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ＨｕｍａｎＮＴＨ１（hNTH1）isaDNAglycosyIasetMactsonoxidativelydamagedpyrimidinebasessuchas

thyminegIycol，ａｔａｎｉｎｉｔｉａｌｓｔｅｐｏｆｂａｓｅｅｘｃｉｓｉｏｎｒepair･Inthepresentstudy，weestabIishedHeLacelllines

overexpressingwiId-typehNTH1andacatalysis-defMivemutanthNTH1，ｔｏｓｔｕｄｙｔｈｅｒｏｌｅｓｏｆｈＮＴＨ１ｉｎ

ｔｈｙｍineglycolrepairmm2o、ＥｘｐｒｅｓｓｉｏｎｏｆｈＮＴＨ１ｉｎｔｈｅｓｅｃｅｌｌsisinducibleunderaTet-Onsystem，andis

turnedonbyadditionofdoxycycIine・MutationofLys-212toGln(IQ12Q)destroyscatalyticactMtyofhNTH1，

butthemutantproteinretainsdamagerecognitionamdwillbindtothymineglycolonDNA・Therefbre,K2120

proteinsoverexpressedincellsprobablyinterfbrewithnormａｌｈＮＴＨ１ｆｈｍｃｔｉｏｎｂｙｄｏｍｉｎａｎｔｎｅｇａｔiveefYect・

SensitivityofthestableceⅢinesagainstmethylationandoxidativestresseswaSmeasuredinthepresenceouP

absenceofdoxycyclime・Overexpressionofwild-typehNTH1did、otaItertheviabilityofthecelIs，ｉｎｄｉｃａｔｉｎｇ

ｔＭｔｔｈｅａｍｏｕｎｔｏｆｈＮＴＨ１ｉｎｎｏｒｍａＩｃｅⅡsissufYicienttorepairallthyminegIycol・Dominantnegative

interfbrenceoｆｈＮＴＨ１ｆｈｍｃｔｉｏｎｈａｄｎｏｅｆＹｂｃｔ，implyingthepreseluceofabackupeｎｚｙｍｅｆｂｒｈＮＴＨ１ａｎｄａｎ

ａｌｔｅｒｎａｔｉｖｅｒepairsystemfDrthyminegIycol．

repairedbybaseexcisionrepair,whichbeginswith

lmovalofthedamagedbasebyDNAglycosylase

[1]・ESC〃”jcﾉijaco/jendonucleaselII("肋)isaDNA

glycosylasewithAPlyaseactivity，whichlCmoves

thymmeglycolmmsugarmoietyandcleavesDNA

backboneby6-elimination,leavingu,l3-unsaturated

aldehydeat3，endandPhosphategoupat5，end

Humancellshaveastructuralandfimctional

homologueofendonucleaseⅢ,ｈＮＴＨｌ[2]・Human

NTH1exhibitsstrongthymineglycolremoval

activityinhumanceUs,ｂｕｔｉｔｉｓｎｏｔｋｎｏｗｎｔｏｗｈａｔ

ｅｘｔｅｎｔｈＮＴH1contributestorepairofsuchlesｉｏｎｓ

ｊｍＷｏ、Inthepresentstudy,weeslablishedHeLa

ceUlmesoverexpressmgwild-typehNTH1andits

catalysis-defectivemutantunderregulationbythe

Tet-Onsystem，andsensitivityofthestablecell

linestomethylationandoxidativestresswas

1.Introduction

Reactiveo】q/genspeciesOROS)generatedduring

oxidativephosphorylationmmitochondriadamage

variousbiomaterialsincludingnucleicacids［fbr

leviewseeIeferencellMacrophagesand

neutrophilesalsoproduceROSduringnonnal

inflanmatoIyreaction・ROSattackssugarmoieties

ofDNAandcleavesthesugar-phosphatebackbone，

leavmgsingle-strandbreaks・ROSalsocausesnng

satulationandfagmentationofDNAbases，

producingthymineglycolandu1℃ａｆｉ｢omthymine

lesidueand8-hydlmWguanineffomguanmeresidue、

ＤＮＡａｎｄＲＮＡｓｙｎｔｈｅｓｉｓｍｅｄｉａｔｅｄｂｙＤＮＡ

ｐｏｌｙｍｅｍｓｅａｎｄＲＮApolymerase，respectively，is

interruptedbytheinabilitytoinsertanucleotide

oppositelhymineglycol；１hus，thelesioncauses

lethaldamage・ＴｈｙｍｉｎｅｇＩｙｃｏｌｉｎＤＮＡｃａｎｂｅ
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measuredViabilityofthecellswasnotalteredby

