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W 0.25~1.0g/kg % 6~8BEfE & & 1T 30~60
ATEISEET S, = b—NRF VoV
Vb ELEENT VLN (ImgHh 150
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BTEPEETILOITEETHL?, A
BEEEETHBY, TREFREDOTFELL
TEREN3TEELHD, MRREELTY
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1) S BRULEE, BEHE, (TVORAEM o
BRFEW, EHEO.LIEE
2) #48 (crush syndrome), ZAE, =2
3) B EERe, T8R4 EEREE, SRR TR
fE, DIC
2. FNBH
1) RzHER
1. SR REESE
Myophosphorytase deficiency (McArdle's dis-
ease)
Phosphofructokinase deficiency
FPhosphoglycerate kinase deficiency
FPhosphoglycerate mutase deficiency
Lactate dehydrogenase (LDH)-A deficiency
Phosphorylase b kinase deficiency
Debrancher enzyme deficiency
2. PEEAH
Carnitine palmitoyl transferase (CPT) Il defi-
ciency
Carnitine deficiency
Acyl-coenzyme A dehydrogenase deficiencies
Electron transfer flavoprotein (ETF) deficiency
ETF dehydrogenase deficiency
Ketoacyl CoA thiolase deficiency
Long-chain fatty acid g-oxydation defects
3. L 7AM@ES
Aconitase deficiency
Lipoamide dehydrogenase deficiency
4. Ay =) UBR
G 6 PDH deficiency
5. FVYRAIVFFER
Myoadenylate deaminase deficiency
6. % Fax b JToEReH
Succinate dehydrogenase/complex 1l deficiency
Complex HI deficiency
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nuclear gene dysregulation
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7. BESRME (MH)
Farnilial MH {RYR 1, CACNA 1§ mutations)
Central core disease
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Schwartz-Jampel syndrome
King syndrome
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Satoyoshi syndrome
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BHEEmCA QT 1 —
Marinesco-Sjigren syndrome
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2. ¥ERIATLERE
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ERIVRUPEOB D EGEENBERDO—DTED. West FEEE, Lennox-Cas~
- taut EERFESEOEEHIVN MRS, BEEDREEY, Leish NE =AI0—
A, BHEORERE TEIRE, SWRE SHET, AREGHE SRS, DR
B (GBS, R, ARNET, FESHRBMSSXsERESTD. AT,
Dﬂbﬂﬂ&ﬁﬁb#;ﬁﬁ%ﬁﬁzfﬂaﬁbr\h:ubupﬁ@%&!z_nﬁéﬁiﬁéﬁb%’é%ﬂ

L, ZOmABISHFIEICELBRETD.

Pa> FUFPRHREBETER

i
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ShravRY7EER, S PaYRYUTFOR
N —EERFEREOBEHNREEIC L VEIEET
SNZEREETHEERTH S, TANVY B
EMEEHI DS, IRINVFEREEOR
WHRHEHER, B, LY COBEREY
Eld I BB, '

FRELTOBBETFERE, BEbLLFI b
aYFV7 DNA QLTI DRESEL SN
3. BEE T, 150 BEM EOSEE, ik
e RRE HIBEZENI a2 FU7DNARE
BELLT (®1), £/, S0E -0l DNA
DEREXI P2V PV TROBLEREFEEE
LTHEINRTWSE (F2).

4ZH, HREENEERELLELOEEER

2HET SEFOEKE, BEREG £1FRE,
fid L URRERTEREAL, Shavryy
R 2R RCELSEETS. Bl
RIZ S b2y P Y 7REREOBMNERS T
7.

