E3IE BAMNEE#ICLS mIDNA OERDOEIMZEL

BI1ET HERYRLAMCED mMDNA OFER
(1) XUMHIT

thizBWwT, S a2y FU 7k 16669 HENDOEUBRIRDNASG T2 &ATWES
(Anderson, et al.,, 1981), Z® 2 F 2 F 17 DNA (ntDNA) &, %05 fa{d DNA 23
30 B H 2D EHRB L, EEENZIRY 2L TH 3B, mDNA BEFEERTRE
BRE2H 7229 b3 b0 132z FLTw3, Thodd 7=y F DRI,
WHAkD (NADH : 2B % ) vEBnEEsE) 7 fll, Hed Il (28 /) —n 1 b o
0L c RGRITEESR) 28 1 #E, EadIV (& 7 v b cB{UBES) 2 3R, A& V (ATP
EBEREEE) H2BETH B, 2L T, mDNARBEOBREBETIAGNE LI R, v IOy
WBEERT, HERSNOIFZEAED, HBICR LA ISEHFEOZAECEHDL, 22 fifHo0 +J
A7 7—RNA, BLOKRND 2HEOVEY—LRNAZ a—FLEEH T A7 M
K% & > C\v»5% (Anderson, et al,, 1981; Chomyn, et al., 1985; Attardi, et al., 1988},
mtDNAFEADI P2y P 7PAREaY-FEL, £/23 bary P 7HEH RS -
h 1,000 iz EEET 270, —EARTEEALREO mIDNAGFHFELL THa I Ltk
5,
FHhe FOHEERTE, ZHheTRTOmMDNA PR UIEELERI L D RY ZoT 3
(Potter, et al., 1975), L& L4956, BEOWEHIZE- T, mtDNA 3, [, O5F,
BLUOEHEHOL ) LB CRRBREADRREER T LI LBE DPFRIZ KL > THES
hTw3 (Cortopassi, et al.,, 1990; Yen, et al.,, 1991; Soong, et al., 1992), 2L T,
neDrED 1 HDIFA LRV OFES THECHbNE Z &5, common deletion & F
W Tvw3 (Soong, et al., 1992; Corral-Debrinski, et al., 1992; Chung, et al., 1994),
Z @ common deletion D REDE S, AMD mtDNA TiX 4,977 bp TH 5, 361,
mtDNA /R4 Ui LIEELic - CHENL 279 (Hayakawa, et al,, 1992), mtDNA @
REBEAPERTAZLICE2TRIBI Fay FY PREBT MM VB{LEEOET
BECDOFERD—2TH 5 L HEZ 5N T3 (Lunnane, et al.,, 1989; Wallace, 1992),

20 &5 e, Iwai & (2002a) iF, & EREAZEEREIREBWTY, HAHRED (Y=
¥y 2792 itk oTHIMERO mtDNA i common deletion 25T 2 Z & 23
L7z, X5, Iwai & (2002a) 13, Z @ common deletion iHBK THT CIBLs 0
ki, EEBRT»S 2~3 HBEE TS &, EEIRIEIEHTHERTII LI
ko, EEETHS THRIIHEETEZ L 2RE LD, REBHEATZ A DA LD
W, Iwal 5 (2002a) 1%, RAEOEBEZIT) 2 Lick DBFENESMKT 52, 20
Bl bary FY7HCIRERZEPARBICREEL, ZOBOBEA MV ADOHKRIZE-,TSE
Fayv P PAHBICAEL T2 mtDNA IR REZERAUEL 2R B2 EH L T3, L
L7edts, ZoREBE-+OIHBEIRLER TR oklzd, LOBEOEBAMOES
Iz common deletion ZHET20% L, ZOHMIZTOVWTRIZEAEHSHIC TR I LI
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TEAEDoT, 207D, Re DEHAWRMETERZITHIICLD, mDNAKRKRERZ
LI EMEMOEEZHR TS Z LBPFEN TV S,

2T, AWt TR, TORRERE2HERI THEHBAMEZERT2ODIDDAT Y
LT, EHEORy FLA FRBEZHEML, BHETEB W TEIRCER AR 2 HIR L
AT, BIMER® mtDNA 2 common deletion 23RS 2 B2 TR L 72,

(2) A &
1) gBREEAVT7A—LROVEYH

AMETRWIIEY 713, 2 20M/ERZMED SIRL 72, BRE OEMIL, M
EH 21 B CTH o, BHRFZSEOHBRARICOWTHIHAZ R T 2%, SNREEICE
%L, EFREMOBES -y 7tk ) EHRAOSMFEEE LW L 2L 7,

TB, AEOERIHEICOWTE, ~VIVFES, BLUSGERYED Te b7 A
BEF AT T 268 eH Ki-Dw T, RROMEBREEARXIC LI REIN KR
#% ' No. 55),

2) Ry RLAMBLVESH EMBRT TV T
2RDOWERFICHLT, UTOX ) 2 2AORREELEML 7z, FEE 70 F a—nld

Fig. 3-1 it/ L 72,
¥, v FLRAMEREREBLZ, $6000, Ry FL A FEEIC 4 DEOKRE%

Blood Blood Blood
Bed Rest sampling sampling sampling
. Rest | ll Bed Rest y Recovery
I 1 1
Exercise
, Rest . Exercise . Recovery
1 { O O F 1
T
1 2 3 4 5 6 7 8| 9 ' [10] (days)
) :Exerclse

D : Blood sampling

Fig. 3-1 Experimental design. Bed rest performed on three days. Subjects performed

exercise on two days. Three blood samples were withdrawn from each subject, once before bed

rest or exercise and two times thereafter,
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PR U 7c, COMIENIRRAZ08E) 280, MHEOHEET 2L, 2LC I¥E1E
BoRIMZTo 2, BRI, BBy FLAF2BBL, SHMICH2TRy FL X b
REMWLz, Ny FUA MRS, A LVBAR T HRRYy Ficlickh, A5y Ry |
ET#Eol, Ry FUA METERKE 2EEORILZTV, & 5610 2 HBK 3HE 0%
1272,

Ry FURAPERE LR 2729, B—0EE N L OEBAMERZTo%, Ehe
FRRD 70 b a— VU TOBEYTHS, £F, HEHEMEATIC 4 HROKEREEL 72,
Z OWRIGER Z B, B OANWEEE T LHER LKL, 2 UT, EBEE £ 98
1 HEOFMZ{To/, 2L T, HMBEBHSS 2 HM, BIEBHEIIL T2 -7 % FonkEa
P> E) % R L 7, B EFIZ 60 ~T70W & L, 60 rpm OE © 30 M OEE) % - 7,
B HIE 130 1,/ 200 ER R Xk S OETV AR 2R L 72, ESIRMEGE, BEoHE
EEZ LT, ENBNOEIIZITbAa»o%, 2L C, HEEETHERHEL 3R EMY
Toie,

8, WMICHK-oTiE, 10YAHOFMEIX2 ml &L, HEEEAE LT 2Na-EDTA
e,

3) DNA ot

BeBRE D S BRI X N KA MR O F RIS X H + — /L DNA (#% DNA + mtDNA) %
fihil U 7=, DNA @filiHiic i DNA Extractor WB Kit (FGfiZE T3, HA) 2Hwk,