overexpressionofeithertypeofhNTH1，implying

theprCsenceofabackupenzymeofhNTH1and

altemativerepairsystemofthymineglycoL

puromycmevely4days・Large，healthycolonies

weICpeeledofTbyoverlayingafilterdisksoakedin

0.25％trypsinsolutionandtransfbmngto

mdividualweUsofa24-weUcuItureplate・After

ceUsweregrowntoconfluence，eachclonewas

tmansfeITedandmaintainedina5-cmdishcontaining

mediｕｍｗｉｔｈｌＩ几g/ｍｌｐｕｒｏｍｙｃｍ，Thecelllines

expressmgwild-typeａｎｄｍｕｔａｎｔｈＮＴＨ１ｗｅｒｅ

ｎａｍｅｄＴｅｔｏｎ－ＷTandTeton-K212qrespectively・

ToinducehNTH1expression，doxycycline（BD

BiosciencesClontech)wasaddedtothemediumata

concentrationof3ILg/ｍＬ

2.MaterialsandMethods

2.1.Materials

TheHeLaTet-Oncellline,whichstablyexpresses

thetetracycline-controUedtlansactivatorprotein,was

pu1℃hasedhDmBDBiosciencesClontech（Palo

Alto,ＣＡ,USA)andmaintainedinEagleismmimal

essentialmediumsupplementedwithl0％fetal

bovmeserum（Tetsystemapproved，BD

BiosciencesClontech）ａｎｄｌＯＯＩＬｇ/mlGeneticin

(Sigma-Aldrich,StLouis,ＭＯ,USA)at37oCma

humidifiedatmospherｅｏｆ５％ＣＯ２、Plasmids

pTRE2purandpTRE2-LucwerepurchasedhPomBD

BiosciencesClontechMenadionesodiumbisulfite，

paraqUat（methylviologen）andmethyl

methanesulfbnatewerepumhasedfomSigma‐

AldrichHumanNmlcDNAanditsK212Q(Lys‐

212toGln)mutantaredescribedelsewhere[2］

2.3.Viabilitytest

Cells丘omexponentiallygrowmgculturewere

seededat500cellsper5-cmdish､After6hrs，the

ceUsunderwentlof2treatments：methyl

methanesulfbnate，ｂｙａｄｄｉｎｇｉｔｔｏｔｈｅｍｅｄｉｕｍ；or

hydrogenperoxide，byaddingittotheplate

dissolvedinPhosphate-buffbredsalme・Afterlhr

exposuretothesedrugs，theculturemediumor

phosphate-buffbredsalmewas１℃moveCLandthe

disheswerewashedtwicewiththeculturemediuIn

Afteradding危eshculturemediuln，cellcolonies

werecultulCdfbr8tｏｌＯｄａｙｓ，ｆｉｘｅｄｉｎｌＯ％

fblTnaldehydeandstainedwith0.25％cIystalviolet・

Coloniescontainingmorethan30cellswere

counteｄ

Ｃｅｌｌｓｗｅｒｅｃｕｌｍｒｅｄｉｎａ９６－ｗｅｌｌｐｌａteat6000

cellsperwellfbr24hrs・Menadioneorparaquatwas

addedtotheculturemediumattheindicated

concentmtion，ａｎｄｃｅｌｌｓｗｅ1℃cultu１℃ｄｆｂｒ４８ｈｒｓ・

Survivmgcellswe1℃countedusmglheCeU

CountingKit-8のqjindoLaboratories,Kumamoto，

Japan)，bymeasuringabsorbance（at450nm）of

fbnnazanproduced伝omwater-solubletetrazolium

saltsbycellulardehydlogenaseactMty．

2.2．Constructionofcelllinesoverexpressmg

hNTH1

Wild-typeandK212QmulanthNTH1cDNA

B6agmentswelCamplifiedbyPCRandinsertedinto

pTRE2purexpressionvectorbetweenBａｍＨＩａｎｄ

ＥｃｏＲＶｓｉｔｅｓ・meplasmidswithwild-typeand

mutaｎｔｈＮＴＨ１ｗｅ1℃namedpTRE2pul-WTand

pTRE2purK212qrespectivelyHeLaTet-OnceUs

(3.3×105)wereinoculatedintoa5-cmculmedish，

ａｎｄｇｒｏｗｎｆｂｒ２４ｈｒｓ・nlehNTH1expression

plasmid(6.7Ｕｇ)wasintroducedintothecellsusing

CalcmnPhosphatenansfectionKit（Invitrogen

Corp，CarlsbaCLCA，USA)．Ａｆｔｅｒ２４ｈｒｓ，the

medmnwasreplacedwithhPeshcompletemedium・

Afteranadditional24hrs,themediumwasreplaced

withmediumｃｏｎｔａｍｍｇｌＩＬｇ/ｍｌｐｕｒｏｍｙｃｍ

(SigmaPAldrich)．Culturingwascontinueduntil

pulomycm-resistantcoloniesappeared（about2

weeks)，withreplacementofthemediumand

2.4.ImmunologicaldetectionofhNTHI

CellswerelysedinbuffercontaininｇｌＯｍＭＴｒｉｓ‐

HCI(ｐＨ7.4),１５０ｍＭＮａＣｌａｎｄＯ､5％NonidetP‐

40,byrepeatedly（３times）丘eezinginliquid

nitrogenandquicklythawing・Proteinswere
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FigZOverexpressionofhNTH1inHeLaTet-On

