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Myoclonus epilepsy associated with ragged-red fibers (MERRF) is a clinical pheno-
type of mitochondrial disease, which is characterized by myoclonus, ataxia, epilepsy,
and myopathy. Although MERRF shows maternal inheritance consistent with a mtDNA
mutation, the primary genetic defect of the disease has not been yet identified. We
determined ninety-eight percent of the nucleotide sequence of muscle mtDNA obtained
from a pathologically proven MERRF patient to elucidate the genetic cause of the
disease. We performed direct sequencing of polymerase chain reaction (PCR) products
or sequencing of cloned PCR products of mtDNA from this patient. Nucleotide sequence
analysis revealed 33 single base substitutions, containing 23 substitutions in coding
regions of the mtDNA and 10 in non-coding regions, compared with normal human
mtDNA sequence reported by Anderson et al. Although three base substitutions would
result in substitutions of amino acids, which are conserved among species, all three
MERRF patients had an identical A to G base substitution at nucleotide position 8344
in the tRNAY® region. The A residue is highly conserved among species,  The base
substituion was not found in 15 controls. Various degrees of the combined enzymic
defects in the oxidative phosphorylation system of mitochondria might be explained by
altered function or structure of the mutant tRNAYS,  We studied five more cases
from three indipendent families to know if all patients have the same mutation, and
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found this mutation in all patients by PCR—Restriction fragments length polymorphism

(RFLP) with a mismatch primer.
patients.

sequence.

The mutation in tRNA"® was shown in all the
In addition, all MERRF -patients have very small amount of wild type
As leucocytes mtDNA from the patients also have the mutation, genetic

diagnosis of the disease without muscle biopsy is capable.
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I. #

IV R T ERAF—ELEROBEL L - TS
FERERAEIR D &0 5 BEBEEN I P2 v N U THRBES
BUEI by FUTREGOBE S LTRIBERY,
S ozl Kearns-Savre JEEEE (KSS) &4\ (L8
PEEST A ER AR (chronic progressive external
ophthalmoplegia, CPEQ), mitochondrial encephalo-
pathy, myvopathy, lactic acidesis and strokelike episodes
(MELAS)®, Leber Jl{Z{EH ARSI > /v & OFRK
MyFFEd 5.

Myoclonus epilepsy associated with ragged-red fibers
(MERRF) i, 342022, Thhi, DEEHE
ARF B XY LT AEBTH Y, RROER, BEAW,
EE v, BMBEERs S LY. BRBERT
T T B e ba v P ) TOERESRTHRGES
D ERICHEHE (reggedred fiber : RRE) MEWLE S
RAZ &SI P a Y R 7032 ¥—EERORE
PHREELTELLNRTEY, I bav FIUTHEOEK
Bo—ok LTELLRTLAY, MERRF (X AHEH
EEETLHEMB I FavY FU 7 DNA (mtDNA)
DRBEVPREEBEINT VLD, WER mtDNA ©
ERIBEIR TR,

W, 3 b av P Y TRCRG A RE TN
S BR, KSS 50 CPEO wRB\WT I b2V
FO7EET (miDNA) oREMFRE LTRVLEE
NAe®8 3 b oo N TG T I RGRE T IC 108
HOME THAER ) E U200, EWAORTL &M
BT L2ET 57, 2ok, mDNA CHERER
FRGHELTYL, ThRAEEOLEE R L 54 0nKN
Ll BT B L OB BN 5 L L 0EETH 5.
& AN, Leber MEMRMEEREC KT, M
TOREHOE T 3/ Bh BB 5B EE &
LA E L L D JEH A b mIDNA O—#RE
BrEE LTRLES R, 12y F U 7IHEOREMR

hili]

DT DHE Y strategy EEZBRTLA89,

AW BT, MERRF DR & AHHELR
HEETLCEEZENE L, mDNA O THREED
TR LU b av K 7ERMER Y vEE L RO A LER
[ R Ay

I, SR EWRAE
A, S AEH
FEB 1 B0 2 i AE OB BB R 0B & T
S E R 2 Y TH L. ER 3 ETR O, 55
BRE L D BkER, BIEME I 2o R A, TAMA, 3
FolF—H B HAERT RRF BRL LTS,
FERI4 BRERI3 OB T TH L. FhFROEFOEES
T OMRAR R ouv T Table 1 iR Lic, Wiho