. MELAS$'47“035 =
7 tRNALeu(UUR)#{EF
mA%ﬁGWEQ&EXA

7 ML ‘

MELAS {mitochondrial myopathy, ence-
phalopathy lactic acidosis.and stroke-like
episodes) D ROBDBEETI rayvy F Y7
DNA @ tRNALeu (UUR) BEFD A3243G
ZEM, WHOBECRCEETFDO T3271C

* Yasutoshi KOGA, Atsuko KOGA AEFAFEEZS/IER
(z#55%] @ 830-0011 EHBRAEKGER 67 AERKEEZIBNER
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ND1
ND2
ND3
ND4
NDJL Cox1
ND3 coxnm
ND6 Cyeh coxm ATPase §
LHON Sporudi atly Sparadi i
LHOMN + Dystania ﬁ%s?paladi Esnwﬂliha? m:::%yy MILS
-] 0]
Sparadic myopathy s‘mmyopn!l’hy Acse?ﬂeﬁdfomu FBSN
Ht
Mamor
-ATP
Dheer A
SITOCHONDRIAL :
MEMBRANE g |-
INTERMEMBRANE
sPACE !

Sabanits  ComplexI ComplexIT Complex IT Complex IV ComplexV
miDNA-encoded: 7 ] 1 3 T 2
aDNA-encoded:  ~36 4 £t 19 - ~i4

w a - . .
m Paregwgiions m
Fleodhromooyians
NDUFSY SheAd BCSIL
NDUFS2 soas
NMNDUFS4 SPRT
NDUFS? SDHD
NDOFSS
X1 I bIarFUPRKREEETER
Mymabyten) {17
Topa! Gl
SR
S
LEON
MELAS 7
Diabetes
ON + dysiohi!
Moutations in: :
Proteln synthess genes = 95 [ yps K

ND2 | Polypeptide-coding genes = 3%

(o)1

Progresaive myoclonus
Myopathy, svilepsy & optic atroch
Multisysten
Encechalomyopathy

$ bar U7 DNAEROMFR
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® ARL 2 P32 P PRERUOSBAER

D-mtDNA tRNA ATPaseb
Tissue Symptom/Sign KSS Pearson MERRF MELAS NARP MILS
CNS Selzures - - + + - +
Atada + - + + +-
Myoclonus - - + - - -
Psychomor Ratardation - - - - - 3
Psychomotor Regresslan + - /- + - -
Hemiparesis/hemianopis - - ¥ - -
Cortical blindness - - + - -
Migralne-ike headaches - - * - -
Dystonia - + - +
PNS Peripheral Neuropathy +- +- + -
Muscle Weakness + - + + + +
Cphthalmoplegla +- - -
Plosls + - -
Eye Pigmentory retinapathy - - +-
Optic Atrophy - - - +/- +H-
Cataracls - - -
Blood Sideroblastic Anemla +- =] - -
Endocrine Dlabetes Melltus +- - +- -
Short sfature * - + +
Hypoparathyroldism +- -
Heart Conduction black s - +-
Cardiomyopathy +- - - - +-
Gl Excerine pancreas Dysfunction +- N - -
Intestinal pseudo-obstruction - - -
ENT Sensorineural hearing loss - + + + .
Kidney Fanconl's Syndroma +- +- - - - -
Lab Lactic Acldosis + + + + - +-
Muscle bx: RRF + +- + + - -
Inheritance Matemal + + +. - -
Sporadic + - - - -

BEFOTESRESREY. 20%, RUEE
FMA322G, C3256T, T3291C R EDESR
REUFHTEEIhR. WIhOoEAERb S
Fayv Y7 tRNALen (UUR) BEFREE
T3z Ehs, EYEHARERIORKRSEL S
NAVELED L ZATEHTH S,
phvbiil, MCA3UIGEEZ LY
5, EEFRAYIZIE Leigh BOE, MELAS, PEO({&
MEITEARERE), T LT Py FYTH
RiR LR R 2R RTRAEERL
799 ZxOFEHT, REROSE, WELSH
rERHSEEOBRECOEEFRT S,
1. Leigh I¥fE
ERE, 0L DEIESREDENL T
oy t—A4 Y77y hCRERENL: EESR
B A CYBIDESEESh, BRTOER

