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Genepairswithahead-to-headconfigurationarefrequentlypresentiｎｍａｍｍａｌｉａｎｇｅｎｏｍｅｓ・Thisarrangementof

thegenepairsimpliesacoordinatereguIationofthegenesbyabidirectionalpromoteＩ３Ｉｎｔｈｉｓｓｔｕｄｙ,ｗｅｅｘａｍｉｎｅｄｔｈｅ 

ｅｆｆｅｃｔｏｆｃｈｒｏｍａｔｉｎremodelingbyhistoneacetyIationanddeacetyIationontheregulationoftranscriptionofthe 

bidirectionaIgenepairs,AnincreaseintheacetylationIevelofthehistoneproteinbyinhibitionofhistonedeacetylase 

(ＨＤＡＣ）inducedanopenchromatinconfbrmationincells・PromoteractivitiesofthebidirectionaIgenepairs

includingAp2xﾌﾟDSgep，ﾊﾉﾋﾞﾊl〃/乃c2，ａｎｄ腕"I〃８１０〃OK2JRMIgenesweremeasuredbyalucifCraseassayinthe

presenceorabsenceofHDACinhibitors､ThreekindsofHDACinhibitors，trichostatinA（TS-ALMS-Z75,and 

siDtinol，withadifTCrenttargetspectrumweｒｅａｄｍｉｎｉｓｔｅｒｅｄｔｏｏｎｅｈｕｍａｎａｎｄ６ｍｏusecelllines・Ａｌｔｈｏｕｇｈｔｈｅ

ｓｕｐｅｒｃｏｉｌｅｄｆｂｒｍｏｆｒｅporterplasmiddemonstratedextreｍｅｌｙｈｉｇｈａｃｔｉｖｉｔｙｃｏｍｐａｒｅｄｔｏｔｈｅＩｉｎｅａｒｆｂｒｍｏｆｔｈｅｓａｍｅ 

ＤＮＡｉｎｔｈｅｌｕｃｉferaseassay,transcriptionsfi･oｍｂｏｔｈｓUpercoilandlinearfbrmswereactiｖａｔｅｄｔｏｔｈｅｓａｍｅｅｘｔｅｎｔｂｙ 

ＴＳ－Ａ・ＩｎｍａｎｙｃｅⅢinesthepromoteractMtyofthebidirectionalgeneswasstronglyactivａｔｅｄｂｙｔｈｅａｄｄｉｔｉｏｎｏｆ

ＴＳ－ＡａｎｄＭＳ－275．TranscriptionofeachgeneinbidirectionalpairswasindMduaIIyreguIatedbytheseHDAC 

inhibitorsdepeｎｄｉｎｇontheceIltype･Sirtinoldidluotactivatethetranscriptionofanygenes． 

Keywords：bidirectionalpromoter;genercgu1ation；chromatinremodeling；histonedeacety1ase；HDACinhibitor；Iuciferase 