cells、StablecclllincstransfbctcdwithpTRE2pur-

WTandpTRE2pur-KZ12Qweｒｅｇowninthe

presenccorabscnceof3Ug/mldoxycyclincfbr24

hrs・ＷｉｌｄｔｙｐｃａｎｄＫ２１２ＱｍｕｔａｎｔｏｆｈＮＴＨｌｗere

detectedbyWcstemblotting，ａｓdescribedin

MatcrialsandMethods、ＴｈｅａｍｏｕｎｔｏｆｈＮＴＨ１ｗａｓ

ｍｃａｓｕｒｅｄｂｙｄｅｎｓｉtometlyusingNIHimageL62

proglam．

p-231

■■■

Fig.１．CatalyticmechanismofhNTH1・Asp-231of

hNTHldeprotonatcsthcLys-212rcsiduc，which

thenattacksC-lofdcoxyriboseofthclcsioL

causing1℃leaseofthcbaseandfbnnationofa

covalentSchifTintennediatewithＤＮＡ、ＴｈｅSchifT

baseintennediatcundergocsseveraltransfbnnations

resultinginstrandclcavagcvia6-eliminationto

lcavc5'一phosphatcand3'一α,p-unsaturatcdaldehydc・

MutationofLys-212toGln（K212Q）destroys

catalyticactivityofhNTＨ１，butdocsnotdamagc

rccognition．

madeHeLaTet-Oncells,ｔｈｅｆｉ１℃flyluciferasegene

wasintroducedintothecellsinapTRE-Luc

pIasmidbylipofection，andwastransiently

expressed，Additionofdoxycyclmeincreased

luciferaseactivitymcellextractmorethanl30-fbld

(daIanotshown),indicatingthattheHeLaTet-On

celllinecanexpressafb1℃igngeneunder

doxycyclineregulation，

ＴｂｓｔｕｄｙｒｏｌｅｓｏｆｈＮＴＨ１ｍＤＮＡｒｅｐａｌｒ，we

constructedHeLacelllinesthatexpresswild-type

andK212QmutanthNTH1，usingtheTet-On

systemLys-212ofhNTH1playsaroleinitsDNA

glycosylaseandAPlyaseactivity(Fig.１).MUtation

ofLys-212toGlncompletelymactivatesthe

enる/ｍｅ,butdamage-specificDNAbindingactivity

remainsfilllymtact［2]、Thus，K212Qprotem

exp1℃ssedincellsbmdstothymineglycolｉｎＤＮＡ，

andprobablyinterfereswithnonnalhNTH1fimction

bydominantnegativeeffect，Weconstructed

expressionplasmidsofwild-typeanｄＫ２１２Ｑ

ｍｕＩａｎｔｈＮＴＨ１ｕｓｉｎｇｐＴＲＥ２ｐｕｒasavector，and

tlansfectedtheplasmidDNAintoHeLaTet-On

cells、Puromycine-1℃sislantcoloniesweIeisolated，

andexpressionoffbreignhNTH1ineachcellline

washnmunologicallyassayedinthepresenceof

doUcycline・Ｉｎｔｈｅｐｒｅsemanalyses，weusedthe

celllinewiththehighestmductionlevel（Fig.２)．

ＴｈｅｈＮＴＨ１ｂａｎｄｏｆｃｅｌｌｓｎｏｔｉｎｄｕｃｅｄｗｉｔｈ

廿actionatedbySDS-PAGE(12.5％polyacrylamide)，

andtransferredontoHybond-Pblottingmemblane

(AmelBhamBioscience,Piscataway,ＮＪ,USA).ｎｌｅ

ｈＮＴＨ１ｂａｎｄｗａｓｖｉｓｕａｌｉｚｅｄｕｓｍｇａnti-hNTH1

antibo⑩（1:2000)，hoIseladishperoxidase-labeled

anti-rabbitlgantibody（1:3000）andECLWestem

BlottingDetectionReagentsKit（Amersham

Bioscience),essentiaUyasdescribedpleviously[2l

