BE5EF FARICHBEUHELARR

#1581 alternative deletion ®HE
(1) 1}

ZO—EOMATIE, RAWEBAHIC X > THMARD miDNA K RELESHBEL, &
FRDRBHRIIIRKEPERT 2E 2L Twizdy, ZoRErhic, B4h2 2 L08R
FZhoRHOBERE L\ common deletion L izRBL 2B IOV FRRAELE, #2
T, ¥~=F IV AGHETY, BAO mIDNA DY — 22y R LKL, o OR&oEE
FlDfiE % - 7z,

(2) /5 &
1) BERLUPr Y I74—ARIOVEYH

EWFE TR Y >~ T, H{ BELR 2408BEL SHEMI NG, HEED |
AN 20 Ot (BUTHEBEA) T, b9 1 ANZ21 OB (UTHEZEB) ©hoi,
MBS S ERARICOWTHAERRZ T 8, 2IRAESEBAL, EREf0F vy 70
& 0B B RIRED RV 2 & R TEER L 7,

2E, AMEDORBIFEIC>VTIE, ~VYVREE, BIXUOXHRISED T ¥ A
BETFHRFTHRET 2MHMIEL ) o wT, ZRHOMREBRERIC L DREISR: (GRE
#% ' No. 55),

2) EeHm

AT, 2HROERBICHLTERZER YD F a— bbbk (Fig 5-1),

BBREACHLTTbN AR o —VidROBY°H 2, £, EBEHNIC 41
MOWEZMAR L 72, 2 OMIRMIER 2, BH O AEEIE2 02072, 21T, &
RKETHIREORIDLZ{ T2, 2L T, HOBLZOBAD 2 A, BIEHEIL T —4F
EROEBALEOES® RIG L 7=, HBIAFIX, 60 WOMEC 60 RPM OME%4HL, 30
SIRDEE % 1T o T, BB IGEE O B HEEE LN, 2N OEDRfThi s
oo ZLT, EBME2HEL 3HE, BXU6 HERKEEZ{T o7,

WiZ, WEREBINLIFLIAERS e P a—MEIROBEYTH 5B, =9, EEHEIH
W2 4 B QA B ZMER L 72, Z oMM ES 281, SEOHEEE2 LT, FL T,
EEETE LR ORINETo%, 2L, HOATAAS 2 A, Eie L -,
¥3, 1HEE 2y F4vav2B22%0, vy FILEAOLTERBOWEFTOS v
v TR ISOHEfT 2. 2 LT, 2HBRE, XHEERECHEEL TV 2E), - EEEE Y
FALNOBHD 1 2TH5Y v b7y FA b REML =, EIHRIS X, WED HEERE
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Blood

sampling —\
Subject A LA

Exercise

N
Rest Recovery
1 ] L. ]
| 11010 ¢ 1
Blood
sampling
Subject B
1 Rest | Exerclse l Recovery r
I 1 1O O 1
| I | | l l | | l | | |
[ | I ] | | i l | I I |
1 2 3 14 0O 1 2 3 4 5 (days)
O 1 2 3 4
O : Exerclse

D ; Blood sampling

Fig. 5-1 Experimental design. Two subjecis performed exercise. Four blood

samples were withdrawn from each subject, once hefore excrcise and three times
thereafter.

2D, 2N oiEiEThid ok, LT, HEEI1AHE 2HE, BLUS5HAE
ICBRINZT -7,
B8, BilcHz- T, 1EEZDORIMER 2 ml & L, #FHBEEHE LT 2Na-EDTA

2R,
3) DNA DY

BERE D> OERIM S N7 RAEIME O H MR E D +—# DNA (% DNA + miDNA) #
M L7z, b —% )L DNA @il H{iz i3 DNA Extractor WB Kit (F1 6§38 T2, Q&) % Hvai-,

4) 73143 —

BWETH T 7 42—, BITFWIE (Holt, et al., 1988; Shoffner, et al., 1989;
Iwai, et al., 2002a) ClHAWwoRbDEEITHEZ, I'SAv—LAYITRILAF FD
P4 I Rlg 5-2RLTw%, 794 <—,PI{(R2VAF PRIV a v :17,901-7,920)
& P4 (14,220-14,201) , 8 L ¥ P3 (8,282-8,305) & P4 (13,660-13,631) @ 22Dk w
F B3V S NI,

5) Polymerase Chain Reaction (PCR) 2

AWAETIZ, TLLEOER mtDNA (mtDNAY) 22740, 20 ng®d b—%
JDNA (#%DNA + mtDNA) %, 06 u MD7 34—y L 0252=y bDEX-
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Deleted fragment (4977-bp)

8470 13446

acclccetcaccafag---------- tcacttca

tgaac aaagc actaccacct | — CAQGL--r-ssraneaa- actag----
| I || | |
7901 8305 8469 13447 13480 13631 14220
3 P2 P3 P4
Primers Sequences' — 3' Complementary site
1 TGAACCTACGAGTACACCGA 7901 to 7,920
2 CCCCTCTAGAGCCCACTGTAAAGC 8,282 to B,305
3 GGGGAAGCGAGGTTGACCTG 13,650 t 13,631
4 TTAGTAGTAGTTACTGGTTG 14,220 to 14,201

Fig. 5-2 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.