MLV EETHo 7. ZORTVWHANSS
h, BATRELE X 0 West SEfRER L BHT &, FLUT
WhAHKIZBE AR, BRE2HGFIHETHS 3
£ loose shoulder sign B¥RE & h, AT
TRETH -7, BRIV ADBERE, BT
B X 9 Lennox-Gastaut EREFENOBITHH
zohi,

§RE, TuyE—4 77t OBHER
THERMBETE N, HEKRTIE, modified
Gomori-trichrome (mGT) PETFTORK
BEYPHRR OB (ragged-red fiber : RRF)
ftLTwi, F+27o—u CEBLERRET
i, BEEROETERTHEESS AN
7. $5Brh, BRREEr L, SILRIERMF
SRBEUT7 Y V-V AEMELEDIEL, 105K
TEERTETIC L,
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B:d2% B:52%
H:E5%  H:i58%

v

MELAS 3245

1 2

B:15Y%
i D?;L“O}izzo%

i e

S

15 N Biesy Bio% / g || 11
H:15% 708 Hiosd H:32%
¥:87% K744
Iy
F3 F F [ (Koga et al, 2000%)

EE CT Tk, AREEZOFKAEEHY
EEOEREP &L, SR TCAREEZEDR
BISFREETEL 27V 7T OMENRERR S h, BRK
By, RS Leigh E L EETE 2,
RBOWET S P2 PUYF7DNAD
tRNALeu (UUR) #ETO A 3243 GEEMN
FTHOFEHETY 0B EEBERERL T
vz, FORIREER 3 LS (LS*°I-3)%, £
FERRERN4 LS R T,

2. MELAS .

13 1 CHAfE L REEEY, ARA¥E, £5
TOhATRELLZE RECTHEALREY
VY BRIMGESSHEAL, I bar B 7REHES
gbnilz. CT CTRKREEZOEANGTESR
KAy, MRI © T 1 B CARREREERC
EEE, T28BLUFlair @R CRSMTCEE
By 7 ERD i (E5). HERTE, mGT
Lo THREMZ RRF 28D, s bav
F v 7 DNA @ tRNALeu (UUR) BEFD
ARVBCGEENHFATHERERD bl K

FHE 2 K3 MELAS®¢ (MELAS®4II-2)
i, BEERAEN 4 MELAS®CICRT,

3. EfTESMESFFE (progressive exter-

nal ophthalmoplegia : PEO)

26 OB 0BT I VEBARERTE, B
MTELREI-TELRD, KEREZE. O
EE 7oy 73Rl BROEEARL <,
ETIESHRAFRE L 2l S iz, SRigMmY >3
MEELD S ba > P Y 7 DNA @ tRNALeu
(UUR) #iEF D A 3243 GEENER S huiz,
FABHEE 3 PEOYFT.

4. TEE f{H‘EET?ﬁ?, BHEY Bk

120 BIR. HER, B X URSRBHORE,
REBCEERZL. BEORAEER6IIRT.
INERAELEE, BROMUBNKRERETL,
WEREEZESE Lo Tw3 (—4.25D).
2EREECHEIHER 3EETL2can/ET
5D, EHED 2% ThHoTz. Eiz, INERD
Z 5 SEENERE, BE BHOERSSY,
FHE X RAY. BHMEL, P viEle
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- Stroke-like episodes
of MELAS ‘

g = 9mTe-ECD SPECT
MRI T2WI MRI Dair | F
M5 & & A8

oAb LS ol EEEEL YT,  MNEoBHRZDHLRELRRS Lol
LIEBED L, 0O bHERMNHET 5720, RBHRLTW, UERSVAR, HELTH
ERORERKBD B TH . EITIZ U7 b L RAT A RIE, AR,

REIshs, FEELEbLEBVED B CT R TAREERORFERK{LE2E
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MR FHETE2

