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Abstract:QuantitativemeasurementofmitochondrialDNA (mtDNA)has

beenverytroublesome,becauseitscontentintotalDNA wasverylow and

quantitativeseparationofthemtDNA from nuclearDNA (nucDNA)was

almostimpossible. ByuslngthetechniqueforclonlngCellscarrylngthe

mtDNA sequences,speci丘cdetectionofmtDNA becamepossibleinthepres-

enceoflargeexcessofnucDNA byDNA-DNA hybridization. Forthis

purpose,wepreparedmtDNA probeslabeledwith anon-radioactivesub-

strate,whichmadetheprocedureeasierandincreasedpossibilityofapplica-

tion. ThismethodrevealedthatthecontentsofmtDNA inratliverstrik_

inglydecreasedwithaglng.
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INTRODUCTION

It is well known that mitochondria

haveownDNA andthesystem fortheir

replicationandexpressionl･2). Thecontents

ofmtDNA incellshavebeenreportedto

varyinwiderangedependingonthetypes

ofcellsand theconditionsofthecel13)

ButdeterminationoftheamountofmtDNA

was di払cult,because mtDNA were only

very minorfractionoftotalcellDNA in
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almostallcases.Forexample,inratliver

mtDNA wasonly0.5%ofthetotalDNA3).

AsDrosophihzmtDNA havebuoyantdensi-

tyofl･68g/cm3ascomparedtol･69g/cm3

0fnucDNA in CsCl,Massie etal.ana-

lyzedmtDNA bybuoyantdensitygradient

equilibrium centrifugationofwholelysateof

cellstostudytheagedependentchangesin

theamountofmtDNA4･5). Butinmammals

inwhichthebuoyantdensityofmtDNA is

undistinguishablewiththatofnucDNA3･6),it
wasimpossibletousethismethodforour

purpose ofdetectlng the mtDNA. Thus,

fordeterminlngmtDNA inmammaliancells,

Wenotonlyhavetoisolatethemitochon-

dria as quantitative as possible butalso

have to eliminate the contamination of
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nucDNA completely.Wehavebeenstudy-

ing theagedependentqualitativechanges

ofDNA forseveralyearsuslngratliverto

clarifythepossibleparticipationofmtDNA

onaging7･8),however,quantitativeresultson

the mtDNA have notyetbeen obtained.

Thisdefectmainlyisduetothedif6culty

insatisfyingtwocontradictorytargetsatthe

sametime,i.e.togainthecompleterecov-

eryofmitochondriawithvarioussizesand

densities,andtoobtainmtDNA preparation

completely separated from nucDNA. In

thispaper,Wewillreporton experiments

aimed to resolve the problem described

aboveusingatechniqueofgeneengeneer-

ing. Namely,bypreparingmtDNA probes

and determinlng theamountofhybridized

probestototalDNA fraction,itshouldbe

possibletoquantifytheamountofmtDNA.

Asseveralinvestigatorshavereported the

existence ofhighly homologoussequences

in nucDNA with somemtDNA9㌦ itwas

necessary toremoveDNA sequenceswith

homologytonucDNA bysplittingthespe-

ci丘cregion uslng restriction endonucleases

andobtainthemtDNA speci丘csequencesas

thehybridizationprobes.

Anotherattemptforthequanti丘cation

was to use probes with non-radioactive

labelsinordertomakethem muchsuitable

forinsituhybridizationthatweareplan-

ning to do. Recently,thesensitivitiesfor

detecting thenon-radioactiveprobesexten-

sivelyincreasedlO~12',however,theywerestill

about1/10 0fthatofradio-activeprobes.

Although itseemedverydi抗culttodetect

aslnglecopyofgeneinacellwithanon-

radioactive probe,butfortunately,mtDNA

existedinseveralhundredormorepercell

(itwasassumedthatthemolecularweight

ofmtDNA is 1/1050fnucDNA and its

contentsare0.5%ofthetotalDNA).Con-

sequentlyasreportedbelow,itwaspossible

to use the non-radioactive probes for

mtDNA detection asweplaned. By this

method,we found that the changes of

mtDNA contentsisagedependent.

