd/7L/jUhMLdownCGCCCGAAGCTTCATCCCGGTGAATCCA 

1８ 



ＧＧＣＴＧＣＧＡＡＴＴＣＴＧＡＡＴＣＴＧＴＧＧＣＧＡＡＡＴＧＣＴ 

ＣＧＣＣＣＧＡＡＧＣＴＴＡＧＣＧＡＧＣＣＡＧＴＴＧＡＴ１ＴＣＡ 

Ｖｅｓｕｐ 

Ｖｅ３ｄｏｗｎ 

yoaA/〕/DaBupGGCTGCGAATTCTGACTTATTTTGCTTCGATAAAGC

yDaA/j/DaBdownCGCCCGAAGCTTAAAGCCTGGTATCGCT1TC 

ＧＧＣＴＧＣＧＡＡＴＴＣＧＴ１ＴＣＡＣＴＧＧＴＴＡＡＴＧＡＣＧＡＡ pnDLUP 

pmﾉＤＬｄｏｗｎ ＣＧＣＣＣＧＡＡＧＣＴＴＡＡＧＴＡＣＡＴＧＴＣＴＧＴＴＡＴＣTＴＧＴＴＴ 

ＧＧＣＴＧＣＧＡＡＴＴＣＡＴＡＡＴＣＣＴＧＧＴＣＴＡＴＣＡＧＡＧＡ ｍｍ１ＶＬｕｐ 

ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＧＡＴＴＴＴＴＡＣＣＧＧＴＧＧＣＡＡＴ 、ｎt月Ldown

ＧＧＣＴＧＣＧＡＡＴＴＣＣＴＴＴＡＡＣＧＧＡＣＣＧＧＴＡＣＴ ｙ７７ＱＬｕＰ 

ｙ７７Ｑｄｏｗｎ 

ｇｍＥｕＰ 

ｇｍＥｄｏｗ、

巾oDLup

moDLdown 

elUCup 

ebgCdown 

如肌ｕＰ

ツヅ7ﾉﾌXEdown

ylb｢BuP 

MD1Bdown 

ulaCup 

ＣＧＣＣＣＧＡＡＧＣＴＴＡＧＡＴＡＧＴＣＡＡＧＣＡＡＴＴＣＡTＣＡＡＣ 

ＧＧＣＴＧＣＧＡＡＴＴＣＡＧＣＡＣＴＣＡＣＴＴＡＣＧＴＧＡＴＣＴ 

ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＡＡＧＣＧＡＴｎＴＡＴＣＣＴＴＧＣ 

ＧＧＣＴＧＣＧＡＡＴＴＣＴＴＣＴＧＡＧＣＴＴＴＣＣＣＡＧＧＡＡ 

ＣＧＣＣＣＧＡＡＧＣＴＴＴＴＴＣＴＴＣＴＴＣＡＡＴＣＴＧＣＴＧＣＡ 

ＧＧＣＴＧＣＧＡＡＴＴＣＧＴＴＴＡＴＣＴＧＧＴＣＧＧＡＡＡＡＣＡＣ 

ＣＧＣＣＣＧＡＡＧＣＴＴＡＧＴＴＧＡＴＡＴＴＧＴＧＣＴＧＣＴＴＣＡＴ 

ＧＧＣＴＧＣＧＡＡＴＴＣＣＴＧＣＣＡＣＡＴＡＴＧＡＴＣＧＧＡＡ 

ＣＧＣＣＣＧＡＡＧＣＴＴＡＡＧＴＡＣＡＴＡＣＧＧＣＡＧＡＴＧＧ 

ＧＧＣＴＧＣＧＡＡＴＴＣＡＴＴＴＡＣＡＣＡＣＣＧＡＴＧＴＡＧＡＡＣ 

CＧＣＣＣＧＡＡＧＣＴＴＡＣＡＣＴＴＣＡＣＣＡＧＡＣＴＣＣＡ 

ＧＧＣＴＧＣＧＡＡＴＴＣＡＴＣＧＡＡＡＴＣＴ１ＴＧＧＴＴＧＣＧＴ 

uｌａＣｄｏｗｎ ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＧＧＣＧＣＧＴＣＣＴＴＡＣＴＴ 

ＧＧＣＴＧＣＧＡＡＴＴＣＧＣＴＴＡＴＣＴＣＡＡＴＧＣＡＧＧＴＡＧ 〃ＺｕＰ

ｊ'ZZdown ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＡＴＧＡＡＧＣＴＧＧＣＡＡＡＧTＴＣＴＧ 
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肋uFEup ＧＧＣＴＧＣＧＡＡＴＴＣＣＡＣＡＴＣＴＡＡＴＧＣＣＴＴＴＴＣＣＴ 

ＣＧＣＣＣＧＡＡＧＣＴＴＣＡＴＧＡＴＴＴＣＡＴＣＴＣＴＴＴＣＡＴＴＧＡＴＡＡ 肋uＲｄｏｗｎ

(B)Northernblot 

cEMdI-F ＣＣＡＴＣＧＴＴＣＣＧＧＣＧＣＡＡＡＣＴＴ 

Ca"d1-R ＴＴＡＣＴＴＡＧＣＧＧＴＴＴＴＡＣＧＧＴＡＣＴＧ 

ＡＴＧＧＣＡＡＴＴＡＡＣＡＡＴＡＣＡＧＧＣＴＣＧ 

ＴＣＣＴＧＡＴＣＧＧＣＴＡＣＧＧＧＧ 

Ｆ
 

Ｆ
Ｒ
Ｆ
Ｒ
Ⅲ
 

一
ｆ

蠅
鰄
鰔
鰔
柵

AＴＧＣＣＡＡＡＧＧＣＡＣＧＧＧＴＡＣＧ 

TＴＡＣＴＴＣＡＣＡＴＣＡＴＣＣＧＧＣＡＧＣ 

AＴＧＧＴＡＧＡＴＡＡＡＣＧＣＧＡＡＴＣＣＴＡＴＡＣＡ 

泊bAfulI-R TＣＡＧＡＡＧＧＣＡＧＡＣＧＴＡＴＣＣＴＧ 

Ｆ
Ｒ
Ｆ
Ｒ
Ｆ
Ｒ
ト
ー
一

一
１
１
１
１
１
１

Ｆ
Ｒ
Ｆ
Ｒ
Ｆ
Ｒ
 

岬５
噸
噸
噸
剛
伽
州
州
州
州
艸
蠅

AＴＧＡＡＴＣＧＣＴＧＧＧＡＡＡＡＣＡ１ＴＣＡＧＣ 

TＴＡＡＣＣＡＴＣＧＣＧＣＴＧＡＴＧＴＣＡＡＡＣ 

ＡＧＧＴＧＧＣＧＴＡＴＴＡＣＧＧＴＣＧＴＧ 

ＴＣＡＴＴＧＣＴＴＡＴＴＣＴＣＧＣＴＧＴＧＣＡＡＡＴＴ 

ＡＡＡＡＴＡＡＣＣＴＣＧＧＧＣＴＧＡＡＴＣＴＴＡＡＴＴＡ 

AＡＡＣＧＡＣＧＡＡＣＴＧＣＧＣＴＧＧＧ 

AＴＧＣＡＡＡＡＡＡＴＣＧＴＧＡＴＣＧＴＴＧＣＣＡＡＴ 

TＴＡＡＡＡＴＧＴＧＡＧＣＡＣＴＴＴＡＴＣＧＧＣＴＧＡ 

ＧＴＧＧＣＧＧＡＧＣＡＡＴＴＡＧＡＧＴＴＣＴＴ 

TＣＡＡＡＡＧＡＧＴＧＡＴＧＧＴＴＧＣＴＣＣＧ 

AＴＧＧＧＧＣＴＡＡＧＣＧＡＡＴＴＡＣＴＡＡＡＡＡＣ 

ＣＴＡＡＡＣＧＧＣＡＧＧＣＧＴＣＧＣＡｒ 
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ＡＴＧＧＡＡＴＡＯｎＴＧＡＴＡＴＧＣＧＴＡＡＡＡＴＧＴＣ 

ＴＴＡＣＴＧＡＡＣＴＴＧＡＴＣＣＧＧＣＧＡＡＴＧ 

ＡＴＧＧＡＡＴＧＧＣＴＧＧＴＣＡＡＡＡＡＡＴＣＧＴＧ 

ＴＴＡＣＴＧＡＧＴｎＴＣＣＣＴＧＣＣＡＣＴＴＴＡＣ 

ＣＣＡＧＴＡＡＴＡＣＣＧＧＧＣＧＴＣＴＣ 

肥sfulI-F

Vesfull-R 

Ｆ
Ｒ
 

Ｆ
Ｒ
 

御
梛
Ｆ
Ｒ
Ｆ
Ｒ
Ｆ
Ｒ
Ⅲ
Ⅲ
Ｆ

』
柵
柵
Ⅲ
川
畑

ｐ
ｐ
伽
柵

脚
脚
〃
〃
伽
〃
肥

TＴＡＡＡＣＧＣＴＴＴＣＴＡＡＣＴＧＴＴＣＴＧＣＴＧＴｒ 

AＡＡＡＣＧＧＴＧＡＡＣＧＣＴＧＣ１ＴＧＴＴＣ 

TＣＡＴＧＡＴＴＣＣＴＣＧＣＧＣＴＧＧＧ 

TＧＧＡＣＣＡＧＡＴＴＡＴＴＴＣＴＣＴＧＴＴＣＧＧ 

ＴＴＡＣＴＴＡＧＣＧＡＧＡＧＴＴＡＣＴＧＴＧＧＡＧ 

ＡＴＧＡＧＴＧＡＧＡＴＡＧＴＡＡＴＡＣＧＣＣＡＣＧ 

TＴＡＣＴＴＣＡＣＣＣＧＣＧＣＣＡＴＡＴＡＡＴＡＴＧ 

ＴＡＣＧＣＧＡＣＣＧＴＧＣＡＡＴＧＣＴＧ 

ＴＴＡ~ｎＴＣＣＣＣＣＧＴＴＴＧＧＣＧＣＧ XeﾉＣ３－Ｒ 

ＣＣＧＡＴＧＡＴＧＡＴＣＴＧＧＴＣＣＧＣ 

Ｆ
Ｒ
Ｆ
 

月
月
Ｂ

卿
卿
川 ＴＣＡＴＡＧＡＴＧＡＡＴＡＡＡＴＣＣＧＴＣＧＴＡＧＡＣ 

ＡＴＧＧＴＣＴＣＧＡＣＧＧＣＣＴＧＧ 

、/ａｙ３－Ｒ TＴＡＡＣＧＴＡＣＣＴＴＣＡＧＣＧＴＴＧＣＣＡ 

、/aZfull-F AＴＧＴＴＣＣＧＧＧＧＡＧＣＡＡＣＧＴＴＡ 

mlaZfull-R TＴＡＴＡＧＡＧＡＣＡＡＧＴＣＣＴＧＣＡＧＴＣＧ 

ねaB5-F AＴＧＡＣＡＧＡＧＣＣＧＣＡＴＧＴＡＧＣＡＧ 

尼aB5-R ＡＣＴＡＣＧＣＣＡＡＣＣＧＧＣＴＣＴＴＴＡ 

厄aB3-F AＡＧＴＧＧＧＡＣＣＧＧＧＧＡＴＧＴＣ 

ねaB3-R TＴＡＡＴＡＣＣＧＴＡＣＡＣＡＣＡＣＣＧＡＣＴＴＡＧ 
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尼aR3-F ＴＣＴＧＣＧＣＡＧＡＡＡＧＡＣＴＧＧＡＣＧ 

ＴＴＡＧＣＧＧＡＡＴＴＴＡＣＧＴＣＧＡＴＡＣＴＣＧ 

ＧＴＡＣＣＴＣＧＣＡＣＧＣＣＡＴＧＡＴＧ 

尼aFF3-R

Ｆ
Ｒ
Ｆ
Ｒ
 

僻
蜂
峰
罎
艀
侭
纒
脾

TＴＡＣＣＴＧＧＡＧＧＡＴＧＧＴＡＴＣＧＣＡＡ 

ＡＴＧＡＣＴＡＴＣＧＴＴＣＧＴＡＴＣＧＡＴＧＣＴＧ 

ＴＴＡＣＡＣＣＧＣＡＧＣＣＡＣＡＡＴＣＴＴＡＡ~ｎＴ 

ＧＴＧＧＡＡＡＡＡＧＡＡＡＡＴＡＴＣＡＣＣＡＴＣＧＡＴＣ 

ＧＧＧＣＧＴＣＣＧＣＧＣＴＯｎＴＧ 

AＴＡＡＣＣＴＧＧＡＴＴＴＡＡＡＡＡＧＣＡＣＡＧＧＧＴＴ 

TＴＡＡＴＣＴＴＴＡＣＧＴＧＧＧＴＣＧＴＴＧＡＴＣＧ 

Z２ 



ＲＥＳＵＬＴＳ 

lsola肋no/FMR-bﾉMmse9uencesbygenom/CSEZEX

TbgetinsightsintotheentirenetworkoftranscriptionreguIationofthe 

EcMgenomebytranscriptionfactorRutRweemployedthegenomicSELEX 

systemforisolationoftherecognitionDNAsequence(s)bypurifiedRutRlnthe 

originaISELEXprocedure，mixturesofsyntheticoligonucIeotideswithaII 

possiblesequenceswereusedassubstrates（EllingtonandSzostak，1990； 

TuerkandGoldlggO),butintheimprovedSELEXmethod,amixtureofEco〃

DNAfragmentsof200-SOObpinlengthwasusedassubstrates(Shimadaeral， 

2005；Ogasawaraeral，２００７a;2007b)．ForthescreeningofRutR-binding 

sequences，werepeatedSELEXthreecyclesuntilseveraIsharpbandswere 

detectedonPAGE(datanotshown).AftersequencingofSELEXfragments,ａ 

totalofeSindependentsequenceswereidentified，whichcouIdbelocatedatg 

(ｏｒｌＯ）regionsoftheEco〃ｇｅｎｏｍｅ（Table２).Thenumberofindependent

isolateswasthehighest(３５clones)forthesequencewithinthespacerregion 
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upstreamofthecaﾉﾝdIBoperonSincethebindingsiteofatranscriptionfactoris 