Table I Clinical features in patients
with MERRF

Patient *P1 | *P2 P3 P4
Family 1 2 3
Age (y/0)/Sex 20/M 30/F | B7/F | 25/M
Onset (y/o0) 14 C 55 C
Familial incidence () () () ()
Myoclonus (+) | (+) | (+) | (+)
Epilepsy ()| () () ()
Ataxia (+) | (+) | (+) | (+)
Myopathy (+) | (+) | (+) ) (+)
Dementia (+) | (+) | (+) | (+)
Foot deformity () | () | (=) | (=)
Hearingloss (=) | (+) | (+) | (=)
Optic atrophy () 4 (=) | (=3 | (—)
Retinal pigmentation| (=) | (=) | (=) | (=)
Heart block (=) (=) | (=) | (=)
Stroke-like episodes (=) | (=) | (—) | (—)
Elevation of L/P () | () | () | (+)
Ragged-red fibers ) L () | (+) | ()

* pathologically proven cases reported by
Fukuhara et al. (1980) C, childfood
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FERIS FHERIE S LCFE LoV RIERE 245 L, MERRF
DFFHERTH L TANA, PBKHE 47 mR 2,
Pt F—HHL, PRV YT D RAFEERD
R AR MR - vor e VO LR EERd
BT RRF 2@® A, Mo 1 b a v B 7
F OB LR L 7 R ER AT, MR EESE, O
EEREELCTROEATLED LT, kD
Lo, MHgE L EILERC VY MERRF O
EHEEZ RS,
B. BEH &

1. ##EH o DNA HiH

RS EA 1  ERASEIRERRE, Ef 2 O
iR, SEFI3 B LU EUSEBIERG) L Do DNA
DihH BRI U128,

2. AVTRILAF RO

Polymerase chain reaction (PCR)' i L4
Yoo LA Nk Applied Biosystem model 391 DNA
synthesizer % BT &M L.

3. Polymerase chain reaction

100~200ng @ DNA #8815 LT, 12.5nmole @
dNTP, 2.5unit @ Tagq DNA polymerase (AmpliTaq,
Cetus) 7746 FC 10mM Tris-HCL, pH 8.3, 50mM KCI,
1.5mM MgCly, 0.01% gelatin % &¥s KIEH (1000)
sl PCR ®fT-7 &1 B symmetrical PCR
H—roRE (20pmole) AV IR 7 LA F NET
G4 w—E UTHWITY, 82 B0 asymmetrical PCR
BRAZBOF ) T2 L F P (20 pmole, 0.2 pmole)
754 —E LTHGT- e WThoBJtd Perkin-
Elmer/Cetus Thermal Cycler % i\, #Z#:94C, 30
o, MERISTIC, 34, T=—U ¥ 75T, 1580
STV, BB T S OMERIE A izt

4. PCR 48 DNA BiFo9 77 0—=v s

Symmetrical PCR i X - THIE L DNA Wik %
1 9% SeaPlaque gel (FMC Bioproducts) &Sk
By Lot DNA Wi et vn o i Uik, pUC
19 %\t pBlueScript KS™ 77 2 3 P74 — =

1044 125

Pk 247121

VA= R A U A

5. PCR 08 DNA Wik OEEEERS|ORE

Asymmetrical PCR % BTl D&M 17 - o8, &
GricA U XY LA F N4 Centricon—-30 microconcen-
trator (Amicon) %3 Lt > TR ERVL. &
Ve x ARG, 0.5pmole D7 5 A v —H ik
o, 5OMOEW, KACL-TT=— U ¥ IR,
dideoxynucleotide chain-terminator reaction'’ #47 -
fo.

6. 2ok PCR il DNA M OEERFIO

e

TAEE TS A3 NEREA L UTHV dideoxynucleotide
chain-terminator reaction % {7 - 721120,

7. B B RBERORENE

FREFHRLE GEG 1 o2 dissiiaess, s
RU4 ; BHSERERD) »o0 1 oy FU T OB
i+ Bookelman 5 AEECHE U2, KBRS NADH-
ubiquinone oxidoreductase (Complex 1), succinate-
ubiguinone oxidoreductase (Complex II), succinate-
cytochrome ¢ reductase (Complex II-11), ubiquinol-
cytochrome ¢ oxidoreductase (Complex M), cytochrome
¢ oxidase (Complex W), ATPsynthetase (Complex
V) ORISR 7,

8. BtMy vEBMERY Ty b DAL T B B

G4 OB L OBBEL- S Fa v N 7R SDS-
BUT 2T B ETESHRE#E, Duapore filter
Iz Western blot iz L0 #B L, 40 E oL
BEARLRICRETD 2 L0k - TR LSRR
BRGT, S hav YT Ty PERBLEY.