Taq R) X5 —¥ (FilE HAE) 26A7% 10 p ] OMEEobhT, &TFUE (Hayashi, et
al,, 1994; Ikebe, et al., 1990: Yen, et al., 1991; Iwali, et al., 2002a) L [@IREDHHE:CRIE
L7,

WEQCHDI2HDF Y TXIVAFF7I4w—%y b (BHO Pl (X7 FF K
Yy av 17,901-7,920) LEED P4 (14,220-14,201), H LU P2 (8,282-8,305) & P3
(13,650-13,631)) Mo, BRIDPCROZ vy FidsHllo 754 v —2 v b TH
%Pl EP4&Mo, DNAY—2VH A7 F— (TRS-300; B4 3 R, FAXR) %AW,
DNA O5EE LDz 012 94°CIt B W T 5 OWHRER L 7248, 7, 94°CT30# (&),
54°CT30% (P=—Uv?), BT 72°CT46 1 (fitE) OBfES 30 %4 2 LEFFL 7=,
KL, 2BBEDPCRI I BT, Ml 75 4 w—X v FTdH 3 P2 & P3# i, Ak,
94°CT 25, B7°CT25H, BLUWT72°CT 25 DOBIES 26 44 7 VBT Lz,

Common deletion HEIL, ¥ 7V ERRICESXKTIL 29 A v —h—, BXUR
PF4T7ar - NOHBEEOHRILE 0TIk, B, RPF 4 FTarvitae—ini,
B ET AR RERE B2 (CPEO) offih BRI Nz bozAw,

8) ¥Y—U T VAN
2512, DNA — 27 v A3 %17\, common deletion OIGEEH, BIURLZ2E

SORKDBEHEI|ZIEL 72y B8, V=2 VAW, Y9F—F 2 0P —tick
WL,
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PC 1 2 3 4 M 5 6 7 g8 PC
Pre 1st 2nd 5th Pre 1st 2nd 5th

<-- 392-bp (CD)
<-- 257-bp {AD)

Subject A Subject B

Fig. 5-3 mtDNA amplification products by PCR.

The alternative deletion (AD) is represented by a 257 bp band. The common deletion
{CD; represented by a 392 bp) was amplified from muscle of a patient with progressive
ophthalmoplegia and serves as the positive conlrol (PC). Amplification products from Subject A
prior to exercise (Lane 1), one day after exercise (Lane 2}, two days alter exercise (Lane 3), and
five days after exercise (Lane 4}, Amplification products from Subject B priar to exercise (Lane 5),
one day after exercise (Lane B}, two days after exercise (Lane 7), and five days afler exercise (Lane
8)., List the lengths for the bands of the marker {Lane M),

(3) # R

2 ZOWEE K LR A OED R B L 7-55R, MB0EEE & bz mtDNA O REDH
BEWRDY AL F 3y 7 HEEDTRD Sk, Fig 53 IKid PCR OITOREERL TV 5,

¥9, BB AT, BESEMEATO DNA ¥ > 79 69 ¢l common deletion d /3
F, LU common deletion & XBLRLEZ DAY FA LN, BKPTiE, common
deletion {3 392 bp, B3R IDREIZ 266 bp THREINTWE, #L T, EijE 2 HE
@ DNA 4 v 78\ »Tit, common deletion D3 FIRBRFL, BR3REI O Vi
WL, ZLC, EibhE 3 FEHO DNA VY 7 A6 ik common deletion @73 FAH3H
LD, BE2RIOANAVIFBEUHELE, 2LTC, 6HEOY 7R, BUZH
5D 2 ODREBHEN,

iz, WEREB T, REOHBEEEFRIIHEEA L IZPPRL2MBER L, £7,
SEGETOY v A&, common deletion ¥R It £z, EEEBAOY LD
5%, common deletion DaBR 6Nz, LirL, EEE2 HEOW > 71icid, com-
mon deletion BLUOBLIEIRED 2EBHEOREVFRDON, Z2LT, EIELRAE
DYy oiE, ThoD2ODRKEHESHR L, 2B, Rhicid, 2hilic
bRELBIONVE (HEZIEVL—r8) WRENT VI, Ik miDNA DKRFITIE
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Model 977 20_H314_PLR200p), prienver Signal G.A5 A1 BA T:81C.AS Pag1of2
Varsion 3.3 DT DR Set Any-Prima:} Mo, Aug 20,2001 1205 PM
ABI100 H3t4_PCR{ZE00E), piimor dARhockmin T alor Matix b, Aug 17, 2001 610 PM
Yarsion 3.2 L 20 Powiy 1195103800 Pk 1 Loc: 1183 Spacing: 9.9%9.52)

5 G TG NAACCE HET G GGTTAAABAT FAAGMGAAE CARCALCYCTT FACAGT GRA AT GLECTAAL TAAAT ACT BCCGIATBACETAL CREANT TADC COCATATT OO TACACTAE TLC T A VGACE L4 BE 1)
L) 2% 10 1] 0 &0 10 (14 Ll 19e e $E 5318

i bl h“ il

e e
ARAATATTAR REACARAL uccnccvA:;crctt:fncuecnccfnaecu: TEOAVATANTTCI T ICACLSTRACAURICARCLTGRET scccmmildlcchli\ CATIGCLACCCCAGNMT CAG KL
(EE] 154 113 i [ 1] 13 1 120 0 49 159 H11]

bt attad

Fig. 5-4 Sequence of alfernative deletion.
Sample was obtained from three days after exercise of the Subject A, In the pari of 8 bp base

sequence surrounded in the square, deletion has been generated.

e, 7oA w—04%E DNA O mtDNA KRB G LR thh, chiconTik{iho
MXTHELIEEIRTV S (EHS, 2002b), Lo T, #EBEBOSE, Mk S
HEDYV Y A6 RENBHEELFREEZTRL TV S,

FHE TR L7291 common deletion @233 F L33 HHER - HELEZBZ2EX0
REDIF)THB, TDNYFE, R¥PTF47aviin—i (PC) LTz ZLickb,
BH & A iz mtDNA @ common deletion LIZBRLEZESOREETHLZ b3, Lad,
iR L bRI—DEIDNAY FTH B LV IRUITFINA,

T, DNAY—2 v 20210, :nE®20®xxwﬁEmﬂ%miLtomg
B4 ICiZ, HREBACBIDIBRLEZ2RIDRRODY — 72 ABERZR LTS, E,
71/x%ﬁwﬁﬁ,wﬁ%8uaw15,gwﬁﬁuzwaﬁﬂmmwé<~ﬁLto

