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TheefrecLoryery-)ow-hquencymagTletkfields(YLFMF)onlivirlgbio]ogica]celIswasinyesligatedusirLgahjghJySerlSitivemuLagen-
esisassaymethod.AbaclerialgeneexpressionsyslemTormutationrepair(〟〝tuSystem)wastJSedTorthesensitiveeyaluatioTIOrdanlage
inDNAmolectJlesISoImonetlaLyphimun'umTA1535/pSKl002wereexposedloVLFMF(20klk,600J▲T,and60kJIz,100JJT)inaspe-
ciallydesigTledmagneticfieldexposurechaTrlbeT.TheexperhllentalresultsshowedthepckSSibi)Styorapplying一heJLmuassaylorsensiliye
andeffectiveera)ualionofdamageinDNAmolecules･NosignjflCantdirreren亡eWasObservedintheu,,tugeneexpressionintensityunder
exposuTttOmagneticfie)dor20k九ち600JJT,and60kJlち100JJLT.

I〝deJTerms-Mutal)onrepainnggerle,Sa/moncIlaOpfllmun'〟JTTTnJ535/pSKJOO2,umuassay,very-low-rreqtJenCymagneticReld
(VLFMF),β一gahctosidase.

IINTRODUCT)ON

Et.E.TnTE,;I.7acnccoe:k:res･wTj:Tyo:;ev::nv:hneS･haonmde).nldnuacLLdO.n_
LLOn,electnckl(ChensarebelngIntroducednotonlyIntoLndL-
vLdualhousesbutalsorestaurants,schooHunchcenters,hospl-

taJs,andnursLngraCilIlleS,WLth)nductioncooklngaPPllanCeS

becomingwldelyused･MeanwhHe,theexcltatLOnfrequencyof

Lnductioncook】ngappllanCeSisbeLngincreasedfromthecon-

ventional20kJIz10about100knztoenhanceperformance

However,apaTtOfthemagnetLCfieldgeneratedbytheexcltLng

co】lsistransmltted(othecookingpanandleaksaroundoutslde.

AsInductionCOOklngaPPIIanCeSbecomeusedmoleWIdely,the
nsktothegeneralpublicOfexposuretovery-low-frequency

magnetlCGelds(VLFMF)mayhaveIncreased【1]Theeffect

ofVLFMFonhumanheahhhasnotyetbeencomplete)yclar)-

tied,butthepubllCISconcernedaboutposslbleeffectsl21
JtlSWellknownthatmutalJOnlnDNAmolecu)esISad)-

reclcauseofcancerdevelopment,andthere)Saclosere)atlon-
shlPbetweentheoncogenesLSOfbl010glCalcellsandmolecular

damagetoDNAIWhentheDNAorabactenumlSdamaged,

SOSrepa】TlnggeneticsystemssuchasabactenahLmuOPerOn

andarecAgenesystem,wh)chtrytoTepalrthedarnagerap)dly,
aleeXpreSSed･lnthisstudy,WeexposedthebactenumSLZlTTIO-

nellaTyPJzLmZLrtLLmTA1535/PSKJ0021oVLFMF,andexamlned

theexpTeSSLOnintensityoftheactjvLtyOfβ-ga)actosidase,whlCh
islocateddownstreamOfthelLmlLSOSgeneoperon,usLngthe

umLLassaymethodwLthanonexposurecontroll4).TllISPaper

descnbestheresultsofdleLLmELanalys)SevaluatLOnOfdamage

toDNAmoleculescausedbyVLFMPexposurewlthdlfFerent

frequencleS.AccordLngtOthestudyofMlyakosh)'sexperlment

DLg山1ObjectTdentlnCr】0日09rrMAG2005854837

FIEI Expenrr)entdsystemforteSnngbacteTlaDNAdamagebyⅥ-FMF
eXpOSLlre

wlthexposureofMeWoceHsderlVedfromhumar)melanomato

a50Hzand400mTmagnet】cfieldprovedthatthefrequency

oflnduclngmutalLOnSforHPRTgenesIncreasedLnProportion

tothedensLtyOf(helnductlOnCurrentlnanaCmagneLLCfield

l31TheLnductLOnCurrentLSPrOPOrt)OnaltofxB lnourex-

penmcnt,WepaidattentiontotheLnductioncurrentandsetthe
densllyat20kflzmagnelJCfieldof600FATand60kflzmag-

neticfie)dof100IITsotha【anInductioncurrentsLm)laT10tha(
deriyedundertheabovecondLtions(50Hzand400mT)canbe
obtaLned