. # =2
A, BEBRT mtDNA OEHEEHIORIR
FE) 1 R mtDNA 008% O (HHES 4523~
4557, 8617~8746, 12544~12653 #Ex<{) Z4¥HT L,
Anderson Btk > TEEIhTWATEHE L F mtDNA
OHEFEF] (Camb.)™ LI LT, 33EFTOEIEER

T R S R . S
I ATPG/8 !
COIINDEL\CON ND3 ND4L N?S
125 | 16§ ND1M ND2 m col \ ND4 NDS cytbm::
®® @ - L ] @ @ ® a9 @ ® LR ® @ & @ & & L ] @ @ L] - 8

Fig. 1 Single base substitutions found in MERRF patient, compared to
the normal human mtDNA sequence (Camb,)!®,
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Table 2 Tweleve single base substitutions resulting in amino
acid substitutions in the patient 1 are compared to
the normal human mtDNA (Camb.) and other species

sequences
o Codon Amino acid
nt position Human | Patient | Human | Patient|Bovine | Mouse
*1. 6547 COI T C L P L L
2. 6898 COI T Cc M T I 1
3. 8860 ATPS6 A G T A A A
4. 10330 ND3 C T S F 5 T
*5. 11718 ND4 G A G E G G
6. 12092 ND4 C T L F L I
7. 13702 NDS5 G C G R R R
8. 14199 ND+6 C A P T S S
9. 14272 ND+6 C G F L F A
10. 14368 ND6 C G F L M F
*11. 14858 CYTh G A G S G G
12. 15326 CYTb A G T A M I

Base substitutions in the ND6 gene are read as an L-strand codon.
* Base substitutions resulting in amino acid substitutions which

are conserved among species.

Table 3 Ten single base substitutions in the
non-coding regions in the patient 1
mtDNA

nt positions Human, Camb|Patient 1

73 D—loop
263 D—loop
750 128
1438 128
8344 t—-RNA(Lys)
. 16261 D—loop
. 16268 D—loop
. 16288 D~loop
. 16311 D~loop
. 16519 D~loop

© 0N e ;s
HHEEQ0R >
cao=R=EQQQeR

[
=)

BRVGEERT. 05 LMEFOEEERNT 3 B
AHE LTV A8, 108 hliso D-loop,
rRNA, tRNA S & Fh T,

C OB OWHBRO 5 BT, 48T/ NADH-
dehydrogenase @ % 7z = - MEHE, 5 &N
cytochrome ¢ oxidase, 2 @A ATPase, 2 8ArH
cytochrome b B E L Cwic (Fig, 1. 2D

LORERNT I/ BOBRY 2T oThh, 35
FroOSAEER (EREES 6547 OTHHC, 11718 OG
A, 14858 G HA) A human'®, bovine!®,
mouse!'” OETHRFEE N7 I/ BL2BERTZLOT.
# -7 (Table 2).

Shiz, YmE—2—FERE &t D-loop FEPI-
7@, r-RNA (12S) #Bhic 2 8, (RNAY 4§
B 1 B oERERR RSk,

T3/ BREESUAOELERS 5 T, D-loop
HE O 3@ GEEFS 16261, 16311, 16519) o\
TRIEHE F miDNA OEEEHR: LTHEILTE
D8, FEEOKRE S LTizFE 2w <V (Table 3). Fig.
2 & tRNA™® GUSOEEBERIRA & ST RO FEE A
BORBHEOEHATIBIEERE S RT. HEEE 8314 o
MEDOANLGADEBRNEVE XN S,

B. BRIMOATELUVSAL/ 7Oy b

BEEBGO L2y N 7TEILN Y vBILRORE
fER% Table 4 Wit EF2 KBV THESHN (F
WHED42%) OFHETH, Ef4 B TESHT
(13%) RUN (33%) OEMETLED DAL, EH
ADERRE I oYy FUTERADA &7 7oy kOFE
WY 7oz o POETARDOR, —OOBERE
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Fig. 2 The autoradiograms of DNA sequencing gel in the region

containing tRNAY® in normal control and MERRF patient.
Arowheads show the single base substitution.
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Fig. 3 Immunoblotting of muscle mitochondrial proteins of the
patient 4 using specific antibodies against complexes. I,
Complex 1. III, Complex III. IV, Complex IV. V, Complex
V. C, control. P, patient. CP, core protein. C;, ecytochrome
Ci. ISP, iron sulfar protein.
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Tahble 4 Enzymic activities of the oxidative phosphorylation
system of mitochondria in the patients with MERRF