assay． 

analysisthatAdachiandLieber［1］madeofthe290 

bouse-keepinggenesｓｈｏｗｅｄｔｈａｔ８７ｇｅｎｅｓ（30％） 

hadthesamehead-to-headgeneticorientationwhile 

asmanyas50oftheｌ２０ＤＮＡｒｅｐａｉｒｒｅｌａｔｅｄｇｅｎｅｓ 

(i､e､４２％)hadthisorientationFurthermore40outof 

the50genesneighboredeachotherwithina300-bp 

tract・TrinkleineM.[2lclarifiedthatthenumberof

DNArepairrelatedgenesthatareoriented 

head-to-headis5timesmorethanhousekeeping 

genes、Genesthatareoriented5，ｔｏ５，havea

commonfeature：theypossessaCpGislandandlack 

atypicalTATAboxin-betweenthegenepairs．Ｉtcan 

bespeculatedthattranscriptionofthesegenesmight 

beregulateddivergentlybythebidirectional 

ＬIntroduction 

Recentlyhumanandmousewholegenome 

sequenceswerecompletedandasaresultinfbrmation 

concerningthedensityanddistribuｔｉｏｎｏｆｇｅｎｅｓｉｎ 

ｔｈｅｇｅｎｏｍｅｈａｓｂｅｅｎｃlarifiedThroughAdachiand 

Lieber，sreport[Uthefactthattwoneighboringgene 

pairswithahead-to-headorientatiｏｎｅxistinan 

unexpectedlylargenumberbecameknownAreport 

byTrinkelei、ｅｒａ/､[2],whichanalyzedthedistance

betwee、23,752humangenes，clarifiedthattherewas

ahead-to-headorientationinl1.8％ｏｆｔｈｅｇｅｎｅｓ， 

transcriptioninitiationsitesinｔｈｅｓｐａｃｅｏｆｌｋｂ， 

FurthermoremanygenesthatworkinDNArepair 
havethesamehead-to-headorientationstructureThe 
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Fig.1Gcneolganizationofmousebidirectionalgcnepairsusedinthisstudy．Ａ’んﾉﾌﾞex/nsgep；Ｂ,/V〃ﾉ/7Ｍ;Ｃ，
凡"ﾉ〃８ﾉO006K2ﾉＲｊＡ・Intronsa1℃indicatedbyasolidline・Intheexons,filledandopenboxcsrepresenttranslatcd
anduntranslatcdlcgions,妃spectiveIy．

promoterthatexistsinthespacersequenceofeach 

genepair・Inourlaboratorywehavebeenanalyzing
thestructureoftheDNArepairenzymegenesthat 

areinvolvedinbaseexcisionrepair［3-6］Among 
thesegeneswehaveclarifiedｔｂａｔＡＰＥＸｎｕｃｌｅａｓｅ 

仏ﾉﾌﾞex),thymineglycolDNAglycosylase(/V〃),and

FlapendonucleaseI（〃"ﾉ)areorientedhead-to-head

inagenomicstructureandareregulatedbya 

bidirectionalpromoter(Fig.1)． 

Recentlyitwasdiscoveredthatchromatin 

remodelingbyhistonemodiflcationplaysan 

importantroleintheinductionoftranscriptionDNA 

hasabighdimensionalstructure，chromatin，which 

consistsofnucIeosomearrays、ＴｈｅｎｕｃＩｅｏｓｏｍｅｉｓ

ｍａｄｅｏｆａｃｅｎｔｒａｌｐroteincomplex（thehistone 

octamer）ａｎｄＬ６５ｔｕｒｎｓｏｆＤＮＡ（aboutl46base 

pairs),whicharewrappedaroundthehistoneoctamer 

complex、Chromatinisnormallykeptina

deacetylatedstateandistightlypackedWiththe 

actionoftranscriptionfactorshistoneproteinsare 

acetylatedonlywhennecessaryfbllowedby 
unwindingofthechromatinstructureTherefbreat 

theplacewhereactivetranscriptionoccurs,histoneis 

acetylatedandhistoneacetyltransferase（HAT）and 

histonedeacethylase（ＨＤＡＣ）playanincreasingly 
relevantandimportantrole・ProteinswithHAT

activityarewellknownamongthetranscription 
cofactorsSometimestheyfbrmacomplexotherthan 

themonomerandareinvolvedingeneral 

transcriptionactivationorhormonaltranscriptional 
activation・ＯｎｔｈｅｏｔｈｅｒｈａｎｄｓｅｖｅｒａｌＨＤＡＣｓａｒｅ

ｋｎｏｗｎａｎｄｍａｎｙｏｆthemfbrmacomplexwithother 

factorsandmayplayaroleasacorepressor、

Inthispresentresearchweinvestigatedtheeffect 

ofchromatinstructureonbidirectionalpromoters 

usｉｎｇｔｈｅｇｅｎｅｐａｉｒｓｃｏｎｓｉｓｔｅｄｂｙＤＮＡｒepairgenes 

asmodels・Wetransfbrmedthechromatiｎｒｅｇｉｏｎｏｆ
ＤＮＡｔｏａｎａｃｅｔｙｌａｔｅｄｓｔａｔｅｂｙｔｈｅａｄｄｉｔｉｏｎｏｆａｎ 

ＨＤＡＣｉｎｈｉｂｉｔｏrandinvestigatedtheeffbctofthat 

inhibitoronthetranscriptionofｅａｃｈｇｅｎｅｕｓｉｎｇａ 
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Fig.２．ChemicalstructuresofHDACinhibitors・SystcmaticnameoftrichostatinA（TS-A）ｉｓ