MATERIALSandMETHODS

Materials. Liversfrom Donryustrainmale

ratwereused. Liversfrom agedratwere

kindly supplied from ProfessorsSato and

TauchiofAichiMedicalUniversity. Re-

strictionendonucleasesandDNA molecular

sizemarkerwere purchased from Nippon

Gene (Toyama, Japan). E.colt strain

HBIOlforplasmid preparation and strain

MV1184 forslngle-stranded DNA prepara-

tion were used. Plasmid pUC119,helper

phageM13KO7andDNA ligationkitwere

from TakaraShuzou(Kyoto,Japan). Com-

petentcellsfortransformationbyplasmids

werepreparedbythemethoddescribedby

Maniatisetal16). Fornucleotidessequence

determination,α35-SlabeleddATP andthe

sequencing kitofUnited StatesBiochemi-

cals(Cleveland,Ohio)wereused.Fornon-

radioactiveDNA labelinganditsdetection,

BioNickLabelingSystem andBluGenefrom

Bethesda Research Laboratories (Gaith-

ersburg, MD) were used. Nitrocellulose

sheets (BA85) were obtained from

Schleicher & Schuell (Dassel, West-

Germany),andSeakem agarose(ME)from

FMC Marine Colloids (Rockland,Maine)

wasused. Allotherlaboratory chemicals

wereofthehighestpurity availablefrom

majorcommercialsuppliers.

Preparation of mitochondria. The mitoI

chondria were prepared from liverhom0-

genatesbyuslngthedifferentialcentrifuga-
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tion method as described in previous

papers8･13･14) To complete the separation

from nucDNA,crudemitochondrialsuspen-

sion waspuri丘ed by centrifugation in su-

croselayersof1.15g/cm3 densitysucrose

layered on l･2 g/cm3 density sucrose

through which only the nucleimay be

sedimented. To remove the contaminated

nucDNA,resultedmitochondrialpreparations

weredigestedbyDNaseI,andrepeatedly

washedbysedimentation.

mtDNA purZjication. mtDNA was ex-

tractedfrom puri丘edmitochondrialsuspen-

sion by SDS-phenolmethod asdescribed

previously7仰 withaslightchange,thatisi

M ammonium chloridecontainlngbufferfor

the Sepharose CL-4B chromatography in

placeof0.15M NaCltoincreasetherecov-

eryofmtDNA.

TotalDNA preparationfrom tissuehom0-

genates. DNA was extracted from liver

homogenate by the modified method of

Maniatiseta116'.1mlof10-15% homogen-

ate(10mM Tris-HClbuffer,pH7.6,contain-

inglOmM EDTA and0.25M sucrose)was

adjustedtothe五malconcentrationsof0.5%

SDSand50mM EDTA,then40pgofpro-

teinaseK wasaddedandthenincubatedat

60℃.Afterevery1hofincubation,40FLg

proteinaseK wasfreshlyaddedandthein-

cubationwascontinued.Finally,theincuba-

tionwascompletedaftertotal3hourswith

totalof120FLg/mlproteinaseK atthefinal

stage.Afterdigestionbytheproteinase,re一

mainlngprOteinsweredenaturedwithphenol

bymildshakingfor20minwhichproce-

durewasrepeated twiceand followedby

phenol/chloroform (1:1mixture)with 15

minshakingand丘nallybyaddingchloro-

form with 15 min shaking,respectively.

Then DNA was precipltated with 2

volumes of cold ethanol. To eliminate

RNA,thealcoholprecipitatesweretaken

intoTEbuffer(10mM Tris-HClbuffer,pH

7.6,containing1mM EDTA)incubatedwith

lOOFLg/mlRNaseA for1hourat37℃.

TheDNA waspuri丘edagainbyphenolex-

tractionfollowedbyethanolprecipitation.

BacterialcultureandplaSmidpTTeParation.

E.coltHB101andMVl184weregrownin

Luria-Bertanimedium and2xYT medium,

respectively. Topickupthecellcarrying

plasmidswhich wereligatedwith mtDNA

fragments, agarose plate containlng 丘nal

concentration of100〃g/mlampicillin was

used.Theinsertedfragmentswerechecked

bydigestingplasmidDNA withrestriction

enzyme. Preparationofplasmidswascar-

riedoutbyalkalinelysismethoddescribed

elsewhere16).