4) 7347 —

AHETHWE 7T 4 < —i%, %705 (Holt, et al., 1988; Shoffner, et al,, 1989;
Iwai, et al,, 2002a) THVONE LD LEAMTH S, AVITRIVLIFRTI4 -0
FloHy 4 bix, Anderson & (1981) 2k - TRl & 4172 mtDNA OBERITIZN- T,
Fig. 3-2 KR L7z, 7’94 2=, B#HOPl (XZ7VvAF FRT L a v 7,901-7,920) &
D P4 (14,220-14,201), 3 L UiE# o P2 (8,282-8,305) & Efl P3 (13,650-13,631)
D2DT 54 2 —ky PHBHWENT,

5) Polymerase Chain Reaction (PCR) 44f

AT, TP LREOERE MIDNAZRHT 2720, 20ng @ b—F IV DNA %,
05uM754w—w ¥ 0262y bDEX-Tag AV X 5—¥ (i AX) 24
AP0 p l ek, Sefiifge (Hayashi, et al.,, 1994: Ikebe, et al., 1990: Yen, et
al,, 1991) LEBROFHETHEIBL 72, BIEDODIZ 2O 774 v—y PBHVENE,
BHIOPCROI 7 v ¥, MO TS 42—ty +TH 3 Pl & P4 2Fwi, DNA ¥ —
w4 75— (TRS-300 ; BIEA 2 A, HAE) A\, DNA DEELEEDT DI 94°C
KEWTESBGRE L 728, 9, 94°CT300 (&), 54°CT305F (P=—Y v ),
BLOT72°CT 75 % (FhE) iR 3694 Z7ABIT Lk, Kz, 2BBEOPCRI V¥ F

48



Deleted fragment (4977-bp}

8470 13446

acctecelcaccalaa---------- tcactica

------- {gRAC-=+v -+ ----8RAGC-=r-=------ACtACCACCE t-------Caggt---------=----aclag----
| ] | | | | ] |
7901 8305 B460 8469 13447 13460 13631 14220
P1 F2 P3 P4
Primers Sequence5' — 3' Complementary site
1 TGAACCTACGAGTACACCGA 7,901 to 70920
2 CCCCTCTAGAGCCCACTGTAAAGC 8,282 o 8,305
3 GGGGAAGCGAGGTTGACCTG 13,6560 to 13,631
4 TTAGTAGTAGTTACTGGTTG 14,220 1o 14,201

Fig. 3-2 Positions and oligonuclectide sequences of the primers used in PCR
amplification. Primers 1 and 2 were used to amplily light strand mtDNA, and primers 3 anc
4 were used to amplily heavy strand mtDNA,

T3, Wlo 7S5 42—y FTH 5 P2 L PIZFE, 94°CT30%, 58°CT30H, B
g 72°CT 75 WotE% 30 %4 7 VETL 7=,

6) BRXE

WIRZ s PCREMZ AV, 0.1 u g/ml 0)%””513"/‘714 e 25% 7 — A
NV ETERKIETok, ZLTC, PIVALNEIZ—F%— (UVP) ECUV ZEE LT
DNA XY FRAGML, X304 FAHRXA T TREL %,

e, METEAEAEE (CPEO) 0BRFOMADL SR I N/A/RFI MIDNA 2 RS54

avire—nLE LTHWE,

(3) # &

Fig. 3-3 1213 PCRAMOREE T LT3, 2HOWBMFICHNLTIHMORY FL 2

PN S BT, MRS L S mtDNA OREDHENED sk o7k,
-7, 2 Aflo# A HES % G L BaORER Tk, THRE & Iz mtDNA K RERER
(common deletion) »SHIR L 7,

Ny FL A FEROES, BEE A BBREBELICAY FLA 2T @Oy 7
Ah 53 A INERO mtDNA i common deletion RFBH sNledpotz, Ef, Ry FL AL
BESoIMmEY Y 7 uh 6, m#H L b common deletion 338D sk otz, LdL,
WHREZBICBWT, 2 BB Y 7 A common deletion 2SR L 72,
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Bed Rest

<--- 392-bp

Subject-A Subject-B

Exercise

Subject-A Subject-B

Fig. 3-3 Detection of mtDNA deletion by PCR. Fragments of mtDNA were isolated
on 2.5% agarose gels and strained with ethidium bromide. Size marker (M) is shown center.
Positive control (PC) is from muscle of a patient with progressive external ophthalmoplegia.
Lanes 1-3, bed rest. Lane 1, before bed rest; Lane 2, at the end of bed rest; Lane 3, two days
later. Lane 1'-3', exercise. Lane 1', before exercise; Lane 2', next day of exercise; Lane 3', three

days after exercise.

B E A EBROMRE T, EEEBRIOIMEYS > 70513, #BRE A, BEBEEB L
Z common deletion DN FlidA SN ->7, LL, #EEE A ICBVWTIX, common
deletion Lt BB L Z2RIDAV FEAGNT, &E, ZORLAEIDNAY FigRkETIL
<, 774 %—»8% DNA ® mtDNA BT KIG L =65R &£ 2 603 (Iwai, et al.,
2002b), EFEBHOIMEY >~ 7 uh 6 1E, #8E A, #E% B £ 412 common deletion
ZRTRIONY FBHEL, BICHEBREA AN THEAY FikilkLE=, 2L T,
HER 3 HHOIMMEY >~ 740613, #8#& A 128 TIx common deletion 25152 L 7248,
#7554 B ICE > Tlx common deletion D23y K3 - 7+,

(4) & =

FrEDEBEETIZ mtDNA 12 common deletion DEEHAD S22 L REINT
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V1% (Cortopassi, et al., 1990; Yen, et al., 1991; Soong, et al., 1992) , ¥ 7= EMLIZ -
T common deletion OERIFEHBIBIIFMT 5 Z LW E SN, D L5 %2 mtDNA
DEROEBBBLOBERD 1 2ThH s &L 6N T3 (Lunnane, et al., 1989; Wal-
lace, 1992), LALids, lwal 5 (2002a) 1%, #H (EFABBREICE VT, ®ap:
OB IZ 1 B Rk mtDNA 2 common deletion 2SHHEL, #HEo®E® L2 2 L -
EoTHELEZERZBELTVE, %), H{BELBEEOBA, HANER A M-
X - T common deletion DHEMAGNE b OD, FERIFETIRMERT LRI NC
W3, ¥5i, Iwai 5 (2003a) 1, FANREBIAMH L5 Z 5000 HH4E0RE©3 ¢
WAMLERD mtDNA I common deletion 23& 6 7 F9E D, 2o DHTRTEEDE;
A 73 T % 1T o 7= B A 812 2 @ common deletion 2SHE LA Z ERBELTWE, 2L
T, SOXITREPHERTHERLE LT, SMEREIZIT) Z LICE > THESEDREMELE
EATREMERZRI L 2o AIRICE W T, EBEFAERORR TR, SRzl et
Vaizdro e common deletion ZRFAMSEBIBIZHBIL, 95 1 BT 3 OMIcEHEL T
kb, Iwai & (2002a) OWERZHTHRELZRL T0 3,

