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NEUROLOGICAL PROGRESS

Mitochondrial Myopathies

Salvatore DiMauro, MD, Eduardo Bonilla, MD, Massimo Zeviani, MD, Masanori Nakagawa, MD,
and Darryl C. DeVivo, MD

Mitochondrial myopathies are clinically heterogeneous disorders that can affect multiple systems besides skeletal
muscle (mitochondrial encepbalomyopathies or cytopathies) and are usually defined by morphological abnormalities
of muscle mitochondria. There are a few distinctive syndromes, such as the Kearns-Sayre syndrome; myoclonus epi-
lepsy with ragged-red fibers; and mitochondrial myopathy, encephalopathy, lactic acidosis, and strokelike epi-
sodes. Biochemically, mitochondrial myopathies can be divided inro defects of substrate utilization, oxidation—
phosphorylation coupling, and the respiratory chain. Because mitochondria have their own DNA and their own
translation and transcription apparatuses, mitochondrial myopathies can be due to defects of either a nuclear or
mitochondrial genome and can be transmitted by mendelian or maternal inheritance.

DiMauro S, Bonilla E, Zeviani M, Nakagawa M, DeVivo DC: Mitochondrial myopathies.
Ann Neurol 17:521-538, 1985
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Mitochondrial Biogenesis:

Mechéﬁis}?h Pathology
East-West Center Hawaii
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SRAVFYT7(MOFEIRGE — BEMtO*REE

ND2 ND5 cox i
MtH 3k ND3  ND6 cox i
ND4 Cytb cox i ATPase 6
LHON
MELAS Sporadic myopathy Sporadic anemia
,ﬁ % LHON + Dystonia Encephalomyopathy Sporadic myopathy
Leigh syndrome Septo-optic dysplasia Encephalomyopathy
Sporadic myopathy Cardiomyopathy ALS-like syndrome
H* H*

Succinate Fumarate

<Ry O R

[ o
[ET ] | |
HFa=wp FFREHI _FRIRSE N _FRIREH I FRRSH IV SRSV
Mt ER 3 (1B %) 7 0 1 3 : 2
B H K (%) ~39 4 10 10 ~14
Leigh syndrome Leigh syndrome Leigh syndrome Leigh syndrome Fatal infantile
’ﬁ % Leukodystrophy Paraganglioma GRACILE Hepatopathy encephalomyopathy
Pheochromocytoma syndrome Cardioencephalomyopathy
Hypoglycemia Leukodystrophy/tubulopathy
and lactic
acidosis
NDUFS1 NDUFS7 SDHA BCS1L COX10 Sco1 ATP12
1;;,-( EE ;E NDUFS2 NDUFS8 SDHB UQCRB COX15 ScCO2
NDUFS4 NDUFV1 SDHC LRPPRC SURF1
NDUFS6 NDUFV2 SDHD
B17.2L ETHE1

DiMauro S and Schon EA in Mitochondrial Medicine, 2006 Informa
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AARS2 FH PCCB /PM?Z/ AK2 MTND1 ABCB7 DHODH  NDUFB3 SDHD
ACAD8  GCDH e ] gg%A gz«Tshbo mmgg ACADVL  DNAJC19  NDUFB9  SLC25A3
ACAD9  GCSH | PDHA1 | ADCK3 FASTKD2  NDUFV1  SLC25A4
ACADM  GFM1 "ial- DNMIL GFER MTND4 AGK GPD2 NDUFV2  SLC25A12
ACADS GLUD1 PDHX GCK HTRA2 MTNDA4L ATPSE HADHA NDUFS1  SLC25A13
ACADSB  HADH PDP1 g’l; 5 zgg;z mmgg Cl2orf62 HADHB NDUFS2  SLC25A15
ACAT1 HARS2 POLG COX4l12  HCCS NDUFS3  SLC25A19
ALAS2 HIBCH POLG2 %z% m;gg; COX6B1  L2HGDH  NDUFS4  SLC25A20
ALDH2  HMGCS2 PYCRI1 T CPT2 MMAA NDUFS6  SLC25A22
ALDH§21 HMGCL " RARS2 . : mggg CRAT MPV17 NDUFS; ch25A3s
ALDH6A1 HSD17B10 RMRP CYcs NDUFA1 NDUFS PG7
AMT HSPD1 SARDH — : MTATPG CYP11A1 NDUFA2  OPAl TIMMSA
ATPAF2  IDH2 SARS2 Mitochondrial . MTATPS CYP11B1 NDUFA9  OPA3 ucr1
AUH IDH38B sco1 outer membrane I CYP11B2 NDUFA10 PDSSI1 ucP2
BCAT2 ISCU SCO2 ] | ——p— CYP24A1 NDUFA11 SDHA UCP3
BCKDHA IVD SDHAF1 l | o ' CYP27A1 NDUFA12 SDHB UQCRB
BCKDHB  KARS SDHAF2 | """"""mu ne { CYP27B1 NDUFA13 SDHC UQCRQ
BCSIL MCCC1 SOD2 | :
C80rf38  MCCC2 SUCLA2 : T | ,
Cl0orf2  MCEE SUCLG1 | ' |
ClZorf65 ME2 SURF1 | : o -~ .
| nner membrane AIFM1 HLCS
C20orf7 MRPS16  TACO1 | AKAP10 LRPPRC
COAS MRPS22  TK2 | 7! % AMACR T
COX10 MTFMT TMEM70 9 l !
COX15  MTPAP  TRMU : N —_— : APTX MFN2
o 2 . (\C BAX MLYCD
CPS1 MUT TSFM /D] ‘ BOLA3 NFUI
D2HGDH NAGS TTC19 1//, L CYBSR3 PARK?
DARS2 NDUFAF1 TUFM i(i/81 :
ETHE1 PARK7
DBT NDUFAF2 UNG 0/ EXN ACS
DECR1 NDUFAF3 XPNPEP3 : CDAP1 SPG20
DGUOK NDUFAF4 YARS2 107 = ) WWOX
DLD NUBPL | 15 |
DLAT OAT | |
DMGDH OGDH |
ETFA oT1C Mitochondrial Submitochondrial
ETFB oxctr @009 ST location  DEEEEEEEES < AFG3L2 GLRXS PNKD
ETFDH  PC COQ2  HOGAI PUS1
FOXRED1 PCCA CO06  MMAB REEP1
CO09  MMADHC STAR
GLDC PDSS2 TMEM126A
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Nature Medicine, 16, 625-627 (2010) by Erica Westly
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