4,6-Dimethyl-7-[p-dimethylaminophenyl]-7-oxahepta-24dienohydroxamicAcidHDACinhibitorl（MS-275）ｉｓ 

Ｎ－(2-Aminophenyl)-4-[N-(pyridine-3-ylmetboxycarbonyl)aminomethyl]benzamide、SirTwolnhibitorNapbthol
(sirtinol)ｉｓ２－[(2-Hydroxynaphthalen-1-ylmethylcne)amino]-N-(I-phenethyl)benzamidcTS-AandMS-275consist 
ofthrceparts;alongalkylchain(liker),azinc-bindinggroup(ZＢＧ)andahydrophobicgroup(cap） 

IuciferaseassayThemostprofbundresuItisthatwe 

weresuccessfUlinclarifyingtheeffectofchromatin 

structureonthetranscriptionalregulationofa 

bidirectionalpromoter． 

2.3.ConstructionofreporterpIasmids 

ＴｈｅＤＮＡｆｉａｇｍｅｎｔｓｕｓｅｄｆｂｒｔｈｅｌｕｃｉｆｅｒａｓｅａｓｓａｙ 

ａｒｅｓｈｏｗｎｉｎＦｉｇ３・TheywereamplifiedbyPCR

using”DNApolymerase（Stratagene,ＣＡ）using 

specificprimersets,andtheninsertedintothefirefly 

luciferasevectorpGVB（TOYOB-NetCo、Ltd.，

Tokyo,Japan).Tbeconstructionofreporterplasmids 

fbrApex/Osg2p，Ｍ/iﾉﾉ/乃ｃ２ａｎｄＦｅ〃///８/0006K2ノ

ノMbidirectionalgenepairswerepreviously

describedinthereportsbylkedae/α/１５],lkedae/α/、

[3],andEmotoe/α/､[6Lrespectively． 

Ｚ・MaterialsandMethods

２.lCeIIs 

ThefbllowingsingIehumancelllineand6mouse 

celllineswereusedfbrDNAtransfection;HeLa(ＣｅⅡ 

number，JCRB9004)，ＢＡＬＭＴ３（RCBOOO5)， 

NIH/3T３（JCRBO615)，Ｈｅｐａｌ－６（RCB1638)，ＬＬＣ 

(RCBO558)，707.,（RCBO596)，ａｎｄＦＭ３Ａ 

(RCBOO86）Ｔｈｅｙｗｅｒｅｇｒｏｗｎａｔ３７oCina 

humidifiedatmosphereof５％ＣＯ２・HeLacellswere

cuIturedinEagleisminimalessentialmedium(ＭＥＭ， 

NissuiPharmaceuticalCo.，Ltd.，Tokyo，Japan） 

supplementedwithlO％ｆｅｔａＩｃａｌｆｓｅｒｕｍＢＡＬＢ/3Ｔ３ 

ｗｅｒｅｇｒｏｗｎｉｎＭＥＭｓｕｐｐｌｅｍｅｎｔｅｄｗｉｔｈ10％calf 

serum,ＮＩＨ/3Ｔ３cellsinDuIbecco，ｓＭｏｄｉｆｌｅｄＭＥＭ 

(DＭＥＭ,Nissui)supplementedwithlO％calfserum 

Hepal-6cellsinDMEMsupplementedwith0.45％ 

ｇｌｕｃｏｓｅａｎｄｌＯ％fetalcalfserum，ＬＬＣｃｅｌｌｓｉｎ 

ＤＭＥＭｓｕｐｐＩｅｍｅｎｔｅｄｗｉｔｈ10％fetaIcaIfserum,ａｎｄ 

ＦＭ３ＡｃｅｌｌｓｉｎＲＰＭＩ１６４０ｍｅｄｉｕｍ（Nissui） 

supplementedwithlO％fetalcalfserum． 

2.4.DNAtransfectionandluciferaseassay 

Thecellswereinoculatedintoaculturedish（巾

5cm)atacelldensityof25％,andthefbllowingday 

theculturemediawerechangedAfteronedaythe 

ceｌｌｓｗｅｒｅｐｅｅｌｅｄｏｆｆｆｒｏｍｔｈｅｄｉｓｈｂｙｔrypsinization 
and5x104ceIlsweretheninoculatedineachwellof 