EZAT, BH S (2002a; 2003a) HMfFolc—HOEREERE H 3 L, SEE% EiGd 2
Hif D B AEREORBIZE VT, EHIERF O mDNA 1232 common deletion 235 & 417
BELAGNTWEWEANH o, BLAEZOREL LT, K4&r MRS 2 B #Ho
BEDSHFEET 2 AL IREL, AFATGIcELTL 20 MEEA 254035 2D Tld A
WHEEZ T, SHEDORy FLUAMEBIZ LD, EHERIE LA SR WEGOWRIETIX
common deletion iIZHHBR L R WIZ L BHHEpc o2 06, BIEAIYET 2 THE: 13
LhEE-EHLIONS,

B8, GEIONy FLAMRBIE3IEHMATHY, <y FLAMIBRE U Ciddd b &
ThHhote, Ny FURMIET2HERID LD LNz b Dng vds, k3~ 530
[, FEIGHEY R NS, ZLT, Ry FLA Mok, imiaiasid 10~ 15 f
AR, AN MR M RAMRSIE 133 L CET ¥ 3 (Miller, et al.,, 1965;
Chase, et al., 1966; Saltin, et al., 1968), %7, RIEOWZLRM & L Tk, DeRoshia &
(1993)ic k5 30 HMD 6 EiRE TIc LRy FLA MR Y 22 R ENH B, F 7=,
Ry FLAMPORWREDOT A Y b=y Zillihic X b, FAESEIE RS n, BRI
DEPREN BRI PWRDT 28, 74V F 525 4 v 7GR ERRRREIE A
5L EIN T3 (Greenleaf, 1997), X5z, Gunji (1994) ® Ishizaki & (1994)
i, 20 HED <y FL R FEEZ TV, Cornell Medical Index (CMI), Zung (1972) @
E ST 9 > RJE (SDS), General Health Questionnaire (GHQ) #z X @ DOBRZERY - 44
AR Z vV, Ry FLRA M X o TS DA 9 b3 i L2 |EL T 5,

FEDORy FLA AR TH o8, b LAy FL 2 BB REEE&E, 9
FIORER &3 FE TR DERNR SN BTN H 2, Kondo & (1998) iF, v PO
Bl LBl 2 WA ClE L, RERMNARETH 3 v F 2 MR 2 BEF i An s 2 4
U7, MENRTO 8 HMcR23UMETL, S HBEIIXMERITHNETICRLY, %
DBEOET BRI 2 T3, BEMcB W, TBA KIGEEYWE (TBARS) @ L&
PRHONTED, ITHREEG CONMEMEBLEGOMERZRIRLTWEbDEEL LN
feo Ffe, FMEHICEWTHRIII VS F A4V BNML T, RS VEF4 v O
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LR BT TEINIF ALY 77— DFEED FRLTWwi, 202 Lk, Hkh
DRSO EMDB TN FF v V¥ 7 & —PiElkokngeg Lhl-7-7-%, fEs LTl
BMINYFAVRERLEDDLHFLONS, DY, BHEMIZET 5 TBARS - E{LE &
NFFF D ERIE, FHMBIEBWTRENA N LABEML T2t 2RMLEZbo L
EZLohd, £, ERHS (2002) &, 6HEKBO T v b iz 2 HMHOBEBERF,
WMDY 5 XD mIDNA ICKARZBEMBIER L -2 L 2FEH LT3, 2B, 0D
HERBHCORELBE, 2Fh e Pz TRBOEAMRD shzhEPEWV I HICD
WCISRIBRTH 2, ZOFEICO2WT, WEDLE A, EREBohTwviy,

ROBEEL LT3, mtDNA IR REER% HE X 23 EBE M OMESS E i & 2 »
EWHZEEHGHPICTZI LIRS, TOFERBILT A0, BEAMN 2 IENIC
MBL79 AT, SHMEBELEREZITI 2 LBBETH B,

(5) /N ¥

t b mtDNA DA, 4,977 bp DEIOREMEEICASNSE Z L5 common de-
letion & MEENT W3, Fald, THIMORY FL R FERE X CRFAMETGREE T,
ENHIR LTI 52XK mtDNA O & 2 DHEOTREZ - 72, IUEY v 7 i, 2
ZDOHEOHEE,PSG Ny FLAME X CEBOMBIZEB I, PCREI YOS N,
Ny FL A b BBENC I mERE & b BMERO mtDNA 2 common deletion (338 &z
ofr, i, Ry FLA MRTHRICEWTS common deletion IZHIRL o 7228, 1
ZOWBE BT, Ry FLA TS 2 B2z common deletion SHEL 72, FHA
D EER DA, SEEIBIERTC TR & b FlBRke miDNA i common deletion i
Bonhdot, LLads, EEKRTHEOBEIZ common deletion SHIRL, 14D
HEE T IHBRMEELE, 2D F—2I13, S0~y FLA FEIZIE mDNA O
common deletion AIHELL Zeds o F53, I IZ 1% common deletion 2SI L7 Z L %2R
LTw3,
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E2H BRA3EFMOBEBEIILIA—FICELD mMIDNA OTE
(1) EUoic

§ha v FY7HEEITNh 2 GEOREBICHEY, B, T O, BLU0FEHEOLEI &
TR T mIDNA I S ERDPRENEHT L 2 L BHEIN T3 (Cortopassi, et al., 1990;
Yen, et al., 1991; Corral- Debrinski, et al., 1992; Cortopassi, et al., 1992; Wallace, et
al., 1992), Zh50R%D 1 DA LEFOERICHEEICR bR B 7%, common dele-
tion & MEEA TV % (Schon, et al., 1989; Corral-Debrinski, et al., 1992; Soong , et al.,
1992; Chung, et al,, 1994), Z @ mtDNA ®&R%&l, t F OBPETIZ 4,977 bp DEZ T
Hb, o612, TOMDNARKREB LIFLIEBHIK L THERINZ ZEWES LT
% (Hayakawa, et al,, 1992), #®7-®, mDNA OZBOERIC Lo iR h-i
L) LS OIE T 3B ORED 1 2TH 200 Lind v E#iZE X T 5 (Lunane,
et al., 1989; Wallace, 1992},

— AT, MVHEHEISERIIIRA PV ARBFERT S LG EN TV S (Brady, et al.,
1978), &, BLINA F L A2 &> T, mtDNA HBEIERET 2 2 LBEIRTHS
(Richter, et al., 1988), mtDNA 33X b2 v FY 7O EBEEELTHLEY, 3 Ffay
FUPIEHEBEORERcH2Z &5, mDNABEMENA LRI L 3EHZ2ZTS
TuhblhhniEZ oN T3, ZRIINAT, mDNA X DNA O L) RHEHEO -
HOEALVERGTED, ¥285N 0 DNABES AT L2HoTwRWI EAHSH,
ko T3 (Bandy, et al., 1990), 6T, =72 AOFEET TR, £ENICEIT
HENH OIS L P AN X5 2B U7 iHIEEREER, AlbkEPe Fexo il
SV HNG LB & 3 (Chance, et al., 1979), LMo T, TN DRWN2HBET S &,
mtDNA DRLERIE 2T 2Ltk o THBEI VB2 X cBbn s,