— T Xy A OFEES S, common deletion & Bh LB REDEEICIX, HEMIC 4,977
bp DRETH -1 LIMREI N, —F, BLBZBADKLE 5,112 bp DRIETH -1
(Fig. 5-5), 2 DORKOWEHFT %M E 2 &, common deletion it 13 bp D4 L 2
FYE— OO THRELTHZDIENL, BR2RIDKEE 8bp DO TI A —F 4
VIIBREELTWARERR-TwS (Fig. 5-6), # LT, Z® 5,112 bp ®&Z%%, com-
mon deletion & FRHC HE T 2854 L, common deletion iofbh > THMTHET 2884
BHot, 2T, B, Z®5,112 bp ORER alternative deletion Efr L 7=,
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alternative deletion

51120
8470 OT1ZD0) g8

| ]
0AG0R ~-mrmmmsn teatcgcet

T

------- ctaccacct [ acctcect | gacaage-—----
| |

8469 13582 13590

Fig. 5-5 Position and partial sequence of the alternative deletion.

In the part of 8 bp base sequence surrounded in the square, deletion of 5,112 bp length was
generated,

deleted (497 7-bp)}

a 13-bp

acctcoetcacca

(24-bp}  (164-bp)

171-b s
common deletion ¢ P P3

244184+13+171+20=392 (bp) {20-bp)
24+164484414+20=267 (bp)
P2 alternative deletion
. G 8-bp 8-bp d (20-bp)

(24-bp)  (164-bp) (41-bp)

deleted (5112-bp)

Fig. 5-6 The length of the band of common deletion and alternative deletion.
The length of the band of common deletion becomes 392 bp by adding a, b and direct repeat (13

bp) with the length of two primers, The length of the band of alternative deletion becomes 257 bp
by adding ¢, d and direct repeat (8 bp) with the length of two primers.

(4) B

2 hoy PP EIEN B RE OB Tk mIDNA IZ common deletion O #Ef#As
Ehos Il LaEEnTnwa (Cortopassi, et al.,, 1990; Yen, et al., 1991; Soong, et
al., 1992), 7#EibIctE> T common deletion OFERIIHE I I T 2 /-8,
BAETIZ 20X mtDNA OEBEMXZ{LOFRED L D THEHhb L EL ST
% (Lunane, et al., 1989; Wallace, 1992), L& L7Zd55, Iwal & (2002a) I, # < filt
BEA B R o 3 T b, BRAMEDEEN I 13 B IERD mIDNA i common deletion ASHBI L,
HAMOKRATHE TS ZLERELTwS, 2D, @ELEZDOESA, common dele-
tion {Z B ICHIRT 2 0D, TRIZL BT LR E Nz, E6iz,Iwal 5 (2003a) i,
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BIRA25 L 200 BEEEORETT Tt HINERO mtDNA 2 common deletion 234
GNBENBY, ZH6DENEANGEIGEZTS 2 LicdkoT, WHAKKIE common de-
letion 3EE LA Z & #MEL T2, 20EF L LT, EELEEZTICLIRIoTR
REMETHHEOFEEIR E Z2AREMELERL 2. AMROFERILBWTY, EHRIR
& LT Va7 common deletion 2%, gERE A Tl2 3 B, g B T3 6 FBIclEELTED,
Iwai & (2003a) ORRZZZRTIHBERL TV S,

RRT, BLcLy 4 ToRAROEBIC X % common deletion OB Ed0—#HD
EifE 2 AR T W AERE, common deletion & 3REIRI DNV V¥ 2 405808 1 HE
LTAONE ZERFEAL, 22T, ¥Y— 27XV AGHEITVY, I OREOHERY % h
ELT, 2LTC, miDNA OEERINOAICR—OEIIBTFELTED, 08 2HAE
ABZERIDEERRBILARRKTHIILEZHOMIILE, 2F D, ZORKIHIET
2 E$1% 1t common deletion @ HIROBEES ERMTH 203, RARZZBEESOEX LA
EpRLRsZ tickh, BEOBELAIREVBERALLZDDOTHZ I LD b ot, Likdio
T, FHAMOEENC L > CTHIRT 37k common deletion 7T Cidin{, A REZX®
REDARIC HE L T ARUPB S iz,

B, BEGE A i, 6 BRI common deletion & alternative deletion A3HAZR
LT3, SEC X 287 0283500, #EREo LT, KON 85
wEERRZ, BEOREEEEEL L IERL TuRd, JopEEEongs, EPrioh
WYy TS b RENRSN TR Z DS, JHIZHEEEEEOEDAMICL>TH
RGBT B AENRIBR I NG, D& 5 iR, Iwai 5 (2003a) OWETHLAS
nTws, Iwai 5 (2003a) 1%, ZOKELE LT, 2% 0{Ew LA DBEDFED TR,
HrviboBERI Xk 2 HEOTEL L Y E2REL T3, Thid, SEROTEOMRIC X o
THLPICENLTNITR S VWEELZMETH 3,

AWtgecld, alternative deletion OMREERCT] OFEEIZ O WTRRHIT 5 2 L 3T E #5S,
S DBERE DIEAIC 1L commoen deletion Tl 7% { alternative deletion A3HIR L
OPEOSHEREINEEITHE, 2HOBBRED D b, WS B oD B, T
PEET A P O SERMEENED 100% WL D TH o LHEINZ L, #h
# A OWERE 2T IRIEA LD S SEEIERIC IEHE I T uiad ok, UL, Bk
A OEE, EHETOIREIZ B VTS common deletion & alternative deletion 257 &
bEONTWEZ LIRS 3 L, MUWERETERS Z Lick->T, common deletion
7 Tid 2 ¢ alternative deletion £ THEL 2 Eld#E 212 v, 4, 20 2 HORHERE I,
alternative deletion ZHE LT WEKZR -T2 AHEELE A 6N 50, alternative
deletion i¥, S EF4 BHHTR2THRETHD, TORRKCETZHERZFELLY,
ORI R AT 2201013, EBRAME TR L 29 2T, 5 RMBAHERET)
EBBRETH S,

