'I 'l =Y FUPI0EE  DEIHE

mitochondrial cardiomyopathyécardlac complication

e B KB / DEBEATY | ~ 40 % EIREUTIIROEENF L.

LVH ® 38 ~ 56 %IZ AB243G ZENHBND. CDFE, BREEROFEET S EHZBL. DDA
L ROV RUT7 DNAZROBEBRZ E/UIHE, DEROMFELELS.

© JSRAY 1 A3243C ZR TS, A1555CG EETIIHE—DIERETD.

o HaREL | RA)H SR E & DIFE RN SIER L THRE
3 THD.

ICBBBEHDSD. AS243CEET

e NEENOREEE IOV Y.
o\ P WiE{&EE.

eI hIVRUTDNADHBDWIERDONAZEICE DI NIV RUTORRERSEICRY, BEAT, 1REY
HUSIFRREDOEEE E/ZUBEE, I A FUPOHESHTSD. PTHI NI NUT DNA
DERICIVEZDEDHROEENFL

o FEINAEER, L DI XILF— ﬁE%]‘ODEPVé: LT <MRA/IGEEI N2 RUT7OMEERRICXY,
DARZESIETETHD.

e BHmEREER, CUIEVENH, TCA U UILEENRS, AEIERAH, SEAH, ATP $

COIZBRENEFRET 2728, ERIGOFHERIROBEEEHHEHD
Hibas, BEEs,

73&%’71113'2
, TNRASHC, - B, B, A,
MG E, RICEHFERESIZTIENCHS.

® X NIV RUTHEAEDN EDRDGHEE TUFERERCTOMIFATH . TRLF-—F2ICK

BDBNEREDNDAMIEOANETOEBRZ &L, BYOBLTFOA Iy L¥al—raveEl

THER, BCDEXBERFEHETIR/REZEZASNTLS.

oERNICI hOYRUTRTHONDEEFDIERZRYT. RENATP GHOARRZEZHDIZLHDE,

BYDESEREGHT DENZV. PTEH, PRGER, BBHR, NMROERERT oD
40N

eI ROV RUT DNA HERBEEATRTCEND, RABRRCERRECEI-FT &5ER, 150

IR, HERR, B8R, RETNAOBEESREER, RERISSOICBE, I I RUT DNA
EBEZRD. £, T AV RUTDHENEEROEBIMERTHRRESND &N D B.

oER LTI MOV RNUTRDREZRT. EERDH-/IZHEE, S MDY RUPROERE U T2
=Na.
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3 RO KU ZRTH DN BRERIORER

SOV RYUTHRDBATP EHOTLEESTEND, BLOBBEREEHTIIENZL. DHEEFTIEEIC, RIOTE
TEBBROERSAONDEE, S NIV RUFPOBEERD. —FH, BEEDOHEEROERTH>TH, BRREICID
FOLEFEBROBREEDITFET DRSS, NEAZRORMERS.

EZE A0S MY KU PHORE

BN ORI, -’&ﬁ%hfnﬁ%%ﬁ&?&%ﬁiﬁ%ﬂﬁ‘

KSS : Kearns-Sayre iEBEEE, JNRHE, BHEORLTHE MEETOvIPRHETHY, I I FUFZDNA mxk%ﬁ%bnrma -4
7z. Pearson-Bone Marrow fEE8E. KSS EBEFREONX—VERAUTHDY, FERBICHTRSROB N &BASIBEREE &Y.
Pearson-Bone Marrow SEEREMSREICEVEFELAEESICEABIC KSS ERETAH T LA TIVS, MELAS: mitochondrial myopa-
thy. encephalopathy lactic acidosis and stroke-like episode. MERRF : myoclonus epilepsy and ragged-red fibers, NARP: neuro- |
logical atrophy with retinitis pigmentosa. MILS : maternal inherited Leigh syndrome.
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R
e = NI N U7 DEREIC IR ERE R,

|
® X NI R U T IDEREIC RN GIEL > b7 370,

e HETHNTVADI NI R FEEAEICHT DBEE L, PHOESREESEICUISBEETHY,
BB AERETSEIET Y B DWERERG MR CHIEE L.
e NIREICDWTIZER CE &,

. fesRit 1 AR

« MELAS TORMESRERSEOFHE R CILEN R MAERIEL L TR 5. |
- MELAS S ORZr BB L PUX =V EWET 52 ET, REOFHH LOBEEOE
BESENTDY, BNIMARTET, AR (TR IEE 12 AZBEMW. .. |

* B FLERINE (M4FPILERERDS 40 me/dl BLEDBE) Tld, BRME CORBREEUDRABRRERIT B
&, BREMEOEHPSE.

L
s EEATRICETRISICES UOBRZERLTS. A NLACKHTBEFHEEINS 5.
c MEARMEOYEL LTOMRLY. BERICED, BHREDHD.

BHmEREESHE

o UDNEERFETRINE N, IR MDY FUFICRYRAENS, HBUIEREEL. BREFBARE

HETS.

- HEAEEEONE, IR - CEILECRECETZRBOIBREDHS.

o RIKHIEROILE - EIEVRBETEXESH, SRME CoQ10 (EMOMAMEIFI & BB L EVDT, |
SR CoQ10 iR FHERICH L CTREMICBE L TOWBD EEA LTS, |

< BIEBICHE, BIFTHRE BERERLEDSHS. 7N/ 2iE CoQl0 &t @EEZL TS

PAVTL A REEDDHL, MBI EEaT 5.

HEREAI MDY NUTRATHRRERZET 5.

o EILE VERBKBBROMES & L TOREER.
cHEFANTATP HALEDUYBOERED TINNKRFIS—EEhoTEIEVE HdW0Wa-7
i\ 7)1/5(»@5%7&%:0))4%/3(@@760)#%@%2: LTHERT 3.

BEERL, TRIF-EEREBMEL

T V=2 IHINDAANR T —, :
* I PAVRNUTREQEFREREMS Y, MBEEOEBUCENAEZRET S, F/RKEMITERY
BT, /MRS - FEEREZIH U T MERROBBERET . :
. fzkmfﬂﬁjj RS l:f’Eﬁ% N ﬂﬁ’% EAEE DR ENHIT 5.

ThOYRUFERED oytopathy E%%Téﬂﬁ—@ftﬁ%. TNV RUFERBETIE ATPEE
Z‘EL:J: DIBAD 7R N— ADET L, BIENICIE Leigh BUEICREBR I N A EEMPADBEL D
£U%. ]
c BIUBMESBET, L/P LA 256 ML LICHRBBETIE, MEROATPEMOANY TTBED, T |
DT RI=—VADBRISETTREELZBND. 2O, DCARER EIILEUBEKEESRSE |
S (PDHC) #BARICEH(CESEZHEDIEINIC, L RYIART— E 25 TFICBEL, BESR
DATPERZELANTTREELSHY, PRN—JRAEFHTDIEDNEZLDND.

o PR 24 55 B H BENEMREARETRMRELOESMRE L TRENDOEERMHEEL
THIRPSFRENREAT YT 1 RS TTHORTNS (EEMEE A8 7I<jc—? EEFE&)
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ZWTLIVRL

oER S I KU T DEHEDRE 7 LU XAETT,

o DEREN S, EICRTERIARTNE, RUEERALE—ROCERBTETD. —4, D
EFE—ORFER THNE, DEFERS U BHERETD. 0%, EEPRESSUELHR
ERREBERAT, BETENACHES.