generallylocatedupstreamoftheprotein-codingsequence，wepredictedthat 

RutRisinvolvedinregulationofthｅｃａ凶Boperonencodingcarbamylphosphatｅ

synthetaseAmonglORutR-bindingsequenceshereinisolated，ｗｅａｓｓｕｍｅｄ 

thattheaffinityshouldbethehighｅｓｔｆｏｒｔｈｅｃａﾉﾝdIBpromoterbecausethe 

､umberofindependentcloneswasthelargest． 

AtotaIofgindependentcloneswasisolatedwhichallincludeda241 

bp-longsequencewithintheS,-terminal47gbp-longcodingsequencｅｏｆｇａｄＡｏｒ 

gadBbothencodingtheglutamatedecarboxylase(seeTable2)[Notethatthis 

4了g-bpsequenceisidenticaIbetvveengadAandgadBI・IftheSELEXsequence

isfromthegadAlocus,RutRmightregulatethedownstreamgadXgene,which 

encodestheglobalregulatorofatleastl5genesincIudinggadAXWandgadBC 

invoIvedinacidstressresistance､Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，iftheSELEXfragmentis 

fromthegadBlocus,RutRshouldreguIatethedownstreamgadCencoding 

gIutamate-gammaaminobutyrate(GABA)antiporter.[ThisSELEXsegmentis 

hereafterdescribedasgaCWgadBI，AfterDNase-Ifootprintingassayusing 
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non-overlappingDNAprobes,wefoundthatthe3-terminalproximaIregionsof 

bothgadAandgadBcarrytheRutR-bindingsequence(seebelow)． 

AtotalofSindependentSELEXfragmentswereisolated,whicharelocated 

ｏｎｔｈｅＳ'一terminalcodingregionofygr(predictedadenylatecyclase）ａｎｄ

upstreamofglnEencodingGlnAadenylyItransferase(seeTable2).Thus,ＲｕｔＲ 

appearstoregulatethegmEgenethatisinvolvedintheactivitycontrolofGInE 

glutaminesynthasethrough「eversibleadenylylation、AtotaIofeindependent

cloneswerealsoisolatedwhichincludedthecodingsequenceofノ〃

(hydroxypyruvateisomerase)(seeTable2).ThisRutR-bindingsiteislocated 

upstreamofgZxR（tartronatesemialdehydereductasｅｏｒ 

2-hydroxy-S-oxopropionatereductase)fordegradationofpurines,implyingthat 

gZxRisunderthecontrolofRutRLikewise,atotalofeindependentcloneswere 

isoIatedwhichincludedthecodingsequenceofyc/RthatisIocatedupstreamof 

deoLOeaderpeptide）anddeo7encodingaglobalregulatoｒｆｏｒｔｈｅｇｅｎｅｓ 

involvedinavarietyofmetabolicpathwaysformaltosetransport，fattyａｃｉｄ 

oxidationandpeptidedegradation（Elgrably-Weissefa/L，200ｓ)．Ｉｎｇｏｏｄ 
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agreementwiththepredictionbyLohefal(200ｓ),threeSELEXfragmentswere 

isolatedwhichincludedtheS'一terminalproximalsequenceofﾉZMthatformsthe

ﾉuZABCDEFGoperonforpyrimidinedegradation（seeTable2)．ＴｈｉｓＲｕｔＲ 

sequencemaybeinvolvedinregulatｉｏｎｏｆノuZABCDEFGoperonorﾉURitseIf

[thisSELEXsegmentistentativelydescribedaMﾉＷ'utRl． 
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耐bIe2RutR-bindingDNAfragementｓｉｓｏｌａｔｅｄｂｙｇｅｎｏｍｉｃＳＥＬＥＸ

－－－Ⅱニーーーーーーーーーーーーーー－－－－＝ロ－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－￣￣－－－－－￣--￣￣￣￣￣￣￣￣￣￣￣￣￣--

LeftgeneSELEXfragmentRightgeneＳｉｚｅ(bp） Ｎｏ．ｃｌｏｎｅｓ 

－－－Ｌ－＿＿_－－－－－－－ニーーエーーー＝－－＝－－＝工一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一

ｄａｐＢ(->）Ｓ（->)ａＭＢ１１ｅ Ｓ５ 

ｇａｄＷＸ(<--）Ｓ(gadA)(<-）（<-)jﾉﾉ1/Ａ２４１ ｇ 

ｇａｄＣ(<--）Ｓ(gadB)(<--）（<--)ＰＷＬ２４１ 

ｇｊｎＥ(<--）Ｓ(j′９，(<-）（->)j/g/〃２３ｓ６ 

９c/(->）Ｓ(/Ｍ)(->）（-->)ｇＨｘＲ２１ｓ ｅ 

ｅｄＣｏＬＴ(<--）Ｓ(jUR)(<－）（<--)〃わ２２４

ｓmtA(<--）Ｓ（-->)川胴１６８

■■'■■■■￣■■￣■■■■￣■■'■■'■■l■■■■￣。l■■I■■－１■■■■}■■■■I■■■■I■■￣■■■■'■■■■■■■■■■■■￣■■U■■I■■'■■'■■￣|■■■■■■■■■■■■■■■■|■■,■■■■■■,■■■■I■■￣|■■I■■￣￣'■■'■■■■I■■l■■■■■■I■■I■■■■■■■■■■'■■■■l■■■■,■■|■■■■■■|■■■■■■0■■■U■■■■■￣'■■■■l■■'■■|■■■■■■■■■■■■--1■■l■■■■

ＡｔｏｔａｌｏｆｅＳＤＮＡｆｒａｇｍｅｎｔｓｈａｖｅｂｅｅｎisolatedbythegenomicSELEX 

screeningAftersequencing,thesefragmentshavebeenlocatedatg(or１０） 

regionsofontheEco"genomeThelistshowstheSELEXfragmentsthatwere 

isolatedmorethanStimesindependentlyd“Ｓ，,indicatesthelocationofeach 

SELEXfragmentwhilethedirectionofgeneorganizationisshownbyarrows． 

Boldindicatestheputativeregulationtargets，ExceptfortheSELEXfragment 

fromthespace｢regionbetweendapBandcaﾉABallotherSELEXfragments 

wereIocatedwithinthe「espectivecodingframes､Thesizeindicatesthelength

(bp)ofDNAprobesusedinthegelshiftassay(seeFigl） 
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FMRbmdmginvitroわSELEXDMlﾉﾅzUmen応

TbconfirmRutRbindingtothetargetsequencesidentifiedbygenomic 

SELEX,wecarriedoutDNAmobilityshiftassａｙｓＳｉｘｓｐｅｃｉｅｓｏｆＤＮＡｐｒｏｂｅｏｆ 

116to241bpinlengthwereselectedfromtheSELEXfragments(seeTable2)， 

andPCR-ampIifiedusingFITC-labeledprimersUsingthefluo｢escent-labeled 

probes,thegeIshiftassaywasperformedusingincreasingconcentrationsofthe 

RutRproteinResults，ｓｕｍｍａｒｉｚｅｄｉｎＦｉｇｌＡ，indicate｡:（１）ａⅡsixprobes 

(dapB-caﾉA,ﾉuZA-′utRj/g/F;ｇａｄＭ？adB/Ｍａｎｄｊ/ＣｿR)formedRutRcompIexes； 

and(2)amongthesesixprobes,theRutR-bindingaffinitywashigherfortwo 

intergenicspacersequences，dapBcaⅥａｎｄノutA-MRthanotherfourDNA

probeswithincodingframesbecausetheRutRcomplexeswiththeforｍｅｒ 

probeswereformedatlowerproteinConcentrationsThisfindingindicatesthat 

ｔｈｅｎumberofSELEXfragmentsisolated（seeTable2）correlatestheir 

RutR-bindingaffinitySuchacorrelationhasbeenobservedinthegenetic 

SELEXsearchwithothertranscriptionfactors(Shimadaefal,2005;Ogasawara 

era1,2007a;２００７b)． 
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四 ｅｏ 
ｃａｒＡ ｒｕｒＡ／ｒｕｒＲ ｙｇｊＦ ｇａｄＡ／ｇａｄＢ ｙｌ 

…冊ｌＲｙｇｉＦ既ｄＢｈⅥ ｄｅｏ７ 曰
ＩＺｅｏｏ３１６．：４４：」’

Fig.１．GelshiftassayofRutR-SELEXfragmentinteraction.[A]F1TC-labeIedSELEX 

fragmentswerePCR-amplifiedasdescribedinExperimentalprocedures,Mixtu｢ｅｏｆ０．５ 

pMeachofFITC-labeledDNAprobesandthreedifferentconcentrationsofRutR（ｌａｎｅ 

1,0；lane２，１ｐＭｌａｎｅ３，２５ｐＭ）wereincubatedat37℃forl5minandseparated 

bygelelectropho｢ｅｓｉｓｏｎ５％polyacrylamidegelIB］SixSELEXfragmentswere 

incubatedｗｉｔｈｏｒwithout25pMRutRandseparatedona５％polyacrylamidegel,Ｓｉｚｅ 

(bp)indicatesthelengthofprobesusedforthegelshiftassay.［Notethattheprobe 

sizesarelongerthanthoseofSELEXfragments，ｓｈｏｗｎｉｎＴａｂｌｅ２，ｂｅｃａｕｓｅｏｆｔｈｅ 

attachmentofPCRprimersequencesthatwereusedforprobeamplification]． 
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Fig.1BshowsthemigrationpatternofRutRcOmpIexesforallsix-testprobes 

performedundertheidenticaIconditionsComparedwiththeprobesize，ｔｈｅ 

mobilityofRutRcompIexeswerefasterforthedapBcaﾉﾝdIand几M-mtRspacer

probesthanotherfourcodingframeprobes・OnepossibiIityofthisirregular

mobilityisthattwomoIeculesofRutRbindtothesespacerprobes，butthisis 

unIikelybecausetheDNase-Ifoot-printingassayindicatedonlyasingle 

protectionsitefortheseprobes(seebelow).Thesetwoprobesmayhavean 

intrinsicorRutR-inducedcurvaturesincetheDNAcurvatureinfluencｅｓｏｎｉｔｓ 

mobilityongeI(Olivares-ZavaeIetaefal,200ｓ).TheabnormalmobiIitymight 

alsobeduetothedifferenceinthepositionofRutRbindingaIongtherespective 

ＤＮＡｐｒｏｂｅｓＴｈｅｒｅｓｕｌｔｓｏｆｇｅＩｓｈｉｆｔassaysaltogetherindicatethatthｅ 

RutR-bindingsitescanbeclassifiedintotwogroups：group-1bindingsites， 

Iocatedonthe由pBcaﾉﾝdIandノuZA-′utRintergenicspacersequences，ｈａｖｅ

higheraffinitytoRutRandtheircomplexeswithRutRmigratefasteronＰＡＧＥ； 

group-2bindingsites，including〃沢gaCWgada伽ａｎｄｙｃ/Rcoding

sequences，haveloweraffinitytoRutR，andtheirRutRcomplexesmigrate 

ｓｏ 



sIowerthangroup-1complexes． 
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FMRboxaconsensuspa肋｡、77℃sequenceわrFMRbmdmg

NextwedeterminedtheRutRrecognitionsequencesusingDNase-I 

footprintingassay､ProtectionsitesfromDNase-ldigestionwereanalyzedinthe 

presenceofRutRorRNApolymeraseｏ７ｏｈｏｌｏｅｎｚｙｍｅａＩｏｎｅａｎｄｉｎｔｈｅ 

simultaneouspresenceofbothproteinsThesequenceincludinginthe 

gadAZgadBSELEXfragmentwasidenticaIbetweengadAandgadBFor 

identificationoftheoriginofthisSELEXfragment,weperformedtheDNase-l 

protectionassayseparateIyforgadAandgadBusinglongerprobesincludingthe 

respectiveuniquecodingsequencesTheDNase-lprotectionregionsｂｙＲｕｔＲ 

onthedZipBcaﾉﾝｄＭＭ－ＭＲｇａｄＡ,ｇａｄＢｊ′g/戸and/Ｍｒａｎｇｅｄｆｒｏｍ２ＳｔｏＳ１ｂｐ

inIength（Fig.２，RutRlanes)．ＷｉｔｈｔｈｅｙＣ/Rfragment，however,ｎｏｃｌｅａｒ 

protectionsitewasdetected(datanotshown)． 
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Ｆｉｇ．２．DNase-lfootprintingassayfordeterminationofRutR-bindingsite、EachofO1

pMDNA32P-IabeledprobeswasincubatedinthepresenceorabsenceofRutRand/Or 

RNApolymeraseat37℃for15minandthensubjectedtodigestionwith5ngDNaseI、

Mixtureswereimmediatelysubjectedtoseparationby６％ureapolyacrylamidegel 

Lanel,noprotein;lane2,5pMRutRlane3,5pMRNApolymeraseo7o 

holoenzyme;ｌａｎｅ４，５ｐＭＲｕｔＲｐＩｕｓ５ｐＭＲＮＡｐｏｌｙｍｅｒａｓｅ・ＡＧｓｈｏｗｓＡＧｌａｄｄｅｒｏｆ

ｐｒｏｂｅＤＮＡＢａrsonrightindicatetheprotected「egionfromDNase-1digestion、

Althoughthefootprintingexperimentswereperfo｢ｍｅｄｕｓingtheRutR-binding 

sequences，ｔｈｅｎumbersonrightindicatethedistancefromtherespectiveinitiation 

codonofthepredictedtargetgenes(seeTable2).RNApoIymerase-bindingsite,shown 

bydottedline，wasdetectedonlyforノutMufRprobebetween-104anｄ－１２９ｆｒｏｍｔｈｅ

mtRinitiationcodon． 
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A、ongthesixRutR-bindingsequences，apalindrOmicconsensus7-2-７

sequenceconsistingofTTGACCAnnTGGTCAAwasidentified（Fig.３A）[this 

RutRrecognitionsequencewashereafterdesignatedasRutRboxlThe 

5,-proximaITTGACCCsequenceisbetterconserved(７〃forcaハｇａｄＡａｎｄ

gadB6〃forﾉutAandj/g/F;ａｎｄ４〃for/１Ｍ),suggestingthatthisisthecore

sequenceforRutRrecognition・ＴｈｅＲｕｔＲｂｏｘｏｎｔｈｅｇａｄＡａｎｄｇａｄＢｓｅｑｕences

consistsof7-S-7sequencewithoneextrabaseinthecenter・Inconcertwiththe

faiIureofRutRcompIexformationbygelshiftassay,theRutRboxsequence 

couldnotbefoundintheyc/Rfragment． 
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Ｐｒｏｍｏｔｅｒ RutR-bindingsequence(ｓ１ｔｏ３ｉ） 