L Ladis, ZhETe F2gic, @il: mtDNA REZROBRE DS 29813
Pipv, Iwai 5 (2002a) 1%, @EELHFOCHEBREIRHBANEBZTI LR E-T, AL
RO MDNA I /REHIHRET 22 &, BLUKEHBROREERICIZZDREMNHEELTZI LR
WEL 7, 7, Iwal & (2003a) &, FAMEBIZIT S 05 5 miDNA IKREVR S K
7o B HOBERBF I B W, MR ORI RENEE L L 2RE LT3, 20
B, EEIRTOHEEBICBOTTTRREBRONTWEZ LICzdd, ZORKELE LT,
mtDNA QxR Ez 5] i 2 ¢ I GEI A ICBIE?FLE L, RAWERPOEBEWZ DR
EEMZ L TREEZEH LT3, 360, BHS (2003c) &, MIHMO~y FLA &
BafTyy, MEEIERNT LA ERWIREBIZBWTIE mDNA ORERHIFAL ol b %
WEL T3,

2 2C, BT, o mtDNA O&KEZ G| &2 T EGIEE OBMENTET 5 Bk
MRS 5720, H—oRECE N L2 BEoATMOEDERZ Ty, EEATORITIC
Lo T miDNA OREFERDOHIRTIGE VR R SN 3 2 ) 2MPOLZEEENEL
1o
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(2) A &
1) gLy IA—LbRaAVEY N

AR P L—=v 72 LTuh @B aRiE 34 (F9EH : 20.3 £ 0.4 1) 2352 Off
RICBINL Ve, KPAROEER 7 2+ 2V ERBRIEHRAYOMBEREARIC L > THEE SN,
AR, £, ANHOMBEENRE THTHROLD, ~VIVFHEEOHA F74 v
o THEIES Nz, BEERE EEOBMANE I > w T 2R R, SINREECE
#ilte, 2LT, Bl X 3 WHOEEF =y 210k D, BAMEDE1T) LTERIE L
ZERMERL e,

2) EEhEmmH )y

BHeERE L, EEAMEE X 7 2 BOEB AR ERZ EML 72, EHR7w F 2413 Fig.
34 LEEYTH B,

1A HoREEEIIROME D TH 2, £7, 650U 7 HEOKRBEHMZRRIT TV,
ZOMHRE, BB IIEEN R HEEGET Y, RNEE A, 2 LT, R
279 ANCERILZ FTVvs, 2 ml DI Y v 7% IWEE U 7=, BRIMES, Belfcs ik gl v o 2 —
F & AT, 80 WOAMDER% 60rpm OMEICE WT 30 oMHEML 2, Z ORFAMM
B2 L7213V 20 Il & UCGEEOHBEEGZT Y, 200K 2ET 22
fro SOV AWM, EIE2 HE, 3HE, B8LU06 HE &L, S 3MODI
Wy TrIEL 72,

20 E oFERCE, A—Eicx L, AROERER 72 b 202 v CGERI) A TSR Z 1T
Foo O DHEESELETIE, EIIERZSIT 2 OWIZEZ, ZOMOE&MEEL B—IBRE LT,

3) mtDNA Ot

SRR 1 E mBRAMIE 2 & DNA Extractor WB Kit (FEME3E T, HA) 2HWT, F—%

Blood sampling

1 21(]3 4

1 ] Al ]

I 101 i
Rest Exercise Recovery

| ] | | | | | i | ] | ] |
I 1 I 1 | I I I [ [ | | 1

i |
] |
0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 ({(days)

Fig. 3-4 Experimental design. All subjects performed exercise on one day. Four

blood samples were withdrawn from each subject, once before exercise and three times
thereafter.
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Delsted fragment {4977-bp)

8470 13446

acctocctcaccalag-y-saee-- tcactica

tgaac aaagc aclaccacct them-mne (032 To o — actaa----
| I | | | | |
7901 8305 8460 8469 13447 13460 13631 14220
P1 P2 Pa P4
Primers Sequence5' ~ 3 Complementary site

1 TGAACCTACGAGTACACCGA 7901 to 7,920

2 CCCCTCTAGAGQCCCACTGTAAAGC 8282 1o 8305

3 GGGGAAGCGAGGTTGACCTG 13,650 to 13,6831

4 TTAGTAGTAGTTACTGGTTG 14,220 to 14,201

Fig. 3-b Positions and oligonucleotide sequences of the primers used in PCR
amplification. Primers 1 and 2 were used to amplify light strand mtDNA, and primers 3 and
4 were used to amplify heavy strand mtDNA.

JL DNA (¥ DNA + mtDNA) Z#HBL 7.,
4) PCR HMRDEDBDTIAT—ty K

COWETHWE TSI v —Xy MILTWE L FfETH -7 (Holt, et al., 1988; Shofl-
ner, et al.,, 1989; Twai, et al., 2002a), AV TXZ LA F F 754 v —OWF DY A b i,
Anderson & (1981) iz & - TiB & 17 miDNA OB ERIC -, Fig. 3-5 ICHiEH
WL 7,

5) PCR &#7

b EDEREOERE mDNA (ntDNAY) 2T 5778, 20 ngd +—F L DNA %,
05U MDOTS42—Ly 02522y FDEX-Taq RV X F7—-¥ (g HE) 2
ST 10 u l oo T, TP (Ikebe, et al, 1990: Yen, et al., 1991; Hayashi,
et al.,, 1994) XAROFETHIRL 7=, BBOZLDIZ2HOA VIR 2 VEFFTI4 2 —
v b (B Pl (X7 VA F FPRY L 3> 17901-7920) L EHD P4 (14220-14201),
£ XU P2 (8282-8305) & P3 (13650-13631)) Zsfwv:boinie, BWDPCROI v Fid
WD TS5 4w —ty FTHs Pl EPARMHES), DNAY—AYL F5— (TRS-300;
SRS 2, AZER) W, DNA ORLLEND I 94°CIlt BT 5 oHIRE L 721,
¥4, 04°CT 308 (ZHk), 54°CT 308 (FP=—Yv), BXUT72°CT4H (fiR)
D% 30 94 2 VEIT L7, I, 2BMEOPCRIV VTR, A7 74 v—ty
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FTHD P2 L P3RMoT, 94°CT25H, 67°CT26H, BLUT2°CT 26 HOE{EL
26 44 7 WBTL %,

6) BRIXE

WIEE L PCREY® A, 0.1 p g/mlQRMZF OV LR2EL 2% 7 Ha —R Y
NV ETBEKEIEfToR, 2LT, FIVALANIZ—F— (UVP) LTUV2EHL T
DNA Ny F2AHELL, 8704 FAX 72 TREL &,

ks, RYF47avbu—nEe LT, METEMBEHE (CPEO) OEEDHAM S IR
B L 72 %2 mtDNA H3Fiv & iz,

(3) #& R

FA N PCREEZRWT, BIEHEIA T A -5z X 2R AR ORIEICE T 2 BBk
mtDNA DREEZFE (common deletion) DHEMERM %, 2BEOEBAM OIS, 80
WOEEE T IC & 2 HIMERD mtDNA 1254 3 common deletion @ BB Fig. 3-6 (a)
I, %L C40 WolBE R IZ X % common deletion o HERILIE Fig. 3-6 (b) IR L7z,

