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(Mitochondrial Respiratory Chain Disorders)
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Fig. 1. Oxidative phosphorylation. Dashed arrows
indicate proton (H+) translocation into the
space between the inner and outer
membrane (intermembane space); e~ =
electron flow through respiratory chain
complexes: CoQ = ubiquinone (coenzyme Q)
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Fig. 2. Mitochondrial DNA gene arrangement.
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SAEe) v ERE e B &7
o] Agte] AFLA ANLAF SAAS
gAol  free  camitine®] A3 AW
3-methylglutaconic acid®} 2-ethylhydracrilic acid®]
w7l ZARY, 842 ax RS A4
A cytochrome ¢ + ¢,°] 4% e Holt)

v) Chronic progressive external ophthalmoplegia

(CPEO) and Kearns-Sayre syndrome (KSS)

QA 94§03 4 §0] BE By
o] 9t} -9 CPEO/KSSE mtDNAS] deletion
o eJste] WAStH, R EAW|R dHA3
o g 22 s
9] deletion®] SO THA
fAel PPz fAkE Aol
I 71dE A7 EHetAl ¢
o

Al ol S cPEOY 7 proximal

muscle®]  weakness,

7Zd%-ol & multiple mtDNA
A A == A
Hago] glon,

T8I AA] SetaL 9l

sensorineural hearing loss,
abnormal  vestibular responce, tremor, ataxia,
neuropathy%% EO] ™ ,  retinal
degeneratione §lv AoZ IdHAUY, HAIALZ
oA lactic acidosis, RRF in muscle biopsy,
abnormal EMG % &4 ZAHEO ZAMA
complex 13} 1ve] o]4 Fo] HolopP”

MIDNAY] deletione <02 AAFSE uff £A 2+
4 92 cultured fibroblast, WBC, epithelial cell
W] £dshe AER Hakshd 2717F oy

sensorimotor

ot o

vi) Inherited exertional myoglobinuria

+52 #AE myoglobinuria® 1F<H 28240
o] Eafell ool & wl, sl 2ol ool 3l
<= W 3 AAEe] ERbel o] o] glE W FellA]
T2 Husolgr Iy HZo miDNAC]
deletion®] $AoRWA Al FFolvt B 4RSS

RARE W mE BAL A4S W wEhem
thabdomyolysisS 27| A$7F B s

Hurt 7] ARE 289 B
myoglobinuria® & A a9 oy #
A . oSl Agel BF A b
o|Fe] thE FAE = CPEO, Ad WA dementia,
& A8 v
YA &3 AT} Creatine kinase™ SA3HA A5
ol R A e T lactate®} pyruvate
o sEE BAOIAT i £F T olEe
e ARG A 24 24 A6

central  nuclei,

ol

retinal degeneration, cardiomyopathys

actively
regeneratings WHESIE fibers, 2 Y% /42<1 1
EZsgols FRata = RRrS &AC] 7HF

T} Histocytochemistry® 3749 248 HA o
o, mDNAE T3 H Y ¢ CPEO/KSSS] 73]

A deletiong Holx YPTh?.

degenerating  and

ofr

vii) Leigh disease (Subacute necrotizing
encephalopathy)
B 405 S o]
9] glo] A E A 9F Mendelian inheritance &= &
A B FHAke] 54 Wold| oM T
£ Aoz Barel ik’

o

Leigh disease = %

viii) Mitochondrial myopathy

Mitochondrial myopathyTr& Lo7|™ A A4
A = A 4L ke v e Rado
Atk 3 JMAIYIAME  mitochondrial  myopathy,
cerebellar ataxia, diabetes mellitusS €27 om 7

AAH LA A oS Ho|x 9\1%4\];}53).

