Mitochondrial DNA Point Mutations in Patients
with Mitochondrial Myopathy, Encephalopathy,
Lactic Acidosis, and Stroke-like Episodes, and
Fatal Infantile Cardiomyopathy
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BRI RRFEE R o7 3 b a2 v N Y TRERE
BEIUARBIEELOHEICE TS
S har kY7 DNA AEE

ERREEFEHABZEE BE (EF . MTHEHHE)
* F O F -
(¥R 3 & 8 A208 %)

MEREEREERMES 3 b3 > F Y 7RI (mitochondrial myopathy, encephalopathy, lactic
acidosis, and stroke-like episodes, MELAS) iZ.LEEZEED 2 HE L, LT RBBET Y F—v A
B FDHRREL LTEETHS. IF MELAS WBWTI a2 Y RUTEFEERBRESMKI]
(NADH-ubiquinone oxidoreductase) @ R »#HE & h, & b 2> F Y 7 DNA (mitchondrial
deoxyribonucleic acid, mtDNA) D ZERAREERZDFER L L TKDdD S NA. OHES S BEN L
MELAS D2 fEf, BLUZOREFER L 1 2 AL IRKIEA.LHE (fatal infantile cardiomyopathy,
FICM) ® 3 ba > FVY 7 DNA £REET %, #XEHRICL 5 DNA BEEMEE By, EEEER
FIREHEIW THREL . BBEE MELAS O 2ERMICEEL T, o1 v tRNA BEFLEOBEEES
3,431 A 25 G NOEEEMAUEESTED 5Nz, 8512 FICM T, u 4 > tRNA BEEF LD
BEEE3 242 C 05 T, 41VO4Yy tRNA BEFLOBEREEEL317I2A 25 G A, B
CEY 777> tRNA SBEFLEOBEEESS 542 C 526 TAOEENBOE IR, ZhbDE
#HDIB, of > tRNA BEFLOEESS3, 2430 A EEB LU Vo4 v tRNA BEFLED
BEES4,3170 A BEIL L, 7Y, JYv P TRESATED, BUFIETEYYR, =7+, #
I, vE, BIUYauYa v NI ETRESK TV, Lzdto T tRNA SF0BEET 2 - HIcE
B ZEzoh, Th50ER L2 tRNA HF0OEL, S har P 7EHOSRESICL
ERIFNVF-EEETRI SR ITAREESEZ SR, o1 v (RNA BEF EOBEEESS,243
TO A 95 G ~OEERTAERIZ L DHIRER Ape ] OTBEABFL BRSNS . SIREE
Apaliz & 3T, fIOMAK S MELAS 28I b RICERMNED SN, I by N Y TN
EOMOEREB B TH 28 METESNBAME (chronic progressive external ophthalmoplegia,
CPEO) 2 %, S (myoclonus epilepsy with ragged-red fibers, MERRF) 1 fITIX 2 DERIZTD 5
Ny, KECKRENTH->7. OEERMHES MELAS ##L T, mtDNA © o ¥ > tRNA OZER
2R, £/ FICM 2B WT mtDNA @ 300D tRNA IKER BB L &0, LEBEO—EELT
mtDNA 1281} 3 tRNA OEENREI NI,

Key words mitochondrial DNA, nucleotide sequence, mitochondrial
encephalomyopathy, cardiomyopathy

Abbreviations : CPEQ, chronic progressive  external ophthalmoplegia ; ddNTP,
dideoxyribonucleoside triphosphate ; dNTP, deoxyribonucleoside triphosphate; dATP,
deoxyadenoside triphosphate ; ddATP, dideoxyadenosine triphosphate ; ddCTP, dideoxycytidi-
ne triphosphate ; ddGTP, dideoxyguanosine triphosphate ; ddTTP, dideoxythymidine
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S b F Y7 DNA (mitochondrial deoxyribonu-
cleic acid, mtDNA) ¥, 16,5698 &3 & & 2 8K
B DNA ¢°HY, star P ) 7EFCERERZRD
BEQOY72=v b, 220D tRNA, BLX U 28D
RNA #a3—FNLTWw3" s +ta>FYT7TEFEE
FRRESEOBE @K IV) X0ERsh, 2055
BEFEI 2R ABOEESESED DNA 23— &
Wiy 72=yv b mtDNA Wa—Fahiyd 72
Zy FTHERENTED, D DNA L mtDNA O
BEXRERUI TS,