a24-wellplate､１８ｔｏ２０ｈａｆｔｅｒｓｕｂｃｕｌｍｒｅＨｅＬａｃｅｌｌｓ 

ｗｅretransfectedusingFuGENE6transfection 

reagent（RocheDiagnosticsCorp.，１N）withthe 

reporterplasmid（300,9/well)．OtherceIIlines 

exceptfbrHeLaceIlsweretransfectedusing 

Lipofectamine2000（InvitrogenCA）withthe 

reporterplasmid(600,9/well).Z4haftertransfection， 

ＨＤＡＣｉｎｈｉｂｉｔｏｒｓｗｅｒｅａｄｄｅｄｉｎｔｏｔｈｅculturemedia， 

andthecellcultureswerecontmuedfbradditional24 

hThecellextractswerepreparedwithalysisbuffer 

(PicaGeneCellCultureLysisReagenｔＬｕｃ,TOYO 

B-Net)．LuciferaseactMtywasmeasuredusing 

PicaGeneLuminescenceKit（TOYOB-Net）andan 

AB-2200-Rluminometer(ATTOCorporation,Tokyo， 

Japan).Proteinsintheextractswerequantitatedby 

thedye-bindingmethod（Bio-RadLaboratorieslnc.， 

2.2.HDACinhibitors 

TorichostatinA（TS-A）andsirtwoinhibitor 

naphthol（sirtinol）werepurchasedfi･omWakoPure 

Chemicallnd，Ltd．（Osaka，Japan)．AndHDAC 

lnhibitorI（MS-275）wasfTomCalbiochem（San 

DiegqCA)．Thechemicalstructuresofthese 

coｍｐｏｕｎｄｓａｒｅｓｈｏｗｎｉｎＦｉｇ２． 
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transcriptionofbothOSg印anMpexgenes[5].The

geneofmammalianthymineglycolDNAglycosylase 
(Ｍﾉﾉﾉﾉ）alsoliesimmediatelyadjacenttooneofthe 

tuberoussclerosisdisease-determininggenes乃ｃ２

(Fig」Ｂ).Wefbundthattheshortspacersequeｎｃｅｏｆ

６３ｂｐｂｅｔｗｅｅｎｔｈｅｍｏｕｓｅＭ/7ノノａｎｄ乃c2genes
showsbidirectionalpromoteractivityessentialfbrthe 

transcriptionofbothgenes[3lThe63-bpsequence， 

whichcontainstwoEts-transcriptionfactorbinding 

sitesfacingoppositedirections，positivelyregulates 

thetranscriptionofbothMh〃ａｎｄ乃c2genes・F1ap
endonucleaselisastructure-speciflcnuclease 