2) Class Il mutations: MtDNA2| point mutations
o] AglFo] & A & o)A FEL o] F
1oglew,

phenotypic expression 2] EAS Holtl miDNA

BAFH, threshold effect, variable

| The Korean Society of Inherited Metabolic Disease | 9
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9 =4 %O]E homoplasmy ¥4%= U3
heteroplasmy 4 At} Homoplasmy2] 4% =1

=49 A=t 7Pﬂt F7F dF-EelH, o] 4%
ol phenotypic expression®] ThFAS 742 o
Zo) faAshe] Aatsol QA e
Ft} Heteroplasmy® Z-$-olE I £4+e] H &7}
A A WHolo|BE 9lA T4 F4 mDNA

o gl wiep ARHE,

a3
&9

A7 s 9 WolEo] naHol o
B, olgo] 4ot FHL u$ Tad & Yo
u @7kAe] B Wolt ofd] Ae Fgom R

dd o= itk o7ld gE e dsL 3
U0] Leber hereditary optic neuropathy (LHON),
LHON and multiple system degeneration, LHON
and infantile bilateral striatal necrosis, myoclonic
epilepsy and ragged red fiber (MERRF),
mitochondrial encephalomyopathy, lactic acidosis,
and stroke like episodes (MELAS), hypertrophic
cardiomyopathy and myopathy (infantile onset or
adult onset), Leigh disease (subacute necrotizing
encephalomyelopathy), Alzheimer and Parkinson
disease, Maternally inherited sensorineural deafness
So] a0l

i) Leber hereditary optic neuropathy (LHON)

LHON< mtDNA9] point mutation®] #HZZ 57
H Agolrt, o] g2 thAl 12419014 304 Atel
o 34 EE olgALE 539 Fule] glo] Al
of Aol 9on IAHANA  circumpapillary
telangiectatic microangiopathy®} optic disk %2
nerve fiber 1ayer-°/] swellingol ‘/}E]-‘/Hq-w

A7HA 109459 EARl7E IHONE L2
= Aer Huyo] 9len, a3F 39l 50-70%%
o] 9090] 32 AAsHE B W7k MIND4*
LHON11778°]t}, ©]+= complex 19] ND4 gene9]
340 A 2] ofr|izAbo] arginine®A]  histidine &2

10 | ot QA thAt Zotety] |

2gd = WHololt}
T MRIAA}IA

tremor, ataxia,

o] &4 ®¥ol& LHON®| 4

putamenQ] bilateral  lession,
posterior column  dysfunction,
dystonia, corticospinal tract dysfunction,
extrapyramidal rigidity's &3 2173849 F4E

ek % e,

I9JY%  MTND1*  LHON3460,  MTNDI*
LHON4160, MTNDG* LDYT144595°] F83% =9
HolEo|t},

ii) Myoclonic epilepsy and ragged red fiber

disease (MERRF)

MERRF& mtDNA®] 0] oz <l
49 A9 vz 2ARR, A
epilepsy, RRFE }1.0] = mitochondrial myopathy, 1
23l A A8 ey ASH R %= dementia
So] ERAHolm HEAQ LAo|gtn T 4 9
ot a2y ddA wEde AP Aol ofd Aert

[e]
7|1% late childhood

& 483 9E
q

k) myoclonic

Kol A= RRFE] &7lo

epilepsy ¥} ataxiaZ HHHE= = Utk AHH| &
A} ataxias E3] Hole AaZdoly oA+ A
ol F4 d F= 9tk Ocular apraxiaZ} VYERE
T 9om, oul extra-ocular eye muscle®] Z2-S

HAAS EH mild endomysial fibrosis, accumulation

e
o,
g

rogressive myoclonic

of abnormal mitochondria without paracrystalline
inclusions, myofibril loss, Hirano bodies 2] 47
o BRItk FF9el lipoma7}t Sl 7B+%= ®ol
AT A AA <] Z2A18A AL A dentorubral
3} pallidoluysian system, substantia nigra, cerebellar
cortex, inferior olivary nucleus, locus ceruleus,
gracile and cuneate nuclei, ponyine tegmentum2|
Egd wdo] EXH oz KT} Spinal cord]

mﬂ Z218rA 9l AL Friedreich ataxia® AT}
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O