SOW D EBY BT EFR DS A, HWEEL2E I B W OEDIE S & common deletion 7388 &
i, £, EHiho 2ROV Ao b, £EIK common deletion 238 &5z,
ZLT, SHBOY Y7513, £BI2E\ T common deletion 25 Lz, 6 A& ®
T INTE, B A L lRE C e, B common deletion A8,

40W OEIE KRR OHE, B A L #EE C 2B\ TRETIRT2» 5 common dele-
tion 258D &Nz, ZOWMBERE D common deletion i, E»r S 2 HEBEOY Tk
EBIHRL, BIRE A TRZOBRDIEREMEBLLEETH o0, BHAFHEC TG
H#I U common deletion 2884t %8, #EGE B WL, MY & &I
T—H L T common deletion 2388 & ko 7a,

INGOEEREMNS, 80W OETIAMIC B VW TIRETIE T » & 2 iz common deletion
DL Z20ic L, 40 WORETH AR 0410 13802 i U < & #3148 13 common
deletion BB L edr o e & E WS iz o7, Z ORI, HELBTIZITRETH -
72,

(4) & £

Sakai & (1999) I, RWETIC X >TF vy F OEEEPO mtDNA CRELFHHY
BllltZRL, 2L CRBEINIC L > THERINZBENA B LAY mtDNA QR H%
BREEZT LB LI, £, Iwai 5 (20022) 1, 2 AOBERE BT B I A M) %
WUT, & hoHIMERO mtDNA T common deletion 28 L7, ZLTC, =@ common
deletion IGEBIEBEHRBERL TS HEL, Z20HBOV A Y-k b MERTEZ L%
WEL, 354z, Iwai & (2003a) &, MBYRTO HEETFOWRETT TIRRE mtDNA »3
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PC1 2 3 4 M 1 2 3 4 M 1 2 3 4PC

(a)
80W

{ < 392-bp

PC1 2 3 4 M 1 2 3 4 M 1 2 3 4 PC

1 < 392-bp

Fig. 3-6 Detection of mtDNA deletion by PCR. Picture (a) is the case of exercise
at 80 W on a bicycle ergomeler, and picture (b} is the case of exercise at 40 W, Fragmenls of
mtDNA were isolated on 2.5% agarose gels and strained with ethidium bromide. Size marker
is shown in (M). Positive control (PC) is from muscle of a patient with progressive external
ophthalmoplegia. Each hand on the length of 392 bp in the piclure shows the common
deletion, Each lane on the picture for all subjects shows the foliowing condition: Lane 1, before
exercise; Lane 2, two days afler exercise; Lane 3, three days aller exercise; Lane 4, six days

alter exercise,

ﬁGﬂTwKSAQMﬁXLHAﬁwdm%ﬁott A, EHRE D S BB o
common deletion 2R LA Z &2 WE L, LLLEMS, 2LEEEELLE, —0
Iwai & (2003a) 0% ‘@ﬁ%f@,ﬁi%%ﬁé@%i?&?”@ﬁﬁ*ﬁo?m&wm
B o cdhoTh, MENToBBIZE T 5 H@H%~ﬁ®HmeNA®/ S
EPBbhTtwi b wz s, ZoHfk2wT, Iwai & (2003a) iF, 4 %W -WJ-
B,mmNAKk%Kﬁ ol &t o M AT I IIBIESH b, | %iﬁ®$f%fM#
O IHiE % hsdh B EHEgE LA, L L, BSmdis, SReh oo SEE) S a1
‘lﬂ'ﬁié‘#’t’(#o%f Féﬁﬂﬁ@ﬁﬂ:@?ﬁ'élﬂzkowf BRI NLETIct EE>Twi, L
oT, BB I DL LBESTFETZOLENITOVT, 202N T 22 DYL
o3BT H - e,

ZDE) BT, AMHS (2008c) REMMORy L2 b 3ERE R, SEGa R i
SR U 728582, mtDNA O REGBERBHET 208 I hulr ok, 21T, 20y
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FLAMERIZE > Tikcommon deletion BHEBE Lol b 2HELE, 084
5 (2003c) OWfFi, EEBEOEROMER2EHRTAETTRESZVDHOO, EHE
HW2E & A ERVIEEITIE mDNA OREZBBMESICHE L 2w L 2ELDH B I iz X
D, —HOWEL—HRHEI b DL WR B, B F 4 BRI 2 BRI oEEfE I X
LZREAMIERIC L ) mDNA OREBHBET 20 E I pRERTE L Thot, Lidio
T, ZOBBELOEZ B L, REIIE, AHS (2003c) OUEL2 E st —HEDEZE 5B
D EMETITENG,

APIE T, FE—BEEcN L T8B23 2 BE0ETAaR I L 2 /RAMRER 2L, &
TR OE Y IC & - THIMERO mIDNA 281 % common deletion @B OWRIHI R % 5
PEIDEES T, LT, TRTOHPEHZICE T, 80 WoETIAMOBEAIIE mtDNA
iz common deletion 28RS 323, 40 WoOEBIEM IR LW b, L
MoT, ZO40W L 80W OEmN AR M, common deletion % I X ¢ 3 7o DRHE
DEAET 2 THEHEDS ) s A B,

AWFFTIE, 40W B LU 80W o 2 BB 0@ Eh BT % B L 7228, BB oL <z
BIAAERH B, Lieh->T, ThoQERARIEERI EOBREOAMICHEY T 2 2 135
HIBETE TR, 9%, BARKEREL EOBE2EEL LT, 20/ %Iz Y
THZEMTHAPLVIAWBTRET IR E, v NVofAZOHEE 22y - T3
HERHBEEI OGNS,

(5) /I #&

LTI, 2EEOAMICL 2 QEEI LT A -2 HnkE BT k-l 3
N7z K%L mtDNA QI L EEROTBERA:, 3AD ML -7 L Tkt i
(PIg4EN : 20.3 £ 0.4 5%) BEBEIL I A —F 2 H\, 40W & 80 WOIEBIAR 2%,
60rpm DM T 30 FHEDEI) 21T > 72, BSHPERE QIR > 7 i3, HEBIET | [ & B
JEDE 4 BUE X 17z, BB Sl E 47z mtDNA I3, £ A+ PCR % VT BE
I, girEnd, 80W OEIIAMEROSE, #RE2E B COEBH2 5 common
deletion 2588 6z, 7=, SBEKRTH6 2 HEBEOY > 7Ah 5%, ©EIZ common de-
letion 238 6 t-, % LT, 3HBEDOY > 751k, 28 ® common deletion 251#4%& L 7=,
6 HBOY v 7 Tid, BRE A L 3E C T, B common deletion W, —7H,
A0W DT ATTRROES, #5E A L4l Clo B T EBATA & common deletion
BED SNz, < OWj#E:E O common deletion {3, E@h» o 2 HBOY Y 7 Ahs L)
R L e, BEEE A CTRZOBLAIESHEME LT ETH oY, YERHECTIZ6 FIfE
2T common deletion 23Rz, &R, HEBE BICB T, EERT &I ¥ T—
H L T common deletion 25528 6 ¥l oz,