LWVHELL ZDERED ) LVHE{JG#’/E\%’E?S\'@UEQBQE

FREEELIIERERIC HTORBAVEAEESEENTVDES
ERARUTRNEDNSES o DR/ EREEAR
= o SAEEEEEE

ﬁ%fﬁ%ﬂfﬁbtﬁ#ﬂ‘/i\'UTDNAU) = T T 1 o
— ROV RERTAS243G, T3271C, E@éﬁﬁmgxg : A

o DR

T8993 C/G, A4300G, AB344GHLE 5 fr——— b< SERLERRIR G
| T
| S S OHER LR
« fBRaRAE 3 H
(ERAEDH L, SERRERI DELT) 2
o BEINIVRUTOER 4 AP
(ragged-red/ragged-blue fibers) : °%¥UE§%§§EN
o 1) & (Pomper) i ~BERMERREER
-%{Eﬂé?sﬂ%ﬁﬁiﬁd}}%ﬁ E 4 ﬁ)b—ﬁi/agﬁcﬁnﬁﬁﬁi
o FNIO— ACRLBERIBRIEDTE B
{focal or homogeneous deficiency) :
T T H

Molecular genetics

BONARRAT
o BRIBICHISUCIELTE |

S Ty M
Long range PCR

IPOVRUTDNADARE T T ° RS ELT
(Kearns-Sayre syndrome, PCR-RFLPIZ&3 « BEEHEERET

ERDIIE o TUOY— LRI

° FILTAR—JT VR

Chronic progressive external
ophthalmoplegia: CPEO)

FRBRICRBRE
BEFEiRtORER |

By, MY RUTPDEEDORETINIY XL
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B EE) HRELDEE 27 T )
a: WEEBAZEMIE LVDd=467mm, LVDs= |

DB ARG, A2 AECSICEBEICIUEE |

| DA, £ AEEICLBECIRRESET [

LA ER. LV:EE RAIAR RVIAZ

422 mm, LVEF =26 %. OEAMmCmes ) @5 [
). EEHEIC ORI E S (E5ED).

PETFLTOD. ZEICOBERTEDS U (BXED.

LTWB, #ECOEERESY (A%, dAH0E
ChIBIC i 5 ) (D).

a

E0 (58] BALHES A 7 o
 WEBEBEZEMEE LVDd=399mm, LvDs= =

B EBEEGHITE, TO—BELRE S CHRE [

C:

VLATER, LV EE RAERE BV I EBE

31.0 mm, LVEF =46 %, IVSd = 13.0 mm, PWd =
15,9 mm. BIERAROEESLY, DBEOII—EBEE
AHY, EEHRECOERTESHY (KH).

HY), EREICEROIEE - ISREMETLTVS. #
AR &) (KA.

DREOENTE. H5— N7, BEFBAET2SRE
EFEDHBNB K.
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BEEREE

R D ARREE (VSD)
DE=RER(PWD)

WEERES |OEZRED

STRHTE

DD O EEEEET O

WEEE | Omodified Simpson i D=RAVM

DR OiEEED S

—RAE Dmodified Simpson % S

DRE all PE T

RHHTE o

T8 sHRRE
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WIE - WRIE

CEFICE, I hav FUTESICESTH AR
CENBBEFESMEIET. Sokol HIE, EFED
3 b > ¥ 7 BFE (mitochondrial hepatopathy)
DIV, primary % b D35 X U secondary
RADELTRIHB L) REBBISHLT
V3R, FoLHIT, FFREKEICL - TFIER
ZENRZLORILIZE2INAHELTYS. IO
BEMEDILHEE, FPRSERBUC L > TH S8
TENZLORETIEFSEWEREOI by
FU7RHE), RPOPFREXBILL-TRIS
IRV RYTHEDSOOHEE. F—/i—
S TLTn250bdhY, E06IIHEE FHitdk
MALWITETEY, HEhbobHEX3
3BE, o, ChETCERERTELII b
Y TRBEIE WIEII LT, FEESR
4.7 OIS 2% 4E (mitochondrial respiratory
chain disorders : MRCD) & w25 TBEE LTHI 3
Fav Fy FHERAGHE) JREVOND.

E 2

HHFETIE, BROFHRIIBT HPRHERE
FEILLD I POV FYTHEILDWTE LD TW
A% IRz BE, I MIUFYTIHEIRRRE
ZHE Sl MRCD @ 16% &5 5, BRI
64% DEFOFREAKIRIET, 24% »° Complex I
KBECH o 77, I P2 VU THE2LH
PRZEASEERBELEEFEII LI FYT
DNA HiiBfE{E 8 (mitochondrial DNA depletion
syndrome : MTDPS) T o 72, MTDPS TH{E®
EFRREEsS RO, DCGUOK, MPVI7#
BHFEEW.

I haryFYTHEREESLI M2 FY TR
BEFETIALICL b, O ERTINEDORS
#(NADH #51, NADET), @7 K b— X5
BRFOMBICES 7R - 20T, @t
% (reactive oxygen species : ROS) ik,
HEMBlEARIZARLI L YHREE, B
BEMEI L EVvvbilTwa, MTDPSHE, 3 H
o ¥ ¥ 7 DNA(mtDNA) O B R4 8 4468 2
EDOREIZEINT, mtDNA OBEZEF| &R
L, mtDNA 255 L Cvs 5088 (Complex 1,
1, IV, V)OIBEEETHARIS, JOREDET
B4 IZHIT LT B, Complex T BEKIR
FEELTROPBHI L LS. R CEIEHRO%
FEOOPIRIEE « ¥ b Y RIBERET V-0
¥ 58 55 BF %5 (non-alchoholic steatohepatitis :
NASH) & KAt 0% v )2 MiRE OB L L
ZFZELE. Eo Reye EEHO LD 2%
DEREIEY, WHHROBESEIDZIELD
3 HHBAEI/OY =Y A(B T UF M
E)RFIERITHE D HERE SN 5(growth
retardation, aminoaciduria, cholestasis, iron over-
load, lactic acidosis, and early death syndrome :
GRACILE §Ef&#E). £7/004, NASH IcBWTh
RS DET 245 S EARE STV EY,

w B

AER, PRETREI LRI CITHE
EFEFICEEYT S, MTDPS 24& LARBETIR
TRUERETFTHY, FTRefSEEETH
5. L Th MPV17, DGUOK HbHETO 2
KERBETFTCHE. T/ Alpers EEHORE