AnkA © 2 MERRFSF MELASS] AT A}
°og Add odeH, M F
Stroke] ®WEolgla g 4 o}

MERRF & Hol9  8090%E  MTTK*
MERRF8344°]™ o] RNA gene®] 8344bp9] G
to A point mutation®]CF, MTTK* MERRF 8356% H.
aEe] AUt

oz

}:o

ili) Mitochondrial encephalomyopathy, lactic
acidosis, and stroke like episodes (MELAS)

MELAST=  stroke like episodes’} mitochondrial
myopathyE FW38le= 18/d9] neurodegenerative
disordero|TF® tjE-Eo] AL mAGH e
Holu dF X = sporadicdtA] YEFE = STt
2 S8 iy v TEE Y drE
sl ARAQ s sttt 5-154] Abol
0 F stroke?] 3742 HQlth i} uwjw
2 o]# 3} strokelike eplsode7]- oJol7L} Ajelo] =
T Yl 2% 9 gy R aE oo}y
FE g 25 32 A 25 Foll(motor
and cognitive developmental abnormalities) & W&
g olon, od FedAe 48 d8H F
Aol cortical H

Hol gov, E ol

O 0] —5]_ 7-}\1-01

= subcortical infarct®] 73-$-7} Ea
Z‘ﬂ]"ﬂ’ﬂ% malignant
migraine®| Y = AT

Stroke like episode® HO]E 2= cTY MRI
2 AL EH dubA 0 2 infarcsg Ho|H | o]
% STE A e 5 2 A 2
71t} Infarction©]
posterior temporal,
Y 9L F

mitochondrial disorderE A

parietal, =2 occipital lobes 19
2 involvedls AL
e @ 279 shjold, EukEo] wAE:
9% AZEZE ventricular dilatation, cortical
atrophy, 2 basal ganglia-‘l] calcification 5°] Tq-”),

oju Ho]& infarcte 9] occlusiono.Z Q13

Aol oly™ | brain parenchyme&] AAIAC T&
Q2 mael 7% AAR 9Ag AolTh we
olf Holx infarct2 thromboembolic episode &=
Q1% gray matter 2 white matter®] wedge shape<]
infarct?} B2] ofej7fe] 2 ol okl Aujy]
£ cortical aread] =dE o] JEPATY,

o] WA XY smooth muscle cell 3 &
£ Q4 mad ooz ddt] £49 4 9o
], ©]2] 3+ mitochondrial angiopathy+ 32| &3k
Z(purpura) & JEPE 5 ATH,

A7Ael WeE 2HAQ 23E TR
cortex®} subcortical area®] infarct, neuronal loss,
demyelination, astrocytic proliferation’s-°] W2
Sell A A,

A7 71ad AGAL o 27E 9=
gkt A4Sl UERd 4 9lo] easy fatigability,
myopathy, myalgia, ophthalmoplegia, pigmentary
retinopathy, hypertrophic or dilated cardiomyopathy,
cardiac conduction defects (ventricular arrhythmia,

preexcitation syndrome, cardiac conduction block),

myoclonus, dementia, ataxia, deafness, lactic
acidemia, tlorst endocrinopathies, 2 renal

involvement(E-3] tubular

5o ul S Thepd HAAY FHS B

proximal renal
dysfunctions)
2 & gt

289 ZAZALA RRFE UIF-E9] ol T

A,

A9l 80%e] 7%l MTTL1* MELAS32439] &9
Hol 7} WA=, o]= 3243 A] bp2] A to G point
mutation &2 RNAFA R} &£t} 19
MTTL1* MELAS 3271 2 MTTL1* MELAS 32525°|
FE Y 59 WHolgo|g,

iv) Hypertrophic cardiomyopathy ¢} myopathy
o] A3LL infantile onset form¥T} adult onset

forme] - gled, & Wele] PHE Tath

| The Korean Society of Inherited Metabolic Disease | 11
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retardation, hearing loss, generalized tonic clonic
seizure, glomerulosclerosis, RRF myopathy 5©]t},
g EAWo|RE MTTI* FICP4269 3 MTTI
FICP43177} QATH™,