RestrictionendonucleaSedigestion.Theen-

zyme wasadded to thereaction mixture

containing DNA and 1/10 Volumeofthe

loxbuffersuppliedforeachcorresponding

restriction endonuclease by Nippon gene,

andincubatedat37℃ forovernight･ The

reactionwasstoppedbyadding1/5volume

of geHoading buffer containing 25 mM

EDTA and30% glycerol,andthemixture

washeatedto60℃ justbeforeloadingInto

agarosegelforelectrophoresis. Forprepa-

rationbyelectrophoresis,eachbandwascut

outafterstainlng the gelwith Ethidium

bromide(EtBr),andelutedelectrophoretical-

1ywithUnidirectionalElectroelutor.Eluates

were then treated with phenoland chlo-

roform toeliminatethedyeandagarosede-

bris,and then precipltated the fragments
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with2volumesofcoldethanolat-20℃.

Cloning the restriction endonucleasefrag-

mentofmtDNA. Eachfragmentobtained

byHindⅢ digestion(Fig.1)wasligatedto

thecorrespondingsiteofplasmidpUC119,

andE.coltcompetentcellstrainHB10lwas

transformedbytheserecombinantplasmids.

WedigestedthepurifiedplasmidDNA with

HindⅢ afterisolatingtheplasmidfrom the

cloned bacterialcells,andeach clonewas

tentativelyidentifiedfrom thelengthofthe

inserts. Furtheridenti丘cationoftheinserts

wasdonebypartialsequenclngaSdescribed

below.PlasmidwasnamedaspHinBwhen

theHindⅢ fragmentBofmtDNA wasin-

serted intothepUCl19and soon. Two

kindsofclonesthatwereinsertedwiththe

HinB fragmentin differentdirectionswere

obtained.Directionoftheinsertedfragment

wasdeterminedbyEcoRIdigestion. After

digesting these plasmidswith EcoRI,fol-

lowed by electrophoreticalseparation and

ligation,plasmids containlng differentseg-

ment of HindⅢ B were isolated, and

namedaspHinBEcoC andpHinBEcoD,re-

spectively.

PTlePaTlationofDNA fragmentsforprobes.

Wepreparedthefragmentforthetemplates

ofnick translation asfollows:HinE was

preparedfrom pHinE byHindⅢ digestion,

the fragments HinBEcoC and HinBEcoD

wereisolatedbysplittingthecorresponding

plasmidswith HindⅢ and EcoRI. Frag･

ment HinBEcoDSacⅡ was obtained by

digestlngthepHinBEcoD with EcoRIand

SacE.Thesefragmentswereisolatedfrom

thebandsofagaroseelectrophoresisuslng

electrophoreticalelution.

Non-radioactive labeling of DNA frag-

ments.WeobtainedbiotinylatedDNA frag-

mentbynicktranslation17) With biotin-14-

dATP from fragments (HinBEcoC,HinB-

EcoDSacⅡ and HinE)ofabout1kbp in

lengthastemplates.Thelabelingcondition

wasselected so astoobtain rathershort

polynucleotidesthatis丘ttedforinsituex-

perimentswhich wewereplannlngtOdo.

BiotinylatedDNA waspuriもedbyrepeated

alcoholprecipitation and the size ofthe

labeled probes were checked by elec-

trophoresisafterheatdenaturationandde-

tectionwithstreptoavidin-conjugatedalkaline

phosphatasesystem,BluGene.

Southern blothybridigation. Appropriate

amountofDNA digestedwithEcoRIwas

loadedinto1% agarosegelandfragments

were separated by electrophoresis. After

stainlngWithEtBr,thegelwassoakedin

0.5N NaOH containlng 1.5M NaCl,and

thenneutralized with 0.5M Tris-HCl,pH

7.5,containing 3M NaCl. Thefragments

weretransferred to nitrocelluloseBlterby

capillary transferring16㌦ Afterbaking the

丘Iter,prehybridizationwascarriedoutina

mixture containing 50% deionized form-

amide,5X Denhardts'solution (1mg/ml

each of Ficoll, polyvinylpyrolidone and

bovine serum albumin, respectively), 5X

SSPE (0.9M NaCl,0.05M NaH2PO4 and

5mM EDTA,pH 7.4),0.1% SDS and

lOOFLg/mldenaturedsalmonsperm DNA,at

42oCfor3hours.Hybridizationwasca汀ied

outat42℃ Overnightinmixtureconsistlng

of 10-25ng/mlof probes in prehybridi-

zationmedium.