PR CIE, F—BEE N L TR 5 2 BRI OEBE M I & 2 AMET 2 EE L, 3
BEFTOBEWIC Lo THIMIRT O mDNA 1281} % common deletion @ IR ORNHIE 2
Ly RN, Z LT, TRTOWPREFICE T, 80 WOEBIE OFE 12 12T
%o FEinBke> mtDNA 2 common deletion 258 L 7248, 40 WOEBIEFT L 2w
ZEbhirot, LMo, D 40W L 80W OEBIAMOMIZ, common deletion %
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HHIR S E 2 - 0 OBIEDTFET 2 FREMED ) 22032 3,

%3, FHIFETIE, 40W B &K 80W @ 2 B OB & FT 2 3T L 7208, BREDE L
RVICIRBAZBH S, LizdioT, IhbDEMBERIC POREOEMICHYT 3013
HERRETE TRy, 98, BABRREBNEL P ofgEr Bl LT, 2of%icH
UTBZEMTHIP LGB TRRTILYE, AL RAOBAZEOHE Ry F -7
HNEWH B EELGNG,
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38 BHEEIIIIA—YICED MIDNA OER
(1) FU&IC

ShavRYPHERENTOIREDEER 2R > . BEOM, I, O BLUEH
ik EOMBICE VT, mIDNARBEEBRDPREDIER LT 5 Z LD3% { ORITHIE 3
£y NTvw 3 (Cortopassi, et al., 1990; Yen, et al., 1991, Corral-Debrinski, et al., 1992;
Cortopassi, et al., 1992; Soong, et al., 1992), Z#15DRED | DIXFE U EFIHER Iz 5%
b a7, common deletion LIRENTWE, ZOREDEIIE, ANO mtDNA
T 4,977 bp ©¢#H % (Corral-Debrinski, et al., 1992; Soong, et al., 1992; Chung, et al.,
1994),

5, BEOBEBBENATH, BltboTZDREEF -7 mDNA OBHEINT
2oL PEEINTWA (Hayakawa, et al,, 1992), Z D7 ®, mtDNA SBAEROERIC
FoTlZENEI bay FY 70BN BLESREH D& T HBLOREAD 1 >TH
Z2hLitkneELoNTWw3S (Lunane, et al,, 1989; Wallace, 1992),

k72, mDNA O#EER, BEA VAT THENT 22 LA enTw? (Brady, et al.,
1978; Richter, et al., 1988), I Fa v FY 7HTHE, BRAIHZL D A—nR—FF2F,
WBER{LAKSE, BLUE FRF Ly bk ) RiHEBRERR (ROS) 23¥4T % (Chance,
et al., 1979), EHBNKFOBREEERIZZLEGD 10 ~ 40 FI2bNT 2720, S barv iy
TOBFEERIC L > TERI N ROSIBEBIC & » TRAMIKHEKRT 5, 2D &9 LBUE
T, mtDNA OBEHIFBICIHET 2TRENE Y, Z2LT, ZRIZMA, %DNAKS
2 RBLOBEERT AN ydhWwI &, 2L THEDNA TFhhTwa LI LE
WA EET 27 O0OBRTS TRV Y, mIDNA I3 DNA LTHRE - Bk
Eas% { B eiTwv s (Bandy, et al., 1990), oD\ DHDEHE, S, SELE
iz & H mtDNA QEEIERT 2hb LhvizwiEEZ o,

20k 5T, Sakai 5 (1999) &, A ARAY—F Ty +rOEFAMEHBEEHOL F
ay FY 7T, Akt ——o— Pl ko T mDNAWCREZEL BT EeRE LT,
%7, Iwai & (2002a) 1%, & F2NRE LT, F AR BREIRANLOEDZIT) 2
itk o7, AERO mDNA K RREAPHRT 22 L, BIXUBBEMOREILL>TZ
DREDIERT B LRWME L, &6, BIS (2003c) &, WMo~y FLR MH#
ki, Xy FL & Mok EBi s 2 i fIR U 22881210k, 1HIMERO mtDNA X
HBEL W L RS LT, 2LTE 0, HEEIAITA—22A0T, ElifH%Z
40 W & 80 WIZZ A2 THIA M Dl 2 1T - 72354, 40 WTId mtDNA & REFHE L 2023,
SOWTITHIET 2 2 L 2TE» D, 40WE 80 WO mtDNA o RIEERPHAI L HH
EOHET 2 TR 2R L, ¥, N6 ORROE, EHnTo 3k H BRI En %
W, EROHEEERZ T LIBER LTV 20b 6, HEETO HIIEK mtDNA 2
Tz common deletion 2352 65N BFHEDVH o7z,

7 2, A cit, EBEC common deletion 255R& & Wiz % NS REAE D)
#f7v, mtDNA OREER 2RI TR 22 ik D, mtDNARKERD
FAF Iy 2Bl oOnTEELx,
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(2) 77 &
1) HREELDPA Y T7a—LROVYEY R

BENE P —o v 72EEL TR WEE LRl 54 (CFEER: 20.2 04 8) 232
OWFRICEM L 72, SRREF I EOKBRABFICOWTEHIFALZZT %, SNREECEY
L, ¥4EMIC X 2BEMOEEEF v 712k DEAMER % 1TH ETERIR W L 2R
L,

2) MEEERICKZER

AR OEBREIT L, FIMRIZERKZEOMUBERICL > TS, RFI N (K
R#S ' No. 65), 2LC, HMIIAHOBIREZAWATRIET I~V VY XEFON
A P74 vicih->TiThhtiz,

3) Egh&Hm

EE 70 F a— i3 Fig. 3-7 2R/ L,

A PBE EBIMT O 5 BRIGER O ARAEGEZRED, MG EBZ2ThawvEdicL
T2 RIC, BB EBEILITA—% ET, 50~ 60W OEM T 60rpm OME L,

Blood Blood Blood Bleod
Subject-A, B, C Sampling Sampling Sampling Sampling

Rest Exercise H H Racovery
| AN

Blood Biood Bleod
Subject-0, E Sampling Sampling  Sampling

Rest Exercise ’_—l Recovery
t 1O O Ol I_l i

1 | |
| = i I I I | | | l | I [ 1
0O 1 2 38 4 5 6 7 & 9 10 1 12 13 14 (days)

O :Exercise
[] : Blood sampling

Fig. 3-7 Experimental design. Three subjects performed exercise on two days and

two subjects performed exercise on three days. Four blood samples were withdrawn from

each subject, once before exercise and three times thereafter,
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30 HEOERE T -7, HEREOLART 1408,/ 0BRETH -2 Lo, BRRBEH
D 50% (50% VOamax) BEOHETBIAF TH2 B oz, 3AQHERE (A, B, C)
%, 2ARGESETI NI A -V EEFET ok, —H, BHO2 ANo@EE (D, B) E3H
RpEE CEBE 2T - 7,

BAMEBOBATT A, ROOIIEY v A8 EREN:, 21T, RERREZHARS
2%, #EEA, B, BXUOCk2WwWTiE, EEKETHIEA, 2HHE, BXU5s5HBEICM
WYY TV REEIRL 7, $£72, BEEEDLEIC oW TR, EIMKTHIEE, 4HAH, B
U6 HEICRILL 7=,