BHH o adult onset form & 2o}

S
o
0,
N,
o

mitochondrial ~ disorder® “3'33] sk FH =
hypertrophic cardiomyopathy % ©]& Q13 A¥=
o8 tiFE 20thel AbgsbH, 1 €9 FRkE=

402+ IDDM, bilateral cataract, WPW
syndrome &°] itk 7P £ =4 WHole
MTTL1* MMC3260°] B}, MTTL1* MMC3303< <&
A B ol B3 TS Holu 49 2d
ol © AsiA Folrldl FAko] AFE L 14 o]
oAbt}

a2y MERRFE Y O7]E MTTK* MERRF8344
9} MELASE ¥ 27]& MTTLI* MELAS 32439 73%-
o= hypertrophic cardiomyopathy7} & 4 o2
2 o]lF Bl digt HALE Zo] AlgE ofof

g,

v) Mitochondrial myopathy

o] Aghre F= ZLopr] g Ael7]el muscle
weakness®} easy fatigabiliyE Hole AT OZ
%2 AAFA RRF  and/or
abnormalitys HOIth T&o]ee] Arlel HH
Bud A7t gith BHud 5 Wole MTTLIY
MM32503} MTTLI* MM15990A50] ITH.

ol EdWo] o= MERRF 2 MELASH

mitochondrial

muscle weakness®} easy fatigabilitys Y 4 9o
B2 MTTK* MERRF8344, MTTL1* MELAS3243 5l

g AAE ol Al olofai}

vi) Pigmentary retinopathy andneurodegeneration
theket  AAAC £33 7 pigmentary

12 | tho QA AL RiBtety |

ET  MTATP6*

Salvlo)

L

retinopathys  ¥o7|= EA®o
NARP8993°]
muscle retinitis

neurogenic weakness,

pigmentosas ERY MM A5 HiElom
o7]o]A NarpehE bAZE Uit o] ZHA <l
&3 AAEL Yo FAE YdE  dementia,

generalized seizure % axonal sensory neuropathy

5o 24E BYoH, cerebellum¥} brain stem&]
atrophyZ FHWH8}= olivopontocerebellar atrophy 2]
A7l cret Mrie] Eole A4= .

o] B4 Wolg %9 Aol 95 Leigh
syndrome St A= WA T webr] dAl=
o] E¢rolel 7P Al A wFo| Leigh
syndrome®| ™, 7} 7P o] opmfFo g Al

ak
=
ZLE| & retinitis pigmentosaﬂ}jl H3 9tk

ataxia,

vii) Leigh disease (Subacute necrotizing

encephalomyelopathy)
EREEN

Leigh disease= ol oz

demyelination, gliosis, necrosis, relative neuronal
sparing, capillary proliferation®] & basal ganglia

(AR brain stem, cerebellum % cerebral cortex

5ol involve®)ol] YEhU= 23S Tl F93%

FORE optic

olN of

atrophy,  ophthalmoplegia,
nystagmus, respiratory abnormality, ataxia, hypotonia,
spasticity, developmental delay B+ regressions X
ol Leigh disease® ¥Oo7]+= YCloZE 3F
A &49] o] (complex 1v, D] TlFEZ oL 19

dehydrogenase &

o=  pyruvate

carboxylase AHZFEC] o8 <o 4 ot w}

A FHY FI= EAFA, mendelian inheritance

9 spoadic cas Qr =

A ZA9] o]Fo R Q3 Leigh disease]
754‘ i

thol] 2730] A4

pyruvate

a
ofrt
A
o2
J,
ofl
pu)

I
i
o
vl

|o
fu
rr
=
=
3
=3
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o] UEIS 4= 9it} o] Aste 7t
59 hypercatabolic JEjol|l A F&3HA <t3ls
FE Btk dA7HA] BuE mDNAS &
Ho] ZE MTATPG* NARP8993©| T2 o|u} MTTK*
MERRF8344, MTTL1* MELAS32432] E%wo| ujjo
= Leigh disease’} HilEo] glomg 7L°] ZALE
ofokdtt} 9o MELASY MERRFE ¢
UE T U0 Leigh disease’t WA 75

g Aoz ®Hy 9t}

liver dysfunctions

fr o2

vii) Alzheimer$} Parkinson disease

o TABE Yol SHA thehpis WA 5
R EEREY

Alzheimer ~ disease(AD)= U7l 6041 o] o]
cognitive decline®] AlZ}Eo] 2w = Agko 7 AA