involvedinDNAreplicationandrepair、Tbemouse

F1e"ノgeneislocatedimmediatelyadiaceｎｔｔｏｔｈｅ

/８/0006K2/RjAgeneinahead-to-headorientation 

[6］（Fig.1Ｃ).Transcriptioninitiationsitesofｅａｃｈ 

ｇｅｎｅａｒｅ２７４ｂｐａｐａｒｔｉｎｔｈｅｍｏｕｓegenomeA 

594-bpfragmentbetweenthｅ〃"ノａｎｄ

/８/0006K2ﾉRjAgenesfimctionsasabidirectional 

promoter(Fig.３)． 

A） 
ＤＳＯｅＤｍＡＤ⑧ 

ＡＰ１ 

(-385/+1159） 
＜－－－－ 

０ｓ３ 

（-1395/+105） 

B） 
ｍ７Ｓｃ２ｍＮｔｈﾉﾌﾞ 

這伽･
（+406/+583〉

ＮｔｈｌｌＤ 

(+406/+583） 

ｑ 
プ８７ＯＯＯ６Ｋ２ＷＥＷｋｍＦｅｎプ

(柵'劇)=二± ＣＭ 

(-316/+278） 

3.2.PropertiesofHDACsandtheirinhibｉｔｏｒｓ 

ｌ８ｋｉｎｄｓｏｆｍａｍｍａｌｉａｎＨＤＡＣｓｈａvebeen 

identifledandclassifiedintothreeclassesonthebasis 

oftheiraminoacidsequencesClasslHDAＣｓ（１，２， 

３，and８)arehomologsofyeastRPD3andlocaIizeto 

thenucleus[glC1asslll-lDACs(4,5,6,7,9andlO） 

arehomologsofyeastHdalandarefioundinboththe 

nucleusandcytoplasm［10-12］HDAC-llhas 

propertiesofbothclasｓｌａｎｄｃｌａｓｓｌｌＨＤＡＣｓＣ１ａｓｓ 

ｌｌｌＨＤＡＣｓ(Sirt1toSirt7)arehomologsofyeastSir２ 

andfbrmastructurallydistinctclassof 

NAD-dependentenzymesfbundinboththenucleus 

andcytoplasm[13l 

HDACinhibitors（TS-A，MS-275andsirtinol） 

employedinthisstudyexhibitedadifferenttarget 

spectrum、Conservedfromyeasttohuman，HDAC

classeslandllareinhibitedbｙＴＳ－Ａ［14,15］TS-A 

blockscellcycleprogressionattheGlphaseinHeLa 
cellsandinducesal2-fbldincreaseinintracellular 