=1 k2 RUFPFEDSTE

{Sokol RJ : Mitochendrial hepatopathies. In : Suchy FJ, et
al.{eds), Liver Disease in Children. 3rd ed. Cambridge
Univ Press, 803-828, 2007/Lee WS, et al. : Mitechondrial
hepatopathies : advances in genetics and pathogenesis.
Hepatology 45 : 1555-1565, 2007, & B 5|AI—&E)

BETTHD POLGCERIE, BELTIE common
ERpAWGIT)FHEETIVAFAREALR
¥, EEIILEWwERbNS, T/ LRBOR

G fFEB&E

HHAEE L U7 ¥ F— Y A BHIRITN %
FlaEo L, 5B Tom LT < 3 reversible
liver disease & LT TRMU BIZFREIHE &
NTWAED, HERAREIZWEOLIZAHESR
Tvriety,

BRPRAER

IhTY Ry TSR, FSMER - BTREDE
3 I NS, Fd RS, FREREE T
&(HERAEZOT bV AILEPT A LSS
»3), M7 v E=TMERELZ LHEW), &
BRI 5B, uvhA, 3F70-xZ, i
fE, WCRICBEE L7oRTT, Rbdds. oM
SLBMEREDRVLI E L,

2 B

EALERE (ERF, BENRRELY). wE
B, BEFHREDIDKETIILENS.

BEEEMEICB LT, Complex I, III, IV OIET
& Complex TOEFS LT EAGHENE LI
HETTHIAT T RAICET) 12 miDNA OB ER
B s, 8640, FE% YT mDNA 3¢ —-#0
BT2EDNIT(EEHD 30~35% LLUT). mtDNA
RN LD TE 5.

I I THELRRERENRS, EF
HERORMEEMR RS eI L kv, L
Ao T, TEBRYFERETITY, HROEE
HEEEENET S A E Ly, SR T,
HERT 2 A (-0TCHE) HNIETTHRTH 5.,

IpRSEEE L L A FREOHRERIE, B, IE
DiEEERL, £ o4 THRMEL, B o8&,
BIUNERBOBREELES. /4 I barFY
FTOHEDBERPTEREE, ChohbwviIidHE
BHRUTRATHS.

BEFHAZ, mtDNAZRICowWT a7~
YA NNR—ACITFORTWAE(G & GH AT A)
A, FERSRBSIEo & ) LAESATHIIZ, &
HELOWME IV - TRAKNBREFER
(mtDNA 3 & U8 DNA O BRBF) 2T LT
na,
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£2 ZPIVEUZPHIFIV(TRERCEBHRTE
Fb)

SR, metabolic crisls (LB T F—Y 2 EHS Bl
BEYOSEERIICHEOTWVD. 1RE(0KkgIED
K2 THBIOT, FEWBENL). 5D, BRBITTFE
B EORREBOLDTHD

B

1. SrIVRUTREEESR—FTBEIEY
PHBEREORS
HEATIRWThoER L, $REEH b

FBEIMBENL OO0, +HEIEFVRE

BAHFCREST AW, LAL, S ra>FY

TEEXEZONDL L E, primary THoTh

secondary THo THEHMYE ¥ I LR PHiBEEL

EORGEMET A EIREWI LTI, §

e R L ThLv, SHABEERIZI o

FUTOZKRMEELHE) S eMEL, BEOLR

V2RI TI bay P TR FNVIEEEE

£, SHBYEABNEE, RETVA I VERES

2, BAPSHERLTYWA, LiL, #BERD

BWES R OBER LIXSRPZ LWEAIIS

4, TEFUAZM LU TOREHIE, 2012 £l

IV Ea—2BREENY,

2. SEIVRUPROBBEEE
I by P THEOKIREOERT, BE

fHTHAH - Complex INMBETFTLTWAEE
it, MBI AR TH L. HuY —2ko 50~
60% NGBS 5 & L AR SN T VWD, WilAL
WNZ, BIREOS b e Bz h, s
{i% (medium chain triglycerides : MCT) s 4 V%
HAwaZbbds, Hio, BREOUHRECER
KA 1 NADH % ARG & CREE Bk
HHILIIRDIY, EEFILETHL.

F ®
o &) LETFHREBES AT, SEEL
DI, ZORMELEBTEr—2bbh

1, MTDPS i3 L TREDEBTHAE R Y
TRETHZEHEL, FHRARBERETH S,

F B

FIEE TR HHEEBEOLI Ak, Lk
L, BEFREISHELTVWRIT @RI MTDPS)
HERBEEITY L TiETH 5.

@3k

1) Sokol R] * Mitochondrial hepatopathies, In : Suchy FJ,
et al.(eds), Liver Disease in Children. 3rd ed. Cam-
bridge Univ Press. 803-829, 2007

2} Lee WS, et al. : Mitochondrial hepatopathies : advances
in genetics and pathogenesis. Hepatology 45 : 1555~
1565, 2007

3 BRST, fit: 3 oy Py TR AAREREC
BITAFREOFRE. HANNEERH{LRTHEESE
525 69-74, 2011

4) Begriche K. et al. : Mitochondrial adaptations and dys-
functions in nonalcoholic fatty liver disease. Hepatol-
ogy 58 : 1497-1507. 2013

5) Pfeffer G, et al. : Treatment for mitochondrial disor-
ders. Cochrane Database Syst Rev 4 : CDR04426, 2012

(Fhil =)
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4. FERBICONT

=k3IVE

U P EIREE R

B IREDER

UigsEEE5 SR IT

18316 TH

- RVICRT KDICERIGEZETHD

PAGE ##fT72 &£)

B&nER B OMIM(7ZE2> 7 —
BOMIM #252010 (Complex | RIBAEDHFF)

- BEE ] (Complex DDBRELOWUEERPETTHIEICKY, TRILF—EERTHEZ

-2 POV RU7DNABELODNA OEmAFEDBRRAICKEY DD
- B Complex | RIBMEISEE S5 DBEHRZI O P TIEFEIEEEESMED 44% (300 Fi+

- WL Complex | DR - RIBABRFEWICTRT S ZETHD(n vitro BEFE, BN-

..............................................................................................................................................................................

B 73823 - complex I(INADH & Ro4—+ ; dehydrogenase (NADH)), EC 1.6.5.3
- ESHRER) IR 1 2BE

J

Complex 11X, NADH- LY ¥ /) VBRI ZEITCEE
FEIEDR, PhlldbMBEOY Ty b X
sV BEkYT2Ioy MI3TET, 562

X BB EBETEY)IIEREERRETH 5.
23 F1) 7 DNAmIDNA) IZHET 5 DIE7
B (ND1, 2, 3, 4, 4L, 5, 6) T, TN biZftio 7D
#% & {z T (nDNA) 3k ¥ 7' = v b (NDUFV1,
FV2, ES1, FS2, FS3, FS7, FS8) & & & |[ZRiiEAE &
bHFEOEWEARAI=y KL, a7% 7
=y b EMFEINSG. BT IZHEZLEE complex T D
EREP%RT. Y P97 AT—ANEY 2—
W, QEVa— V) ERET—2PEI 22— V)0
570, 100°DHETL FREELFIES.