BB ESRIS
FNRREN :
63t ( ) B0

=833y

TR
| | I | ‘
O D2 ®
7y 8y 43F 45 150cm 1160 A2F BT TRR
ATEEERSY
O
2 AT
Er
Sl v
EUK o, wo, WA M, W%, ac, BN
14 141cn (~4.28D) - 11:1330m (-1, 75D)

6 X & K

SOEE14Y

o

£

#11Y

E7 AREEREOIMERKL

Fant. BE BECRCEHBRIZLE>
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Abstract

A novel mitochondrial DNA point mutation, a C-to-A mutation at nucleotide position (np} 11,777, was identified in two
unrelated patients out of 100 with Leigh syndrome. This mutation converted a highly evolutionary conserved arginine to a
serine at codon 340 in ND4 gene. This codon was also converted by a G-to-A mutation at np 11,778, the most common mutaticn
associated with Leber's hereditary optic nevropathy (LHON), but the amino acid replacement was different (R340S vs.
R340H). Cybrid study revealed that the percentage of heteroplasmy was correlated with complex I function and that the novel
mutation caused a much more deleterious effect than the np 11,778 LHON mutation in complex I activity.
© 2003 Elsevier Science B.V. and Mitochondria Research Society. All rights reserved.

Keywords: Mitochondrial disease; Complex I deficiency; Heteroplasmy; Cybrid; ATP production

1. Introduction

Leigh syndrome (LS) is a subacute neurodegen-
erative disease of infancy and childhood characterized
by symmetrical necrotic lesions in the brainstem,
basal ganglia and thalamus (Leigh, 1951). The
symptoms include psychomotor retardation or
deterioration, failure to thrive, vomiting, seizures
and respiratory failure. Elevated lactate levels in
blood and spinal fluid are consistent laboratory
findings. With recent technological advances,

* Corresponding author, Tel.; +81-42-346-1713; fax: +81-42-
346-1743.
E-mail address: goto@mncnp.gojp (Y. Goto).

especially in neuroimaging techniques, many patients
are being diagnosed with LS while still alive. LS is a
mitochondrial but heterogeneous disease. Biochemi-
cally, defects in the pyruvate dehydrogenase complex
and respiratory chain complexes including complexes
I H, IV and V have been documented. Genetically,
defects in both mitochondrial DNA (mtDNA) and
nuclear DNA are reportedly involved in the patho-
genesis of LS. The defects in mtDNA include T-to-G
(Tatuch et al., 1992) and T-to-C (de Vries et al., 1993)
at nucleotide position (np) 8993 and T-to-C (Thya-
garajan et al,, 1995) and T-to-G (Carrozzo et al,,
2001) at np 9176 in the subunit 6 gene of adenine-
trinucleotide phosphate (ATP) synthase, A-to-G at np

1567-7249/03/$20.00 © 2003 Elsevier Science B.V. and Mitochondria Research Society. All rights reserved.

doi: 10.1016/51567-7249(03)00003-5
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3243 (Sue et al, 1999), and A-t0-G .at np 8344
(Silvestri et al., 1993) in the mitochondrial transfer
RNA gene, and G-to-A at np 14,459 in the subunit 6
gene of complex I (Kirby et al., 2000). The defects in
nuclear DNA include the EI alpha subunit gene of
pyruvate dehydrogenase complex (Endo et al., 1989),
the NDUFS4 (van den Heuvel et al., 1998), NDUF7
(Triepels et al., 1999), NDUFS8 (Loeffen et al., 1998),
and NDUFS1 (Benit et al., 2001) genes' of complex I,
the flavoprotein subunit gene of complex I (Bour-
geron et al., 1995), and the SURF (Surfeit locus