－４－ 
１TGACCAnnTGGTCAA 

ｑｑｔＴ｢GACCAttTGGTCcACttttttCt 

gttT｢GACCgttTqGTCcActttttq 

gcgT｢GACCgqqTGGTtggtqqgcqqqgcqt 

qgtqccqqlTGACCAcccqGGTqgtcqqcg 

qqqqT｢qACtgtcTGGTCggtqqqqcgcCgg 
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Fig.３.RutRboxsequencesrecognizedmWl7DbyRutRprotein[A]RutRrecognizesa 

palindromicsequenceconsistingoftheconsensusseｑｕｅｎｃｅＴＴＧＡＣＣＡｎｎＴＧＧＴＣＡＡ． 

[B]LocationofthebindingsitesforRutRandothertranscriptionfactorsｏｎｔｈｅｃａⅥ 

promoter、Numbersindicatethedistancefromthecaノハinitiationcodon．［C］Ｔｈｅ

sequenceincludingtheoverlappinｇｂｉｎｄｉｎｇｓｉｔｅｓｆｏｒＲｕｔＲａｎｄＰｅｐＡＴｈｅnumbers 

representthedistancefromtranscriptioninitiationsiteofcaﾉﾝdlP1． 
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InthepresenceofRNApolymeraseoi7oholoenzymealone，ｔｈｅ 

promoterregionprotectedbytheRNApoIymerasecouldbeidentifiedonlyfor 

the几M-MRspacerprobe,ｉｎdicatingthatamongthetestprobes，ｔｈｅＲＮＡ

polymerase-bindingsequenceisincludedonlyfo「thisprobe（Fig.２，ＲＮＡ

poIymeraselanes).ThebindingsitesofRutRonotherprobesareseparated 

fromtheRNApolymerase-bindingsites(orthetargetpromoters).Iｎｔｈｅｃａｓｅｏｆ 

ﾉuZA-MRprobetheRNApoIymerase(EO7o)boundtoasitenexttotheRutR 

bindingsitainagreementwiththelocationofpromotersequence,-10ＴＡＡＡＡＴ 

and-S5TTAATC,ｉｎthis｢egion､ＴｈＭＭＢＣＤＥＦＧ(pymidineutilization)operon -

istranscribedbyRNApolymerasecontainingRpoNsigma（Eo54)ａｎｄｉｓｎｏｔ 

expressedunde｢nitrogen-richconditions(Loheral,２００６).Thus,thebinding 

siteOfRNApolymeraseRpoDholoenzyme(EC7o)couldbethepromoterforthe 

'utRgene,andthustheRutRbindingtothissitemightrepresenttheautogenous 

repressionoftheMRgeneInthepresenceofbothRutRandRNApolymerase， 

ｔｈｅＲｕｔＲｂｏｘａｎｄｔｈｅﾉutRpromoterwerebothprotectedfromDNase-Idigestion 

(Fig2,mtRpanel),indicatingthatbothproteinscouIｄｂｉｎｄｓｉｄｅｂｙｓｉｄｅｗｉｔｈｏｕｔ 
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interferencelntheautogenousrepressionofMRtranscription，RutRbinds 

downstreamoftheRNApoIymerase-bindingsite,impIyingthatRutRplaysasa 

road-blockertoinhibitthemigrationofRNApolymerasealongthetemplate． 

Ｕ日cﾉｿｰａｎｄｌｿ叩刀me-ﾉＭﾉceddjssoc/a〃ｎｏ/FＭＦＭＤｍＦＭＲｂｏｘｅｓ

ＩｎＥｃＭ;carbamoylphosphateisacommonprecursorofpyrimidines 

andarginine,andthustheexpressionofcaHBmigｈｔｂｅｕｎｄｅｒａｃｏｍｐｌｅｘａｎｄ 

feedbackreguIationbyvariousmetabolitesonthepathwaysforpyrimidineand 

argininesynthesis､TranscriptionofthecaⅥBoperonisunderthecontroloftwo 

promoters(BouviereraﾉL,１９ｓ4;Pietteera/し,１９ｓ4):upstreamP1iscontrolledby

pyrimidinewhiledownstreamP2iscontrolledbypurinesandarginine,ＡｒｇＲａｎｄ 

PurRareresponsibIefortheregulationbypurinesandarginine,butthesensor 

forpyrimidinesandthecorrespondingregulatorhasnotyetbeenidentifiedHere 

theRutRbindingsitewasidentifiedat-1eSto-1gebpfromP1initiationsite(see 

Ｆｉｇｌａｎｄ２).TheRutR-bindingsiteoverlapswitｈＰｅｐＡ(CarP)-bindingsiteat 

-1ＧＯｔｏ－１Ｓｅｂｐ(FigSB),raisingahypothesisthatRutRisinvoIvedincaﾉﾝdＩＰ１ 
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activationbycompetingwiththebindingofPepA(CarP)repressor． 

lfRutRisinvolvedintheregulatioｎｏｆｃａⅥP1promoter,iｔｃｏｕＩｄｂｅｔｈｅａｓｙｅｔ 

unidentifiedsensorforpyrimidines､Tbtestthispossibility,weperformedthegel 

shiftassayofRutR-caHP1complexｆｏｒｍationinthepresenceofpyrimidine 

bases，nucleosidesornucleotides、Ｆｉｇ４ｓｈｏｗｓｔｈｅｅｆｆｅｃｔｏｆｌＯＯＵＭｅａｃｈｏｆ

freepyrimidinesandpurines，theirnucleosidesandnucIeotidesｏｎｔｈｅＲｕｔＲ 

compIexformationwiththreeprobes，dapB-caﾉ?21,'uZA-MRand〃ﾉﾘﾆ:Ｔｈｅｇｅｌ

pattemcIearIyshowsthatbothuracilandthymineaboIishedtheformationof 

RutRboxDNA-RutRproteincomplexes，butIittleinhibitionwasobservedｗｉｔｈ 

cytosine，adenine，andguanineTheinhibitoryactivitｙｏｆＲｕｔＲｂｉｎｄｉｎｇｔｏｔｈｅ 

respectivetargetDNAishigherforuraciIthanthymine・Theinhibitoryactivitiesof

uracilnucleosideandnucleotidesarelowerthanuracilbase・Low-affinityprobe

yg「ismoresensitivetopyrimidinesthanhigh-affinitypromoters,dapB-caﾉＡａｎｄ

几Ｍ－ノリtRTakentogetherweconcludedthatRutRisthesensorofpyrimidines，

uraciIandthymine． 
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Fig.４.Influenceofbases,、ucleosidesandnucleotidesonDNA-bindingactivityofRutR

ThecEM，ノutAandgmEpromoterfragmentsweremixedwithRutRproteinand

incubatedat37℃ｆｏｒｌ５ｍｉｎｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆｌＯＯＵＭｅachoftheindicatedbase， 

nucleosideornucleotide､Afterl5minincubatioMhereactionmixturesweresubjected 

ｔｏ５％ＰＡＧＥＴ巳stcomponentswere：Urauracil；Thy，thyｍｉｎｅ；Cyt，cytosine；Ａｄｅ，

adenine；Gua，guanine；Urd，uridine；Oro，orotate；ＵＭＰＵｒｉｄｉｎｅ５,-monophosphate； 

ＵＤＰ，uridine5'-.iphosphate；ＵＴＰ，uridine5，-triphosphate．‘`Ｂ，，indicatesRutR-bound 

ＤＮＡwhile``Ｆ，，indicatesfreeDNA 

Sｇ 



ＲｕｔＲａｎｄＲＮＡｐｏｌｙｍｅ｢aseareabIetobindtothemrRpromoterregion 

simuItaneouslysidebysideasdetectedbyDNase-lprotection(seeFig2,ＭＲ 

paneI)EffectofuracilonthepreformedRutR-RNApolymerase-DNAcomplex 

wasthenexaminedbygeIshiftassay･Undertheconditionsemployed,ａｓｍａＩｌ 

amountoftheternarycomplexwasidentifiedbesidesthebinarycompIexes,ｊｅ.， 

RutR-DNAandRNApolymerase-DNAcomplexes（Fig.５）［notethatRNA 

polymeraseformsadimmerandoligo、ers，leadingtoformslowIymigrating

compIexeslBytheadditionofuraciI,thelevelofbothRutR-DNAandRutR-RNA 

polymerase-DNAcomplexesdecreased(Fig.5,1ａｎｅｓＳａｎｄ７),indicatingthat 

RutRispreferentialIydissociatedfromthetemarypromotercomplex，After 

dissociationofRutRfromtheternarycomplex,theRNApolymeraseremained 

associatedwiththepromoterDNAAsaresuIt，ｔｈｅｌｅｖｅｌｏｆＲＮＡ 

polymerase-DNAcomplexescontainingmorethantwoRNApolymerase 

molecuIesincreased． 

4０ 



Ｆｉｇ．５．ＥｆｆｅｃｔｏｆｕｒａｃｉｌｏｎＲｕｔＲ－ＲＮＡｐｏｌｙｍｅrase-DNAcomplexformationThe 

fluorescent-IabeledﾉIMpromoterfragment(ｏ５ｐＭ)wasmixedwithRutRprotein(1.25 

ｐＭ),RNApolymerase（1.25ｐＭ)ｏｒtheircombinationAfterincubatioｎａｔ３７℃ｆｏｒｌ５ 

ｍｉｎ，１００MMuracilwasaddedandtheincubationwascontinuedforadditionaI20mi、．

Thereactionmixtu｢ewassubjectedto3､5％ＰＡＧＥ 
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恥がva肋nofcEMB順nscnmDninvivoQWEMF7

lnordertogetinsightintotheregulationmv〃Ｄｏｆｃａﾉﾊpromoters,ｗｅ

firstexaminedthemWWactivityofcEＭＢｐｒｏｍｏｔｅｒｕｓｉｎｇｔｈｅＴＦＰ（two 

fIuorescentprotein)promoterassayvector(Makinoshimaeral,2002;Shimada 

era1,2004)．Ｔｈｅｃａﾉﾊpromoterfragmentof500bpinlengthupstreamfrom 

thecaﾉﾊinitiationcodonincludingthetargetsitesforaIlthetranscriptionfactors， 

PepAPurR,PepA,RutRandIHF(seeFig.３B),wasinsertedintoTFPvectorso 

toadjusttheinitiationcodontothatofGFP」nthewiId-typeEcMItheGFP

activityrelativetoRFRwhichisunderthecontroIofinternalrefe｢encepromoter 

ⅡacUVawasstrongattheexponentialgrowthphaseinMg-glucosemedium(Fig 

S).lnthemutantwithMRdeIetion,thepromoteractivitywasmarkedlyreduce。

ａｓexpected，buttherewasstiIlalowlevelofGFPexpression，Thelowlevel 

activitymightbeduetoP1activationbythedecreasedreiterativetranscription 

ofUclustersatP1initiationsite(HanandTurnbough,199ｓ)duetothedecrease 

ｉｎＵＴＰｌｅｖｅｌｏｒａｃｈａｎｇｅｉｎｔｈｅｉｎｔｒａｃellularlevelofotherfourtranscription 

factors,ｌＨ尻ＰｅｐＡ(CarP),ＰｕｒＲａｎｄＡｒｇＲ（ｓｅｅＦｉｇＳＢ)．Inthepresenceof

４２ 



excessuracil,thepromoteractivitymarkedIydecreasedinagreementwiththem 

W1mresultsthatRutRbindingtoP1isinhibitedinthepresenceofuracil(sｅｅＦｉｇ 

４ａｎｄ５).ThereductionofP1activitymightalsobeduetotheincreasein 

UTP-sensitivereiterativetranscription(HanandTurnbrough,199ｓ).Takenboth 

mWlmandmWVDobservationstogether，weconcIudedthatRutRactivates 

transcriptionfromcaⅥP1andpyrimidinesaretheeffectorscontrollingRutR 

activity． 
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Ｆｉｇ．６．，ＷしDassayofthecaﾉﾝdlpromote「activity・Wild-typeand川tRLlackingmutant

EcMweretransformedwiththecaﾉﾊpromoterassayvector・Transformantswere

ｇｒｏｗｎｉｎＭ９-0.4％glucosemediumandthepromoteractivitywasdeterminedby 

measuringtheGFP/ＲＦＰｒａｔｉｏａｔＯ，４，５，６，８，１０，２４ｈｒ、FordetailsseeExperimental

procedures． 
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lnordertoconfirmtheresultsofpromoterassay,Northernblotanalysis 

andS1mappingwereperformedfordirectmeasurementofRNAtranscripts 

fromthecaノハBoperon，Bothwild-typeandtheMF7mutantｗｅｒｅｇｒｏｗｎｉｎ

Mg-glucosemediumandRNAsampleswerepreparedatexponentialgrowth 

phase・ByNorthernblotanaIysisusingacaⅥprobe,onemajortranscriptof

about40kbinlengthwasdetected,whichcorrespondstothesizeoffuII-Iength 

cEMBoperon(Fig.８).TheleveIofcEMBtranscriptioninwild-typeEco"ｗａｓ 

abolishedbytheadditionofuracilorintheMRmutant,confirmingtheresultsof 

promoterassay(ｓｅｅＦｉｇ５).ByNorthernbIotanaIysis,however,itwasdifficuIt 

fordistinguishP1andP2transcripts． 

NextS1mappingwasperformedtodetectP1andP2transcripts 

separateIy｣nwild-typeEcoﾉKtheleveIofP1activitywashigherｔｈａｎＰ２(Fig.７， 

ｌａｎｅｓｌａｎｄＳ)Bytheadditionofuracil,theP1activitywascompletelyabolished 

(Fig.７，lane４).lntheﾉutRmutant,theP1activitysignificantlydecreased,butthe 

lowleveIactivitywasretained,inagreementwiththepromoterassay(sｅｅＦｉｇ 

e)． 
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ＡＧ１２ＡＧ３４ 

cal2qP1 

cal2qP2 

ＷＴＷＴ 

－＋ 
StrainWTru旧

UraciI－－ 

Ｓ１ｍａｐｐｉｎｇｏｆｃａ凶ＲＮＡｓ、ＥＣＯ〃wild-typeBW25113anditsMRdeIetioｎFig.７． 

mutantJWO998weregrowninM9-0.4％glucoseminimummediumintheabsenＣｅ(lane 

l-3)orpresenceofuraciI（lane４).Attheexponentialgrowthphase,totalRNAwas 

extractedbythehot-phenolmethodS1nucleaseprotectionassaywascarriedoutfor 

thecaﾉﾊpromoterregion､32P-labeledprobeswerepreparedbyPCRLanesAGindicate 

Maxam-GilbertAGsequenceladders、ＡｒｒｏｗｓｏｎｌｅｆｔｉｎｄｉｃａｔｅｔｈｅＰ１ａｎｄＰ２bands

protectedagainstS1nuclease． 
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Ragula肋no/9Ｍ百ｍaね-.~pendenracｿﾋﾌﾞﾉesjs伽cepa的waj/bＷＥＭＲ