Detection of biotinylated probes. Post･

hybridizationwashwasstartedbywashing
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twicewith2ⅩSSC (0.015M sodium citrate

and0.15M NaCl)containing0.1% SDSfor

3min,followedby0.5XSSCcontaining0.1

% SDS for3 min twice,then thesame

bufferat50oC for15min,and丘nallywith

0.5X SSC for3 min. Thewashed 丘lter

wasblockedby3% bovinesemm albumin

in0.1M Tris-HClbuffer,pH7.5,containlng

0.15M NaClat65℃ andthenincubatedin

1.0〃g/mlstreptoavidin-alkalinephosphatase

conjugate solution for 10 min. After

washing the fi1ter twice with 0.1 M

Tris-HClbuffer,pH7.5,containing0.15M

NaClfor15minrespectively,visualization

oftheprobewasattainedbyaddingnitrO-

bluetetrazolium (NBT)and5-bromo-4-chlo-

ro-3-indolylphosphate (BCIP) in alkaline

buffer(0.1M Tris-HCl,pH 9.5,containing

0.1M NaCland0.05M MgC12)18).

RESULTSAND DISCUSSION

Cloning of mitochondrial DNA fTlag-

ments.HindⅢcleavesthemtDNA ofDon-

ryuratinto6fragments,A toF (6.5,4.2,

2.5,2.0,0.8 and 0.1kb,respectively)as

showninFig.1(a)19) However,wereco-

vered only 5 ofthem,A toE,byelec-

trophoretical preparation, as the shortest

fragmentcannotbeisolatedunderthecon-

ditionweemployed. Plasmidspreparedby

inserting these fragmentsinto pUC119 at

HindⅢ sitewereusedfortransformingE.

colt.Wesucceededinisolatingclonesfrom

fragmentB,C,D and E,butcould not

obtain clones containing HindⅢ A frag-

ment. As theHindⅢ B fragmenthas4

EcoRIsites,wespeci点ed thedirection of

fragmentintheplasmidsbydigestlngthe

plasmid DNA with EcoRIand measurlng

the size of produced fragments elec-

trophoretically. Thus,2cloneswerecon-

氏rmedtohaveHindⅢ B fragmentinserted

in reverse directions. Plasmid fragments

containing eitherend ofHindⅢ B frag一

mentsafterEcoRIdigestion wereisolated

and ligated again･ Wenamedtheseplas一

midsaspHinBEcoC and pHinBEcoD that

includeapartofEcoRIC fragmentanda

largepartofEcoRID fragment,respective1

1y.Thenucleotidesequenceoftheinserted

region ofpHinBEcoD wasdetermined as

follows:Single-Strandedphagimid DNA of

the inserted region was sequenced by

dideoxynucleotide chain termination tech-

nique20'andcon丘rmedtobeidenticaltothe

sequencelocatedattheexpectedsiteofthe

mtDNA21~23)

Homology between mtDNA and genomic

DNA. In orderto eliminatetheregions

homologous to nucDNA from the DNA

fragmentweobtained,we searched by a

computer program24) uslng a DNA data

base, GenBank. We searched for the

homologous reglOnS tO the sequences of

threeDNA fragmentsweobtained,i.e.Hin-

BEcoC,HinBEcoD andHinE intherodent

genomicDNA library. A partoftheHin-

BEcoD (shadedpartofthefragmentinFig.

1(b))located in the gene ofmitochon-

drialribosomalRNA was found to be

homologous(morethan 60% in 185 nu-

cleotides)tothenuclear28S rRNA gene.

AsribosomalRNA genesarewellknown

to possess highly repeated sequence,We

neededtoeliminatethatreglOntOavoidthe

cross-reactivity.Therefore,wesearchedfor

arestriction endonucleasesitetoeliminate

the homologous reglOn and to obtain a

shorterfragmentasaprobe.AvrE,BbdI,

Eco52Ⅰ,SacⅡ andStulwerefoundtosplit

this. Asshown in Fig.1(b),SacE was
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(a)

(b)

SacIIHind Ill E

co5210
.1Kbp ガ要致紡-regionwithstronghom

ologyFig.1.Restrictionmapofratmitochondria

lDNA(a)HindⅢ andEcoRImapofmtDNA,1:HinBEcoDSacⅡ 2:HinBEcoC 3:

HinE.(b)RestrictionmapofHinBEcoDfragment.Notethattopsideofthefra

gmentinthecircularmap(a)isshownattheleftsideofthelinearmapshowmin

(b).selectedforthispurpose,tosplitthe

Hin-BEcoD atthe position ofthe arr

ow asshowninFig.1andproduced1.0kbp

frag一mentfrom theEcoRIsite(HinBEcoDS

acⅡ).Forourpurpose itispreferable to

haveseveral fragments that are located on mtDNA circulargeneticmapatapprop

riatedistances･ Thus,weselectedthefoll

owingfragments:HinBEcoDSacⅡ,HinBEco

C andHinE (cross-hatched regionsin Fig.1

(a))with sizesofl･0,0･8･and0.8kbp,re

spec･tively.Thesefragmentsweobtainedasthe

-
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mtDNA probe were found to show very

low homologywithnucDNA,ifany,thus,

we considered the cross-reactivity asnegl

1igible.