protein)-1 gene, an assembly factor for cytochrome-c-

oxidase (COX) (Zhu et al., 1998). Nevertheless, in
more than half of LS patients, the pathogenesis cannot
be identified. _ o
Complex I is a large multiprotein assembly,
which is partly located in the mitochondrial inner
membrane and partly protrudes into the matrix. Its
main function is transport of electrons from NADH
to ubiquinone with .simultaneous shunting of
protons across the inner. mitochondrial membrane
to the intermembrane space (Loeffen et al., 2000).
Complex I is composed of at least 42 distinct
subunits, Seven subunits of human complex I are
encoded by mtDNA (DiMauro et al., 1999).
Defects of complex I are a major cause of
mitochondrial disease, and many pathogenic
mutations in the subunits of complex I and transfer
RNA of mtDNA and nuclear encoded subunits of
complex I have been reported (Shoubridge, 2001).
We herein report a2 novel mtDNA mutation
associated with LS with isolated complex I deficiency
in two unrelated patients. This is a C-to-A mutation at
np 11,777, which converts a highly evolutionary
conserved arginine to a serine at codon 340 in the
NADH dehydrogenase subunit 4 (ND4) gene in
mtDNA. Interestingly, this codon is also converted
by G-to-A mutation at np 11,778, the most common
‘mutation associated with Leber’s hereditary optic
neuropathy (LHON) (Wallace et al., 1988),

2. Materials and methods

2.1. Subjects

Patient 1 was a 4-year-old girl, the second child of
healthy and unrelated Japanese parents. Her family

history was negative for neurological disease and
diabetes. She was born at term in a normat delivery.
Her development was mildly retarded. She could hold
her head steady at 3 months, sit up at 7 months, walk
by herself at 20 months and speak meaningful words
at 24 months of age. Clinical examination at 3 years
and 5 months of age revealed a short stature (less than

~ 3rd percentile), but no minor anomalies nor arrhyth-

mia. She had exotropia in the right eye, but no
abnormalities in ocular movement or eyeground by
the fundoscopic examination. She could walk and run
without support and speak meaningful words, but she
could not speak sentences, Her deep tendon reflexes
and muscle power were normal, but muscle tone and
bulk were mildly reduced. She had no involuntary
movements, cerebellar signs, or autonomic disturb-
ances. She had no signs of psychomotor deterioration.
Laboratory examination revealed relatively high
lactate compared to pyruvate in both blood (lactate
45.5 mg/dl, pyruvate 1.2 mg/dl; normal 6.5~18.3,
0.71-1.22, respectively) and spinal fluid (lactate
31.5, pyruvate 1.68; normal 11.1-16.3, 0.75-1.29,
respectively) which is consistent with respiratory
chain defect. Brain magnetic resonance imaging
(MRI) showed abnormal high T2-weighted signals
in the bilateral midbrain and thalamus,

Patient 2 was a 5-year-old girl, the first and only
child of healthy and unrelated parents. She was born at
term in a normal delivery, Her family history was
negative for neurological disease and diabetes. Her
development was mildly retarded. She showed
deterioration and dystonia from 3 years old. Clinical
examination at 4 years of age showed her to be of
short stature (less than three percentile), but revealed
1o minor anomalies, or arrhythmia. She had exotropia
and a disturbance of adduction in her left eye, but no
abnormalities in thé eyegrounds by fundoscopic
examination. Her deep tendon reflexes were hyper-
active. Muscle power, tone and bulk were normal. She
had dystonia in the upper and lower extremities.
Laboratory examination revealed nomal to slightly
elevated lactate and pyruvate levels in blood (lactate
10.1-19.1 mg/dl, pyruvate 0.51-1.25 mg/dl; normal
6.5-18.3, 0.71-1.22, respectively), and moderately
elevated levels in the spinal fiuid (lactate 31.7 mg/dl,
pyruvate 1.39 mg/dl; normal 11.1-16.3, 0.75-1.29,
respectively). Brain and spinal cord MRI revealed
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abnormal high T2-weighted signals in the bilateral
basal ganglia, substantia m'gra and cervical cord.

2.2, H:sropathologzcal studies

For hlstochemlcal examination, muscle specimens
were frozen in isopentane chilled in liquid nitrogen.
Serial frozen sections, 10 pm in thickness, were
stained with hematoxylin-eosin, modified Gomor
trichrome (mGT), NADH-tetrazolium - reductase
(NADH-TR), succinate dehydrogenase (SDH),
COX, and a battery of histochemical methods.