RutR-bindingsiteswereidentifiedwithinthecodingframesofga伽ａｎｄ

gadB(ｓｅｅＴａｂｌｅ２ａｎｄＦｉｇｌ),bothencodingglutamatedecarboxylaseThe 

gadAgeneformsanoperonwithgadXandgadWIwhiIethegadBgeneformsan 

operonwithgadCencodingtheglutamate/4-aminobutyrate(GABA)antiporter． 

GadXandGadWtogetherparticipateｔｈｅ「egulationofexp｢essionofthe

gadAXWandgadBCoperons（Ｍａｅｒａｌ，2002;２００３).ＴｈｅＧａｄｓｙｓｔｅｍｉｓ 

involvedinglutamatetransportandglutamate-dependentacidresistａｎｃｅｏｆＥ 

cMforsurvivalunderacidicconditions(RichardandFoster,２００３)． 

TbidentifytheeffectofRutRonthesetwogadoperons,weperformed 

Northernblotassaylnthestationary-phasewiId-typeEco/Mwobicistronic 

mRNAs,a0-kbgadBCRNA(Fig,Ｓｃ)ａｎｄ２７－ｋｂｇａｄＡＸＲＮＡ(FigSD),ｗｅｒｅ 

detectedusingasingleandthesameprobe(gadABprobe)withasequence 

sharedbetweengadAandgadBThebicistronicnatureof30-kbgadBCRNA 

wasprovedbecausethisbandwasalsodetectedwithuseofagadCprobe(Fig 

SE).AsmalIerl4-kbRNAbandwasdetectedwiththegadA/Ｂｐｒｏｂｅ(Fig.８F） 
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butnotwiththegadCOadXprobes(datanotshown),indicatingthatthisRNA 

bandcontainsmonosictronicgadAanｄｇａｄＢＲＮＡｓＴｈｅｓｉｚｅｓｏｆｔｈｅｓｅｇａｄ 

transcriptsagreedwellwiththereportedvaIues(DeBiaseeral,1999;Ｍａｅｆａﾉﾋ， 

2002)． 

lntheabsenceofRutRthelevelofalIthesetranscriptsmarkedly 

increased，indicatingthatRutRboundonthecodｉｎｇｆｒａｍｅｓｏｆｂｏｔｈｇａｄＡａｎｄ 

gadBsomehowrepressestranscriptionofthegadAXWandgadBCtranscription． 

AccordingIytranscriptionfromthesepromoterswasderepressedinthｅ 

presenceofahighconcentrationofuracil（FigSC-SF)」nexponentialgrowth

phase,however,noneofthesetranscriptsweredetected(datanotshown),iｎ 

agreementwiththefindingthatexpressionofthegadsystemdependsonRpoS 

sigma(Castanie-Corneteral,１ggg)． 
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Fig.８NorthernblottingoftranscriptsofthegenesunderthecontrolofRutR.［Left 

sidepanel］Ｗｉｌｄ－ｔｙｐｅＥｃＭＢＷ２５１１３ｗａｓｇｒｏｗｎｉｎＭ9-0.4％glucoseminimum 

mediumintheabsence（columnｌ）orpresenceofuracil（column２)，ａｎｄｉｔｓＭＲ 

deletionmutantJWO998wasgrowninＭ9-04％glucoseminimummedium(column３)． 

TotaIRNAwasextractedfrombothexponential-phaseandstationaⅣ-phasecelIsand4 

UgeachwassubjectedtoNorthernblotanalysisusingtheindicatedprobesEachprobe 

contains500-bpsequencestartingｆｒｏｍ５，endoftherespectivecodingframeLanes 

A-B,ＣａⅥＢａｎｄノurRRNAsfromexponential-phasecells;lanesC-H,gadBOgadAX

andgcﾙﾉMg1xRRNAsfromstationary-phaseceIls.[Rightpanel]TotalRNAsusedfor 

theNorthernblotanalysis． 

4８ 



Regula肋no/a"a〃わ、d~g旧da肋npa的waybWEMR

RutRbindingsitewasalsoidentifiedwithinthecodingsequenceof/班

e､codinghydroxypyruvateisomerase(seeTabIe2),whichisorganizedinthe 

allantoinutilizationgeneclusterco､sistingof7genesintheorderof 

gcﾉﾋﾉ]yMxFM）bWr）Ｃｌ/l/La"ａｊ/ｂｂＷＭ:ＩｎＥｃｏﾉKalIantoin,aproductofpurine 

degradation，isconvertedintoureidoglycolateｂｙＡｌｌＢａｎｄＡｌｌＣ，ｗｈｉｃｈｉｓｔｈｅｎ 

metabolizedintotwopathways,lnthefirstpathway,ureidoglycolateisconverted 

intoS-phosphoglyceratebyAlllA,Gcl,GlxRandGIxKforitsintegrationintｏｔｈｅ 

centralenergymetaboIismlnthesecondpathway，ureidoglycolateisalso 

catabolizedintooxaIureaebyAllD，whichisuItimatelyconvertedintooxamate 

andcarbamoylphosphate（Cusaeral，1999)」nordertogetinsightintothe

regulationofallantoindegradationgeneclusterbyRutR,weperformedNorthern 

blotanalysisbyusingDlG-labeleｄｇｃ/(thefirstgeneinthegc/operon)ａｎｄｇＺｘＲ 

(thethirdgene)probes・Inthestationaryphase,twoprobesdetectedthesame

sizeRNAproductofaboutS4-kb（ＦｉｇＢＧａｎｄＳＨ),whichwasconsidered， 

basedonthesize,tocorrespondtogcﾉｰﾉﾉyﾉﾐglxRtranscript」nthepresenceofa
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highconcentrationofuracilorintheMRmutant,thelevelofthisRNAproduct 

significantlyincreased(ＦｉｇＢＧａｎｄＳＨ)． 

ThegcL/加自gZxRbandwas,however,notdetectedforRNAfromexponential

phaseceIIsThegc/と/MgZxRgeneclusterisinvoIvedinthefirstpathwayof

ureidoglycolatecatabolismforitsconversionintoS-phosphoglycerate・ＩｆＲｕｔＲ

repressesthisglyceratepathwaMureidoglycolatemaybecatabolizedthrough 

thesecondpathwayleadingtoproduceoxamateandcarbamoyIphosphate,ｔｈｅ 

substrateofpyrimidinesynthesisWethenconcludedthatRutRisaIsoinvoIved 

inthereguIationofpurinedegradationdownstreamfromallantoinforｉｔｓ 

reutilzation，throughthesuppIyofcarbamoyIphosphate，thesubstrateof 

pyrimidinesynthesis,RutRwasthusindicatedtobethemasterregulatorforthe 

synthesisofgIutamineviaGadsystemtheconversionofglutamineto 

carbamoylphosphate，thesynthesisofpyrimidines，thedegradationof 

pyrimidines,andthedownstreampathwayofpurinedegradationfromaswellas 

thesynthesisofarginine． 

FinaI1yweanalyzedpossibleinfluenceofRutRontranscriptionof 
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)/g/戸自g"7Eoperon（VanHeeswijkeraL1ggS)．GInEencodesadenylating

enzymeofglutaminesynthetase,whichsupplythesubstrateforCarABenzyme． 

WeperformedNorthernblotanalysiｓｂｙｕｓｉｎｇｂｏｔｈ胆炉(thefirstgeneinthe

)Ｏ径gmEoperon)ａｎｄｇ"7Ｅ(thesecondgene)probes,butnocorresponding

RNAproductwasdetected(datanotshown),implyingthattranscriptionleveIｏｆ 

the)/g/房gmEoperonwaslowundertheconditionsemployed
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/m7aceﾉﾙﾒar/eVe/ｏｆ/ＥＭＲｐ/Ｄね、

TranscriptionofthemtRgenewasindicatedtobeunderthe 

autogenouscontrol(seeabove).lfthisisthecase,theintracellularconcentration 

ofRutRshouldstayconstantunde「thesteadソｓｔａｔｅｏｆｃｅｌｌｇ｢oｗｔｈＷｅｔｈｅｎ

examinedtheMRRNAlevelbyNorthemblotanaIysisandtheRutRprotein 

levelbythequantitativeWesternblotanalysis． 

TheRutRleveIrelativetothatofRNApolymeraseczsubunit，whichstays 

constantthroughoutthecellgrowtｈｐｈａｓｅ(lshihama,1990;Jishageera/L,199ｓ)， 

stayedconstantthroughoutthegrowthphaseofceIIcycIe(Fig.９，lanesl-5)， 

supportingtheautogenouscontrolmodelofRutRsynthesis、Ｂｙｔｈｅａｄｄｉｔｉｏｎｏｆ

uracil，however,thesynthesisofRutRisenhancedbecauseofinactivationof 

RutR(Ｆｉｇｇ,Ianese-10).AssumingthenumberofRpoAas5,OOOmoleculespe「

genomeequivalentofDNA(Ishihama,1990;Jishageeral,１９９６),thenumberof 

RutRproteinmoleculeswasestimatedtorangeapproximatelylSOmolecuIesin 

theabsenceofuracilandSOOmoleculesinthepresenceofuracil・ＴｈｅNorthern

blottingconfirmedthattheMRmRNA1evelincreasedinthepresencｅｏｆａｈｉｇｈ 

5２ 



concentrationofuraciI（FigSB).TheleveIofmRNAincreaseisapparently 

higherthanthatofRutRproteinincrease． 

ロロ

■■ 

ＯｏＮ 

ｔｒａｌｗｔｗｔｗｔｗｔｗｔｗｔ Ｗｔ ｒｕｔＥ 

Fig.９．MeasurementoftheintracellularconcentrationofRutRprotein． 

DeterminationoftheRutR1evelrelativetoRNApolymerasecoresubuniｔＲｐｏＡｗａｓ 

carriedoutbyquantitativeimmuno-blotting（Jishageeral，1996）usingantibodies 

againstpurifiedＲｕｔＲａｎｄＲｐｏＡＥｃｏ〃wild-typeBW25113（lanel-10）ａｎｄｉｔｓノutR

disruptantJWO998(lanell）weregrowninM9-0.4％glucosemediumintheabsence 

(lane1-5,11）orpresenceofuracil(lane6-10).Samplesweretakenatvariousgrowth 

phases(A600nmO3forlanes1,６ａｎｄｌｌ；０．６forlanes2and7;０．９forlanes3and8； 

1.2forlanes4and9;１．５forlanes5andlO)． 
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TbgetinsightintotheRutRreguIon川Ⅵしり，wenextanalyzedthe
■● 

distributionmWvDofRutRalongtheＥＣＯ"genomebyusingChlP-chipsystem 

Ｗｉｌｄ－ｔｙｐｅＥｃＭＢＷ２Ｓ１１ＳａｎｄｉｔｓノＭＲｍｕｔａｎｔＪＷＯｇｇＳｗｅｒｅｇｒｏｗｎｉｎＭｇ

gIucosemediumtoOD60oofOS,andtheculturesweretreatedwithformaldehyde 

tomakecross-linkagebetweengenomeDNAandDNA-boundproteins、Ｔｈｅ

genomeDNAwasextractedandsonicatedtoyieldDNAfragmentsof500-100０ 

bpinlengthBothfreeandDNA-crosslinkedRutRwererecoveredafter 

immuno-precipitationwithRutRantibodies、DNAfragmentsrecoveredfromthe

immuno-precipitateswaslabeIedwithCy5forwild-typeDNAandCySformutant 

ＤＮＡ,respectively,mixedandhybridizedtoanEco〃microarrayAfterwashing

andscanningofthefIuorescent-labeledmicroarraMtheratioofCy5/CySsignal 

intensitywascalculatedThisChlP-chipexperimentwasrepeatedusingcells 

growninthepresenceofexcessuracilFigｌＯＡｓｈｏｗｓａｇｅｎｏｍｅ－ｗｉｄｅｐｒｏｆｉＩｅｏｆ 

ＤＮＡ－ｂｏｕｎｄＲｕｔＲＡｎｕｍｂｅｒｏｆｐｅａｋｓｏｆＤNA-boundRutRcouldbedetected， 

whichweresignificantlyseparatedf｢omthebackgroundsignal． 
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Fig.１０．DistributionofRutRbindingacroｓｓｔｈｅＥｃｏ〃chromosome（A）Ｔｈｅfigure

showsanoverviewofresultsfromChlP-chipthreeindependentexperimentsthat 

measuretheprofileofRutRbindingacrosstheEco〃chromosomedurlngexponential

growthinaerobicconditions・Bindingsignals(y-axis)areplottedagainsttheirlocatiｏｎ

ｏｎｔｈｅ４６４ＭｂＥｃｏ〃chromosome（x-axis)．Thelocationsofselectedsignalsare

labeledinsmalltype(newlyidentifiedRutRtargets)orinboldface(knownRutRtargets） 

AcompletelistofRutRtargetsidentifiedispresentedinTable3.(B)Thefigureshows 

anoverviewofresultsfromChlP-chipunderthedifferenceconditionsthatmeasurｅｔｈe 

profileofRutRbindingacrosstheEcoliBindingintensityissｈｏｗｎｂｙＣｙ５/Cy3signals 

inmid-logphaseconditions（blueLstationaryphaseconditionｓ（green）andmid-log 

phasewithuracilconditions(red） 
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be､ｿｿｿ℃a伽ｎａｎｄｓｅｑＬﾉenceana(ys/＝Ｏ/lEMR-asso鯛1℃ｄｓ/1℃ｓｏｎｔｈｅＥｃｏＩｉ