IIVLFMFExposuREEQUIPMENT

Flg.Ishows山eVLFMFexposureequ]pmentusedlnthlS

studylLCOnSlStedofHelmhoILZCOl】sforcancelLngtheearthls

magnetlC角eld,acoilforgeneratlngtheVLFMP(20kHz,

600 FLT,and60knz,100FAT).andadevICeforcontrolllng
thetemperatureofabacterJa)culturelLqu)dlnrnlCrOlubes

ElghtmlCrOtubes(34cm lnlong,).1cm Lndlameter)wLLh
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lGARASHIEEdIEYALUATIONOFDAMAGEINDNAMOLECULES

IDNAか｡htcsLmndL

二 二 〇 二

nlUINll､uh larlCL'hVnls冗r.1)～

T山女■一J)d書肝･ゆLrtp7tTlkd▲叫L)YARlulTk叩i.鴨Ay=iHrヒひPdlEKIpdu∝iZ-?LIKldd
Lr JL.･.･.▼･.･.･一

pTt"TnCr 小̀爪-- l…kL‖J山q=l

FIg2 TllePnnCLPleorβ-ga]actosldaseproductLOnbydamagLngaPartOfthe
DNA

thebacterlalcultureweresetlnthelnCUbalorlnlenumber

ofbactenalSabout015blH)oTl/mlCrOttlbcTomaintalnthe

acllVltyOfthebactenaleel)S,thetemperatureofthemlCrOttlbe

waskeptconstantat370C TheeaJth'smagnet)cfieldwas
cance日edbyasetofHe)mholtzcoltsAnothersetorHelmholtz

coilswasusedforgeneratingtheVLFMFThemagnet)C点eld

towhlChthewholebactenalculturellquldlnthem]crotutxs

wasexposed,was98%unlForm Theternpcra(uredlstTlbutLOn

wasunlfomllycontrol)edwllh)n37j=0.10ClnWholebactenal

culture)lquldlnthem)crolubes.

lilMEASUREMENTSOFAcTTVTTIESOFPIGAL̂CTOSTDASE

SlyphLmLLrEu川TAl535/pSKIOO21Sabacterlum thathas

LLmuCDandlacZ,YgeneslfDNA-destroylngSubstancesale

present,STyP/llmLLrtumTA1535/pSKIOO2producesβ-ga】ac-
tosJdasebythegeneexpressIOnOflacZ,YThepnncJPleofthLS

pr∝essLSShownlnF】g2･FLrSt,WhenmutagenlCSubstances

damagetheDNALnSOPllmMnLLmTA)535/pskl002,RecA
pTotelnblndslothe)n｣ureds】ng)estrandDNAThenthebound

RecAproteindecoTTIPOSeSLexAprotein,WhlCh)sarepressor

forthelLmuOperOnAftertherepressordetachesfromtheumu

operatorreg]on,the〟mLLCDgenes(ultramuLan一geneS)begin
torepalrthedamagedDNA F)nat)y,thelacZ,YgeneswhlChare
placeddownstreamOfLLmuC,Darealsoexpressedtoproduce

β-galac【osidaseTherefore,thedegreeofdamagetotheDNA

canbeeva)uatedquantltatlVely,bydetectlngtheactLVltleSOf

β一galactosldaseThISISCalledtheu''Massaymethodandwas
usedlnthlSStudy

Themeasurementprotoco)wasdeveloped(odetec(damage

lnDNAuslngamutagenlCreagentandVLFMFTheODJ20and
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T=lg3 ĉtlVllleSOfβ一gaEacLOSldasenleaSuredwlththeresLJ)lSOrPOS]tlVe
controheslsandwILhoutAF･2

0D550areOptlCaldensitleSOfopt)Catabsorbancemeasuredat

tJleWavelengthsof420and550nm,respecuve)y

ThedegreeofacILVLtyOfβ-galactosLdase

=1000(OD420-l.75･OD550)/(t･VODGW) ())

where"t"isreact10ntlme(lnmLnuteS)andHv''isdl】ut)Onrate.

Toconfirmtheefrectlvenessofthetestprotocoldeveloped

lnthlSstudyforDNAdamage,fury)furamlde(AF2),whlChlS

knownasastrongmutagenwhlCh)nducesdamage)∩DNA

molecules,wasusedasaposltLVeControlltwasclearlyrecog-

nlZedthatthevalueoftheact)vllyOfβ一galactosldaselnCreaSed

asAF-2concentratLOnrose,aSShownlnFlg3ThcTefore,the

lLmuassaymethodlSeffectLVeforeXamlnLngthelnfluenceor
envLrOnmentalfactorsonDNAmo)ecules.