levelsofgelsoli、［l6lTS-Aalsoinducesthe

reversionofoncogenicras-transfbrｍｅｄＮＩＨ/3T3 

cellstoanormalmorpbology［l7lMS-275mainly 

inhibitsHDAC-lａｎｄ-3,butnotHDAC-8atall［181 

1,/〃Ｗ〃ｏａｎｄノ〃wvo，MS-275induces

differentiation，transcriptionofgrowthfactorbll 

receptor（TbRII)，andinhibitstheproliferationof 

pediatricsolidtumors[l9lSirtinolactsasaspecinc 

anddｉｒｅｃｔｉｎｈｉｂｉｔｏｒｏｆｔｈｅｃｌａｓｓＩＩＩＨＤＡＣａｃｔＭｔｙ 

ｗｉｔｈｎｏｅｆｆｅｃｔｏｎｈｕｍａｎＨＤＡＣ－Ｉ［13］Sirtinol 

Fig.３．，NAfTagmentsusedfbrluciferaseassay・

Promoterregionsofthebidircctionalgenepairsare 

illustratedwitｈＤＮＡｆｒａｇｍｅｎｔｓｕｓｅｄｆｂｒｌｕｃｉ化ｒａｓｅ

ａｓｓａｙａｓａｌｏｎｇｂａｒｗｉｔｈａｎａｒｒｏｗheadNumbersin 

parcnthesesarethebascpositionofcitherendoftbe 

lTagment・Numberingofthcnucleotidepositioｎｏｆ

｣pex/OsgGp，Ｍ/i〃/乃ｃ２ａｎｄ几"//ﾉ８/0006Ｋ２ﾉＲ/A

bidirectiona1gcncpairsarederivedffomstudiesby 

lkedae1α/１５],Ikcdae/α/１３],ａｎｄＥｍｏｔｏｅ/α/､［6]， 

respectivcly． 

CA)usingbovineserumalbuminastbestandard・All

valuesofluciferaseactMtywerenormalizedtothe 

amountofproteininthesameextract． 

3.ResultsandDiscussion 

3・LBidirectionalpromotersstudiedinthisstudy

ThymineglycolDNAglycosylaseandAPEX 

nucleaseareDNArepairenzymesinvolvedinthe 

initialstepsofbaseexcisionrepair[7lPreviously 

weshowedthattheAPEXnucleasegeneupex)1ies 

immediatelyadjacenttothegenｅｆｂr 

O-sialoglycoproteinendopeptidase（Osgep）ina 

head-to-headorientation[4,5,8](ＦｉｇｌＡ).Thespacer 

sequencebetweenOsgepandApexhasbidirectional 

promoteractMty，ａｎｄｔｂｅＣＣＡＡＴｂｏｘａｎｄ 

Ｓｐｌ－ｂｉｎｄｉｎｇｓequenceproximaltothetranscription 

initiationsiteofODg叩ａｒｅｉｎｖｏｌｖｅｄｉｎｔｈｅ
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Fig.４.EffectofDNAconfbrmationonthepromoteractivityandtheinfluenceofHDACinhibitor.Ａ)Thereporter 
plasmidcarO/ingtheOsg印promoter(ＯＳ3)ｗａｓｄｉｇｅｓｔｅｄｗｉｔｈＢａｍＨｌｏｒＸｈｏｌｔolinearizetheDNANon-digested
plａｓｍｉｄＤＮＡ(supercoil)ａｎｄＤＮＡｄｉｇｅｓｔｅｄｗｉｔｈＢａｍＨｌ（lincarl）ｏｒｗｉｔｈＸｈｏｌ（linear2）weretransfectedinto 
NHI/3T3cells,andthenluciferaseactMtyexpressedfiPomeachDNAwasmeasured・C1osedboxesandgrayboxes

indicatethepromotcrsequenceandlucifbrasereportcrgene,rcspectivcly.Ｂ)TheDNAswerctransにtedtoNIH/3T3
cells.ＲelativcluciferaseactMtyfiPomeachDNAconfbnnationintheabsenceorpresenccofTS-Aareshowninthe 
bargraphThcactivityofsupercoilcdDNAintheabsenceofTS-AwasdcsignａｔｅｄａｓｌＣ)Inductionofpromotcr 
activitybytheadditionofTS-AisshowninthecaseofeachDNAconfbrmation 

expressionregulationbyusingpointmutationor 

deletionanalysisBecausetransfectedDNAalso 
fbrmschromatinstructureinthenucleusofthe 

recipientcells，thismethodcanbeusedtoresearch 

thechangeinchromatinstructurewithanHDAC 

inhibitoraddition」nageneralexperimentalsystem

wecotransfbctanotherreporterplasmidligatedtothe 

cytomegalovirus（ＣＭＶ）promotermorderto 
normalizethecellnumberandtransfectionefficiency 

usedfbrtheassay、Howeverinprelimmary

experimentsｗｅｒｅａｌｉｚｅｄｔｈａｔｔｈｅＣＭＶｐｒｏｍｏｔｅｒｉｓ 

aIsoinfluencedbyTS-A，ａｎＨＤＡＣｉｎｈｉｂｉｔｏｒ・Soin

thispresentexperimentwenormalizedlucifbrase 

actMtybytheproteinamountoftransfectedcell 

extractsAndineachexperimentwetransfectedto3 

weⅡｓｏｆｔｈｅＺ４－ｗｅｌｌｐｌａｔｅｉｎｗｈｉｃｈｃｅｌｌswere 

simultaneouslygrownandrepeatedtheprocedure2 

to3timeswithcorrespondingstatisticaltreatment． 

inhibitsSir2ptranscriptionalsilencingactivitymWvo， 

andNAD-dependenthistonedeacetylaseactMtyof 

purifiedrecombinanｔｙｅａｓｔＳｉｒ２ｐａｎｄｈｕｍａｎＳＩＲＴ２ 
ｊ"Ｗ"o[20］ 

3.3．MeasurementtoquantifytheeffectofHDAC 

inhibitorsontranscriptionalactMty 

lnordertoinvestigatetheeffectofHDAC 

inhibitorsontranscriptionfTombidirectional 

promoters,weemployedthelucifbraseassay・Ａｓｔｅｓｔ
ｃｅｌｌｌｉｎｅｓｗｅｕｓｅｄｈｕｍａｎＨｅＬａcellsderivedfrom 

cervixcarcinoma・Ｗｅａlsousedmousecelllines

BALB/3T３（wholeembryo)，ＮＩＨ/3T３（whole 

embryo),Hepal-6(liver),707.fl(spleen),ＬＣＣ(lung） 
ａｎｄＦＭ３Ａ(mammary)eachofwhichisderivedfi･om 
adifferentmousetissuelntheluciferaseassaywe 

insertedthepromotersequencetobetestedintothe 
multiplecloningsitesofareporterplasmidpGVB 

andquantifledthetranscriptionofthepromoterusing 
luciferaseactMty（Fig.３).Althoughtbismethodis 