genome 

TbdeterminetheIocationofRutR-associatedsitesinanunbiased 

manner,theCy5/CyScut-offthusidentifiedwascomparedtothatintheabsence 

ofuraciladditionAtotalof7了peakspassedthiscut-off,correspondingto24

separateIocationsaIongtheEcMgenome(Table３).Ofthe24Iocationsthus 

identified，４（ＣＥＭ,ｇｌｘＲノutMu汎ａｎｄｇ/hE）havebeenidentifiedbythe

genomicSELEXandshowntohaveRutR-bindingactivity(Shimadaefal2007)． 

AsanattempttochecktheRutRbindingactivityfortherestofnewIyidentified 

loci,ｗｅｐｉｃｋｅｄｕｐａ５００ｂｐ－ＩｏｎｇＤＮＡｓｅｑｕencefromeachofthesepeaksand 

searchedforaRutR-boxusingBioprospectorprogramAsIistedinTabIeaa 

commonmotifincludedinthesesequencesmatcheswelIwiththeknown 

consensusmotif,ＴＴＧＡＣＣＡｎｎＴＧＧＴＣＡＡ，ofRutRbindingThisRutR-binding 

motifwasidentifiedinlgoutofthe20putativeRutRtargetsexceptforyaM． 

Amonglgtargets,４('色paj/ｃ/Ｗｲﾉ、ｑ肋LﾉｸUV7MandWD()arelocatedin

spacerregionsThese4sitesmaybeinvolvedinreguIationoftheneighbouring 
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genesbyRutROntheotherhand，otherl5targetsareIocatedwithincoding 

sequencesSomeofthesesitescouldbeinvolvedinregulationofthe 

downstreamgenesasinthecaseofgZｘＲａｎｄｇｍＥ(Shimadaeta1.,2007)． 

PossibIeinfluenceofceIlgrowthcycleontheRutRdistributionwithiｎ 

thegenomewasthenanaIyzedTheChlP-chipdataforthestationary-phase 

ｃｅｌｌｓａｒｅｓｈｏｗｎｉｎＦｉｇ、１０BUsingthesamecut-offlevelasemployedforthe

anaIysisoflog-phasedataatotalof4BRutR-bindingsiteswasidentified,which 

formedlSseparatepeaklocatioions・ＡｌloftheselSpeaksinthestationary

phasewereincludedin20peaksidentifiedforthelog-phaseceIIs・Theresults

showthattheprofiIeofRutRassociationforagroupoflSRutRtargets， 

includingcEM,ｇ虹泊Ｍ,ﾉutMu旧ydhしj/d/7ＭｖｅＳｐｍ'ＤＪﾉﾌﾞ7ＱｇｍＥﾉpoQ

eDgA,胸ＩＢＵ/aCisindependentofthegrowthphase,butthatforanothergroup

of7targetsassociatesRutRonlyingrowingphase(ＦｉｇｌｌＡ)． 

ThebindingactivityofRutRtothetargetDNAisknowntobecontrolled 

byuracilandthymine（Shimadaeral2007).TheChlP-chipdata,however， 

indicatedthatamong20newIyidentifiedtargets,thelevelofRutRassociation 

S7 



deceasedinthepresenceofexcessuracilonlyfortwOtargets，ねaﾉＲａｎｄＶｅｓ

(renamedfromy[ﾘﾉR)（Fig.１１Ａ)． 
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Ｆｉｇ．１１－１，２，３．MeasurementofbindingactivityofallRutRtargetsidentifiedby 

ChIP-chipassay(A)TheinvivoDNAbindingprofileofRutRobtainedfromChIP-chip 

experimentsandthesesignalsareplottedagainstthecorrespondingfeatureｓｏｆｔｈｅ 

ＥｃＭｃｈｒｏｍｏｓｏｍｅ，BindingintensityisshownbyCy5/Cy3signalsinmid-logphase 

conditions（blue)，stationaryphaseconditions(green）andmid-1ogphasewithuracil 

conditions（red)．（B)TheinvitroDNAbindingactivitydeterminewithpurifiedRutR 

protein，TheDNAfragmentsareamplifiedcenｔｅｒｏｆｔｈｅｅａｃｈｐｅａｋｓｂｙＰＣＲａｎｄ 

ｅｎｄ－ＩabelIed・DNAfragmentswereincubatedwithO’１０，２５，５０nMRutRasindicated．

ＲｕｔＲ－ＤＮＡｃｏｍｐｌｅｘｉｓｓｈｏｗｎａｓＣ,ＦｒｅｅＤＮＡｉｓｓｈｏｗｎａｓ便

Ｇ５ 



ｌＥＭｌＷﾌﾉmmgaclMi'ＩｎｖｉｔｒｏＭｿ7ｅ/EMRLasso肥ねdgenoﾉ刀eseque'7ces

TbconfirmtheRutR-bindingactivityforalloftheRutR-associated 

sequencesdetectedbyChIP-chipassay,weperformedmM71ogelshiftassays 

withpurifiedRutRprotein，DNAfragmentsincludingtheRutR-associated 

sequenceswerePCR-amplified，radio-labeledat5，termini，ａｎｄｗｅｒｅｕｓｅｄｆｏｒ 

gelshiftassayAtotalofleoutof20RutRtargetsmIWDshowedRutR-binding 

activitymW1710(Fig.１１Ｂ),but4putativetargets(j/ａＭ,卸巳川汎ａｎＭ７ｕｎｄｉｄ

notshowtheRutR-bindingactivityundertheconditionsempIoyed[notethatthe 

RutR-boxsequencewasnotidentifiｅｄｆｏｒｙａＭ]､Theseresultsindicatethat 

RutRbindsthese4putativetargetsindirectly,andRutRmayformcomplexwith 

otherfactorsontheseregions． 

AsanattempttoidentifytheessentialbaseswithintheRutRbox 

sequencaasequencelogorepresentiｎｇｔｈｅｃｏｍｍｏｎｍｏｔｉｆｗａｓｄｒａｗｎｕｓｉｎｇ 

thesetofRutR-associatedsequenceswiththeRutR-bindingactivitW7M肋(Fig

12)．ＢｏｔｈＡａｔｐｏｓｉｔｉｏｎ４ｆｒｏｍ５ｅｎｄａｎｄＴａｐositionlSarecompletely 

ConserveｄａｎｄＡＣＣＡｂｅｔｗｅｅｎｐｏｓｉｔｉｏｎｓ４ａｎd7ishighlyconservedforthe 

６６ 



RutRboxsequenceswithRutR-bindingactivitWnWlmOntheotherhand,the 

conservedAandTresiduesarenotpresentin3sequencesO召pBlnupQand

坊uF)withnoRutRbindingactivity,andtheyahAsequencewithnoRutR-binding

activitWnW17DlackstheRutRbox-likesequence. 
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Fig.１２.RutRbindingsequencemotWpresentatnewlyidentifiedRutRtargets,TheDNA 

sequencesfromeachoftheｌ９ｔａ｢getsdetectedRutRbindingactivitybothinvivoandin 

vitro（seeTable3）werecombinedandanalysedusingBioprospector 

(http://aistanfordedu卜xsliu/BioProspector/).Themotifsidentifiedwerethenalignedto

createasequencelogo(http:"weblogoberkeleyedu/).IndMdualmotifsareshownin 

Table３． 
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､eねc伽､。/FMRbmdmge能crome幼borgenesか肋scnlうお

ＢｏｔｈｍＭｍＳＥＬＥＸａｎｄｍＷｖｏＣｈＩＰ－ｃｈｉｐａｎaIysesindicatedthatRutR 

bindsnotonIytopromoterregionsandalsotosequenceswithincodingregions． 

lfthecodingsequence-boundRutRplaysaroleintranscriptionregulation,ｔｈｅ 

transcriptionleveIofthosetargetsequencesshouldincreaseordecreaseinthe 

absenceofRutRbindingafteradditionofeffecteruracil・ｌｎｓｏｍｅｃａｓｅｓｏｆ

transcriptionregulationinEcM;transcriptionfactorsbindtocodingsequences 

ｏｆｕｐｓｔｒｅａｍｇｅｎｅｓａｓｉｎｔｈｅｃａｓｅｏｆｒｅgｕＩａｔｉｏｎｏｆｇＺｘＲａｎｄｇｍＥｂｙＲｕｔＲ 

(Shimadaeta1.,2007)。

PossibIeinfIuenceofRutRbindingtothecodingregionswasthen 

examinedbyNorthernblotanaIysisofeachtargetgeneinthepresenceａｎｄ 

absenceofeffecteruraciIBothBW25113(wiId-type)andJWOggB(′MRmutant） 

weregrowninMg-glucosemediumandRNAwasextractedfrombothIog‐ａｎｄ 

stationaryphasesForthewild-typeculture，ＲＮＡｗａｓａＩｓｏｅｘｔｒａｃｔｅｄｆｒｏｍｔｈｅ 

cultureinthepresenceandabsenceofuracil，ＡｌｌｔｈｅｓｅＲＮＡｓａｍｐｌｅｓｗｅｒｅ 

subjectedtoNorthernanalysisusingDIG-labeledprobesResuItsare 

GＢ 



summarizedinFiglS、Asdescribedpreviously(Shimadaeta1.,2007),the

levelofcaⅥBtranscriptiondecreasesintheabsenceofactivatorRutRorbythe 

additionofuraciItoinactivateRutR（Fig.１３，lanecarBA).ＡｍｏｎｇｔｈｅｎｅｗＩｙ 

identifiedRutRtargets，significantincreaseinRNAlevelｉｎｔｈｅａｂｓｅｎｃｅｏｆ 

repressorRutRwasobservedonlyfoｒｖＢｓ（yq/F1）（Fig.１３，Ianeves)．｜、

agreementwiththisresult,markeddecreaseinthevesRNAlevelwasdetected 

bytheadditionofuraciltoinactivateRutRInthepresenceofuraciIaddition， 

s1ightbutsignificantdecreasewasobservedforgcdねＭ,ｙｃﾉﾌⅣａｎｄねaＲｂｕｔ

theRNAlevelsforthesetargetswerenotaffectedinthemtRmutant・ＴａｋｅｎａⅡ

theChlP-chipdatatogethere,weconcludedthatatIeastonegene,yes(刑'R)，

couIdbeincludedintheRutRregulo､． 

Gｇ 
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Ｆｉｇ．１３．NorthernblottingoftranscriptsofthegenespredictedRutRtargetWiId-type 

(ＷＴ)ＥｃＭＢＷ２５１１３(ｃｏ１ｕｍｎｌａｎｄ４)ａｎｄits/utRLdeletionmutant(-ﾉutR)ＪＷＯ９９８ 

(ｃｏＩｕｍｎ３ａｎｄ６)weregrowninM9-04％glucoseminimummediumWild-typewas 

alsogrowninpresenceofuracil(ｃｏＩｕｍｎ２ａｎｄ５).TbtalRNAwasextractedfromboth 

exponential-phase(co1umnl-3)andstationary-phase(column4-6)ｃｅＩＩｓａｎｄ４ｕｇｅａｃｈ 

wassubjectedtoNorthernbIotanaIysisusingtheindicatedprobes． 

7１ 



ＤＩＳＣＵＳＳＩＯＮ 

EvenfortheweI1-characterizedＥＣＣＩ';theregulatoryfunctionremains 

unidentifiedforaboutonethirdofatotalofSOODNA-bindingtranscriptionfactors． 

Ａｓａｎａｔｔｅｍｐｔｆｏｒｑｕｉｃｋｓｅａｒｃｈｏｆｔｈｅtargetgenesunderthecontrolof 

transcriptionfactorswithunidentifiedfunctions，wedevelopedthegenomic 

SELEXsystem(Shimadaeral,2005;OgasawaraeraﾉL,２００７a:２００７b).Inthis 

study,weemployedthissystemforsearchoftargetDNAsequencesrecognized 

byRutR，andidentifiedatleast7targetoperons，ＣａⅥagadAXgadBO 

シgﾉ圧gmEgcｿL/１W自gZxFM）WWLaﾉﾘＢｊ/ｂｂＷＭ；ｊ/ＣｿF7-deoL77ａｎｄ

ﾉutFMuZABCDE戸Ｇ(seeTable2).BygeIshiftandDNase-lfootprintingassays，

RutR-bindingsiteswereidentifieｄｆｏｒｓｉｘｔａｒｇｅｔｓｅｘｃｅｐｔｆｏｒｔｈｅｙＣｿFMeoLT 

operonThesesixoperonsaredirectlyorindirectlyinvolvedinthecomplex 

pathwayofpyrimidinemetabolism(Fig.１４)． 
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Ｆｉｇ．１０．ProposedmodeloftheRutRregulon・ＯｎｔｈｅｂａｓｅｓｏｆＳＥＬＥＸｓｃｒｅｅｎｉｎｇｏｆ