IV.MEASUREMENTSOFPoss)BLEINDUCT】ONDNADAMAGE

FROMExposuRETOVLFMF

TablesIarldIIshowtheresultsofthep-galactosLdaseact)ylry

ofthebacterialculturellquldexposedtoVLFMFatthetem-

peratureof37oCfor2handofthecontrolbacterialcu)一ure

llquldw)thoutVLFMFexposureAThompsonTeJeCt10ntest

wasperforTnedforeachortheelghtobtalneddata.WeJudged

whetherthee)ghtsampledatacouldbeusedandlfthedataat

thetlnleOfexceedlngaSlgnlnCantlevelwasrejectedThere-

jecteddatawereshownas"RD"lnTables1andu Thedata

adoptedbyThompsonrelcctlOntestWereeqUaltzed,andthey
authorizedwhetheraslgmficantdlfferencewouldbebetween

magnellCfie)dexposureandcontroluslng‖estat5%(rateof

re)ectlOn)ofslgnlhcanHevels.Although aslgnLflcantdLfrerence

wasfoundlnOnetlmemeasurement(uLnTable1),InγlewOfthe

presentresults,noslgnlficantdLfferencesfromexposure20kHz
magnetLC缶eldof6(氾JLTand60k批 magnetlcfieldor1α)JITLn

terTnSOfdamagelnDNAmolecuIeswereobservedBecausethe

rangeofHAverageMj="StandarddevLation"Ofdataofthecontrol

andtheexposuretoVLFMFonDNAdamageuslr唱theILmu

methodoverlapeachother

Umu-assayusLngbactenalSanestablishedmutagentestto

evaluate一hemutagenlCCapaCltyOfbactenaagalnStgenes,and
)sanofficlaHestLngmethodwldelyusedworldwldeasamethod

fortestlngWaterSuPpl]esandsewage,andforeva)uatlngthe

safetyofdralnageThlsmethodhastheImportantadvantageof

enabllngaquantJtauVeeYaluatl0nlnCOmPanSOnWlthotherrlsks

bydelectlngthebLO10glCaleffectsandevaluatlng【hesafetyof
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TABLEI
ExpER】MENTALRESUt.TSOFDAMAGECAUSEDTODNAMoLECULESllY

ExpoSURETOVLFMF(20KH乙600FIT)
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SL)=SLandarddevlatlOn
RD=ReJecleddatabyThornpsonreject)Onlest

VLFMFThelLTnuassaymethodwasapp)ledtoevalualethedL-
rect)mpactofexposureloaVLFMFonDNAdamageforthe
firsHimeinthlSStudy.
TheexpenmentalresultsshowedLhaHhe

ILmLLassaymethodcouldbceffect】ve)yapplledlotheevaluatJOn
ordamagelnDNAmokcukscausedbyexposuretoaVLFMF

But,ltlSnorPOSSL
blefrompresen(knowledgetomakeade汽n-
1tlVeStatementaboutthesafetyorhazardassoclatedwlthexpo-
sure【oVLFMF

ltlSnecessarytOClar)fythethTeSholdvalueofthesLgnlficance
byexposLngaStrongerandhlgherfrequencymagnetlCfleld

Also,L
tlSneCeSSaJYtOdeve)opthenewgeneexpressLOnSystem
byimprovmgthebacteriahavlngthelLLCA,
8geneswhlChare

placeddownstreamofLLmJLC,
D,andareexpressedtoemLtthe
lumlnescence･
ThedamagelnDNAnolecu】escantxevaluaLed

bymeaSunngthestrengthorlumlneSCenCe

VCoNCLUSION

lnthlSS【udy,t
heLLlmLassayme(hod,w
hLChhasbeenusedto
detectDNAdamage,wasuse
dtoeva)uatethed)recllmpactof

exposuretOVLFMFonDNAdestTt)C110nTheresultsdldnot

revealanydamage(oDNAmoleculescausedbyexposureto

magnetlCfleldof20kJIz.
6∝IFLY,an
d60kHz,
100FIT.
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TABLEII
ExPERIMENTALRESUL.TSOFDAMAGECAusEDTODNAMoLECULESBY

ExposuRETOVLFMF(60KHz,l00llT)
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