(B) v #&

t +F® mtDNA D4, 4,977 bp DRI DREMFEICA N SE I L5, common
deletion & EEAL T2 %, common deletion DHH & MADRILAE B /D, Mx &l
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AMEEB) R I BT % common deletion Z3E¥E L T3, 5,112 bp DRI 2oL
WRERFER L f2, ZDRE, common deletion fE L L TENAZRNAAR SN0,
I ORE%E “alternative deletion” Layd L7z, 24 0% { @HA WD & EHRT & &S
#B3MchH > TRILL, HMERDSSHMHEINT mIDNAZR2A T PCREEIRE>THHTL
Tro 1 HAOBERE EBRTIZ, common deletion ¥ & U alternative deletion @ 3y Fas
Hohd, BT o 1 i, alternative deletion 3§k L7=d L, common
deletion IZ#FL 7z, S50, EIHET 56 2 F#&I2id, common deletion {345 L 7223,
alternative deletion 3FH RN, HEHET 25 6 HRICIE, BU220KEBHEL -,
b9 1 ANORERE OBE, EBET LEBHE T 2 6 1 A8 O FIEk miDNA 2 common dele-
tion DiA &z, EEMET 56 2 Hi#icld, common deletion & alternative deletion @ 2
OB L 72, 2 UTC, EBET 26 5 HEBIZIE, 2200RRIZERLE, Ths ORI,
common deletion & alternative deletion DEAE 7L + 2y 7 THB T ERRL T
b, ¥z, 20OKIOFHEF]OHESFERIZ L 5 L, common deletion 2313 bp ® ¥4
L7 b E— MERTRABCDIFEAE L TS0 L, alternative deletion (& 8 bp O
BTOFABNTH B ENRRINTE,

95



281 B DNA ICET5 mtDNA RiFIORRA
(1) EUsic

EhizBWT, 2 FY7PIR16,569 bp 0L 7-BIRDNA ST 2 &ATHS (An-
derson, et al., 1981), Z® 3 + a2 FU 7 DNA (mtDNA) av.s2 b+ Thbh, 4 ¥t
OyEEATEST, 13fEOLAEH, 22/BO 7 A7 77— RNA, B8IURAD
O 2fEOY Ky —&HRNAZa—FLTWw3 (Anderson, et al.,, 1981; Chomyn, et al,,
1985; Attardi, et al., 1988),

LA s, BEDNAFIZ mMIDNADRAY —at—8H3D0TiIEhvwh EOHEHlob &
i DNA DR Sd, 20Xk 3%b0RRAGHINT, % DNA izl mtDNA Ol
MRELLBGVbDEHBZSNTE R (FRS, 1985), L L, HETR, HREED
A, Y7 uy b (Southern, 1975) RMET-7 v —= FEifi (Alitalo, et al,,
1983) DBAFEIC LT, TSEHEESH O MBS ¢, A EEMROE DNA iz
i mtDNA fREFI2FEAE L T 3 2 E B &2 o - 7= (Farrelly, et al.,, 1983; Gellissen,
et al., 1983; Wright, et al., 1983; Jacobs, et al., 1983; Kemble, et al., 1983; Hadler, et
al., 1983; Tsuzuki, et al., 1983; Fukuda, et al., 1985), Fukuda & (1985) i, & F of%
DNA iz mtDNA REECFIASE 2 E—~BEREL Twa I L2z L, I DR
DV 2%k Zu—2v LU CTHERIIEERIRE Lz, ZOHEE, mtDNA BELERHT
% DNA AR EN TV 2D TR (HRAEINRTw2 2 b, HERFAPELEO miDNA
DLDEPRDBOoTVREIE, BuoBREER /- UINZDNAWARILILELEDS
THBHIEHBEBESMICR ok, LENHT, oDt PO DNARIFEL TV
% mtDNA fREFIBET & LT L Ty 3 REREWD 0D, mtDNA O —#i5i4k
OB THA T UCHAED 25 FHV T3 DNA it flAA N T AR 5 i
holt#EILNRTWS,

# DNA 0 mtDNA BREEFIZ T Tic % { OWFERIC X Y ARG S hid, oo
MIDNARFA O ENHEEEIN, 2 L CEYHNREBEZRF > Tw bl it onTik
CHETHE DM RINTWAR Y (Gellissen, et al,, 1987), Shay 5 (1987) %13
LHLLT, % DWEHEE, EHLSIIROEEEAOMICAREE LM EORREL L T4
UTw3 mtDNA OB &, TN e8ET0BmEL LCEATIA b LAR LI L2
L7 (Healer, et al., 1971; Richter, et al., 1988; Linnane, et al., 1989; Bandy, et al.,
1990; Shay, et al., 1990; Shay, et al,, 1991), & 52, Zho iZHfmE 0 DNA A
Eh, ZLTCMBRRAOFKLICHEEZEE TS L EBEINTWES (Shay, et
al,, 1990), ¥, BOP~OMITAN LEBHROBATEL BEBVWHETEI 22
L#Zzvy (Thorsness, et al,, 1990) 23, ZHic ko THHo DNA {H#RH8 DNA OFRA]
RIzHRay iz BRGEIERMNTH %,

B AMED & AT X o TRIRO mIDNA I REFHIR L, HEHBICIEMET 280F %8
LT at, FoEMR, B2 2£4088E» 0 DNAKE Y AATVE mDNA
RAEFIDIEABBDSNB RV FEFER L, 22T, ¥y~ v A2V, BMO
MtDNA DL — 7 2V A LIBT3 L Ldhiz, E5ica FrofFziTyn, mtDNA KRS
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DR o 72,
(2) /7 &
1) WRERLGAYI7A—LRIVEY R