RutRtargetsandmWZ/、ａｎｄ、しんＤａｎalysesofthetargetpromoters,weproposethat

RutRisaglobalregulatorcontrollingasetofgenes（RutRreguIon）involvedinthe 

synthesisanddegradationofpyrimidinesThemembergenesareeitheractivatedor 

repressedbyRutRtranscriptionfactor，Boldarrowsindicatetheactivationtargetsof 

RutRwhilethelineswithendmarkindicatetherepressiontargetsAthindottedIine 

indicatesapredictedtargetofRutRUracilandthyminearethekeyeffectorsfor 

controIIingtheRutRactivity． 

７ｓ 



Regula肋ﾉ70'Pym刀ﾉﾋﾒﾉr7edごgrada肋ﾉﾌｂＷＥＭＲ：Duringpreparationofthisreport，

Lohefal(200ｓ)reportedthatRutRisarepressorofthe几MBCDE浜Goperon

encodingasetofenzymesforpyrimidinedegradationforitsutilization(seeFig． 

14)．Inthisstudy,weindeedidentifiedtheRutR-bindingsitewithinthelgO 

bp-longspacerregionbetweemthｅノuZABCE浜ＧａｎｄＭＲｏｐｅｒｏｎｓＳｉｎｃｅ

transcriptionfromthemZABCE戸Goperonisreportedtobecarriedouｔｂｙｔｈｅ

RNApolymeraseRpoNholoenzyme(Eo54),thesite(-120to-174fromtheMR 

initiationcodon)ofRNApolymeraseRpoDhoIoenzyme(Eo7o)herewithdetected 

(seeFig2)representsthepromoterforMRAlongtheMRpromoter,ＲｕｔＲ 

bindstoasite(-103to-12BfromtheMRinitiationcodon)downstreamfromand 

partiaI1yoverlappingwiththeRNApoIymerase-bindingsite,therebyrepressing 

transcriptionofmtRinanautogenousmanner､Thetranscriptioninhibitionofthｅ 

mZABCEFGoperonmightbeattributabｌｅｔｏｔｈｅｓｔｅｒｉｃｈｉｎｄｒａｎｃｅｏｆＲＮＡ 

poIymeraseRpoNholoenzymebindinｇｔｏｉｔｓｐｒｏｍｏｔｅｒｂｙＲｕｔＲ（andＲＮＡ 

polymeraseRpoDholoenzyme)onthemtRpromoter． 

Reguﾉ白加ｎｏｆＰＬ〃7ｅｄごglad白加ｎｂｙＦＭＲ：Inadditiontothecontrolof

７４ 



pyrimidinedegradation,wefoundanRutR-bindingsiteonthe/】Wgenewithinthe

ｇＷＭ白gZxFM）bWMa"B■j/fﾌbWZxKoperonencodingtheenzymesinvolvedin

thedownstreampathwayofpurinedegradation(ｓｅｅＴａｂｌｅ２ａｎｄＦｉｇｌ)．ＩｎＥ 

ＣＭ;allantoin,aproductofpurinedegradation,isconvertedintoureidoglycoIate 

ｂｙＡｌＩＢａｎｄＡｌｌＣ，whichisthenmetabolizedintotwopathways、ｌｎｔｈｅｆｉｒｓｔ

(gIyoxylate）pathway,asetofenzymes,AlIIA,Gcl，GlxRandGlxK,convert 

ureidogIycolateintoS-phosphoglycerate,whichisthenintegratedintothecentral 

energymetabolismlnthesecond（oxaluricacid）pathway,ｕ｢eidogIycolateis 

alsocatabolizedintooxaIuricaciｄｂｙＡｌｌＤ，whichisultimatelyconvertedinto 

oxamateandcarbamoylphosphate(Cusaefal，1999).NorthernbIotanalysis 

indicatedthattranscriptionofbothupstreamgaanddownstreamglxRｗｅｒｅ 

indeedunderthecontroIofRutR(ｓｅｅＦｉｇＳ),indicatingthatRutRbIocksthefirst 

pathwayofureidoglycoIatecatabolismbyrepressingthegc/operon，leadingｔｏ 

enhancethesecondpathwayforproductionofcarbamoylphosphate，whichｉｓ 

reusedfo「pyrimidinesynthesis・Ｔｈｅｇｄｏｐｅｒｏｎｉｓａｌｓｏｒｅｇｕｌａｔｅｄｂｙｔｈｅ

allantoin-responsetranscriptioｎｆａｃｔｏｒＡⅡＲ（Cusaefal，１ggg；RintouleraA 

7ｓ 



2003)．TakentogetherweconcIudedthatRutRcontrolsnotonlypyrimidine 

degradation(Loheral,２００６)butalsopurinedegradation． 

Regula肋ｎｏﾌﾞﾒM7mﾉﾋﾒmeSyn肋esjsbjﾉﾉEMR：HerewealsofoundthatRutR

regulatesthecaﾉﾝdIBgenesencodingcarbamoylphosphataseforsynthesisof 

carbamoyIphosphatathekeysubstrateforthesynthesisofpyrimidine（and 

arginine)，fromglutamine」、ＥＣＭ；carbamoyIphosphateisacommon

precursorofpyrimidinesandarginine,andthustheexpressionofcaﾉﾝdIBisunder 

afeedbackregulationbyvariousmetabolitesonthepathwaysforpyrimidineand 

argininesynthesis(ｓｅｅＦｉｇＳＢ).Ｔｈｅｃａﾉﾝ2IBoperoncarriestwopromoters,Ｐ１ 

ａｎｄＰ２(Bouviereral,１gS4;Pietteeral,１９ｓ4).ThedownstreampromoterP2 

respondstoarginineandisregulatedbytheargininesensorArgR(Devroedeer 

a1,199B;WangefaﾉL,１９９８).TheupstreampromoterP1respondstopyrimidine 

andisunderthecontrolofatleastfou｢transcriptionfactors,ＰｅｐＡ(orCarP） 

(CharIiereral,1995),ｌＨＦ(CharliereraﾉL,１９９３),ＰｙｒＨ(KholtieraﾉL,199ｓ)ａｎｄ 

PurR(Devroedeeral,2004).PyrHappearstomoduIateP1activityindirectlyby 

modifyingthepromotersequence(Kholtieral,199B)],butthemechanismhow 

７ｓ 



torespondtopyrimidineavailabilityremainsmysteryHereweidentifiedthat,iｎ 

additiontothesefourfactors，RutRisalsoinvolvedinP1regulatioｎＳｉｎｃｅｔｈｅ 

RutR-bindingsiteoverlapswithoneoftwoPepArepressor-bindingsites(sｅｅＦｉｇ 

SB)[bi-moIecularinteractionbetweeｎtwomoleculesofPepAmightbeneeded 

foreffectiverepressionltranscriptionactivationofcaﾉAＢｂｙＲｕｔＲｍｉｇｈｔｂｅｄｕｅ 

tocompetitiveinhibitionoftherepressorPepA-bindingtotheupstreamoperator 

oftheP1promoter(seeFig,Ｓｃ).RutRbindingtocaﾉﾝLIBP1isabolishedinthe 

presenceofuracilorthymine(seeFig.４).lntheabsenceofRutRbindingtoP1 

inthepresenceofexcessuracilorthymineinwild-typeEco/ＭｈｅＰｅｐＡ 

repressormightbeabletobindtothetargetandinhibitscaﾉﾝdIBtranscription． 

WhentheintraceIIularpyrimidineleveldecreases,theligand-freeRutRcouldbe 

abletobindnearthePepAoperatorsiteandinterfereswiththebindingｏｆＰｅｐＡ 

repressor,Theeffectofpyrimidinenucleosidesandnucleotidesismuchweaker 

■● 

thanpyrimidinebases，indicatingthattheeffectormolecuIesmWI/ｏｍｕｓｔｂｅ 

pyrimidinebases・ThispredictionwassupportedbymWvoanalysisofthecaﾉﾝ2１

promoter(seeFig6)ａｎｄｃａノハRNAlevelinthepresenceandabsenceofuracil

7７ 



(seeFigs、7and８)．TheP1promoteractivitymightaIsobecontroIIedin

responsetointraceIIuIarUTPlevelthroughtheUTP-sensitivereiterative 

transcriptionofU「esiduesnearthetransc｢iptioninitiationsite（Hａｎａｎｄ

Turnbough,１９９８)． 

R)〃77ﾉﾋﾌﾟme-sensmgﾉｾ"7c伽ｎｏｆＦＭＲ：HereweidentifiedthatRutRisthesensor

ofuracil(andthymine).TWomalormetabolicroutesexistforthesynthesisof 
● 

pyrimidinenucleotides，ノ.e,，thedenovDsynthesisofpyrimidineｓｆｒｏｍ
■ 

carbamoyIphosphateandthesalvagｅｐａｔｈｗａｙｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆｆｒｅｅ 

pyrimidines(seeFig.１４).Sincethesalvageofpyrimidinesisfarmo｢eenergy 

efficientthandenovosynthesis，itisthereforereasonablethaturaciI（and 

thymine）inactivatestheRutRregulatorfo「shut-offofthedenovosynthesis

pathway」ｎＥｃＭ;theprimarysalvagepathwayreusesfreeuraciltoformUMP

bytheenzymeuraciIphosphoribosyltransferase（Upp)．UraciIcanalsobe 

convertedtoUMPbytheenzymes,uridinephosphorylase（Udp)anduridine 

kinase(Udk).UptonoWhowever,theprimarysalvagepathwayofthyｍｉｎｅｈａｓ 

notbeenidentifiedbutthymineisalsoconvertedtodTMPbytheenzymes, 

7ｓ 



thymidinephosphorylase(DeoA)andthymidinekinase(Tdk).Ontheotherhand， 

theeffecteractivitywasnotdetectedforcytosine,becausecytosinenucleotides 

areaIwayssynthesizedfromuracil，CytosinenucIeotidesaredegradeｄｔｏ 

cytidine,whichisthenconvertedtouridinebycytidineaminohydrolase(cytidine 

deaminase;Cdd),ultimatelyleadingtogenerateuracilThusweproposethatthe 

RutRreguIatorplaysakeyroleinbaIancingthepyrimidinesynthesispathway 

betweenthedcnovoandthesalvagepathways、InthepresenceoffreeuraciI

andthymine,theRutRreguIatorfunctionsasarepressOrfortheca凶Bgenesfor

inhibitionofdenolcsynthesisofpyrimidines． 

Regula肋ｎｏ/ｇＭＺ１ｍｍｅｓ(イロpルロッノEMR：Thesupplyofglutaminefrom

externalIyaddedglutamatewasalsofoundtobeindirectIyreguIatedｂｙＲｕｔＲｂｙ 

controlIingthesynthesisofGadXandGadW,theregulatorsoftheGadsystem 

forglutamatetransport・RutR-bindingsiteswe｢eidentifiedwithinthecoding

framesofgadAandgadB(ｓｅｅＴａｂｌｅ２ａｎｄＦｉｇｌ),bothencodingglutamate 

decarboxylaseGadAandGadBplaymajorrolesinsupplyofthesubstrate 

glutaminefordcnoVDsynthesisofpyrimidines・Glutaminesynthetase,encoded
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ｂｙｇｌＭ，providesthenitrogensourcethroughassimiIationofgIutamateand 

ammoniumintoglutamineGInEistheenzymethatcataIyzesadenylationｏｆ 

GInAglutaminesynthetasetocontrolitsenzymeactivity（RheeeraL1gS5)． 

TakentogetherittumedoutcIearthatRutRcontroIsthesupplyofglutamine,the 

initiaIsubstrateforthedbnovosynthesisofpyrimidines，ａｓｗｅＩＩａｓｔｈｅ 

ConversionofglutaminetocarbamoylphosphatebyCarABcarbamoylphosphate 

synthetase(PierardandWiame,１９６４).TheyfﾌaSgeneisnowknowntoencode 

gIutaminase,whichalsocatalyzestheconversionofglutamatetogIutamineThe 

expressionoM〕aSisaIsounderthecontrolofGadXtranscriptionfactor(Tucker

eｵa1,2003)． 

Takenaltogetherwep｢oposethatRutRisamasterreguIatorofalarge 

setofthegenesforthesynthesisanddegradationofpyrimidines,includingthe 

genesforsupplyofgIutamine,theinitialsubst｢ateforpyrimidinesynthesisltis 

noteworthythatthemasterregulator,RutRforpyrimidinemetaboIismalsopIays 

aroleinregulationofthegenesfordegradationofpurines･Theinterconnection 

betweenpurineandpyrimidinemetabolismmayIeadtoestablishthebalanceof 
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intracelluIarconcentrationbetweenpyrimidinesandpurines． 

/nvo/W77eﾉﾌｆｏｆＦＭ１ＥＷｂﾉw7aﾉnねﾉ7a/7ｃｅｏﾌﾟﾒＷ/70meos泊s/S：RutR-bindingsites

weredetectedwithinthecodingframesoftheygﾉﾉE7gadA,gadBand/Mgenes 

(seeTable2)．AseriesofNorthernblotanalysisindicatedthatRutRisa 

repressorofthegadBCandgadAXoperons(seeFig8).ThegadAgeneforms 

anoperonwithgadXandgadl/l/IwhilethegadBgeneformsanopero、ｗｉｔｈ

gadCencodingtheglutamate/4-aminobutyrate（GABA）antiporter・ＧａｄＸａｎｄ

GadWtogetherparticipatethereguIationofexpressionofthegadAXWａｎｄ 

gadBCoperons(Ｍａｅｒａｌ,2002;２００３)(ｓｅｅＦｉｇｌ４)」ｎＥｃｏ/KthephysioIogic

anionisglutamateTheisoforms,ＧａｄＡａｎｄＧａｄＢ,ofglutamatedecarboxylase 

cataIyzetheconversionofglutamateandprotonintogamma-aminobutyrate 

(GABA）ａｎｄＣＯ２（DeBiaseeral，199ｓ；Tramontiera/1,2002)．Protonis 

exportedthroughGadCtransporterformaintainintracellularpHhomeostasis， 

therebyleadingtodecreaseenvironmentalpHOntheotherhand,ＧａｄＸｉｓａｎ 

activatorofthegadAXandgadBCoperonsTheGadsystemisinvolvedin 

glutamate-dependentacidresistaｎｃｅｏｆＥｃｏ〃forsurvivalunderacidic
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conditions(RichardandFoster,２００３).NotonlyCarAandCarBbutaIsoGadX 

andGadCarerequiredforacidresistance,ｆｏｒｍaintenanceoftheintraceIIuIar 

pHhomeostasisunderexternalacidicconditions・GIutamateisimportedintoE

cMceIIsthroughtheGadCantiporterandthendecarboxyIatedbyGadA/ＧａｄＢ 

isoformstoGABAconsumingaproton,therebycontrolIingtheintracellｕｌａｒｐＨ． 

GABAisexportedthroughGadCwhilesimuItaneouslyimportingthesubstrate 

gIutamateWithinthegadAXWoperon，twopromotershavebeenidentifie｡， 

upstreamofgadAandupstreamofgadＸ(Ｍａｅｒａｌ,2002)whilethegadBC 

operoncarriestwopromoters,upstreamofgadBandupstreamofgadＣ(Biase 

eオａＬ１ｇｇｇ)．TheexpressionofthegadAXWandgadBCoperonsvaries

dependingontheculturemedium，growthphaseandenvironmentalpHThｅ 

balanceofthreetranscriptionfactors,GadE,GadXandGadWisinvolvedinthis 

complexregulation． 

77日､ＭＩＤ加､尼gula肋/7byadDI/w7s舵aﾉ77-bound伽ﾉ7ＭＩＣ加ﾉmacわﾉ弓lnthecase

ofgadAXgadBCandj/gFgmEoperons,RutRboundwithinthecodingframes 

ofthefirstgenesregulatetranscriptionoftheentireoperons(seeTabIe2)．ｏｎ 
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theotherhand，ｉｎｔｈｅｃａｓｅｏｆｇａｏｐｅｒｏｎｉｎｃｌｕｄｉｎｇａｔｏｔａｌｏｆ７ｇｅｎｅｓｆｏｒ 

degradationofaIlantoin,theRutR-bindingsitewasdetectedwithinthesecond 

/Mgeneencodinghydroxypyruvateisomerase(seeTabIe2).Themechanism 

ｈｏｗｔｈｅＲｕｔＲ「epressorboundonthedownstreamgenｅｓｉｓｃａｐａｂｌｅｏｆ

reguIatingtranscriptionoftheentireoperonawaitsfurtherstudies． 

ﾉＥＭＲｄＭｓｌ７７ＩＭ７Ｄｎｏｎ的egenoﾉ77ｅｍＥｃｏｌｉｃｅ"s、ＦｏｒａｎａｌｙｓｉｓｏｆｔｈｅＲｕｔＲ

distributionalongthegenomeofEco〃cells，weempIoyedtheChIP-chip

technology､TheadvantageofthisapproachtostudyingtheRutRreguIonisto 

identifyRutR-associatedsitesmWv○.ChlP-chiptechnologywillalIowtodetect 

theRutRtargetsofpoorlyt｢anscribedgenes，AfterChIP-chipanalysisof 

log-phasecells,weidentified24RutR-associatedloci，including4knownRutR 

targets(ＣＥＭ,ノリｔＭｕｔＲｇＺｘＲａｎｄｇﾉhE)previouslyidentifiedbygenomicSELEX

Atotalof20newIyidentifiedtargetsweretestedforRutR-bindingactivitymMm 

bygelshiftassays,ofwhichlgDNAfragmentsshowedhighaffinitybindingto 

RutRandallthesesequencescontainedRutR-box-likesequencewitｈｔｈｅ 

TTGACCAnnTGGTCAAconsensus、AftercomparisonoftheseRutRbinding
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motifswithorwithoutRutRbindingactivitymMm,weidentifiedthatwithinthe 