Z @ Complex I DIEMHETIC L) =R V¥ —jE
AMETLTC, SERHFEEZFISEISRAR
Complex I KIEFE & MRS 5.

I haY Y TR R

Complex I KIEFE 1L

‘% #E (mitocondrial respirotory chain disorders :

MRCD) DHTEREZ T, BREAIZBNTLHARAN

IZBVTH MRCD @ 40 ~ 45% %% complex 1 KIE

4725 Y S 5ICHEE S OMATTIE, MRCD
H complex I RIBIZIRTELWEARIRIBED 7
DRI HS complex I KEEE-THBY Y, Zh
EEZEGLEDL, EIZTMRCD 20K 80% A
complex [ R{EZ1ES .

Complex TIEZB T 2R NEY 2 — VD FEim
T, NADH ZBR{LL C2 HOEFREET A B
FIIFEICQEV2—NVOEET, 75EVE/) X
2VFF FEMN) Egk- A4 7 (FeS)r TAY—
ANLT, B EERCBITARAOBNETFS

BETHAHLEFR ) V(AT VA L QIIEST
b5, COBFEEEEZLT, complex IO P E
Va—VEI YR TRN) v 7 AnGER
fEAT T b B RA TS,

Complex I RIEFEDHRE L LTHREDH 27
Iy FEBFEFERTIORT. a7 72
= v FUALD nDNA HRH 7= v MERZHERE
AHADLDEE VA, SHINGDORBEEED
AT % 8 L CHBEDSHHL R 55 DHLNTH
59, BREMIEBERMICEFhAYF T2y b
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EAVEYES

H+ Ed H+ H+
FADHFAD+2H*
NADH|NAD*-+H?* \ j 0. | H:O ADP+Pi| ATP
| 1.2 114 14
[ComplexIIJ
[ - e
Complex I e € Complexm} {Complex]\f] [ ComplexV]
cea e, —E
Cytc
¥ 4
H* H* H* H*
e
) Fvi [N EZ2-M

180A

e

1 HPEFREESE | ORI

IRV ORTP—L (NEY21—IU, QEY 1)) EREFP—L PEYa—IL) B 100°DAET
L PRIESEHEED. N TYa2—JU: NADH BikFHEESE (NADH dehydrogenase) £Ya1—J)b, Q
TV a—)U BFEE (electron transfer) €Y a—J)b, PEYa—)L: JONYRYEYY (proton
translocation) Y a~—Jb. IPYTJ1Zw hOFTTIZY hEEL Y (BREIECTHE &

FlE= MOV RUTBEGFER).

(Mimaki M, et al: Understanding mitochondrial complex I assembly in health and disease. Biochim Biophys

Acta 1817; 851-862, 2012. & h —E¥Z LB H)

LISz, Complex 1IZZH 07Xy 7Y —KF
DTN TEERINE b7y T
J—HFOW, HHRELTHREDHLDDERK 2
IR L7z, FNENOBREFEEOFEMIL, ST
DMZFELCERBENTW LD TEREN -,

SHITEETREIE, complex IZIEHmHELD
mtDNA HEY 7 2=y by U7 BEEF TN
%728, mtDNA D#FH - IEEE (mt tRNA &I
FEEPHEROBEE - BERHETTFORY,
I M2V N7 DNA WBERFEORERICL 72 5)
T, FIZHHE complex I BEMKEORZ A LS
WZETHDB INLDE TR HEDITZD
% A RIRIBEICELT 5.

Complex I RIBFEDBWNILE 1358 FITMH T
%, BT 2 EABMEL ) BRI ELAT
BB, BIMBIIED 2 T dE—RETII3IH
DTERVEIBERICE D B ERDTEET 254
i, F TIPSR R AR R METRET
H5. bhRAEILBRIMEDHFIE L %\ MRCD
R 10% EEL VY, 2oRELEREE L IZED
REEND.

MR LTGRO0, RS S Rl 2
BEBEOMMIRDZET L, B UETIE,
OGO A TIEESET LA THIEEATEE D
HLHLOTEZLTHRL, BESMEFmI
BEOKRIBRIIEL L), BHHEBROSTFAE
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ND2 P LS
ND3 P LS, LIMDd**
ND4 P LHON, LS
NDAL P LHON
ND5 P LS, MELAS, LHON
ND6 ND6 P LS,LHON, YA b7
BT NDUFA1 MWFE LS, 3 ba ¥ ¥ 7EEGE
NDUFA2 B8 LS
NDUFA10 42kDa LS
, LIMD, 3 b2 F1) 7 HRAGEE,
NDUFA11 B14.7 Shav R TLE
NDUFAI12 B17.2 LS
NDUFS1 75kDa N LS, HE AT 4 —
LS, LIMD, 3 k2> N 7 IREHIE,
NDUES2 49kDa Q LTy Ry Tk
NDUFES3 30kDa Q LS
NDUFS4 18kDa N LS
NDUES6 13kDa N LIMD
NDUFS7 PSST Q LS
LS, 3 b3 FY 7HEHE,
NDUFS8 TYKY Q I YR TALEIE,
HEZA IR 74—
NDUFV1 51kDa N LS, 3 har P 7HiEhE
3 ha v R 7 RREE,
NDUFV2 24kDa N I hay Y L

*1 L HON : Leber s&f=MEE@RE (Leber Hereditary Optic Neuropathy)
*2 MELAS: = b RUPKERE , SABIME  Z2PBREEHDERE (Mitochondrial Encephalomyopa-

thy, Lactic Acidosis, Stroke-like episodes)
*3 1S Leigh BiE CEE{RED)

*4 LMD : BIERFLIES b KU (Lethal Infantile Mitochondrial Disease)

YRR 0 AR BT WT O 72 01213 2 OFFHT I
VETHDH. 7o, Leigh BAEZE Pl & T B HIHE
FERFLLD I I Y FY TR T, BBRMESH
B2 BT AREOREBRILIZIZTHRICEHT 52
LbbhroTE

NADH BRALIZHE ) Bt HIET 525,
HEARAIZIZ %480 NADH BRILETCEZELH 5D
T, complex I DFFEBIFHEHTH 5 rotenone %
M2 BEDOEEPO MR - HBOEETZ LTI,
ZFN% complex I {EHEE LTW5, ZlEss - Mk
WCBITAEIMIY N TEDEVEHIET 5720,
HMEE LD S 7 2 U BREER R I BRFK
FE R (complex INTEHE TR L IE®TETE
BE BERDITIR L CEREETIER L, 2
SR HEET A L) RIEEEDL 2. ZHEED
BERHEZ TMREY AT A DREEEL L O Wk E &
TORBENIPEHETEITLEIIR>TLA.