S FerAel  AZo|A senile  plague, neuronal
perikaryatl®]  neurofibrillary  tangles,  amylod
angiopathyEO] ‘/]'E]-‘%.TL cholinergic neurotransmitter

o Age] AekA vEhks Ao SAolet

Parkinson disease(PD)E= UAA S Z  akinesia,

tremor, rigidity 2 gait disturbance 2 Hol& &
302 dopamine supplementation®] W& 1.9l

o, A3 FFHOZE  pigmented nuclei$}
nucleus basalis®ll Lewy body7} UEl= Aeo] £
Zoltt,

o] FALe A, By, AstetA 9 A
iz o] B2 gddS EAY ADTAES
o
20~40%+
ZhA A o] FASL 7EL—°— 3% B Ha o]‘jrm

F 2o Aol ot A ZA o] Fo]
ADSt PDO| Wl Fo ek ¥
HAT A7 HER Fed 5 WolRZe
MTTQ* ADPD4336°] $lom™, 19 MTNDI*
ADPD3397, MT12S*  ADPD956-965ins, MT16S*
AD3196%5°] Fa3 EdWol® B Stk

ok
r

Su s
fr = l'>
¢

5
H
& 4YL hn
=
K3

-

ix) Maternally inherited sensoryneural deafness

(MISD)

AR HHo| AL gonollAE o 24
gro] et Ymz|o A& thekdt S7do] Fhky]
of yetur theket f14Q FFES Bt T
A3 Zhe] oo Q3 HHe] AL gl
S0A| o]l AlFEH | EPAoR e g2 34
£ A FrEo] vepdt

72 Hu® EA  WHolRE  MTIS

MISD15557F ATk,

3) Class Il =¢1 0|
mtDNA2| deletionz} duplication

i) Chronic progressive external ophthalmoplegia
and Kearns-Sayre syndrome (CPEO/KSS)
CPEOE 20A] ©]7 el external ophthalmoplegiaZ}
UeRA s s AL daty of7]d the $4o]
FHEE CPEO plushe ol§o2 EdY Kss=
204 ©]Z el ophthalmoplegia, retinitis pigmentosa,
SR
cardiac conduction defect, cerebellar syndrome, CSF

F % 7 ool &

ZAE =
c o=, =1,

mitochondrial — myopathy©l|

protein elevation) 100 mg/dl
vhe o Z2loh

KSS9t CPEO plusolE & A4 &49| o]4o]
RS W Y e RE oolEl S4E
debe 4 9 %
atrophy,

< pigmentary retinopathy, optic

hearing loss,  dementia, seizure,
hypertrophic and dilated cardiomyopathy, cardiac
conduction defect, atrial and ventricular arrthmias
including preexcitation syndrome, GI mobility
disturbance, IDDM, hypoparathyroidism, renal
failure due to glomerulosclerosis, proximal renal
tubular dysfunction, respiratory failure,
mitochondrial myopathy, lactic acidemia, sensory

and motor neuropathy, ataxia o] Aot} o]y

| The Korean Society of Inherited Metabolic Disease | 13
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J

3 AHELS  Batter syndrome, renal tubular
acidosis, Lowe syndrome 532 EF& do7|A
e

KSS, CPEO % CPEO pluse F& B4 7] u] 2ty
3k mtDNAS] deletion® & ©15to] A7It} Ksse] <F
80%, CPEO plus®] °F 70% 2 CPEOS] <F 40%7}
mtDNAS] deletion®. 2 H3¥o] glom™ ux
£ mtDNAC| point mutation®} ] DNAS] =
Holel] &gk Aoz Hugo] vk dA7bA| e
Z point mutation©ZE  MTTL1* MELAS3243,
MTTN* CPEO5703, MTTL1* CPEO3256, MTTL1*
CPEO32515°] 3%l