RutR-boxsequence,４thAandlSthTofbindingmotifisimportantforhighaffinity 

ｔｏＲｕｔＲ(seeFig.１２)FivetargetswithlowaffinitytoRutRﾉｍｍＤｍａｙｂｉｎｄｔｏ 

RutRcooperativelywithanotherfactormWvo． 

lntheChlP-chipanalysisoflog-phasecelIs，ｗｅｆａｉＩｅｄｔｏｄｅｔｅｃｔｔｈｅ 

associationofRutRtothetwoknownta｢gets,gadCandgadXthathavebeen 

identifiedtobeunderthenegativecontrolｏｆＲｕｔＲｂｙｇｅｎｏｍｉｃＳＥＬＥＸａｎａｌｙｓｉｓ 

(Ｓｈｉｍａｄａｅｔａ1.,2007)．Underthecultureconditionshereinemployed，ｔｈｅ 

bindingofRutRrepressortothegadＣａｎdgadXoperonsmustbesuppressed 

byyetunidentifiedfactor(s).Instationaryphasecells,１Stargetsweredetected 

ａｎｄａＩｌｏｆｔｈｅｍａｒｅｉｎｃｌｕｄｅｄｉｎｔｈｅｔａrgetsinlog-phasecells、Thisfinding

indicatesthatthedistributionofRutRstaysunalteredduringthegrowthphase 

transitioningoodagreementwithourfindingthattheintracellularConcentration 

ofRutRproteinstaysconstantduringgrowthphasetransitionofEco"(Shimada 

era/L2007).IntraceIlularlevelanddistributionoftranscriptionfactorsinvolvedin 

regulationofgenesforessentiaImetabolismmaybelargelyunalteredUsing 
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theChIP-chipmethod,Graingerefal（2005)reportedthatthedistributionof 

FNRandlHFisunalteredduringgrowthphasetransitionofEcM 

BＳ 



ＡＣＫＮＯＷＬＥＤＧＭＥＮＴＳ 

wishtoexpressmysincerestgratitudetoProfessorAkiralshihama,Graduate 

SchoolofDivisionofMaterialChemistry，HoseiUniversity,forkindgUidance， 

ValuabIesuggestionsanddiscussions，andcontinuousencouragement 

throughoutthecourseofthisworkandcriticalreadingofthemanuscript． 

lamalsodeeplyindebtedtoDr､KaneyoshiYamamoto，HoseiUniversity,ａｎｄ 

Dr・MichihisaMaeda,MeijiUniversityforvaluablesuggestionsanddiscussions

throughoutthework． 

wishtOexpressmyappresiationtoProfessorStephenJ，ＷＢｕｓｂｙａｎｄＤｒ． 

DavidC､Grainger,SchoolofBiosciences，UniversityofBirminghaminUK,ｆｏｒ 

valuabIesuggestionsanddiscussionsthroughouttheworkofChlP-chiｐａｓｓａｙｉｎ 

ＵＫＩｗｏｕｌｄａｌｓｏｔｈａｎｋｔｏｔｈｅｍｅｍｂｅｒｓｏfProfessorBusby，slaboratoryfor 

kindnessheIplwouldalsoliketothanktoHoseiUniversitytoawarda 

ScholarshIpforstudyChlP-chipassａｙｉｎＵＫ 

lalsowishtoappreciateforDrDipankarChatterji,MolecularBiophysicsUnit， 

SＧ 



IndianInstituteofScience，ａｎｄＤｒ・ＪｉＹａｎｇ，DepartmentofMicrobiologyand

lmmunoIogy,UniversityofMeIbourne,forcoI1aborationwork． 

lwouldalsoliketothanktoDr・HirotadaMoriforprovidingtheMRknock-out

ＥＣＯ〃strain．

ManythanksareduetoMissKiyoHirao,MissAyakoKori，Ｍｒ,YbshitoOgawa， 

MissKayokoYamada，Ｄｒ･HiroshiOgasawaraMr,JunTcramoto，Ｍｒ・Koshiro

Yabuki，Ｍｒ，YCshimasaUmezawaandothermembersofDivisionofMateriaI 

chemistry,HoseiUniversity． 

Finally,veryspeciaIthanksareforwardedｔｏｍｙｐａｒｅｎｔｓｆｏ「theircontinuous

supportandcooperation,withoutwhichthisworkwasneverpossible． 

S7 



ＲＥＦＥＲＥＮＣＥＳ 

Baba,Ｔ，Ａｒa，Ｔ，Hasegawa，Ｍ､，Takai，Ｙ，Okumura，Ｙ，Baba，Ｍ，Datsenko， 

ＫＡ，Tbmita，Ｍ，Wanner，ＢＬ，ａｎｄMori，Ｈ、（200ｓ）Constructionof

ESｍｅﾉﾌﾞb/7個ＣＯ〃K-12in-frame，single-geneknock-outmutants：Ｋｅｉｏ

collection.〃Ｃ／Ｓ)/s尼msB/､/doi:10,103ｓ/msb4100050．

Bouvier,Ｊ､,Patte,ＪＣ.,andStragier,Ｐ.（1984)Multipleregulatorysignalsinthe 

controlregionoftheEScﾉﾌeﾉﾌﾞｃ/7個ＣＯ〃ＣａﾉﾝdIBoperonP'ＤＣ/Va〃ＡｃａｄＳＣ/ＵＳＡ

Ｂ１：４１３９－４１４３． 

Castanie-Cornet,ＭＰ,､Penfound,ＴＡ.,Smith,Ｄ,ＥⅡiott,Ｊ,Ｆ・ａｎｄFoster,Ｊ,Ｗ，

(1ggg）ControlofacidresistanceinEScﾉﾌeﾉﾌﾞｃﾉﾌﾉﾋﾞＭＭＪＢａｃ1℃ﾉﾌﾞ､ノ１B1：

3525-35 

Charlier,，.，Hassanzadeh,Ｇ,，Kholti,Ａ､,Gigot,、，Pierard,Ａ,andGlansdorff，

N、（1995）ＣａﾉRinvoIvedinpyrimidineregulatiｏｎｏｆｔｈｅＥＳｃ/7eﾉﾌﾞ、旧ＣＭ

carbamoyIphosphatesynthetaseoperon，encodesasequence-specific 

DNA-bindingproteinidenticaItoXerBandPepAalsorequiredforresolution 

ofColE1multimers・ＪＭｂ/Ｂ/､ﾉ２５０:Sg2-406

８ｓ 



CharIier,，.,Roovers,Ｍ,,Gigot,、,Huysveld,Ｎ,,Pierard,Ａ,andGlansdorff,Ｎ，

(1993）lntegrationhostfactor（IHF）moduIatestheexpressionofthe 

pyrimidine-specificpromoteroftｈｅｃＥＭＢｏｐｅｒｏｎｓｏｆＥＳｄ７ｅﾉﾌﾞbh厄ＣＯ〃Ｋ1２

andSa/ｍｏﾉ7eﾉⅡa卯/7/mumﾉｍＬＴ２ＭｂﾉＧｅﾉ7Gener2S7:２７S-2B6

Cusa,Ｅ,Obradors,Ｎ,Baldoma,Ｌ,Badia,』.,andAguiIar,』.（1999)Genetic

anaIysisofachromosomalregioncontaininggenesrequiredforassimilation 

ofallantoinnitrogenandlinkedglyoxylatemetabolisminEScheﾉﾌﾞｂ/7個ｃＭＪ

Bacねﾉﾌﾞ､/１８１：7479-7484

DeBiase，、，Tramonti，Ａ､，John，ＲＡ，ａｎｄBossa，Ｆ，（1996）lsoIation，

overexpression，andbiochemicalcharacterizatioｎｏｆｔｈｅｔｗｏｉｓｏｆｏｒｍｓｏｆ 

glutamicaciddecarboxylasefromESc/7eﾉﾌﾞｃﾉﾌﾉａｃＭＰ'ＤねｍＥｘｐｒＰＬ"ﾉｱＢ：

430-438 

DeBiase,，.,Tramonti,Ａ，Bossa，Ｆ､，andVisca，Ｐ（1999)Theresponseto 

stationary-phasestressconditionsinEscherichiacoli：roleandregulationof 

theglutamicaciddecarboxylasesystemMb/Ｍｂ/10b/､/３２：１１９８－１２１１． 

Devroede,Ｎ,Thia-Tbong，丁L,，Gigot,，.，Maes,、,andCharlier,、（2004）

Bｇ 



Purineandpyrimidine-specificrepressionoftheESd7eﾉﾌﾞ、旧ＣＯ〃ＣａﾉﾝdIB

operonarefunctionaⅡyandstructuraIIycoupledJMb/Ｂ/Ｃ／Ｓ36:25-42 

E1grabIy-Weiss，Ｍ､，Schlosser-SiIverman，Ｅ，Rosenshine，１．andAItuvia，Ｓ、

(200ｓ)DeoR,aDeoR-typetranscriptionalregulatorofmultipletargetgenes． 

戸ＥＭＳＭｂｍｂノロノムe〃254:141-14ｓ．

ElIington,Ａ、,andSzostak,』.Ｗ､（1990）ﾉnMmselectionofDNAmolecuIes

thatbindspecificIigands./Val【"ｅ３４ｅ:８１８－８２２

Grainger,ＤＣ.，Hurd,、，Harrison，Ｍ，Holdstock,Ｊ・andBusby,Ｓ､J、（2005）

StudiesofthedistributionofEscherichiacoIicAMP-receptorproteinandRNA 

poIymerasealongtheEco〃chromosome．Ｐ/ＤＣ/VaがＡｃａｄＳａＵＳＡ１０２：

1769ｓ-１７６９８ 

Grainger,ＤＣ.，Aiba，Ｈ､，Hurd，，.，Browning，、F､andBusby,ＳＪ．（2007）

TranscriptionfactordistributioninEscherichiacoli:studieswithFNRprotein． 

Ｍﾉcｿｃ厄ＡＣﾉﾋﾒｓＲｅｓ３Ｓ:２Ｓg-2了８．

Han，XandTurnbough，Ｊｒ.，ＯＬ（199B）RegulationofcaⅥBexpressionin 

ESｍｅﾉﾌﾞb/7個ＣＯ"occursinpartthroughUTP-sensitivereiterativetranscription．

go 



JLBacねﾉﾌﾞ､ﾉＬ１ＢＯ:７０５－７１３．

Ishihama,Ａ(2000)FunctionaImodulationofEScheﾉﾌﾞｂ/7厄CO"RNApolymerase．

Ａﾉ7ｎｕＲｅｖルl/ｃ'､bﾉ､/５４:499-518

IshihamaA．（1ｓｇｏ）Molecularassemblyandfunctionalmodulationof 

ESC/7eﾉﾌﾞ、厄CD"RNApoIymerase､ＡｄｖＢｑﾌﾉ]ys2e,１９－３１．

Jishage,Ｍ､，Iwata,Ａ，Ueda,Sandlshhama,Ａ,（1996）ReguIationofRNA 

polymerasesigmasubunitsynthesiｓｉｎＥｓｃｈｅ'7℃/7/ａｃｏ川ntracellularIevelsof

fourspeciesofsigmasubunitundervariousgrowthconditions，JLBacね巾ﾉﾋ

1732507-2513. 

Khodursky，ＡＢ.，Peter，Ｂ・』.，CozzareⅡi，Ｎ､Ｒ､，Botstein，、，Brown，Ｐ,０．ａｎｄ

YanofskMC．（2000）DNAmicroarrayanalysisofgeneexpressionin 

responsetophysiologicalandgeneticchangesthataffecttryptopha、

metaboIisminEScﾉﾌeﾉﾌﾞC/7ａｃＭＰ/ＤＣﾉＶａＷＩｃａｄＳａＵＳＡｇ了:１２２１７０－１２１７５．

Kholti,Ａ,Charlier,，.,Gigot,，.，Huysveld，Ｎ，Roovers,Ｍ､，andGlansdorff,Ｎ、

(1998)/Ｍ１：LencodedUMP-kinasedirectlyparticipatesinpyrimidine-specific 

modulationofpromoteractivityinESc/7eﾉﾌﾞｃ/7個ｃＭＪＭＤ/Ｂ/､/zBO:５７１５－５７８２

９１ 



Loh,ＫＤ.,Gyaneshwar,Ｐ.,Papadimitriou,ＥＭ,Fong,Ｒ､,ＫｉｍＫＳ.,Parales,Ｒ， 

Zhou，Ｚ，Inwood，Ｗ､，ａｎｄＫｕｓｔＵＳ．（2006）Apreviouslyundescribed 

pathwayforpyrimidinecatabolismP'ＤＣ/VaがＡｃａｄＳｃ/ＵＳＡ１０Ｓ:５１１４－５１１９

Ma,Ｚ,Gong,Ｓ,,Richard,Ｈ,Tucker,，.Ｌ,Conway,Ｔ,ａｎｄFoster,Ｊ､Ｗ､(2002） 

CoIIaborativereguIationofEscherichiacoIiglutamate-dependenｔａｃｉｄ 

resistancebytwoAraC-likeregulators,ＧａｄＸａｎｄＧａｄＷ(YhiW).ＪＢａｃねﾉﾌﾞ､ノ

１Ｍ:7001-12 

ＭａＺ,Richard,Ｈ､,ａｎｄFoster,』.Ｗ・(2003)pH-dependentmodulationofcyclic

AMPlevelsandGadW-dependentrepressionofRpoSaffectsynthesisofthｅ 

GadXregulatorandEScﾉﾌehにカノョＣＯ〃acidresistance， ＪＬＢａｃ彪伽ノ

185:eB52-eS5g． 

Makinoshima，Ｈ､，Nishimura，Ａ､，ａｎｄＩｓｈｉｈａｍａＡ．（2002）Fractionationof 

ESC/7eﾉﾌﾞ、ﾉａｃｏ"cellpopulationsatdifferentstagesduringgrowthtransitionto

stationaryphaseルリb/Ｍ/ｃ'Ｄｂ/､ﾉ４３:２eg-279

Ogasawara，Ｈ､，Hasegawa，Ａ，Kanda，Ｅ，Miki，Ｔ，Yamamoto，Ｋａｎｄ 

lshihamaA.（2007a)GenomicSELEXsearchfortargetgenesunderthe 

9２ 



controlofPhoQP-RstBAsignalrelaycascade､ＪＢａｃね巾/１Bg:４７gl-4Sgg．

Ogasawara，Ｈ,，lshida，Ｙ，Yamada，Ｋ，Yamamoto，Kandlshihama，Ａ、

(2007b）ＰｄｈＲ（pyruvatedehydrogenasecomplexreguIator）controlsｔｈｅ 

respiratoryelectrontransportsysteminEScﾉﾌeﾉ1/ｃ/7個ｃＭＪ比c1℃ﾉﾌﾞ､ノ

１８９:5534-5541. 