2.3. Cell culture

Primary muscle cultures were obtained from
muscle biopsies. Fibroblast culture was available
only in patient 1. To eliminate fibroblast contami-
nation, we used the preplating technique for the
preparation of myoblasts (Miranda, 1994; Richler and
Yaffee, 1970). Myoblasts and fibroblasts were grown
in DMEM/F-12 medium with 20% fetal bovine serum
(GIBCO-BRL).

2.4, Direct sequence of total mtDNA

DNA. extraction, PCR and total mtDNA sequen-
cing were done as described elsewhere (Akanuma
et al,, 2000). The nuclear DNA carries sequences
similar to those of the mtDNA (nuclear pseudogene),
and it has several point mutations previously reported
to be pathogenic. To minimize the adverse effect of
the nuclear pseudogene, we employed the long PCR
method in preparing the template of the sequencing
reaction.

2.5. Restriction fragment length polymorphism
{RFLP) analysis of mtDNA mutations

The following sets of primers were used for the
detection of the C-to-A mutation at np 11,777. A
light-strand primer, corresponding to np 11,666—
11,685, and a modified heavy-strand primer, corre-
sponding to np 11,798-11,778 (5-CTTGAGAGAG-
GATTATGAAGC-3), were used. The underlined
position represented a medification from the normal
sequence to create an Alu I restriction site (AGCT)
when the mutant sequences were amplified. The

amplified 133 base pair fragment was digested with
AluIto produce 112 + 21 base pairs for the wild type
sequence, and 93 + 21 + 19 base pairs for the mutant
sequence. These'fragments were separated electro-
phoretically through a 4.0% low melting agarose gel
after ethldmm bromlde staimng -

2.6. Quantification of the np 11,777 mutation using
real-time polymerase chain reaction (PCR)
amplification methods

The target sequence of the mtDNA was amplified
using a light-strand primer, corresponding to np
11,730-11,757 and a heavy-strand primer, corre-
sponding to np 11,845-11,817, was used to amplify
the target sequence in the presence of two fluorogenic
TagMan™ probes. One was a FAM-labeled probe for
the detection of the wild type sequence [5'(FAM)-
CTCACAGTCGCATCAT-(MGB: minor groove
binder)p3'], and the other was a VIC-labeled probe
for the mutant type sequence [5'(VIC)-CTCACAG-
TAGCATCAT-(MGB)pB’] The underlined position
corresponded to np 11,777. The PCR condition was
2 min at 50°C, 10 min at 95°C, 40 cycles with 15 s at
95°C, and 1min at 60°C. During the PCR, the
respective TagMan™. probe hybridized to the wild
type or the mutant template and Taq DNA polymerase
synthesizes a new strand and cleaves off each reporter
dye simultaneously, increasing the intensity of the
fluorescence signal which corresponds to the initial
amount of template mtDNA, The level of fluorescence
was simultaneously monitored on an ABI PRISM
7700 Sequence Detector System (PE Applied Biosys-
tem) to determine the threshold cycle (CT), at which
the fluorescence exceeds the baseline. The copy
number of mtDNA containing each mutant or wild
type sequence was determined based on the standard
curve created by the reaction of the known amount of
plasmid containing mtDNA fragment (np 10,660-
12,665) with each wild or mutant sequence made by
standard PCR following TA-cloning technique. All
PCR assays were carried out in triplicate, and the
proportion of the mutation was calculated by the
following equation: the copy number of mutant type
myDNA X 100/ (the copy number of wild type
mtDNA + the copy number of mutant type mtDNA}.
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2.7. Spectrophotometric assays of respiratory chain
enzyme activity

Skeletal muscle mitochondria from biopsy speci-
mens were isolated and the crude mitochondrial pellet
was resuspended, as previously described (Bookel-
man et al.,, 1978). The isolated mitochondria were
immediately stored at —80°C until biochemical
analysis was done. Spectrophotometric determi-
nations of enzyme activity including rotenone-senst-
tive NADH-cytochrome-¢ reductase (rotenone-
sensitive NCCR, complex I+ III), succinate-cyto-
chrome-c reductase (SCCR, complex IT + I} and
COX (complex 1V) were performed as described
elsewhere (Koga et al., 1988). The results of this assay
were expressed as nanomoles per minute per milli-
gram of mitochondrial protein.