HERNHEZ 5 & complex 1 EHKRIBTH 51T

TOBETH, EEERBIZLD DL HE
ENAb. complex I RIBIZ L D EA SN AEMEER
EPMOIFREESEKIEEZHET S, $/20F
complex I DEFEPEEREAROREEELT]
XRIL, MOMFREDEESNS, 2 EOHHA
BENTWEY, FEllidbhro Tz,

|2 QEEE

Complex I ZHBHE CIBEE O ER R F 55
CHEISNDLOHELHS. LEALEDED S,
BRI b DFEEBHREI IR B V0B
HIRTH 5.

Bl HEEE2 I

FAEmTRE LTt BEORHERESLHH
HE/R 75 (fibre type disproportion) 72 & D IEFFE LY
TALDNI L A ET, Rl HEHE (ragged-red fi-
ber) %2 £ DR RBYZEALIL, mDNARER, TD
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&2 complex | RIBEREEODRBLGTFDERED

P IJU—52)\0 - BREES (biogenesis) OFEE
NADH dehydrogenase S hay K1) 7
NDUFAF1 (ubiquinone) complex I, 15q11.2-q21.3 | 606934 Ty ) —HF AR, JL/(?L\\%;E %m;%);g) ’ﬁ
assembly factor 1 )
NADH dehydrogenase R
o - Leigh JHfE,
NDUFAF2 (ubiquinone) complex I 5q12.1 609653 Ty —HF AR. - e S ok B
B ? ig ¥ o
assembly factor 2 /IR RE O HETT VR E
NADH dehydrogenase
NDUFAF3 (ubiquinone) complex I, 3p21.31 612911 Ty 7 —EF AR. BOEMILIEI b2 FUTH
assembly factor 3
NADH dehydrogenase
NDUFAF4 (ubiquinone) complex I, 6q16.1 611776 Ty —RF AR. B3 bar FYTHR (BEE)
assembly factor 4
NADH dehydrogenase T
lz/gzlg/'}g; (ubiquinone) complex I, 20pi2.1 612360 | Ty TU—RET AR. e $Li‘§‘§h5“;ﬁ9 g
' assembly factor 5
NADH dehydrogenase
1\(/2(2]5%@? (ubiquinone) complex I, 8q22.1 612392 Ty 7Ty —EF AR. Leigh IMJE
assembly factor 6
FAD-dependent .
. . Complex I ® Leigh M%E,
FOXREDI oxidoreductase domain 11g24.2 613622 N o~ AR. © 1H < e
containing 1 LR S HRI b T FV T
o .y Ty 7T)-E LT VINGE IR g &
NUBPL nucleotide binding protein-like 14qi2 613621 19 ¢ 5k - R AR. (B e
acyl-CoA dehydrogenase e A1 A LB bay B TH COIFE,
ACAD9 family, member 9 39213 611103 | NEWEE B BRI B AR. i), N, SEERHE
AIFMI apoptosis-inducing factor, Xq26.1 300169 | THR =3 AICHE | X-inked |FLUEI R FY T (BAHE)
mitochondrion-associated, 1
BE . REEEDOESLROICRONS. Lo [EED Sk ¢ BB

T, MRCD %o CHifEME LA B HR s
T, LR (RERIEYE) b —HITATD
RIS B

Complex I RIBJEIZERITH 5 L EE o 7216
FEE RS, HREED A Y i complex I & com-
plex UD2200H 5. H#-7T, complex LHD
BEEEBNE S T LENTRTHS. S
1%, complex II Z BRI IEEE LT, MPV1T
BEICED ORI b3 FY 7 DNA MiEER
BEOREANCTT LT, Iy, a4 A QL0
i EOREYFREICZ, 7R ERA LR
PEE5 2528k, FFBREISERELL, &
YD sick day DIV ONAZLBFHEL T
wa O F7e BRI BRBRER T o TV
273/ VT)VBR+ T T VBRI RIE, NAEE
FTDH 5 complex IL 1T, IV DIEHZ EIF, ATP
EEPHEINSE2@EVHVHFINL. Blo
TEERI L, WPRERBREDSHZ Lo»h &7
IZELTHA.

1) Scheffer IE: The human OXPHOS system: structure,
function and physiology. In: Oxidative Phosphoryla-
tion in Health and Disease (ed by Smeitink JAM,
Sengers RCA, Trijbels JMF), p 1-27, kluwer Aca-
demic,”Plenum Publishers, 2010

2) Mimaki M, et al.: Understanding mitochondrial
complex I assembly in health and disease. Biochim
Biophys Acta 1817: 851-862, 2012.

3) KM B AL ZEIbar N TIFRSHEFE.
AR B RIRE SES BMmE Rk

FRWERARHEE, NERHERR Y 2223, p210-
213, FRILEE, 2010.

4 ) *Fassone E, Rahman S: Complex I deficiency: clini-
cal features, biochemistry and molecular genetics. J
Med Genet 49: 578-590, 2012

5) Koene S, et al.: Natural disease course and geno-
type-phenotype correlations in Complex I deficiency
caused by nuclear gene defects: what we learned
from 130 cases. J Inherit Metab Dis 35: 737-747,
2012

6) Kaji S et al.: Fluctuating liver functions in siblings
with MPV17 mutations and possible improvement
associated with dietary and pharmaceutical treat-
ments targeting respiratory chain Complex II. Mol
Genet Metab 97: 292-296. 2009
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~—BIREDER

- Complex | BRIEBEWVWLUEESMBETTAIEICEY, IXIF—EEEKTHSBEIYESRESE
ZE|EEZT

- BIRRIED, (comple | Z& ) BHOFRERIBOL L TKRERFOREISERNTS

- EFERHTIBIED D5, 2 ~ 4% EENTHY), MOMFRIHRIBAE S B L TERIICDR0.
HHETIE Complex || K IEMEIER DD > TLVRLY ;

- Leigh BECELIREFEIL S ~ 0> KU 7¥% (lethal infantile mitochondrial disease), &g |

KF+Z2—0/NF—, H72AT5 I VEAEE TH51E5EHE (Pheochromocytoma)
(4R E5E (paraganglioma) 2 EPRE SN TS Y

- 2L complex || DIET - RIBABZEFMICERT 5 ETHS(in vitro BEH=EM, BN-
PAGE 7z &)

..............................................................................................................................................................................

B REEER  Complex | (ANTB—1E+X )/ VER{CGETTEESR , 2/ \VBEBIKRER)., EC 1.3.5.1

BER1EHR / BEiZN /OMIM 1 & 1 fhiZEE

¥4 1K (Complex)TI iZ TCA HEE D a7 BT
b 114 — - (succinate dehydrogenase: SDH) % &
H, ANTERPSIAT VA LAQILEFRIET.
BT complex I 25 I NEFEFNEIZHNLDT
7L, WEDPLDOFNEIMY L2 AN ONDH
HEEZAE LN 1D X9 complex I DA
B Td A NADH 2*5 DET & complex II DEE
THALIANIBEIOGOEFIE, MAELdbaz sy
ALQIZIEEN, I UF A LAQRIREZSTF
RO 2 IFREEOEEED» L BEEHRANEIHL,
BEFOHPERE L TOREZRILT, BAEHIC
IANF—ZEEL TV anyprbaxy
HA L QANDEFBHOHHT ANVF—L, ATP
ABICIEIAR TS TH AHH, complex II DBHITT
RBWEMOBEVEFTD, complex IZEH T
(ZIPRSEIZ AB ZEHNTED.