Patskovsky,ＹＶ.，MenneⅡa，Ｖ､，ａｎｄＡｌｍｏ,Ｓｃ．（2006）Crystalstructureof 

hypotheticaltranscriptionalregulatorj/CdCfromEScheﾉﾌﾞ、煩ｃＭＰＤＢｄａｔａ

bank,１ｐｂ６ 

Perez-Rueda,Ｅ,andCollado-Vides,』.(2000)TherepertoireofDNA-binding

transcriptionalregulatorsinESCﾉﾌeﾉﾌﾞC/7ａｃｏ〃Ｋ－１２ＭﾉcｿeにＡＣﾉﾋﾒｓＲｅｓ２Ｂ：

1８３８－１８４７． 

Pierard，Ａ，ａｎｄＷｉａｍｅ，ＪＭ（19ｓ4）Regulationandmutationaffectingａ 

glutaminedependentformationofcarbamylphosphateinESd7eﾉﾌﾞｂﾉﾌﾉａｃＭ 

B/DCﾉﾌｅｍＢノロpノリ/sResCommunl5:７e-B1．

Piette,Ｊ､,Nyunoya,Ｈ,Lusty,Ｃ､』.,Cunin,Ｒ,Weyens,Ｇ､,Crabee1,Ｍ.,Charlier，

、,Glansdorff,Ｎ,,andPierard,Ａ,（1984)DNAsequenceofthecaﾉﾝdIgene

9ｓ 



andthecontrolregionofcaﾉﾊBtandempromoters，respectivelycontroIIed 

byarginineandthepyrimidines，reguIatethesynthesisof 

carbamoyl-phosphatesynthetasei、ESC/7eﾉﾌﾞb/7砲ＣＯ〃Ｋ－１２Ｐ/ＤＣ/Va〃Ａｃａｄ

ScノリＳＡＢ１：4134-4138

Ramos,』.Ｌ，Martinez-Bueno，Ｍ,，Molina-Henares,Ａ･』.，TCran，Ｗ，Watanabe，

K､,Zhang,Ｘ､,Gallegos,Ｍ下,Brennan,Ｒ,andTbbes,Ｒ(2005)ＴｈｅＴｃｔＲ

familyoftranscriptionalrepressors,Ｍｂｍｂ/､ﾉﾙﾉ､/ａ､/Ｒｅｖｅｇ:S2e-S56． 

Rhee,ＳＧ.,Park,Ｓ､Ｃ,,ａｎｄＫｏｏ,ＪＨ(１９８５)ＴｈｅroleofadenyIyltransferaseand 

uridyIyltransferaseintheregulationofgIutaminesynthetaseinESc/7e'７℃h砲

ＣＭＣ【"T7z〕ｐＣｃ〃円已gu/27:2212-2232

RichardH.Ｔ,andFosterJ.Ｗ､(200ｓ)AcidresistanceinESc/7eﾉﾌﾞｃｈ旧ｃＭＡｄｖ

App/Ｍｂｍｂﾉ､/５２:１ｓ７－１８６ 

RintouI,ＭＲ.,Cusa,Ｅ,Baldoma,Ｌ,,Badia,Ｊ､,Reitzer,Ｌ,andAguilar,』.(2003）

RegulationoftheEscherichiacoliallantoinregulon：coordinatedfunctionof 

therepressorAⅡRandtheactivatorAIlSJMb/Ｂ/､/324:５９９－６１０． 

Shimada,Ｔ,Makinoshima,Ｈ,ＯｇａｗａＹ,Miki,Ｔ,Maeda,Ｍ,,andlshihama,Ａ， 

9４ 



(2004）Classificationandstrengthmeasurementofstationary-phase 

promotersbyuseofanewlydevelopedpromotercloningvector､ＪＢａｃね巾１

１８６:７１１２－７１２２ 

Shimada,Ｔ,Fujita,Ｎ,Maeda1M,andIshihama,Ａ・(2005)Systematicsearch

fortheCra-bindingpromotersusinggenomicSELEXsystemGenesCe化

１０:gO7-gl8 

Shimada,下,Hirao,Ｋ,Kori,Ａ,Yamamoto,KandIshihama,Ａ(2007)ＲｕｔＲｉｓ

theuracMhymine-sensingmasterregulatorofasetofgenesforsynthesiｓ 

anddegradationofpyrimidines.〃､/Ｍ/ｂｍｂｂ/Ｓｅ:７４４－７５７．

Tramonti,Ａ，Visca，Ｐ.，ＤｅＣａｎｏ，Ｍ，Falconi，Ｍ，ａｎｄＤｅＢｉａｓｅ，，.（2002） 

FunctionaIcharacterizationandregulationofgadXageneencodinga、

AraCⅨylS-liketranscriptionaIactivato「oftheESche化カノヨＣＯ〃gIutamicacid

decarboxylasesystem､ＪＢａｃね〃/１８４:2603-2613

Tucker,ＤＬ.，Tucker,Ｎ,，Ｍａ,Ｚ，Foster,Ｊ､Ｗ､，Miranda，ＲＬ，Cohen，Ｐ.Ｓ,，ａｎｄ 

Conway,下（2003)GenesoftheGadX-GadWreguloninEsc/Ｈ/C/7ノヨｃＭＪ

Bacねﾉﾌﾞ､/１ｓ5:S1gO-S201．

９ｓ 



Tuerk,０，andGoId,Ｌ､（1990)SystematicevolutionofIigandsbyexponentiaI 

enrichment：RNAligandstobacteriophageT4DNAｐｏｌｙｍｅｒａｓｅＳｂｿ色ﾉ7Cｅ

249:５０５－５１０． 

VanHeeswijk，Ｗ．Ｃ．,Rabenberg,Ｍ,Westerhoff,Ｈ､V,,andKahn,，.(1993)Ｔｈｅ 

geesforthegIutaminesynthetaseadenylationcascadearenotregulateｄｂｙ 

nitrogeninESc/7eﾉﾌﾞbh厄ＣＭル化ﾉﾉＷＣｍｂ/､/ｇ:443-457.

Wade,Ｊ・丁,Struh１，Ｋ,Busby,ＳＪ.,andGrainger,ＤＣ.(2007)GenomicanaIysis

ofprotein-DNAinteractionsinbacteria：insightsintotranscriptionand 

chromosomeorganization.〃b/Ｍ/ＣＭﾌﾉ､/６５:21-26

Wang，Ｈ，GIansdorff，Ｎ､，andCharlier,，．（1998）Theargininerepressorof 

ESC/7eﾉﾌﾞ、ノョＣＯ〃K-12makesdirectcontactstominorandmajorgroove

determinantsoftheoperators,ＪＭｂ/Ｂ/◎/277:SO5-S24． 

Wei，Ｙ，Lee，』.Ｍ､，Riichmond，Ｃ,，Blattner，ＦＲ.，Rafalski，ＪＡ，andLaRossa，

ＲＡ(2001）High-densitymicroarray-mediatedgeneexpressionprofiIingof 

ESC/7eﾉﾌﾞC/7厄ｃＭＪＢａｃｌｃﾉﾌﾞ､/１８３:545-556.

Yamamoto,Ｋ,andlshihamaA.（200ｓ)TWodifferentmodesoftranscriptioｎ 

９ｓ 



repressionoftheEScﾉﾌe'7℃/7ｊａｃｏ〃acetateOperonbyIcIRMD/Ｍｂ'､b/､/４７：

1８３－１９４． 

９７ 



PＵＢＬＩＣＡＴｌＯＮＳ 

Academにpapeﾉｓ

ヨユ血旦旦ユエ.,Makinoshima,Ｈ､,Ogawa,Ｙ,Miki,ＴＨ,Maeda,Ｍ,andlshihama,Ａ、

``Classificationandstrengthmeasurementofstationary-phasepromoteｒｓｂｙ 

useofanewlydevelopedpromotercIoningvector.，，ＪＢａｃね巾/Ｌ１Ｂｅ：

7112-7122,2004. 

…±工,Fujita,Ｎ､,Maeda,Ｍ,andlshihama,Ａ・``Systematicsearchforthe

Cra-bindingpromotersusinggenomicSELEXsystem，，ＧｅｎｅｓＣｃｌｌｓｌＯ： 

go7-gla2005. 

…＝[.，Hirao,Ｋ，Kori,Ａ,，Yamamoto,Kandlshihama,Ａ・``RutRisthe

uracMhymine-sensingmaster「eguIato「ofasetofgenesforsynthesisand

degradationofpyrimidines.，'んＩＤ/ＭｂＤｂﾉＣ／Ｓe:了44-757,２００７．

９ｓ 



ChatteIji,、,Ogawa,Ｙ,SnjmaQa_工andlshihama,Ａ,``Theroleoftheomega

subunitofRNApoIymeraseinexpressionoftheノe〃dIgeneinESc/7e化力庖

ＣＭ，ＦＥＭＳＭｂｍｂわノムe〃２６了:51-55,2007．

Yang,』.,Ogawa,Ｙ,Camakaris,Ｈ,’三him旦旦旦呈工,Ishihama,AandPittard,Ａ,』．

``巾1A,anewmemberoftheTyrRreguloninESc/7eﾉｳﾞﾉｃｈ垣ＣＯ"K－１２，，ＪＢａｃｌ己巾ノ

189:eoSo-60S4’２００７． 

lshihama,Ａ,，ＳｈｊｍａＪａ＆エ.，Ogasawara，Ｈ､，Tcramoto，Ｊ，andYamamoto，Ｋ、

``Transcriptionfactor-promoterinteractionnetworks・'’１，Ｍ/C'､-ﾉVano

MCcha肋､/ｂsand/hﾉﾋﾉmanSC/bnce(Fukuda,Ｔ､,ｅｄ),pplSS-1Gg,２００５

lshihama，Ａ,，Ogasawara，Ｈ，旦血ｍａＱａ１－工，Tcramoto，Ｊ､，Hasegawa，Ａ,，

Umezawa,Ｙ，Yabuki，Ｋ，lshida，Ｙ，Inaba,下，Matsui，Ｍ､，Kitai，Ｙ，Kori,Ａ､，

Yamada，Ｋ，Hirao，ＫａｎｄＹａｍａｍｏｔｏＫ．‘`Multi-ScaleGeneticstowards 

9９ 



UnderstandingtheHierarchyofTranscriptionFactorNetworkinGenoｍｅ 

Regulation.，,ｌｎＭｂＤ－ﾉVanoMed7a加刀/ｃｓａｎｄＭｍａｎＳｃｿｃｎｃｅ(Fukuda,丁，

ed.),ｐｐｌ-6,2006 

P7℃sen泊加narmeelmgs

ShimadaT HiraoK,FujitaN,YamamotoKMaedaMlshihamaA． 

｢SystematicSELEXsearchfortranscriptionfactor-bindingsitesontheEcoli 

Genome.」

MolecularGeneticsofBacteria＆Phages． 

ColdSpringHarbor,ＮｅｗＹｏｒｋ､August2004. 

ShimadaT,HiraoKKoriA,YamamotoK,GraingerDC,BusbySJandIshihama 

Ａ、

｢RutRistheUracil/ThymineSensingRegulatorofaSetoｆＧｅｎｅｓｆｏｒ 

SynthesisandDegradationofPyrimidinesJ 

1００ 



RNApolymeraseworkshop 

ImperialCollegeLondon,LondonMarch2007． 

HiraoK,KoriA,YamamotoKandlshihamaA． ShimadaT 

｢RutRistheuracMhymine-sensingmasterreguIatorofasetofgenesfor 

synthesisanddegradationofpyrimidines.」

ACTXThenthAsianConfe｢enceonTranscription 

1ndianInstituteofScience,BangaloreJanuary2008 

島田友裕,牧野嶋秀樹，山本兼由，前田理久，内海龍太郎，石浜明

｢大腸菌全プロモーターの活性と特異性の網羅的解析」

大腸菌ゲノミクスワークショップー大腸菌のゲノミクスとリソースの開発

淡路島２００３年３月

島田友裕,牧野嶋秀樹,川島佑介，山本兼由，前田理久，内海龍太郎，石浜明

｢大腸菌全プロモーターの活性と特異性の網羅的解析」

1０１ 



第２Ｇ回日本分子生物学会年会 神戸２００３年１２月

鼬友iii,藤田信之,小川實仁，山本兼由，前田理久，内海龍太郎,石浜明

｢大腸菌転写因子の結合領域の同定と制御機構の解析」

日本農芸化学会 広島２００４年３月

島田友裕,藤田信之，平尾貴世，山本兼由，前田理久，内海龍太郎、石浜明

｢大腸菌転写因子Ｃｒａの結合領域の同定と制御機構の解析」

日本農芸化学会 札幌２００５年３月

島田友裕、平尾貴世、郡彩子、山本兼由、石浜明

｢ウラシル/チミンを感知する転写因子ＲｕｔＲによるピリミジン合成/分解経路

に関与する遺伝子群の制御機構の解析」

第４回２１世紀大腸菌研究会 静岡２００７年７月

島田友裕、平尾貴世、郡彩子、山本兼由、石浜明

1０２ 



｢ウラシルノチミンを感知する転写因子ＲｕｔＲによるピリミジン合成/分解経路

に関与する遺伝子群の制御機構の解析」

第３０回曰本分子生物学会年会・第８０回日本生化学会

横浜２００７年７月

１０ｓ 