2.8. ATP synthesis

Measurement of ATP synthesis in digitonin-
permeabilized primary cultures including myoblasts
and fibroblasts was performed with several modifi-
cations of the method by Robinson (Robinson, 1996).
Briefly, cells were cultured in 6 cm dishes until 100%
confluent with DMEM/F-12 medium, 20% fetal
bovine serum, and 50 pg/m! of uridine to support
the growth of respiratory deficient cells. Plasma
membranes were selectively permeabilized by
0.05 mg/ml of digitonin for 3 min. Cells were then
incubated with buffer containing phosphate, adenine-
dinucleotide phosphate (ADP) and combinations of
substrates and inhibitors including (a) 5 mM sodium
pyruvate and 1 mM sodium L-malate, (b) 5 mM
sodium glutamate and 1 mM sodium L-malate, (c)
1 uM rotenone and 10 mM sodivm succinate, and (d)
2mM antimycin A, 2 mM sodium ascorbate and
0.5 mM tetramethylphenylenediamine (TMPD). After
incubation for 1 h at 37°C, reactions were stopped and
total cell proteins were precipitated by adding 2%
trichloracetate. The aliquots of the incubation buffer
were diluted by Tris—acetate (pH 7.75) and assayed
for ATP by the luciferinfluciferase chemilumines-
cence according to the manufacturer’s instruction
(Enliten ATP assay system and TD-20/20 lumin-
ometer, Promega). ATP measurements were deter-
mined using standard curves calibrated with fixed
amounts of ATP. Precipitated proteins were solubil-

ized by 1% of sodium laury] sulfate (SDS), and the
concentrations were measured using the modified
Lowry method (DC protein assay kit IT, Bio-Rad). The
results of this assay were expressed as nanomoles
ATP per hour per milligram cell protein,

2.9, Cybrids

Transmitochondrial cybrids were prepared by
enucleating primary cultures from patients and fusing
mitochondria-containing cytoplasts with the osteosar-
coma-derived 143B.TK-tho-zero cells (a cell line
devoid of mtDNA) by polyethylene giycol fusion, as
previously described (King and Attardi, 1989).
Cybrids were selected with DMEM medium sup-
plemented with 10% dialyzed fetal calf serum and
were isolated by the cylinder technique. Many clones
with variable percentage of mutant mtDNA were
obtained.

3. Results
3.1. Histopathological study

Histopathological study of skeletal muscle showed
no ragged-red fibers, strongly SDH-reactive blood
vessels, or COX deficient fibers were detected with
mGT, SDH, or COX stains in either patient. Both
patients had moderate type 2 fiber atrophy. In patient
2, intermyofibrillar networks were disorganized in
some fibers in NADH-TR stained specimens (data not
shown). Thus, no pathological signs of mitochondrial
abnormalities were found in these biopsies.

3.2. Respiratory chain function revealed isolated
complex I deficiency

Spectrophotometric assays of skeletal muscle
mitochondria from both patients showed significantly
decreased activities in rotenone-sensitive NCCR with
normal activities in SCCR and COX (Table 1).
Furthermore, the ATP synthesis of myoblasts was
significantly decreased when pyruvate/malate and
glutamate/malate were used as substrates (Fig. 1).
ATP synthesis was normal when succinate and
TMPD/ascorbate were used as substrates. If the
patients had pyruvate dehydrogenase complex
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