Enzyme Patient 1 Patient 2 Patient 3 Patient 4
(mean*8.D.) (%) (%) (%) (%)
Complex 1 207 120 143 19
(146+ 58) (142) ( 80) ( 98) 13
Complex 11 n.d. 315 n.d. 524
(317+ 64) (99 (165)
Complex [I-111 199 n.d. 215 n.d.
(145+ 59) (137 (147)

Complex I n.d. 1313 n.d. 485
(731 319) (180) ( 66)
Complex IV 664 258 851 201
(613+276) (108) (42 (139) (33
Complex V n.d. 126 n.d. 127
( 73+ 22) (173 (174

Values are expressed in nmole/min/mg mitochondrial

protein.

The enzymic activities of oxidative phosphorylation system in the
patients’ mitochondria are expressed as percentage of mean control

1031

values (n=7). n.d.; not determined.

OB THIO R 2 RIS 2 L5 BEO Y 7=y
FOETIEED BRI - (Fig, 3).

v, # %

MERRF ORRE o » 2EERE LT, 73/
PO TR BB L 3 BMoEEER BILES
6457, 11718, 14858) & tRNA™M*® §Huko> 1 ST $E
By sTohi., ShoohbolEEERORT, B
I MERRF OfFR&EZ 405 BVWiEdics, fto
MERRF BEN N OHORBOBEEERY LDkl
BRET Uic (Table 5). HEERS 6457 RO 11718 @
HHEERC SV TIIMLO —5 %D MERRF BE B
TRV b -, HEERS 14858 OBE#IIM
D HEFO MERRF BEFPO—~ A B2 S i,
eyt b A ELEEGEI-TRUEAEIERS & OFEF
EBOCTLEEAETARL TR &E, Z0
FROHEBER S ATEOMNE & LTSS 2 2

5% 29

tRNAYS BIHE S 8344 OMEDA DL G~DER
AN TOEFNCERS SN AFEORN & L TR uTRER:
NELEEL . T OBEEERT (RNAY © TWC
loop @ TWC stem @3 {4 0 28I TR ET 2
% (Fig.4). S. Cerevisiae Tk, kL 0% <
DEBRKDSE SN TE D, tRNAM @ TYC loop &
BB L - T (RNA OEEEEoEErEEy x
fol, By v L ROBRBCEES L n 3 o L0
HbRTWAY . K RT S tRNAMYS OHEITFR Y,
FERIC miDNA THEShiv 7 2=, boORBIE
T LAENSS B, 1, TYC loop I—#im &R
ERBILPTWEBMETH LM, ZOABETL < OMEM
TIRIE X T3 p1516)17)20)21)22) , tRNADs Ok
HEEEEE2 bR L (Fig. 5). By VLR
FEREOMNE TIL, EROBEAMI ot - S
FEOHRD L ABOBREH A b MenTED,

Table 5 Comparision of nuclectide sequences between
normal and patients

T

nt position Normal | Patient 1 | Patient 2 | Patient 3
6457 COI | T C T T
8344 tRNA (Lys) \ A G G G
11718 ND 4 G A G G
14858 CYTb G A G A
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5 A
cC—G
A—y
C—G
U—Aa
G—C
U—A TWC loop
A—U A
DHU Toop A uucuc® Ca
A b A
AAUCG AAGAGA CC
c [ U A
UUAGC u le
AG A G
U— A
Uu— A
A—U
A—U
cC—G
C A
. U A
Anticodon Uuuy
AAA
Codon AAG
Fig. 4 The secondary structure of
tRNAMS of mitochondria.
i, Ao/ 70y bOFRTL—DoBEAERPOBEK