hnagmgofthechemiluminescencewasperfbrmed

withaLAS-1000Pluslummescentimageanalyzer

system(FUⅡFILM,Tolgo,Japan)．

3.ResultsandDiscussion

3.1．ConstructionofHeLacelllinesoverexpressmg

hNTHl

WeusedtheTet-Onsystemfbrhigh-leveL

regulableexpressionofhNTH1inhumancells、In

thissystem，geneexpressionistumedonwhen

tetracyclineordoxycyclineisadded[3]・horderto

estmateinductionlcvelofgeneexpressioninlCady-
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Fig.３．ScnsitivityofhNTH1-overexpressmgcelllinestohydrogcnperoxidc(H202）andmethylmcthancsulfbnatc
(ＭＭＳ).CellsoflincsTcton-WT(AandB)andTcton-K212Q(CandD)wcretrcatcdwithH202(AandC)andＭＭＳ
(ＢａｎｄＤ),andculturcdinthcprcscnce（●）orabsencc（○）ｏｆ３Ｕｇ/mldoxycyclinc・Survivalfi｢actionswere
measuredbycolonyfbnnation．

noappalcntdifferencemsensitivitybetweenmduced

cellsandnon-inducedcells,Overexpressionofwild-

typehNTH1didnotincreasesurvival丘action

againstoxidativestresses，indicatingthatthe

amountofendogenoushNTH1mHeLacellsis

sufficienttoremoveaUthymineglycoLRemovalof

thymineglycoIbyhNTH1isapparentlynotthemte-

limitingstepofbaseexcision1℃pairfbrthislesion

jmWoDommantnegativeeffbctofK212Qdidnot

affectoxidativedamage，nlisimpliesthepresence

ofabackuｐｅｎ刀/ｍｅｏｆｈＮＴＨ１ａｎｄａｎａｌｔｅｒｎａｔｉｖｅ

ｔｈｙｍｉneglycol1℃palrsystemRecently，several

口oupshavegeneratedlnNthlknock-outmice,have

shownthattheyexhibitnoovertabnormalities，and

havefbundnodiffbrencemsensitivityagainst

oxidativestressesｂｅｔｗｅｅｎｍＮｔｈｌ－/－ａｎｄ＋/‐ｃｅＵｓ

[4,5］TheyconcludedthatanovelenzD/ｍｅ

ｃｏｍｐｅｎｓａｔｅｓｆｂｒｌｏｓｓｏｆｍＭｈｌｍｍｕｔantmice．Ⅲ

doxycyclmeshowedconstimtiveexpressionof

endogenoushNTH1、Inductionincreasedthetotal
amountofhNTH1abouttwofbldinTeton-WTcells

andabout4-fbldinTeton-K212Qcells､Integration

ofhNTH1cDNAinthegenｏｍｉｃＤＮＡｏｆＨｅＬａｃｅｌｌｓ

ｗａｓｃｏｎｆｉｍｌｅｄbyPCRandSoutllemhybridization

(datanotshow､)．

3.2．SensitivityofhNTH1-overexp１℃ssmgcellsto

oxidativeandallWlationdamage

HeLacellsoverexpressmgwild-typehNTH1(Tet

on-WT)orK212QmutanthNTH1（Teton-K212Q）

werechallengedwithoxidativeandaUqlation

damageinthepresenceorabsenceofdoxycyclme

(Figs,３and4).IMrogenperoxide,menadioneand

paraqUatproducereactiveoUgenspecies、Methyl

methanesulfbnategeneratesalkylatedbases・With

bothTeton-WTandTeton-K212Qcells,thereｗａｓ
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