Complex I RIEFEDFEEEIL, SIPREEEFAED
2~ 4% L ENTHBY Y, Mo IEREEEE KI85E
B L TEREMICA v, EEEORRICIFREED
FTH TCATA 7V EEBESOW - EELEE
EZTHD, F72complex I DX ) IZHEMR ST
ETHRWD, REVFBHNEZYEELTCS
SN WHBER L DA, T TOED L WElRE

DHT, Leigh ESCILIBBSREI P FY T
#% (lethal infantile mitochondrial disease), IEE)ZFH
toa—UNF—, BTATIVELEETHS
1 £ #fl i3 I (pheochromocytoma) < £ i #% & f&
(paraganglioma) 7z EASERE S T3 V.

JRREZF & LT, flavoprotein ¥ I— FLTWw»
% SDHA, Fe-S7 A% —% I —FLTw5
SDHB, JE7 v h—4% X7 %a2—FLTwh
SDHC & SDHD |ZBWTEERRODP o T\ 5,
SHLIERET YT )T 77 —TdH5b, SD-
HAFI, SDHAF2 2 &b BohoTETWD V™
ERONIFREETE BRI L - IPRER
HIE 300 BIOHIZH, complex IT HM/AKIEIL 1 A
b RO TR,

Complex IT DEEEUNIIRDE) TH 5.
Succinate + I HA L QI —
Fumarate + I L2 1 A Qi - H2
COBEIITCARBOa N7 BFeas J—
4 (succinate dehydrogenase: SDH) % & A&, /N7
BArLIZUFALAQILETFRET. BT
complex I 226 M NEFFNEIZHENE D TiEZL,
MFWHDENENHIL LAY ORH L EE R
BHE T, 2D X9 complex I DFEETH %
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Matnx

????7??
s 0 e 68
Inner
mitochondrial

membrane

sevecrve

Suucinate

Fumarate

SDH& U THEBE

?“‘» $202 55
?ﬁ??%??@

Brh—a2I8y

B IS I Rt

NADH 2°6DETF & complex I DFEE TH A I/
I LDEFIE, MALDITL AL QITHE
SN, VAL LQIUEIRE S FIRDF % IF
DB LEEENEHHL, BEF Ok
BELTOREEZ R LT, HEMICZ ANV —
REEL TV INTBRPLITFA L QAN
DEFREOEHIAINF—IL, ATP I
AT THAHD, complex II DB T THIERIE
MNOBENWETFTD, complex I %8 5 312K EH
WCABLTZENTES.

Complex I 2SR F 72I3HEHETICE - T, =
PVF—EEDPEE SR - BROBEEL5 &
H2 9. FEARIYITIE IR E 2 RE O i IR AR
HREICELTCSISETHIED, NEDOHREL
RaE, EHREESCEEMIEEL & complex IT K
B2 DO EEND,

KIVIWRLAEBY, SDHDFEEHLTH D
% flavoprotein & 2 — N9 5% SDHA 1%, D I b
2V Y TRICASIND L) IR (Leigh FXE,
DEREE, BERE) B TE. LrLlhTasIy

EAEEET X LEME B 2. —F
SDHB, SDHC, SDHD \ZB=HDHTIT I VE
AR (e tuiifefE S R EiE) 2 272 LT wv

V. FerTY—F VI F code LTV BIET
2B LT, SDHAFI iEEMEDHREDH2 Y0
(X LC, SDHAF2 3/ 57239 3 VIEAEEROH
EDHTHL Y. ThbbeghoREY &/
D& SDHA ¥ X O SDHAF1 T3 1) genotype-phe-
notype corerration {3 complex II B &R FIZ B\
T, TodsblrHcEbns.

AR GH 1, 10, T O .02 TERCY B 8k — T E
7GARY — @%&cﬁbé@@%wﬁhﬁﬁﬁé
nNTwab, IS ODOHEETEE (ABCB7, FXN,
ISCU, LYRM4, GLRX5, NFUI, BOLA3, IBA57) %S4

o TWn5E, ZTNHDEEREIL complex IT % &1
PG SHRABIE DS — v % & B, ZD720, [ed
ToHlzE, FHU< complex I 6T %2 &723
2R LERBELOERNHFDZIIS VDT, EEE
BYL KEBGHAEIMNICFUTHRELTH
RNCDIFET DI broTBY, S5O
RIS B LT AHTH 5.

1%, BEREREEIRR° CT, MRI 7z &K D

RIEDZH

PR, SEALERT R &0 IR REAE & 5E >,
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BUINUE

JUua-sr

NADH NAD

LB RR AR

K2 EIEVEORSERE
(Baysal BE, WS, et al.: Phenotypic dichotomy in mitochondrial Complex II genetic disorders. J Mol Med
(Berl)79: 495-503, 2001 % H%)

#& 1 Complex Il BIISEREDKEGTFDE LD
P72z bR :
. v w1 | 3
SDHA | 5pls 600857 Flavoprotein AR. 7 Iﬁ?fﬁﬂg%gﬁjgﬁ
612359, 606764,
SDHB | 1p36.1-p35 | 606864, 115310, iron-sulfer protein A.D. with LOH 175 # X% PGL/PHEO
171300
SDHC | 1q23.3 602413 By rh—52sy AD. with LOH 34 # {2 PGL/PHEO
SDHD 11g23 602690 7 > H—% 87 | AD.with LOH + imprinting 110 #{= M PGL/PHEO
Complex IDT7 V7Y — FLIR B E R
SDHAFI | 19q13.12 612848 HF. SDHA ~EEFH AR. 2 (leukoencephalopathy)
Complex X D7 &> 71— . P gy
SDHAF2 | 11ql12.2 601650 KT, SDHB ~EEJEH 2 A.D. with LOH + imprinting 1 #H{zH PGL/PHEO

SDHA: succinate dehydrogenase subunit A, SDHAF: SDH assembly favtor A.D: Autozomal dominant, A.R.: Au-
tozomal recessive, LOH: loss of heterozygosity, PGL: paraganglioma, PHEG: pheochromocytoma.

BB, SR ERETR SR,
) & VWO EBRREEZIE T2 &
Thb. BEKRETIIER LR - EVE VR
OFAEQ )R F o EHG- v Fo X EERR
|7 e NEERR) O LRI AL AW S SE - Y

YU b 4 EE NADH ORI UG & 367%
LTw5%%, complex 11 I NADH OB LIZEL
BERIZERNWDTHL. EFANDRL, KRF
FRBRERRN LT — 120w TiRmb Tz
WS, EETHZaANTBOEREHSNDE Y,
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H—ME 7 T A —BEO—LHIL) R E T
2B B0, REEERD TCA [k 7 & DA
MEWMRET, HETREEDLNS.