Thar P TREEIR, ShbICRUTOIRL
F—RBERIHD, HEE - HHETE LOBFE
K, BLUHMEET - BHE - \BNET - EBEFAL L
DOFEHEEREET2REFETHL®. Z0—D20
FRARBEBEAL & L U PRFEFEEEI S b Y
7 B4 E (mitochondrial myopathy, encephalopathy,
lactic acidosis, and stroke-like episodes, MELAS) %3
H5Y FEREER, HEET, B, H2v3¥
B -REERCORERE R - MERRREFELE
fERE L, ThacMa THALBRME, RFECH--
EHo v Ea——WBER L TOERPIURD R,
ERBERHSOEBLEZECIBIZ I a2 NI TOEE
MR VBWENDG . FESOHEEMHD 2 n%
9 LDARERBREET7 Y F—y 2L L HITZDFEA
ELTEETHD. IFE MELAS tBWT I oy
FUTBEFEEREEESHE I (NADH-ubiquinone
oxidoreductase) PV 72 = v F D RKEHNWE L L
2% 2OBEEAEILZY TR, E&HRIU, IV, V
OF 72y b OBELZS S RESRVIZS AL
23, %O DNA OATa—F IN-EESERINIZERE
BThok" EHUHRETCRHEBRBEORENH
D mtDNA BERBEET 20T mtDNA DX
RurzoERSRKD sz, Lisl, MELAS 0&#H
O mtDNA Wi KERZREKEEDSNTY, NEkRR
KWL AEESFEELEEE L. ZOL®
MELAS o B2 0 mtDNA O£ EEET| 2 RE T 20
BExbot.

HEOY -7 ZVRAEKR, FVLITAYVN—=T%H
W3k, 77AIF, HrnwRT7r7—Y~D7o—
=y RBETBIERELY, £ DNA OLBER
FIRECEEAYAOMMEELAY. ZhoDRAE
FIRT B0, HAEEHEVA2EHE DNA @iE

oY L HEEBEREHKIS (polymerase chaip
reaction, PCR)"™™ % Fi\» /- E R EIIREE 2 A
Eb¥ly AT L2 L mtDNA £EERTORE
RREETICELR2TWEELL. ZOYATLER
W, BRI MELAS 2@l 20 BEEMEE 2 o n
5 FLIREFER L 1 610 mtDNA £EERF) % g
L.

MERE L UHE

1.% #

BEL (P 18F &t B, MHEEFLLCA
Bel7:. BEEfa v ¥ a—5 —WEEE CHEESTEREC
BERNEERD . BER, MEET, BEXE &
JHET, BORITEM:, FFE, ¥5, BTy r-
YRABEBL, BRI (1 A L 208A/H), B UK
RELHER2FE> TR 1), 20FTLLR2DRD

HOSPETAL  SSD~67] ¢ _;D: 89744722

=317:20:25

89711722
~PA7:27:45

Fig.1. Two-dimmensional echocardiogram of
Patient 1. Top, Apical four-chamber view,
obtained in end-diastole (left) and in end-systle
(right) demondstrated reduced myocardial
contractility. Bottom, Left panel showed
another apical four-chamber view. Short. axis
view (right) revealed that the thickness of the
left ventricular free wall was 19mm and mild
pericardial effusion.