RBWFIEIE, L 2 HOWBREZNRICEMI NG, BERED L AR 190l (X
THEREA) T, b L AR 20Ot (MTHIRER) Thot, MHERE I ERNA
WKOWTHRAZRIT K, SRABECESLL, EREMOF «~y 7ok D BEEOEER
FED W2 L EHER L7,

¥, PEORBREHEICDVTIE, EREED Te M7 & CRIEFRTIIRIC BT
A fuiigat) KEOWT, FNOMEZAS I X h AR ENL REES : No. 55),

2) &EgheHm

B v b a— ik Big, 57 iR L,

X9, 240HBRE BRI b HROREZIERL 7z, ZORMIOBEEO H¥EE
Ziaad e, 2UC, @B ETE | BEHORNET o2, &8, BHEE2 ml kL,
FLBEREAI & LT 2Na-EDTA #fw/-, #LC, BillELz20THo 20M, AEHEIL T
X% & WA LOES 2 EEL 7, EEAHIL, 60 WOIEE T 60 RPM OHE 2 H b,
30 DD EB 21T - 7o, EBHHMSIE, FHERE & LEHEOHEELE LMY, 2hbit
DB E fThkdrolk, 20T, Mg, EHoEA (1HE) &3 HEK 2EORIL
Z{T o,

3) DNA o

HRERE A O FRIM X 7RSI 0 BRI & b +— % 4 DNA (3% DNA + mtDNA) %
M L7, b—%)L DNA Oz i3 DNA Extractor WB Kit (FIYeHisE T2 1) %2 v,

Blood sampling

Hpyant
l { o o—

Rest Exercise Recovery

{ ] I N
! I 1

| | | |
| I | [ 1 |
6 1 2 3 4 5 6 7 8 9 10 (days)

Fig. B-7 Experimental design. Two subjects performed exercise, Three blood

samples were withdrawn from each subject, once before exercise and two Umes thereafter.
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4) 7547 —

FHRTHWE T I 2—L A VTR I VEAF FOY 4 b, SET0% (Anderson, et
al., 1981; lkebe, et al., 1990; Kubota, et al., 1997; Soong, et al., 1992) THwH R
b LEAKTHD, Rig. b-8ICRLTWS, 734 <w—ik, P3 (8,282-8,305) & P4
(13,650-13,631), P2 (8,201-8,220) & P5 (13,851-13,832), B LU PI (7,901-7,920)
& P6 (14,220-14,201) ® 32Dy FHHV &N,

5) Polymerase Chain Reaction (PCR) M7

common deletion &I HTHALEBOEE mDNA2FR T 249, 20 ng® +—
FNVDNARK 05 LMD 7 I 4 w—ky b 02522y FDEX-Taq £V A 5 —¥ (S,
HA) Z&A72 10 pu | Oskoh¢, LiTP%E (kebe, et al,, 1990; Yen, et al., 1991;
Hayashi, et al., 1994) & RO HETHIBE N7, DNA Y —<N¥ 1 25— (TRS-300;
AT A, HA) v, DNA O5EL&REEDO &2 94°Clz B\ T 5 ORI L 7218,
¥9, 94°CT 308 (FE), 54°CT30R (7 =—1U ), BrQr72°CT75F (E)
DEAER 3534 7 VBT L7z, Riz, 2EETR, 94°CT30%, 58°CT30#H, BIU
TXCTTEHDOB/EE OIS 7N, ZLTAHIICIBEL LT, 94°CT30%, 67°CT30
B, BLUET72°CTT5HOBRIER 30 4 ZAKITF LA, 20X o L CHEE - PCRE
MR, 0.1 g g/mlOBRMLIFCY AZET 25%DTHe—AX N LB 2T -

Deleted fragment (4977bp)

8470 13446
aa .......... tcactica
------- tgaac--------------aaage-----------actaccacci | acctecctcacca tt-------caggt--------------aclaa----
7901 8305 8460 8469 13447 13460 13631 14220
=¥ Pz 3 P4 PE  P6
Primers Sequence5' — 3' Complementary site
1 TGAACCTACGAGTACACCGA 7,901 to 7,920
2 TTCATGCCCATCGTCCTAGA 8,201 to 8,220
3 CCCCTCTAGAGCCCACTGTAAAGC 8,282 1o 8,305
4 GGGGAAGCGAGGTTGACCTG 13,650 1o 13,631
5 GTTGAGGTCTAGGGCTGTTA 13,851 1o 13,832
B TTAGTAGTAGTTACTGGTTG 14,220 10 14,201

Fig. 5-8 Positions and oligonucleotide sequences of the primers used in PCR
amplification. Primers 1, 2 and 3 were used to amplify light strand mtDNA, and primers 4, 5
and 6 were used to amplify heavy strand mtDNA,
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72e P ZANITFZ—%— (UVP) ETUV ZBH L TDNAAY FZAHELL, £50
A FAXTTCREL .,

Common deletion DHIFE X, ¥ 7N ERIRHICESKE L 7294 A== —, BLUR
CTA7avbu—NDELEDHERICE>TTo%, 8, AP T4 7avrv—i,
HET SR FREAEE (CPEO) BEDOH» SEMI NI b DR AV,

6) ¥—UITYVADHT

X511z, DNAY— 27 2 AW ZFT\v>, mtDNABHTIOF AL H -7z L Bb 348EKD
EILRIF R WE LIz, B, P— 2 VAR, 47 F—F27 /0 —ckEL 7.