Complex I IMPREEDHFTH o & b IEFT R EEFE
ThD, 2IRHFE L ZITRT V. DOl
DEREHIZIIB W THKERE &bE R
O, BEIZHETL TCWLEPH L. LIz o T,
BRIRIZ S <2 —80C L2 BLiE L 72 fresh 7 Mifk &
52 & bEETHS. F72, BN-PAGE Jiht ¥
Tb complex I DT B L2 DMOEER DAL
EARTIEILLD, HETRETH S,

HmMRIBORMGEFTE, HEDEZA L6
TEHEICE E > TB Y DD, genotype-phenotype cor-
relation DS LLERROPR 72N B 7200, BRI DE S % F
RBLTWCZ LT THAH. —HTARLRY
EDTHEZONEID, L7V — MRS
EDEERVHD LNk,

AIEDRIGHERET R {, — RS iEi&E
BRI NIy FYUThTTNVERFERLTWLZ
Y122 9 Complex 1T KIBFEEME, BB
Do RERCHERREEERY RV 2 &3k

Lw,

1) Baysal BE, WS, et al.: Phenotypic dichotomy in
mitochondrial Complex II genetic disorders. J Mol
Med (Berl)79: 495-503, 2001

2) Horvéth R, et al.: Leigh syndrome caused by muta-
tions in the flavoprotein (Fp) subunit of succinate
dehydrogenase (SDHA) . J Neurol Neuro Psychiatry
77: 74-76, 2006

3) Hensen EF, Bayley JP: Recent advances in the ge-
netics of SDH-related paraganglioma and pheochro-
mocytoma. Fam Cancer 10: 355-363, 2011

4) Ghezzi D, et al.: SDHAFI, encoding a LYR Com-
plex-II specific assembly factor, is mutated in SDH-
defective infantile leukoencephalopathy. Nat Genet
41: 654-656, 2009

5) Kunst HP, et al.: SDHAF2 (PGL2-SDHS5) and he-
reditary head and neck paraganglioma.Clin Cancer
Res 17: 247-254, 2011, Epub 2011 Jan 11.

6) AHEER - $LEE, EVE VR NERHEIRSY (Sup-
pl): 113-115, 1996

7) Sokol RJ: Mitochondrial Hepatopathies. In: Liver
Disease in Children 3rd Ed. Cambridge Univ Press;
2007. p803-829

8 ) Munnich A, et al.: & Shoffner JM : Disorders of mi-
tochondrial functio. In: The Metabolic and Molecu-
lar Bases of Inherited Disease (ed by Sciver CR, et
al) , p2261-2274, p2367-2423, McGraw-Hill 8th edi-
tion, New York, 2000

9) Dabbeni-Sala F, et al.: Melatonin protects against
6-OHDA-induced neurotoxicity in rats: a role for
mitochondrial complex I activity. FASEB J 15:164-
170, 2001

10) A1l E:RAESRVERARBER 28 Itz
YRUTVAFa— ARBERREY V2 (A E
W, BAIIERS, #F) 23, 186-187, HILESE, 2010
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— EEDER
- Complex Il BRIBAVUERPETTHZEICLY, TRNF—EEETHRD UHRRE |
EEF(XRIT.
. 2 h3Y RU7 DNA RURDNA Ofih & 6REICHE B2

- Complex Il RIBAEDHEFE |4

BAVRIERDPRE SN TS,

PAGE fEt72 &),

reductase), EC 1.10.2.2

o &Y ERH SN DIERND,
TIIFISHERESAEDH3.3% (300 #i10 41) TH 3.

-MIDNA ODEETIRIFTONRA, BERMHE) A4 /3F—,
ERENTOTIAI-DERICEDE, BRABERZELS%. MDNA TRERTEICH

- B2Wrid complex Il DIRT - RIEEBEEFWICEIAT S Z & Th B (in vitro BEREE, BN—

.............................................................................................................................................................................

8 RiEEESR Ccomplex (L EF /=) —> b Y O—LciETESR | ubiquinol-cytochrom ¢ |

BERER /BRI /OMIM @ 5k 1 FhiciEH

EEOLDOERZHOH

#E OFE LRBHOSHER |

A

I bay N TIFREEHE A 44 I (complex ITD) 1
bel BEMBEE, 2¥VF/ — V- b ra—hc
EITCEE R 5 ubiquinol-cytochrom c reductase & X
n, BEEME(complex) IF2F U5 F ) —
WIZE o TRAGNI- BT 2 M7 00— NIET
B & %HFT 5. complex LXK 10 KDRTFF
FRLETI U R)2LRD, F0IbD 1R
FZ7E—Ab)iZI bI ¥ FY 7 DNA(mMDNA) IZ
- F&h, S TEDNAIIZIZ— FE&hTn
2 (B 1NV, =D complex I DRIER S LIHHEAS
BETICL o CTZANT—EEMET L CResEE
2P| ERITION, I bV P TIEREES
& 111 /RFEHE (complex I RIBIE) TH 5.

Complex Il RIEFEDIAELL, 1o XD LEHS

N72b DRV, FEZFLOBRZHOT T
complex I /RIBIE, BWEDOWIREH/KIBAE, complex
IV RIEICRIZH Y, IFREREESEDORN
3.3%(300 Bl 10 B1) TH 5.

2 A complex III K 8 4 (Isolated complex III
deficiency) & X729, 1% DNA HROFEREE(E T
ELTHPoTW5bDEFEIZET72. mDNA
B 71229 b TH5HY F 7 E— L4 b(MI-CYB)

BREFVPETONE. L LKFED complex I
RABIEIEFI D BRI ER KA L LTHL 2
o T2\,

F7z, BPEIZBIT S complex I RIBIFEIZD
Wi, EHSAS, 10 7 BOBR R 2
ST EL, EEFBEL HIT LMa L
EBIZBE LY. FFEIE T O complex I &M
R, 7T VBRAKERL, complex IT I 10
~20% LIRT LTz, BEEFERIHEDL
ZAHMEEL TR,

WA - RBIEBET LI E R 570, DITEE
%ﬂ@xa@kowfﬂf\é.

mtDNAHRED DL L TiE, Y7 u—2b
32— FLTw3E&E{EFMI-CYB) NI
15533A>G, 15761G>A 2 30 2B A DAL E
DBMEFLZINTVE ZFERIIODWVWTIT,
MitoMap D HP & £ &\ 7z 72 & 72 W(htp://
www.mitomap.org/MITOMAP).

PUT#% DNA HR O FERBEHIOEEIZDONWT
BB (F ).