anartificialexperimentalsystem，itispossibleto 

analyzethestructureofimportantcLs-elementsｉｎ 

3.4．EffectofDNAconfbrmationontranscriptional 

actMty 

WeinvestigatedtheeffectofDNAconfbrmation 
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Fig.５．EffectofHDACinhibitorsonprOmoteractivityofbidircctionalgenepairsinvariouscelllines・Promoter
activityofthebidirectiOnalgenepairsinthepresenceorabsenceofHDACinhibitors(TS-A,MS-275,andsirtinol） 
weremcasurcdinHeLa(Ａ),NIH/3Ｔ３(B),707.Ｈ(C),ａｎｄＦＭ３Ａ(D)cells,InductionofpmmoteractMtybythe 
additionofHDACinhibitorisshownineachcelllinc． 

andTS-AontranscriptionalregulationFirstthe 

promoterregionOS3whichdrivesthetranscription 

oftheOsgepgenewasinsertedupstreamofthe 

pGV-Bluciferasegene（Fig.３)．Weconstructed 

supercoilandlineaｒｆｉｏｒｍｓｏｆＤＮＡｏｆｔｈｅＯＳ３ 

ｐｌａｓｍｉｄ（Fig.４Ａ)．WefMherconstructedtwo 

linearfbrmswithdifferentupstreamregiondistances 

fromthepromoter・Ｌｉｎｅａｒｆｂｒｍｌｈａｓａ２,705bp

regionupstreamofthepromoterregionOS3 

constructedbydigestioｎｏｆｔｈｅｓｕｐｅｒｃｏｉｌｅｄＤＮＡ 

ｗｉｔｈＢａｍHLSothisplasmidcontainsaregionabout 

４ｋｂｕｐｓｔｒｅａｍｏｆｔｈｅＯｓｇ印transcriptioninitiation

siteLinearfbrm2wasconstructedbydigestｉｏｎｏｆ 

ｔｈｅ肋ｏｌｓｉｔｅａｔｔｈｅ５，terminaloftheOS3promoter，
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althoughApexwasactivatedabout8-fbldOsgepwas 

activatedonIｙａｂｏｕｔ２－ｔｏ３－ｆｂｌｄｌｎＦＭ３ＡｃｅｌｌｓHpex 

wasactivated4-fbldbutOsgepwasnotinfluencedat 

all､TherefbreitispossibIethateachgenetranscribed 

bybidirectionalpromotersisregulateddifferently 
dependingontheceIItype・ＡｓｆｂｒノⅥ/i〃/乃c2，both

geneswereactivatedtoalmostthesameextent(2-to 
3-fbld）ｉｎNIH/3Ｔ３ｃｅｕｓｂｙＴＳ－Ａ、ＩｎＨｅＬａｃｅｌｌｓ
Ｍﾉﾉﾉﾉwasinfluencedabout5-fbldwhereasno 

influencebythedirectionof乃c2wasobservedAnd
in707f1cellsⅣ/ﾊﾉﾉwasactivatedabout9-fbldand 

乃c2about5-fbld、ＩｎＦＭ３ＡｃｅｌｌｓＮｒﾉｶﾉﾉｗａｓａｃtivated

about6-fbldbut乃c2wasnotinfluencedatallBoth

genｅｓｏｆＦｅ〃//ﾉ８ﾉO006K2ﾉＲｊｋｉｎＨｅＬａａｎｄＦＭ３Ａ
ｃｅｌｌｓｗｅｒｅａｃｔｉvated3‐ｔｏ４－ｆｂｌｄｂｙＴＳ－Ａ・The

MS-275transcriptionofApexwasactivatedabout 
６－fbldin707・flcells・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄａｂｏｕｔａ

３－fbldactivationwasobservedinOsgep・ＩｎＨｅＬａ

ａｎｄＮＩＨ/3T3cellsbothgeneswereactivatedabout2‐ 

ｔｏ３－ｆｂｌｄｂｙＭＳ－２７ａＡｌｍｏｓｔｔｈｅｓａｍｅｒesultwas 

obtainedwiththeⅣﾉﾉＷ/乃c２genepair．

〃"ﾉ/ﾉ8ﾉ0006K2/ＲｊｋｄｉｄｎｏｔｒｅｓｐｏｎｄｔｏＭＳ－２７５ｉｎ

ａｎｙｃｅｌｌＳ 

ｌｎｓｕｍｍａｒｙ，wedemonstratedthatchromatin 

structureinfluencethetranscriptionaIregulationofa 

bidirectionalpromoter・Andineverygenepair

investigatedpromoterswereregulateddifferently 

dependingonthecelltypeThisindicatesthatHDAC 
moleculeswhichwererelevanttorepressionofgene 

expressionalsobehaveddifferently． 

sotheDNAcontainsaregionaboutL3kbupstream 

oftheOsgeptranscriptioninitiationsite・Thereafter
thetranscriptionalactMtyofeachconstructwas 

comparedｉｎｔｈｅｐｒｅｓｅｎｃｅｏｒａｂｓｅｎｃｅｏｆｔｈｅＨＤＡC 
inhibitor」、ＮＩＨ/3Ｔ３ｃｅｌｌｓｔｈｅｓｕｐｅｒｃｏｉｌｅｄｆｂｒｍｏｆ

ＤＮＡdemonstratedextremelyhighluciferaseactivity 

comparedtothelinearfbrmofＤＮＡ(Fig4B).Itwas 
concludedthataconstructwithalongerupstream 

regionhasabettertranscriptionefficiency､However， 
constructshavingbothsupercoilandlinearfbrms 
wereactivatedtothesameextentbyTS-A(Fig.４C)． 

ＴｈｉｓｉｍｐｌｉｅｓｔｂａｔｔｈｒｅｅｐｌａｓｍｉｄＤＮＡswithdifferent 
confbrmationscontainacommonsequencethat 

interacｔｓｗｉｔｈｔｈｅＨＤＡＣｃｏｍｐｌｅｘ・Followingthe
confbrmationofthechromatinstructureinthe 

nucleus，theHDACinhibitorinfluencedthese 

differentDNAsequally，ａｎｄtranscriptiOnwas 

subsequentlyactivatedOnthebasisofthisresultwe 
decidedtousethesupercoilfbrmofDNAwhicb 

producedthehighestluciferaseactivity． 

3.5．ActivationofbidirectionalpromoterbyHDAC 

inhibitors 

WetransfectedeachluciferaseplasmidDNA， 

whichcontainsabidirectionalpromoter（shownin 

Fig3),to6kindsofmousecelI1inesandlkindof 
humancelllineandmeasuredtheextentofthe 

inductionofluciferaseactivityaftertheadditionof 
HDACinhibitors・TheadditionofHDACinhibitors

activatedthetranscriptionalactMtyofmostofthe 

bidirectionalpromoters,butdidnotinfIuenceothers 

(Fi9.5)．lnsomecasesactivationlevelswereless 
thanl-fbld，implyingthatHDACinhibitors 

negativelycontroltbetranscription・Takingerrorinto
considerationgeneswhichwereactivatedmorethan 
３－fbldarefnrtherdiscussedTranscriptionalactivity 

ofthepromoterswasinducedmostfioequentlyby 
TS-Ａ,ｔｈｅｎｂｙＭＳ－２７ａＨｏｗｅｖｅｒａｓｆａｒａｓｗｅｃｏuld 
ascertainnopromoterswereactivatedbysirtinol 
PromoteractiviｔｙｏｆｔｈｅＨｅＬａａｎｄ７０７・flcellswere

mostactivatedbyHDACinhibitors（7‐to9-fbldat 

most).ＮＩＨ/3T3andFM3AceIlsshowedarelatively 

smalIresponse(about3-to6-fbld).ＢＡＬＭＴ３,LLC 
andHepal-6cellswerealmostnotinfluenced（data 
notsbown)． 

Whenexaminingthetranscriptionactivationby 

TS-AwecomparedtheinfluenceofTS-Aoneach 

representativegenepair・Concerning別pex/Osg叩
bothgeneswereactivated2‐ｔｏ３－ｆｂｌｄｉｎＮＩＨ３Ｔ３ 
ｃｅⅡｓａｎｄ４‐ｔｏ５－ｆｂｌｄｉｎ７０７ｆｌｃｅｌ１ｓ・ＩｎＨｅＬａｃｅⅡs，
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