DTz POETFHED LR ChHOBE L tRNA
2 mtDNA THE SR AT NTOF T2 =y FOFREH
B LTV ABZ L EZ L LB TES

PAED e tRNAMS §iKo - OB S, MERRF
OFFRE LTFEEAE VLD & LTH N - o mi?),

CCTELBRINCHEL LT (1) oL ERIL

ALA, D. D, b. A.C,
STEM STEWM LOOP STEM STEM
[ A h [aSaiatie B nlahad | S B S |

MERRF CACTGTAAAGCTA-ACT-----

Human CACTGTAAAGCTA-ACT-----

Bovine CACTAAGAAGCTA-TA------

Mouse CACTATGAAGCT-AAG~----~~
Rat CATTGCGAAGCTT-AG-~---~~
XKenopus

Cod

A C,
LooP

CACTAAGAAGCTAATATGGGTTAAGCACCAGCCTY TTAAGCTGGAAGCAG-GTG-A

FE12%E Pk 24F12H
172 LT MERRF BEOLTEHEDHLALLDTHES
o BB, o3 b2y N Y THEO—2THE CPEO
HAHvE KSS wk\v Tk, E#HO mtDNA L& R
(R4) %Hr> mDNA SRAE U THFET % heteroplasmy
ORABA BT 2 2 L AHI BTV AN (2) REECRL
T4 mtDNA I heteroplasmy OREBTHEET L&
HOTAABT B Th Lo LT, EE
FE LIS U 3RS REMR N THBIRT 5 I Aw
F  F5Aw—% Mz PCR-RFLP #% i THE L
fo. WD, AT F T4 <w—%Hui PCR-RFLP
DOFEBIZOWTHBL, RoEOBRC>VTHB~NS
Fig. 6 w3 A<y F 754 2—%H PCR-RFLP
DEEBAYRT. ZOREERIFIREERE Coi 1 ORH
WAL AT A0, ZOHIRBSRIATEETH A0,
ATy F TIAw—FLbifc PCR KL -T,
%mt:‘?ﬁﬂgﬁﬁﬁwﬁﬁ?ﬁ L LT, Bsho S5 o v —
2EATOCH I bay FUTH 7 A0 2EFFOA -
mt L4, RCR OB O 2 @O AH 2 @
Gug T % o9 MERRFmtDNA OB IEETNIC B0
Tk 5 -GCCGGC-3" 0 6 FHEMNFIEEEE Nae 1 ©
Byt Rz & e b, 155bp & 18bp @ DNA Wi
MRS, —H, E#HO mtDNA OEEEFICE
VT, TR Nae 1 i X - THEEE . Fig,
T OBEETERAY -2 u— v (clone 2) Eficfs
Wrr—v (clone 1) #HL LT, Zoixr<yF
TG4 7%\ 1. RCR-RFLP OB TH L. BR
s o L0 IE L7 PCR Wi I3sE2 i IR
Bk Nae 1 i k- Tk h 18bp LV DNA Wik
L LTt E s, Fig. 8 DO LI 35 R%

Ny

AC. V. T. T. T. AR,
STEM LOOP STEM LOOP STEM STEMW
[ S | e | B | B s | i h

%

TAGCATTAACCTTTTAAGTTAAAGATTAAGAGA?ﬁCAACAC—CTCTTTACAGTGA
TAGCATTAACCTTTTAAGTTAAAGATTAAGAG&ﬂCCAACAC«CTCTTTACAGTGA
TAGCACTAACCTTTTAAGTTAGAGATTGAGAG-~ICCATATA-CTCTCCTTGGTGA
AGCGTYAACCTTTTAAGTTAAAG—TT~AGAG“AkCTYAAAAwTCYCCATAGTGA
AGCGTTAACCTTTTAAGTTAAAG—TT—AGAG4Ak~AACAA-ATCTCCACAATGA
CACTAKGAAGCTAAATAGGCATTAGCGACAGCCTTTTAAGCTGTAGATTG~GTG%AFTECCAACCAC-CCTTAATGA

TCCCAACCAC-CCTTAATGA

Fig. 5 The tRNAYS nucleotide sequences around the mutation compared

with other species!®

) 16)17) 200 21) 22)
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Normal -‘-{GGCCGFGGAGAAATGTP_@—S’
[ PRLEREERRL b
R R ACCAACACCTCTTTACAGTG---~--~ 3’
I e TGGTTGTGGAGAAATGTCAC -~~~ 5’
R
PCR =
57 ACCGG o 3 ¢
3’ TGECCE ormem—— 7
Nae | site (-] ®
57 F ol ol o S ———
3t TEORCLG  omesmmm— F *
(173bp)
MERRF =G GCCGIGGAGAAATGTCAC-5"
[ Prrrrtrereretred
ERE R R i R D ] GCCAACACCTCTTTACAGTG--~~-~~ 3’
3 e e e e e e oo CGGTTGTGGAGAAATGTCAC-----~ 5!
e
PCR =&
5° ECCGGC P
kN COGLLE smmemmmmmmm—— 5’
Nae I site (+) &
5' GCe GG{ mmmsmmmsm—— 3
3’ CGo CLO cmmmmmmmomssmmm— 5 '
(155bp) (18bp)