UQCRB BIZFEEIZoOWTIE, 2003 F£I2ZD
BEFORRICEIVRIIMELART V F—V 2%
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Complex il
H +

Complex Il Complex IV

Complex |

Succinate Fumarate
NADH  NAD™

Complex V

ND5

rgl ND4L
| ND3

0 SR
col"8 s
ATPase COIl

B SEEIEESSIST D mDNA O

(Zeviani M, Di Donato S: Mitochondrial disorders Brain 127: 2153-2172, 2004 X b B{H)

(O#& 17, pxvi ZH)

&1 Complex Il AFEREDRERFDE L8

BJaz v hER e
ubiquinol-cytochrome ¢ B L BTV F-Y A2 B L—R
UQCRB reductase binding protein 8q22 191330 Electron transfer AR. AOHE
ubiquinol-cytochrome ¢ (4 RIS =
UQCRQ | reductase, complex Il subunit | 5q31.1 | 612080 Electron transfer AR. s ﬁ:’é%“ (\ﬂﬁ;ﬂ%ﬁ&’ YAL=T,
75 b —EEE)
VII, 9.5kDa
123980, s, WABMEEMES S PT P
crYel Cytochrome C1 8q24.3 615453 Electron transfer AR. YR W7 UEZTE FRE
TRy TU—S NG - EREESH (biogenesis) DRE o -
WERI MY R TR, MLS (Micrpphthalmia
holocytochrome c-type with linear skin defect, #EAREZEAIRE PES /MAZR
HCCS holocytochrome ¢ synthase | Xp22.3 | 300056 | synthase, Complex Ill @ | X-linked | £ ) % #, ¥ 7z i MIDAS (Microphthalmi,
B - wEC RS dermal aplasia and sclerocornea ; /MBIRIE, KM
B RUGAIE ) ERER
) . . o) FLUEI P vy FUTHR, RAREI ba
TTC19 | tetratricopeptide repeat domain 19 | 17p12 | 613814 Ty 7y —REF AR 00 o GEFFE )
BCSIL | BCSl-ike (S.cerevisiae) | 2933 | 603647 | Ty 7Y —FEF AR |GRACIE fE % ¥, Bjomstad i #% #,
Leigh fiAE
LYRM7 LYR motif containing 7 5233 | none TEeyT)-EF AR, LRI Py FUTH (WE)
vQcci
(vocc, ubiquinol-cytochrome ¢ e LN Y ARFOD IUGR, FEERE, BR
UQCC2, | reductase complex chaperone 1 20q11.22 | 611797 TEYT) BT AR. HMEH®T Y F—V 2R
C6orf125)

XL REPRLOTHRES LY,
UQCRQ BZFIZDOWTIL, 2008 4E12 2 ~ 3 HE
T CICEEENBRIEIRS, VA P THE, 75 b —
TEBLZEEZE LKA HESINLTY
29 FREAFFEETEEVEOD, 2RIBICHE
Bl EZIRE % 520 5 7 EMEER DI H I
HTLBE)THA.

HCCS B{ZF 2 %13, MLS (microphthalmia with
linear skin defect ; AR & KIE % £ 9 /NEERIE)
iE B #, F 72 |3 MIDAS (microphthalmi, dermal

aplasia and sclerocornea ; /MBI, FEERAE
BOShIEAR) EER T SR T, X EHMER
BThs Y. MOBBHERE LAY, BEDD
EFE T CORERNE, TREEBEERE~V=T24
Tzl bdb,

TTCI9 BAZFEEIZOWTIZ 2011 412, EFT
BOMEL B LERD, “RATHREIN, [
BEEZTFIE, Complex ML D727 =587 T
BBEHERINTHS O,

GRACILE JEfEEE (growth retardation, aminoacid-
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uria, cholestasis, iron overload, lactacidosis, and early
death) [3FTAE JEHA — 2L BHICRERIE, Y73/
BRIR, REMD oifdE, SRBFEMNEZ 07 b—
VR), BT V=Y A% X7 THIR MO ERE
BTHY, BCSIL BEFTOREICL )RS 7.
FERBANE/7OY P AEMLTEY, FE
BITHNATREEITI D A & Bb s, BIERED
HEALFETF—5 2 RITRY. £/, FLBCSILE
EFEET, BREMEHEMEL B2 (pili tort) %
& 72 3 Bjornstad FEEHE D F H LT\ 5 25,
GRACILE fEME#F & 13 phenotype 258V, Zligss
WCELEEL &S\, INFET, 70BE
BCLIL BEHRERI (9 5 13 BliZ A D Bjornstad JE
TERE) BN SNTWB 05, KRISTO BCSIL BE
WS I My R TROBREIE 2\,

2R ﬁﬁlﬁé 4

FIEDZ BT, BRIRAEIRSC CT, MRI % & DHE
BETR, HALFRTRED O IPIRSHRE A % 58\,
FEE RS RE, RS PR, A,
L& AW THFRERREEZIETAZ L
Thb FEEIERIUAELZIToTWRA2, Z0
BET v AAIIEFICRND, FERICHEL
72\ & BT complex TN RIBFEX D> TLE .
ERRIRA IR - ¥V VBRI FF (20 IE)
2 NARKG-E PO SRR/ T v MEEER) O
LHEZEDHLDOD, #20% IABEFETLH
NHLETHIEEMRLLTEDLIRETH 5.
EBID DL, RPEERBREFEN T — 712D
WTIEHI O LT W2 7%, complex I, complex 1T
CEELAEETHDL, SVF I VR TR,
NI BO FREASNS Y. Complex I i2IFH
$EDH T, complex IR CHETILERTH D,
B 2 IRIEEE 2TV, Z 070D
HIZEIZ BV THRZ complex I OEMELZFEEIZ L7
M5, BREREY LY LR HIEEICEEZET
FITHOLEND L. T, BERIZTIC- 80T
\ZERAE L7z fresh RARBEZE) L DEETH 5.
BT FRIZERCHEE, SEERAHET
FEIC LD 2 RBVIETIC 7% 1) 229 < (sick liver) 7
PUETHLH. FOHE, complex I B LU IMI(E
512 complex I ) 2MET LT 5.

BN-PAGE f#47 ¥ -C% complex Il D& T & V%
DMOBEREDFELZRTILIZLY, FEOHE
PHRETH 5. HEFAITIE complex I DL
FEITRTHY, SFEFRRELTERLEDR
5.

BIRFHEATIZ, GRACILE fEMEH < MLS fEE
FE72 ¥ &, genotype-phenotype correlation %% H B
BRI B 720 2 T —RIC L DFEFR T E 595,
D) HIEBERIZETUIE S WL ) RERNIL,
TV LT EAT) 2B,

Complex I REIEICEE L Tix, ¥¥ I YK
(menadion) & C OFFFHMARIZ & ) RIE L 72 Com-

plex M &/ NA/XALT, BFx¥ bru—Aacl
ETRESHONTVS Y Z o THEINT
WBEBIZI b N THHEDERTHY, ¥
5IVKs, COEW, 3BMORBTENEFNSmg
% 1 H3E(15mg43), S500mg % 1 H 3 HF5
L, ¥ IVKIZEF IOmgiCHEETHI LI
X0 (B0mg4y3), RBEH) oWENHEL, BB
BERDBAL LI EMEIN TS,
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