(3) & H

2HDEHE I L THEHREIL T XA =Y 2R AEOES) 2 Ei L 72458, R
# & BHIZ mtDNA OREZERE (common deletion) #3328 547z, Fig. 5-9 ICi3#EH A
DFEREZRLTWVS, £7, EHERITO DNAY > 7L (L—>1) »51E common de-
letion Z 38 Flza oo, LL, EEHEIHDHODNAY Y 7L (L—V 2)
2B WTIE, BASHIC common deletion Z R TRE DAY FBHEL -, 2L T, #EH#h
SHHDDNAHY Y71 (L—>3) 561, HU common deletion ®23y FAsiHEL 72,
%8, HEEREBOFERIZOWVTRED TR L TIZWA2\AS, common deletion DHELE X
MHARDIRDLIZ, MRS L b ERTH- 7,

AATHEH L DI 285D common deletion D3y FTid#4{, Fig. 59DL—>
1 BIVV—V3RAGNIENANV FDAETHS, R¥ T4 7avitu—i (PC) LHEL 7
£ Z 5, HSHIZ mtDNA @ common deletion & 1ZRBL 2R X DORIETH -7 LR

Subject A
M 1 2 3 PC

«— 392 bp
(common deiletion)

Fig. 5-9 Detection of mtDNA deletion by PCR.

Fragments 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 lane on the picture for Subject A shows the following condition:

Lane 1, before exercise; Lane 2, one day after exercise; Lane 3, three days after exercise.
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Fig. 5-10 Detection of mtDNA-like sequence.
The mtDNA-like sequence from which left-hand side was detected by the Subject A, and right-

hand side was detected by the Subject B are shown. The sequence of the same length is detected

from both subjects.

NTw3, L2y, HEEL L A—DORIDONAYFTHB L IREBTFEIN (Fig.
5-10),

ZIT, RLIE, DNAY—7 2R3 %4T\v, mtDNABFIDEABH -7 L Bbh
2SO EACT 2 E L2 (Fig. 5-11), > — 27 TV ASHOFER, ZofRIcBIT 3 2
% DA DFIEHIE 2 —BL 7=,

ZLT35L, SHDHATY —7 2V AOMTIC X Y e S NEERT & T TiIcmsn
Tw% mtDNA ¥ — %7 £ % (Anderson, et al., 1981) & o b#fRMT %217\, HIEEF D
Feny— (HEAY) BEOBRETHI0EZMR L, ZOME, Wy —7zr 208EER
NiZHa ) DI T—BLTED, 88%DELENH 5 Z LHS Iz ->7 (Fig. 5-12),

BEEINOBELEHRD 1 2127 2 7 BESI~OBRBH 2, TL1E, ROFFL LT,
RESNEERINZS LICa PO efro7, SEEOHIT LI 73 /R, $L<
L2 F IR d %23, Qﬂb/ﬁi%%&%%@Hfi%¢«T~%ﬁT%L
B, HEEIND»S 7 S ) BABRT 2856154 (open reading frame, ORF) 233 2%
%OBQ&hahl?h/M*ﬁMé&Tm<tw,0RP%10?6¢&$0t<@vt
7I/BENBBONG, bL, T/ BMORINTI Y LEETNE, 64 BEOHAS
HLEDHIL IEEOEILa FUBFEET 2D, 73I7BOEIIZZNIEE (k51T I
MOt oTLEI, @, mMRNATaI—FEIN339 Uy 27E0BENIIRPTY 150
2dH 270, HERNOFRFOERVBEEZFoTVLBEZ E2RTAME LT, #D ORF I
ZEIEa Fry BB L v E ) REZzR>, L7235 T, b L ORF @7 cife
L7273 7RISR E N2 2 6, ZDBEHERTIIMN S D ¥ v 3 7 EOE T bl E
¥ (pseudogene) TH 3 I L#fHl&E 3, ORFZ 1 29F2F56 L, X512 AT, G-Cofi
HAHZ X 2SSOV THRRICEH LG 6 2Dy =2 izo0nT, 73/ BEF~D
BHERES SR 2 Fig. 5-13 ISR L Tw3, 7721, HESHOHAICIE, $HomE i 3 xS 5'
IZEboTWn3,

B4z, LERDAETORF@ETEZIT>7%, bL, ZE ZIZORF#HTTI0 L L7 3
JBECHICBIERI N B 2 6, ZDEEETIZM S DY R 7 EOBETdH % alfEME3E
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Fig. 5-11 lIdentification of mtDNA-like sequence by DNA sequence analysis.

mtDNA-like sequence were completely identified, when those declded by DNA sequence

analysis,
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EEEY: T v
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Fig. 5-12 Comparison of the base sequence between the sequence of a
MiDNA and those of a mtDNA-like sequence.,
The upper row shows the base sequence of a mtDNA and the lower berth shows the base

sequence of a mtDNA-like sequence, It was clarified that this sequence was agreed with miDNA
sequence (homology to miDNA; 88%).

57, 6FEOMRAI—vROVTZORI LT I/ BRADHEEE R 7=, & O
B, WIFhOBRAY —VicBWTHEEa FyaBEhtsh, 73 BEFIENTL b5
SIEET 25D TR Dok, 62088 — v L b HEWEWY = BRFINAS Lt
Fig. 5-14 1id, &8I — v OPTCALNEROEVT I/ BEIIEZRL TV, iz,
6 BEHOBI Y — TR, TIMOMEHRL 7 I ) BETINA SN,
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P8 I NLL S _RLREGSTILZ®P?ILTYSEIUNA ATA ATEKTHEHEEHETCECMTIHTEHTHTYFP
L A L 1t F vV K D ENHY L F TV KMPOQULNTTV g T I I T

_H _PFXLEXEKIERTITT S SLOGQ_¥CHS _T®DLYDPEPSTL D
CCTAGCATTARCCTTTTAAGI TAARGAT TCAGAGAATCACTACCTCTTTACAGTGAARATGCCACAGCTAAACACCACTGTATGACCCACCATCATTACT
GUATCGTARTTGGAAARTTCARTT TCTARCTCTCT TAGTGATGGAGARATGTCACT TTTACGGTGTCOA T I TATGGTGACATACTGGGTGETAGTAATCE