LabelingofDNAfragment.Wehavepre-

viously reported that the larger sized

mitochondria were observed in aged rat

hepaticcellsby electron microscopy com-

parlng With those ofthe young animals,

and the numberofmitochondria percell

concomitantlydecreased25,26). Astheamount

ofmtDNA measured by the method de-

scribedinthispaperwasconsequentlythe

sum ofthese heterogeneously sized mito-

chondria,itisnecessarytoknow thecon-

tentsofmtDNA in each heterogeneously

sized mitochondrion to clarify the rela-

tionshipbetweenmtDNA andappearanceof

theselargesized mitochondriaupon aging

ofcellsoftheliver. Weplannedtoem-

ploytheinSituhybridizationforthispur-

pose.So,Weneededtopreparetheprobes

also usefulforsuch experiments,i.e.the

lengthofprobeslimitedtoabout100bases･

Toobtainthebestcondition forthispur-

poseusing a nick translation kit,average

length of single-stranded labeled polynu-

cleotidesafterthereactionwascheckedby

agarosegelelectrophoresisasshowninFig･

2(a). Threeprobesthusobtainedareex-

pectedtohybridizewithdifferentfragments

ofmtDNA digested by EcoRI. Namely,

HinE issupposedtohybridizewithEcoRI

B, HinBEcoC with EcoRI C and

HinBEcoDSacHwithEcoRID fragment,re-

spectively.Thesewerecon丘rmedbySouth-

em blothybridization ofpuri丘ed mtDNA

digestedwith EcoRI. AsshowninFig･2

(b)and(C),each probeishybridizedwith

onlytheEcoRIfragmentcorrespondingto

theprobesdescribedabove.

ChangesofmtDNA contentsduringaging.

TostudythechangesinamountofmtDNA

during aging, total DNA of rat liver

homogenatewasextractedfrom ratsofva-

riousages,8weeks,14.5,20and30months

old.TheconcentrationofDNA wasdeter_

minedbymeasuringUV absorptionat260

mm usingabsorbanceof1mg/mlsolutionas

20.

The DNA preparationswere digested

with EcoRI, and after electrophoretical

separation in agarose gel,single-Stranded

fragmentsweretransferredtonitrocellulose

membrane,and hybridization was carried

outbyuslngthreekindsofprobesmixed

altogether. Each DNA prepared from va-

riousagedrateswasloadedtothegelat

threedifferentamountsinaratioof1,1/2

and 1/4. In Fig.3(a)showed theEtBr

stainedpatternsofthegeland(b)depicts

thepatternsofBlueGenestainlngtOdetect

thehybridizedbands.Itisclearfrom these

resultsthatitispossible to detectonly

threebandsinlanesof(b).DNA prepared

from 14.5and20montholdratlivercon-

tainedlessthanhalfofyoungrat'smtDNA.

ContentofmtDNA 30monthsoldratliver

decreasedfurtheralmostto 1/60fthatin

totalDNA from youngrat,withconsidera-

tion of the fact that more than twice

amountofDNA isloadedonagarosegel

of30 month old DNA asshown in the

figurelegend.

Itispreviouslyreportedthatsomesites

forEcoRIsplittlngaquiredresistancyatthe

standardconcentrationoftheenzymewhen

used agalnStmtDNA from old ratliver8㌦

EcoRIdigestionwascomplete,however,in

everymtDNA inalloftotalDNA prepara-
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tionswhen enough amountoftheenzyme

and duration ofincubation wereemployed.

In case of incomplete digestion,two or

three extra bands consisting ofconnected

adjacentbands should also be hybridized

witheachprobe,butthiswasnotthecase

inthisstudy.

TheresultsofSouthernblotanalysisof

1 2 3
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S
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P
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5
3
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6
3
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2
2

1
1
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3

9
6
1

1
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total DNA digested by EcoRI also

answered the other interestlng problem.