BEEE, VAU R BTEECEEOEEEFICRD, SNER R,

4) mtDNA O

DNA Extractor WB Kit (FIYeHige T2, HA) % v, #Ess O RMM o 15 RN
e =40 DNA (2 DNA -+ mtDNA) Al S,

5) PCROWMODEHDT ST -ty b

IOWETHbN T4 v —ry M, Holt 5 (1988) % Shoffner & (1989) (= k
hEdEh T3, 7794 < — D8 & fFd, mDNA LofZiE s & i Fig, 3-8 IRk L 72,

Celetad fragment (4977-bp)

8470 13446

accteeetcaccalaa------~—- tcacttca

------- igaac aaage--------actaccacct | acctccctoacca|tt-----caggt actaa----
l I | | | | |
7901 8305 8460 8468 13447 13460 13631 14220
Fi P2 P3 (23

Primers Sequences' — 3 Complementary site
1 TGAACCTACGAGTACACCGA 7901 to 7,920
2 CCCCTCTAGAGCCCACTGTAAAGC 8282 to 8,305
3 GGGGAAGCGAGGTTGACCTG 13650 to 13,63i
4 TTAGTAGTAGTTACTGGTTG 14,220 to 14,201

Fig. 3-8 Positions and oligonucleotide sequences of the primers used in PCR
amplification. Primers 1 and 2 were used to amplify light strand mtDNA, and primers 3 and
4 were used to amplify heavy strand mtDNA.
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6) PCR 2

HTPRRORE mDNA (mtDNAT7) 284 57%%, 20 ng® F—% LV DNA (%
DNA + miDNA) %, 05 u MO 754 =—%y b L 0.25 2=y b®EX-Tag KU %5 —
¥ O(EE, HEK) 2&AE 10 u l OWmBiohT, &T0% (Tkebe, et al., 1990: Yen, et
al,, 1991; Hayashi, et al., 1994) X FEEOFETHEIEL 72, HiEDRdIz 2804 2%
ZVEF 7T IA4%—ky b (BHDO Pl (R2LAFFEY Y av 1 7,001-7,920) & EH
@ P4 (14,220-14,201), X ' P2 (8,282-8,305) & P3 (13,650-13,631)) A3 5417,
BHOPCROI Iy FRMIO TS 42—y FCHB Pl & P4 %o, DNAY —=
A 27— (TRS-300 ; EIA 7 A, HA) 2, DNA OELLERD DIz 94°ClZ
BT oHERIRLZE, £7, 94°CT30# (i), 54°CT308% (== ), B
FURT2°CT45 1 (hR) OHfER 3094 2 VBT L1, Ric, 2BEOPCR 3 v KT
X, Ao 724 ~—%ky FTHB P2 & P3%liot, 94°CT 25, 67°CT25F, Bk
T 72°CT 25 B OO{ER 26 W4 Z VEITL 7,

7) BRKE

HMiRE 7 PCREYMZAV, 0.1 p g/ml OB F VI L2E&L 25% 7 H 0 —AX )N
BB 2T, 2LTC, DNARYVFR2FS A4 LI 23—~ (UVP) LUV
ZWHLTHRILL, BI04 FAXSTRYL -,

¥, BUETHEIIRGNAE (CPEO) ORE OHRD SRS Nl R miDNA »3, R
VFs7aviu—isLTcHwER,

(3) % X

H1IMBR D> mDNA R FEER (common deletion) 13, EBIPIRET, B L OED% 1 A E
iz 5 AR opiliRE ciled sz (Fig. 3-9a, Fig. 3-9b), L Ludss, ##EA, Bk
X UCIzowTlE, mtDNA ¢ common deletion I&BAE TH 2 AR EE L, -
BRIZ, BRED L Elc2w i, common deletion 3 BHET# 4 BB IEY v 7 H
OMELAE, ZOBK, WREB L CTIHETKTH# 5 HEIZ mtDNA O RREEIHFUR D
NnFedd, PUERE A TRREKBR N o7, F, #EH D OIEY » 7 cl3, B
T 6 HE common deletion WEUE b 08, # E Tk common deletion i3 5,
oz,

IS OREIE, FBERO common deletion %, SETFATOMEIC BT 5 ADOBER
FELBIZHB L T8, common deletion A MOME 70 75 AR THBODE L &
b4 HEE T AMERO mDNA 6 HR Lz L2 RL TV 3,

%8, FILERO common deletion (&, #HEME S HEH 23 6 TR 5 A DR
SATHUEHELTw3,
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Subject-A Subject-B Subject-C

M 1 2 3 4 P M 1 2 3 4 P 42 3 4 M
Pre ist 2nd Sth Pre 1st 2nd 5th Pre 1st 2nd 5th

(a)

« 392-bp

Subject-D Subject-E

PM 1T 2 3 4 1 23 4PM
Pre 1st 4th 6th  Pre 1st 4th 6th

Fig. 3-9 Detectiornn of mtDNA deletion by PCR. Fragments of mtDNA were separated
on 2.5% agarcse gels and strained with ethidium bromide, The size marker is shown as (M)
on the photographs. The positive control (P) is from the muscle of a patient with progressive
external ophthalmoplegia, Each band of length 392 bp in lhese pictures shows the common
deletion. The results of subjects A, B, and C are shown in (a}, The lanes (shown for each
subject) were run with material obtained under the following conditions: Lane 1, before exercise
(Pre); Lane 2, one day after exercise; Lane 3, two days after exercise; Lane 4, five days after
exercise. The results of subjects D and E are shown in {b}. The lanes (shown for each subjecl)
were ran with material obtained under the following conditions: Lane 1, belore exercise (Pre);

Lane 2, one day alter exercise; Lane 3', four days alter exercise; Lane 4', six days after exercise.

(4) & &
Z i ATRERNC & - TR ShBREWA b v 2O 2 8% 7 0F

g oI x T3 (Gee, et al., 1981; Alessio, 1988), LrLiass, Ihs
OWFRE, B AN RE S Tz, Sakai & (1999) 138Uz BRI o » b
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Subject Blood sampling

1 2 3 3 4 4
A + + - -
B + + - +
C + + - +
D F + - F
E + + -7
g P et Do -
Rest | ExerciseI | ! Rlecovclary | |
Pre o 1 2 3 4 5 6

Fig. 3-10 This figure shows a summary of the results obtained. The symbol "+

Indicates when the common deletion appeared, and "-" indicates when it disappeared.