Fig. 6 Nael RFLP of PCR products with a mismatch primer.
Two A residues in mitochondrial genome are mismatch with a

primer. After PCR reaction,

the two A residues change to two G

residues, as the result, 6 nucleotides are recongnized by Nae I in
MERRF. This site is not cleaved by the enzyme in normal mitocho-

ndrial sequence.

i 6 K%, 8% MERRF BEOSIHERETH 5.
FEG 2 THEIBRGE B To DM R R BRI A e g &
L1, @ TOEFICE VT (RNAMWS ORI R A8
RS LT, FER1 RO 3 Ck LT PCR HIE DNA
KA OBEE A COE, ERO7 Y7 ADI6%ICHE
HEES 8272 hMAE S 9bp OREMPEFHERME LT
FHETAHLDTHH? . EHERTN&E, R
I BRTHBD, Nae 1 ML S EH OHEIEEF I
H¥T 5 PCR BBEWH VEET L ETHSH. 20
Mk aniwd 5 —E Nae 1] THILELTEEL, 5
B L > THE UL DT <, mDNA #° hetero-
plasmy ORFETHET L2 EARTLDOTH D

B, Shoffner Hiz X - T MERRF B#iE-—on
HEARPRBWEE R, 2~21%08E TEE OMER
kT s0 s n— v nFEET L LHE S ),

X HI, WHIIIFESEE S heteroplasmy DOEEICH
BMLLNALRELTVA. L Linhh, ek
RTCRREFHCLEEBCENS L EDEMMC>VTH
EEOEERTIZ >/ o— v OB T B, BB
RIEFHCHEERE L OBBRBE LA TR RN T,
heteroplasmy ORBE O L i 54, MORTF OB E A
MERRF OREOBRITLELEbhh 3.

CPEQ H T3, ER% Lo miDNA KM T
BEHERnws, AEcksvwT Fig, 9 WiRT LS
Z, EIME mtDNA kW ThA—0fEER»E-o
ya—y BB Eh, BRI X5 AEOBREF2E R
WHETHLIEERLTED, BEROBCLTHAR
kB CTEREIC X 2RETRW N TE 2 ERITX
EARVE TN
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MAT T S OH (O @@

Fig. 7 PCR-RFLP with a mismatch primer BLOOD

using cloned wild type (clone 1) and

mutant (clone 2) sequences. Fig. 9 Nael RFLP of PCR with a misma-
PCR fragment derived from mutant sequen- tch primer in leucocytes from the
ce is completely digested by Nae I. patients 3 and 4.

(=) EHEHEEEEH EEEE ) EEE)

RO —

Fig. 8 Nael RFLP of PCR products with a mismatch primer, in a control
and 8 patients from 6 independent MERRF families.
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1. # ah
1. MERRF B#® mtDNA O/ 5, tRNAMS
BAFES 8344 DAD LG OB RHIGH IR 5

iz,

2. 1AT9F FIA<—%F\ i PCR-RFLP
ko TR & A BETF2E S FRETH D

3. COHBEERIMT L6 KEIKD MERRF
BEOSETIERD LR,

A, COEBEETER L 5T (RNAY OEKEE
SOy A EEARITL, P ba v Ry T 0%
HMERCEH>PBELTCLIONAHAL, EBBcoR
B, BEREELHL T D 2R BETHL L EL S

Ma#zbedicn, HHRE, EEMEEBY £ L
TEREEZ O LRBOBLELET. F0H
BOEEEZTH X ¢ Uit akeh T, #iBAYs
THA NSRS, BRI, ESTEE
FURT NERIREE SR SR L
T P EEEE R L UEE A S FEOER
BMELET. B, REACBEENLHBMES
L 7 HTR A BT e A R i R R B A
LB, RURSEIFEN#E:, BT v 4 —#
MR AT BRep IR, TR R R R
BAR REESd, HERARESRAR A
IR ded, BB ambomRine BBkt
B LY. ek, AEOBER Intern-
ational Symposium, Mitochondrial Myopathies
on the XIth International Congress of Neuro-
pathology IZE\VTHRFE L.
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