Deletion .2 213+ T F-5-2] KSS/CPEOE LAl
Aol SAZE glon, webA HAE Ee A7
o]  somatic cell®] development Zo  WrAel
deletion®] 2.2 H1 9t}

KSS/CPEOF RAFHY Fdg Hole Zf=e

dukr o g7 duplicationol‘/} point mutation®]] 9] 3l
7

Aot

l

44

ii) Pearson syndrome

Pearson syndrome% 5| 0}7] W F2  bone
A EAaef ool
AR AL A3 macrocytic anemia, ThFSH
AE neutropemaﬂ— thrombocytopenia-s o] \')rm
I AAFE S cellularity® 37delY erythroid £}
A8t vacuolization®©] YER}
11, hemosiderosis®} ringed sideroblastE°] EIT},
71E]r’] SulEls S S 2E  lactic  acidosis,

growth

=2 . =] )
marrow = involvedl= &%

myeloid precursorE©

retardation, pancreas dysfunction,
mitochondrial myopathy, progressive neurologic
dysfunctions°] 7}s3tct,

Pearson syndrome SA] tFE2] 7% sporadic

St vehdtt

iii) Diabetes mellitus ¢} deafness

Diabetes®} A& A4S Uo7
Hol= miDNAY deletion®©]TF, 18]
point mutationE°] |3 F4E o & glo
o o]7]ol& MTTL1* MELAS 3243, MTATPG*
NARP8993, MTTL* MERRF 8344%5°] Z3Zre T},

iv) Migraine 3} stroke (Malignant migraine)
A 5%(migraine)> AA] 9179 15- 23%7} e
3 A9ow A4 U, o AFES
o) A% 549 Ae Fel 0134 3%
] ] o, A ofell thgk
&3 St
Hol7t S9E =
el mAe A
LR I |
MTTL1*
MELAS32439] & o] & 2ta Sl= MELASEHA}]
A V2 AFEe) Ik o BAEL e 4
= WTES §EE shdH, od@ Fye
stroke-like episode % seizureZ} &3] FREEAC
Stroke-like episode= &3l g do] HAY G+
Q1 A7AEARl s 42 F= v 28y
stroke-like episodeZ} 917] Aol BE HEE
7ol A9l E71E3 dementia, optic atrophy,
lactic acidosis, mitochondrial myopathy5°| F4%Hg
F Ao, Fa3k 7hHEHo] Hry

Fq-ﬂ-’ﬂ migraine®] A= 4@ TF A4 &
of olgel] that FAE A Aol v st

li‘

»

M
OH, rl

fr 1
re rﬂJ =

o e F

=
e
L)
ﬁ

S

9
Z
>
lo

.
M ok

o 3
o

xo K
ar o w

d o e
=2
>
5
S
(3
ox,
o, o
£l
S
_04

qu_ oly /\49]

A g neurologic  deficite

4) Class IV 291 Bi0[:
Disorders of unknown inheritance
3E A4 ®he A%y #AE B2
A% o 1 HA <

He dewe

)

neuromuscular disorderS<]
ol ERHERE dAAENE =

7Ied 5 Hiel itk

e

t
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i) Alpers disease (Progressive infantile

poliodystrophy)
Alpers diseasex U 2 W] 7]Hdo] o} Bf
S22 e ASHEOR spongiform  HE

microcystic cerebral degenerations S0 & 3=
A3 7he)rle walehdel Adgolnt?
Leigh disease <} Alpers