DEWHO mDNA KRREEREZRITIERRL, 2L CAMNDERNI X>THEHRINT:
B{LIA F L ADI mDNA 28R X2 L L 7,

FWFETIE, AIERO mtDNA4977 /R, BMOEHZToTwhWEED I 4 7 A
FAVTEIG L T 5 5 NOBECE A H & BRI T cleiitis hik,

IOFERIZOWT, BT LI wul2r0nidErE2 505, 1) HERIOS5HMD
REEHAR L, B IR T R 2 2 K Y BB SN T wkeds, 2RO FEIIY 2
4T AT ANDOEERRN, 2) BREICEEN R AEEREZREZ LICERL TV
D, BRECHHOETERIEEICTP 75 4 7THokpb Livizy, 3) K & fHE 3
HBLINA T LV ADBEPRL->Tw3, 4) #EREETEIZ 2L 6T, 7T
common deletion ZFER L Tz, 5) MELS I REE RO MBI B % TUFd R0
777 —DEEL, EEX b bIMWEEES L,

1 FRADQWHEMEID>WTIE, BEEMIY A 53y 7 HBENEEI NS 2 L h s B
EHHEHI b, £, 2FBHOTEMLEIC 2 WTIE, FHBIER BB &M O miDNA4977
WA B ELRITH B0, WiaRE T LML, $£7, 3IBEOTH
HICoWTiE, BHZREHT 2700 a%i kv, 4BEOTENIC 2 WTIE, Wi
I DWIRI 3~ T OB T common deletion 28 —IHIZIYE L 722 L0 5, 2 OTHEM:
BhwbotEILoNn3, BEI, SHEEHOAMMIC2WTIL, ZOSBWOWTEREL $-
D Thy, SEOMERZEL THO 7 77 ¥ — 1220 CTHIR LT {BERDH 2 2
b Lk,

Holt & (1988) ic & %1%t ¢, Kearns-Sayre JERH & B U:E1T 1A IRAGHEEL (CPEQ) % ¥ -
T3 EED 30-50%%8 mtDNAOTT DRELERERLF2 2 L &, mtDNA4977
REBERIZET, TAYNA IO LS RENFICEREL 7-H, Hawid#Ehictkot
EWT A5 LathhoTw3 (Blanchard, et al.,, 1993), L L7%dts, AP, B
IMERD mtDNAOTT RRALFEHSEB ORI 5 HEEEIT 2 2 L 22 TWwiz 5 ADFE  {a
REMCRNE N, 207D, TORFEBZ—BRNZEBHEFATOLELIIECI 2L
Abihz,
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A I BRIy DNA BB 2 R T 20 iflhbn 3 TRTONRL A —H—D T, 8-0H-
dGDLANRBERGEHeNZ 00 1 oTh3, Viguie 5 (1993) i, Rrho 8-OH-
dG L-Ubds, 65% VO,max i23\>T 90 Sz = 2 — 388 3 Hi 0%z, 24 R
EBIRTO L AL DB & % 400 pmol/kg/ H» 5 8 & 2 300 pmol/kg/ H T L7z LR
L7z, 5142, Inoue & (1993) i, Bi:oKIGEFETO 8-OH-dAG D FRrbiEiEs Hsyul ) 7
Fo—=v ey yaroBic s4%mP L2 & 28&E Lk, Inoue & (1996) 1k %7,
B O RERTF D & BB D VU > 8BRO DNA T 8-0H-dG DL AN% R, EBE
BRIV REBK 14~ 16%0MINE, &6 IEIKRT S 24 M CETHITO L <)L
LT H4%DETR#RE L 7=, 61 E 7, 40% VO,max OMEHC BT, HIK KA
8-OH-dG Lz B\, HEHES L 1 KSR 16% D4 6 Nnkds, 24 iM%
HEHHIO L SVICR - 72 LG L, T s OREIEERLIED DNA BB OB AN E 1 E
ek o TIRESI NS Z L 2RET 5, Lidi- €, BEELETIC L > TR LNE mtDNA
BEOEESRE I s THRENH 5,

e, B E AIRIZE T2 mIDNA OBWIZOWTHRETL Tk L EEXH 2, Hart-
mann & (1994) %, Single Cell Gel (SCG) F A F % VT, MEMEIC & b o IMiEEIE
DNAHEBA N B Z E2ME L, BAREIHO DNA ~OREDs, fElRsed: (e 2L 14
(AT) ZBATOEH 7w F a LOBIFEWTRIBEN I, 2070, GHERE L olihE
I, BRI E VTS, mIDNAY7 RS AMBRTHRB S, 2 LOEbhz & -
THAINT mIDNAY9T? RAEEDE WO, BHCiBEEI BRI N2t ild
o T EHEINAL, BRFC T 28EE#EL, JoPE AT, Al
BRD o fhiE T /- mtDNA diffib sz,

¥, ERMEOMEIER TS LRIEETH S, Lealf 5 (1997) 1, Bk + L
AHPMEERISIR - TEBRWISNE T, 2 nFEEEE (LT) 2B a8c s
TARZEERLAL, L LAds, RKFECIERTOY Y 7AC, TRTOMEEOHI
BRI mDNAST7 REERMWEFEL T A Z LS Do, lwai & (2002a) 11,
mtDN A7 R BT LR IE VI ETRECH HRT A L 2HE L Twa, ¥
7z, Iwai & (W) 3, OWOEBAMTORERETI L I X — ¥ EB el misko
mtDNA iZ common deletion (ZHEBLL 22 \sa3, 80 WORM DB EIZIE common deletion
MHRLAEIEERE L, LidioT, mtDNA4977 K428 WA = 2 MWy & oo [ %
R 23 o Ici R ifEz nEE T3,

AWTYENE, RAMER 21T - 2B R TIE 2 %2 mtDNA4977 RO HL &
WEkOFTAF 2y 7HMERZESMC L, Ko, REBIIZEE S QB cd mtD-
NANT7 @R BEREISEEIRITIE TR TOREE T EH%E L7, mDNA OBE, BEHL
7: DNA OBHEE T2 TR W I 6, BAlk, TORERZE % mtDNA ISR
WKLo THEINATRBENRWEEZTWS, LkdoT, MELANOMEIIC -T2
DEMEBROIBIEMEE R THE EHELTV S,

ZDRERF> 7 mtDNA DBEBTPREDEEDEFEIC OV TIZERIZEA LS,
Ko Twizwy, 1%, EoIMELERBUNIETH 2,
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(5) /N &

RANETI O, & FOHMBRO mtDNA ORFEDHBL E HEoR B2 I, 5
AD P L—o vy ZE3 TR ERRZN (PR 202+ 0.4 5) 2, HEEZ LI X —
Z%Fiv, 60 rpm OEEIZE T 50 ~ 60 W 0EFC 30 2 0MET % 2 ~ 3 F s L
THRMEL A= T PR 1A, GEBE T i 3\, FE4 RS he, EIniR
Molgd S L 72 mtDNA 2 & A b PCREZR{E- To S 17z, EobEil, T_TokER
# T mtDNA @ common deletion 3% 217z, Z D common deletion {LEEHE O
THs I HBRETRTOEBRE CHUREZES N, L2 LAH S5, 2@ commoen deletion i,
SADWEE CEBIO 2 AR, ERMopEE Tid 4 HRICHERLEZEPHSMITE-
72 Z D%, common deletion i3 5 AD#EE h 3 A CHEEIKE T S b~ 6 HEBICEUE
bk, TNHOFEERIZLY, HIERF® common deletion A4sE APEEE D3 HiBIZ 5%
TAHIEDVALRICRST, THXHIE, AIMMIZEIT 3 mDNA @ common deletion
HIREMRORBIEE LI A T I v rTeHhd 2 b oi,
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