Although we have eliminated the reglOn

homologousto nucDNA,the expected se-

quenceswerelimitedtothosealreadyreg-

istered in the data base,GenBank,and

theseconstituteonlyasmallfractionofthe

entire genome ofrats. Therefore,ifun-

1 2 3

(bl If

If▲AnDCnU一一l
-㌔

(C)

Fig.
2
.
BiotlnylatedmtDNA probes

(a)SizeofmtDNAprobeslabeledwithbiotin-141dATP.
Thesolutionofpurifiedlabeledfrag-

mentswereheatedfor5mininaboiling-waterbat
handthenchilledquicklyinice,
fo1-
lowedbyseparatlngelectrophoreticallyin2%agarosegel.
Lane1:HinEastemplate,
lane

2:HinBEcoCastemplate,an
dlane3:HinBEcoDSacⅡastemplate･
(b)PattersofmtDNAdigestedbyEcoRI,
ineachlane:100ngofmtDNAwhichwasdigested

with12unitsofEcoRIlna10FLlofreactionmixtureat37ccfor2hours･
(C)SouthernhybridizationofEcoRIdigestofmtDNAshownin(b)witheachbiotinylateprobe
followedbydetectionwithBluGene.
lane1:HinE,
lane2:HinBEcoC,an
dlane3:
HinBEcoDSacⅡasprobes,respect
ively,
Theconditionofhybridizationanddetectionarede-

scribedinM ETHODS
.
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(b)
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.
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Fig･
3
.
Changeintheamoun tofmtDNAuponaging

(a)TheelectrophoreticpatternsoftheEtBrstainedtotalDNAdigestedbyEcoRI.
I:DNA

fromyoungrats,
460ng,
Ⅱ‥DNAfrom14.
5monthsoldrats,
325ng,
Ⅲ:DNAfrom20months

oldrats,
343mg,
Ⅳ:DNAfrom30monthsoldrats,
950ng,wereapp
liedoneachlane1.
Lanes
2wereloadedwith1/2amountoflane1,an
dlanes3wereappliedwith1/2amountoflane2.
(b)Southernhybridizationpatternofthefiltertransferedfromagarosegelshownin(a)Withthe

mixtureofthreemtDNAprobes.
Hybridizationanddetectionconditionsare describedinMETHODS.
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known homologousreglOn tO OurmtDNA

probesexistinthenucDNA asarepeated

sequence,severalband(S)Otherthan those

from circularmtDNAs(4.2,2.2and2.0kbp)

should inevitably appear. Theexperiments

depictedintheFig.3(b)show thatthisis

notthe case,in otherwords,only three

bandsweredetectableineachlane.

Moreover,itwasclearthattheamount

ofprobeshybridized with thetotalDNA

decreased during aging,and theintensities

ofthecolorofthesebandswerereasonable

asthoughtheyarepresentinthesamemo-

lar ratios. To check whether the DNA

fragments digested with EcoRIcompleted

theirtransferonto thenitrocellulosemem-

brane,thegelswerestainedwith EtBraf-

terovernighttransfer,andexaminedbyUV

illumination. Thus,We concluded thatin

ourexperiments,EcoRIdigestion and the

transferofthefragmentstothemembrane

were completed, the detected sequences

hybridized with ourprobeswereallfrom

mtDNA,and the ratio ofwhole circular

mtDNA tototalDNA decreasedduringag-

ing. Furthermore,itissuggestedfrom the

resultsthatinoldratliver,thedecreaseof

mtDNA contents determined with three

probeswere almostin parallelwith each

other. Thus,itisnotlikelyatleasttothe

sitesdetectedwiththeprobesthatapartof

themtDNA wasdeleted,orsomepartof

themtDNA hybridizationwasinhibiteddue

tothechangesin sequenceortocoupling

withinhibitorysubstancesduringaglng.

In aged rathepaticcells,itwasmor-

phologlCally observed thatthenumbersof

mitochondria decreased with concomitant

appearanceoflargersizemitochondria25,26)

Our result on the decrease of mtDNA

seemed tothereflection oftheattenuation

in mitochondria when the number of

mtDNA permitochondrionisconsideredto

beunchanged. Fortheconclusion on the

distribution ofmtDNA in mitochondria of

agedrathepaticcells,Wemustwaitforthe

results of in Situ hybridization uslng an

electronmicroscopynow inprogress.
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