R ANV EK_TTIL S8 OQSF R KV TPFIGC CSTFVVTHGVY MMV

LMLREKEL _LNLSDSG @R _LSFAVALCWOTIVYVWW _ _
. © _ @ KLNPFTISILIVYET KT CHTFTUHMWL _VvaesysaeadonpaHwNa
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ACCACCCAACTATCTATARACCTAGCCATEACCATCCCCCTATEARCAGOTACAGTAAT TACAGECCTTCGCTCTARAACCARARATGLCCTAGCOCATE
TAETGEETTAATAGATAT TTGEATCGETACCEGTAGEEECACACTEGTCCATGTCATTAATGTCCGRAAGCGAGATT TTGETTTTTACGGHATCGGHTAG
L ¥ ¢ vl ., L 6L WU?PWOGOGTVFILYI5L L _ L @ ES _ FWF H®E L G D
a G L R ¥Y v GHGD G QS8 CTCVYNUCAZKARTFOGT FTIG _ 6 M

VV'WS“DIFRAMAMGRHVPVTIVPRRELVLFARAW

610
5 ¥Y H R Patiern 1
Pt Te e A=Ala, C=Cys, D=Asp, E=Glu, F=Phe, G=Gly, H=His, I=1le,
TCCTACCACAGG — _ — - _ - —Ar — -
AGaATGETATCC (RN K=Lys, L=Leu, M=Met, N=Asn, P=Pro, Q=Gln, R=Arg, S=Ser,
@ v v P Pattemd T=Thr, V=Val, W=Trp, Y=Tyr, _=TER (terminal codon)
E W 1. Patemnb

R R @ C Pattetn 6

Fig. 5-13 The result of the translation frem a base sequence to amino acid

sequence.
Amino acid sequence was estimated on the basis of these base sequence, and the detailed

structure was investigated by the open reading frame (ORF) analysis.
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Pattern 1
RLRESLPLYSENATAKHHCMTHHHYPNTPHTISHHPTKNIKYKLPFTPSPKPIKIKNYDK

Pattern 2
KTTINPENQNERKSTIRFIHCPYSSRPTRRSTDHSIS PFINPHELOTPHOOPTDYHSTVANSTDLETNNSY T

Pattern 3
TLRTKMNENLFASFIAPTVLGLPAAVLIILFPPLLIPTSKHL INNRLITTQOWLIQLTSKQITATHNAKGRT

Pattern 4
FVFNIFSWVMRNSVRSIGVMMVGHTVVEFSCGTIFTVER

Pattern 5
(I PGFRAKACNYCTCSOGDEHE
FFILMGFGEGVNGNLYLIFLVG

Pattern 6
CGRRWARAFLYLERR PV ITVPVHRGMAMARF IDSWVVGVNEWGREPRRLVVEIKV I KDI SMRDQVRPLALCIA L ICFEVS
Fig. 5-14 longest sequence in each pattern.

The longest sequence in each pattern is shown in the figure about the pattern of six open reading

frames. The sequence of the same length was seen in the pattern 5.

PL P2 P3 P4 PS5 Pe P1 P2 P3 P4 P5 Po P P2 P3 P4 P5 Pg P1 P2 P3 P4 P5 Pé
Phe TTT 0 5 41311 9 LewCIT 5 2 1 1 2 0 IleATT 4 510 3 411 valGIT 0 1 t 7 § 9
Phe TTC 6 1 4 5 1 1 LewCN 2 8 6 0 3 2 IledTC 3 5 5 Z § 3 walGIC 0 ¢ ¢ 3 2 1
LeuTTA 7 3 6 8 6 5 Lew CTA 6 412 4 } 0 IleATA 2 3 7 4 3 3 ValGFA 1 1 210 1 3
Lew TG 3 0 0 3 6 8 LewCIG 0 1 7 5 3 1 MetATG 2 1 2 5 4 7 ValGIG 0 3 0 7 5 6
Sex ICT 1 6 4 2 2 0 ProCCT 810 3 3 0 4 ThraCT 4 9 4 3 0 3 AlaGCT 2 1 2 1 1 3
Bex TCC 5 1 3 0 2 0 ProCCC10 6 8 0 0 0 ThrAC 5 813 0 1 0 AlacGlC 31 71 2 1
Ser TCA 7 3 7 5 3 3 ProCCR12 6 5 1 L 0 ThraCA 3 77 2 0 Q0 AlaGCA 0 1 1 1 1 2
SerTCG 2 1 0 & 3 1 ProCC0G 2 1 0 ¢ 0 L ThracG 2 2 0 0 0 0 AlaGEG 0 0 0 0 1 4
Tyr TAT 4 3 3 2 7 3 HisCAT 5 7 4 2 2 1 AsnAAT 311 4 410 5 AspGAT 2 3 ¢ 3 5 §
Tyr TAC10 8 1 1 2 1 His CAC 6 6 5 0 0 3 AsnpAC 7 % 6 0 1 3 Asp@GAC 2 2 2 0 0 O
OchTBA 8 5 6 7 5 3 GlnCAAR 3 8 6 3 0 0 LysAA1} 911 0 4 5 GluGAr 5 & 1 6 4 1
AbTAG 4 0 1 612 4 Gln€CAG 5 1 2 0 7 1 LysAnG L 0 2 5 1 2 GluGAG 0 2 1 2 6 8
CysTGT 2 0 0 3 7 8 ArgCGT 0 0 0 2 0 2 SeraGT 3 3 0 4 4 9 GlyGT 0 ¢ 1 513 8
CyaT6C 1 2 1 0 1 1 RrgC8C 0 4 1 ¢ € 0 SerdC 1 3 1 2 2 1 GlydC 11 2 3 7 1
OpaTGA 5 3 3 7 7 3 ArgCGA 0 1 3 2 0 3 RArghGA 2 0 2 1 4 6 GWGGR 0 0 2 5 3 1
Tep TG 1 0 132 5 6 ArgCG6 0 1 0 2 0 % RAxrgAGG 0 4 0 8 310 Glyacss 0 0 010 8 6

Fig. 5-15 Frequency in use of a codon.