disease=  gliosis,

spongiosis, necrosis S capillary proliferation©]
TR Yehte 95 T dglo] vF i
gletAQl Aekgolr}, I Aol F= Ao &
F& e CNse] F-9ld weh 1 ko] A HEn
Alpers disease®] 73-F-ol|i= cerebral cortex®] €3]
714 At 1 F|E cerebellum, basal ganglia 2
brain stem o] £O 2 1 &4 Awrl Sojzy
Leigh disease®] 7d-$-o= Basal ganglia®} brain
stem®] £7go] 7P Asttt= Mol I Ao a4
ojth, umAle] ofe] 7 2AEL wi§ frAket
t}. Leigh disease &} B <=8} Alpers disease®= 1-2
Ale] vololl FA7E A ZHE AL 3-41d Qo] APt
HEse dAd AR IS AdY ",
myoclonus, ataxia, spasticity, nystagmus, areflexia,
hypotonia, abnormal respiration, liver dysfunction,
clinical worsening during infections fFAFSITE o
7164 zkel7b ek 53] liver dysfunction®}
myoclonus7} 41 8HAl YEPdthE o] o] &
4 Aok Myoclonus7t ASHAl YEhe A1
cottical involvement7} &3] 418}7] wj ot}

Alpers disease™ TAE = A3}l o] Fo R
£ NADH utilization®] 74, complex 1 defect,
pyruvate deficiency,
utilization®] 4, TCA  cycled]
cytochrome a+a39] FraFolt},

Alpers disease] f+A%/dS 42 A2 Q3
o o}zl B-EW3FIT} Slow viral infection®} Alpers
disease®te] HAYE Wo] AT Ut

dehydrogenase pyruvate

dysfunction,

ii) Lethal infantile cardiomyopathy (LIC)

LCE Fopld HEE = TF A Zh o
o2 HEgtH 0 Z myofibril®] 7} ZH4AE cardiac
myocyte®t  H]Z@AA<]  mitochondria, lipid 3
glycogen?] ZA o] e Hho|t} dFFomE
cardiac  failure®} WPW syndromeﬂ]- ventricular
arthythmia® X838= cardiac dysrrhythmia® F2
Ueheh?

AA7HA] Had SF A Erd o|Fere
b deficiencyg}
deficiency5-°] T},

529 o]AZ-L sporadicdHAl YERL F 7}
AcAe dAE wro] Hiuxo] Slrh Axj7t
Aol AFZE EjA7]2] mtDNAS cytochrome b
gene-‘l] spontaneous mutationo]ﬂ‘/]- complex 111 -ﬁ’-
AAE transcrivedh nuclear DNAS] €A 4 &=

£ 49 new mutation™] Fo] 2t F3 H 1 T}

cytochrome cytochrome  c+cl

ili) Idiopathic dystonia

Dystoniax= 40}7] EE AQA7]d], wAHoR

e AXMAFez JeElUE, involuntary muscle

contraction© & basal ganglia®] dysfunction®] F¢
Ao g g Ut

Idiopathic dystonia®] 4% 4442

3

=
7lell Al&E = A28 9] dystoniaf-EH A<l
5

3 ekl WegMozE gl AAA
o] AFEE I FH Fde] BEHEY complex 1
o) @4} Belal Ak wasel 3l

iv) Myoneurogastrointestinal disorder and
encephalopathy (MNGIE)
MNGIES] 8A}= o} 7HA] spotaneousdtAl LEF
W ocaseRt HauEo] Stk Fag £HE Al
™ progressive external ophthalmoplegia, dementia

with  progressive leukodystrophy, mitochondrial
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myopathy, peripheral neuropathy, 9 Z423}7]4]<]
A9 AW sl asle e A,
malabsorption 2 A9 AAaZ AlZEw | HRARA
Al A a7gel "ol FE A 3Ttk MERRF,
MELAS & KSS/CPEOOIA = &dl7] A9 e )
o 1 e A 7 MNGIEQ] Aol
= A4 240 W] 2alAe Sao) A 2
o Aol olc,

Ylo 2= mDNAQ point mutation®] L} nuclear
DNA9] mutation®] A 1 9,]\13]'74),

v) Luft disease

28] spontaneousdtAl L E Luft disease’} B
25j0] 9iek. o BAES) 24 el HH basal
metabolic rate®] <%, Ao F7} 43k dgk Wl
W 559 F7h = HEole nonthyroidal
hypermetabolism¥}  Zxo}7]ol] A|ZtE= A% <]
myopathy5°] Tt WA o= S22 RRF

o] it

Yo 2= FZA T mitochondria®l uncoupling
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