ZLTESiZ, ORFH®D 2 FAMAKMEHEE L%, Fig. 5-15 i, 6 2Ofllil ¥ —
vAlloa R EREERZRL TS, Z2ORER, SRS —rvOa P BRAEREERS ¥
ATIEAL, SO FEBEENTVETRENEY 6k,
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(4) & R

REOBEEE (Wallace, et al., 1988; Yoneda, et al., 1989) & ¥ (Linnane, et
al., 1990; Cortopassi, et al., 1990; Hattori, et al., 1991; Corral-Debrinski, et al., 1992;
Hayakawa, et al., 1992; Blanchard, et al.,, 1993; Hayakawa, et al., 1996) “TiZ mtDNA
iz common deletion DEHVFD SN B I LWL XN, BETIERIOLS 2 mDNA @
BEPBINGOEBPEMDODRERD 1 D THBEELIONBEIILEoTE, LaLad
5, Iwal 5 (2002a) ¥, HSBELEBREICRB VTS, FHALEOEER I IZBILBRRO
mtDNA i common deletion 2PHIL, HEABICHEET A2 L 2G4, APV
Th, ARORWHPRINT WS, 2Fh, Zhéd common deletion i3, HiBEIET 2%
DOBRHE L TRV LW RENL, 2L T, Z® common deletion DEIBE# ZH~ T s
LIS, 2HOBBREICILGEL TALNBMDORBI OV F2%RALE, 2L T, Zhid,
# DNA iZ A D IAA TV 3 mtDNA HRDETICH 5 W88k % 2 s iz,

InE Tich, Nomiyama & (1985) i, & + @ DNA iz mtDNA REIHI % B H L,
LmE-1 ¢ Lm C-2 tmf&l, ZholRZNFht F mtDNA & 84%, ¥ XLT881% DM
BizfRoTwkItz®WELTwE, SHRAVHL % mtDNA BRSBTS, mDNA
Bl & OFPE 88% L IZIFRIBHE TH o7, X7, Fukuda & (1985) i, & }F 0%
DNA i mtDNARREIISHE o E—BEBEL TWAI L 2Bt TE L LI, &
No DDV (0% 70— 7 UTHERTIFGE % E L Tw 585, SRR difs
L 73RS, Fukuda & (1985) 2ELTW2R D LIBRLEIbDTH - T,

& 512, Fukuda & (1985) X, #% DNA @ mtDNA fEFIICBE L T, mtDNA »35548 4
BT DNAKEMATNR TR 2D TEA(HREENTOEI LS, £ D DNA
REEL T2 mDNARREFIMBRET L LTBIBLTL B EIEE LI, choldsz
6 ABBEEZR-MIITH A S LERL T3, —ifiZ, mIDNA OfERINZ4E cH b
(Horai, et al., 1986), f#4 REARR SN ATREERN SN TV S, LEdioT, A%
TROHZ N mDNA KBTI DSR2 2 2 4 DBRE B W TERXANR—E L Twiktwis
HpoEZ S L, ZOBHERTIHHEYMATIC mIDNA 22 68 DNA 2 AR 7 0l ge A
HEIND, Ldd, KFETIE, ORFMITIC X 2FM AW 21T o 1 FH, IhEE v«
W L7 S/ BEFSRENLIEDS, ZORIMNEETELTOBELREL TV
AL RETELR Y, Lo, TORKBL T, FPROMEL T TR 2 ok
RFEBHYH, SBEROVROMERIFINS,

2®, —MRICHEEEMO mtDNA BSIEBIGEQ BT 2 LMo nTED, miDNA @
WiR DA YT 7V —>a v RHET S LI Lo TR RHRLE RO L 2 ER_ 2 HiE T
BEMAVBITONT WS, mDNADA Y ¥ —,—F LIRT, #icdh s COX 192 COX I
DERIZ2%BUT (PNAS) L3nTw3, SEOEFIES5HME (10%<) OERND
5, LD L, E2POEILOBBTE bayr FY 7 DNA OBETF DNA IZifA S h,
ZOEEPIHEL I EH T DNA FPICHAAEN TR B W) ERPRINLEVLZ B,

AVIETE, 3BREOPCRZAVWAGREOHINEZT) 2 Litk>T, common de-
letion B3FFEL W DNA ¥ 7V 6 D&, % DNA FFICIEAZ N L# 2 515 mDNA
FEECAIAS B Lt T, mtDNA @ common deletion 134884 ZRBEIIA F LRI X -
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THRT 2 EBLEBIELoTETWEY, 20 common deletion %% - 7= mtDNA
DHETEEAIE, 2o ETTI54v— L BRNICEIET 2, LdoT, ZDkH
8% DNA tho) miDNA BRECFGEF B S kv, Lo La2s, common deletion
2ol KRR R 7 mDNA BFEL ZWBAITE, RICZORHN TS 4 v — & KISt
BLEREST, OISV IEBRHINbDEELLNS,

(5) /n 3F

R 2 A 2 W&, RAMEBIAMZMA S Z Lz k- T, HIMERO mtDNA i 4,977
bp D&% (common deletion) 2YHIAL, BABK ZDORENHETEZ 2RV LI,
FO—HMOKEOE, 2 ZOWEHREF BT, common deletion ORI & x4 2 E
SOEFI N, 2 2C, AR TIE, Z OHRERTIOMSE 2 TSN o4 % 3
ATz,

£9, Y=z VARG ETY, mtDNABRHAOBEEEIZ2RE L LIS, 2408
BEIZBWTIOEERIIIELRA—THo7, I olcEHlcERE I ol 2T 2
5, ZOEHEIIE mDNA OEEET &b —HL T3 I EMnWHehickok (L
B :88%), £/, ThoDHEEAES LIS /EREFZTHIL, Jtaf (ORR) @7
&b 205 MGGEEE- -, TnoOfEMS, 20 mtDNA BEAG, EHoiElto
BT mtDNA OBEEFPZDNAIMAINZ DT, ZOEEMNBEE CH EHit\ T
DNA izl AA LT B3 TREIERIRR S iz,
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