triphosphate ; FICM, fatal infantile cardimyopathy; MELAS, mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke-like episodes; MERREF, myoclonus epilepsy with
ragged-red fibers; mtDNA, mitochondrial DNA ; PCR, polymerase chain reaction
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Table 1. Enzymic acitivities of the

respiratory chain in the heart

mitochondria of Patient 1 and in the skeletal muscle mitochondria of

Patient 2
Patient 1 Patient 2 Contral Range

NADH-cytochrome 45 14 2494174 82+ 637
¢ reductase
Succinate-cytochrome 1719 1000 8894507 343x1767
¢ reductase
Cytochrome 1465 708 1554753 60142873
¢ oxidase

Activities are expressed in nmol/min/mg of mitochondrial protein.

* Values are mean=+S.D.

Table 2. Enzyme activities in heart mitocho-
ndria of Patient 3

Enzyme  Patient (%) Control* (n) Range
Complex] 213 (31) 690+267 (3) 482—994

ComplexT 1866 (309) 604+ 98 (3) 537—716
ComplexIl 1119 (154) 7284223 (3) 487—931
ComplexV 197 (33) 593£122 (3) 458—697
ComplexV 106 (80) 133+ 42 (3) 99—179

Activities are expressed in nmol/min/mg of
mitochondrial protein.
* Values are mean=+S.D.
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BE2 (P2): 13F¥EH. BEER, HBET, B8R
', BHET, #oRIEH, FKRE, KESE, LB
TYR—=vA%2BL, BRELHEEME>TWHR. 15
TTRAFEL Iz,

MEF L b A ER THAEVIRREEE (ragged-
red fiber) 2o 7z. #HE - HEEB LV LERBOXR
BEZ L REDoN BT, B85 LD BB
L7:32 h 2> MY 7@ NADH-ubiquinone oxidoredu-
ctase VEMEIZAE 1, 2 L HICETLTWw (F1).

BEI PY): 1FER. 25FFO-H Ak, AR
CRAHIE RS, MBECMEEBLEShr ok,
Wiy 7 AREATRER A ERERD 2.
REBTRICELE3 2RI Lizy, 100&ICHKE
L. B, R#H7 > F—3> A, glutamic oxaloac-
etic transaminase (GOT), lactate dehydrogenase
(LDH), creatine phosphokinase (CPK) fE® & % 5
Lo DERTEEEEOLERRAUENE S
BOETEEICE L & L ICRIRMESSETL, B TRA
RETLL:. BBTILESR 45g (2> bo—n
429) TEUEIEW LA LIRS L. AEMR
DEEIZR et - 7258, 2 QOIS EXL

Tl LHIDBEELZI IR TIZBLTH
ARl VOBHOERLET, #EEVOEHOE
EOETHR>NM (£R2).

I. x5 &%

1. F#E (E2)

PCR¥.:T—IEIE s N/ DNA 2R LT, 5’
AN M13mpl8 @ 2 =/,s—4 LEF] (5-TGT AAA
ACG ACG GCC AGT-3) # b o 1238BED 7T 4
v—r, HECHBEZDH0EED /IS4 v—LT
JExtR PCRP 21772\, 37 IRANZ M13mpl8 @ 2=
23—V ERFS & MR FDl 2 b D—4 88 DNA %4
3. f8oni:—AKEDNA 288 L LT, M13mpl8 ®
L= N—YAERFIO 5 AN 4 BOoEXARETD
BEETI (A v—%2FH, Sanger 5O Y FA F ¥
RIit® % PCR #£Tfik5. 2&h A 0@BESI 4
v —%Z{@E s 15%, dideoxyadenosine triphosph-
ate (ddATP) T{Ei-L 7> DNA #MiEakans. #1o
C,G,TOHAVEAHTHZ. RICOETLL4HED
RIEWEIE—2 gD on, BREEFIREBR7 7V AT
SFFLD LIV —>TkEI&N%. DNA HOR &2
IGCCHWEIS NN FIZEHBBFEEBE CRE s
5.

2. 7514 v —{E8

#3003 E OB T mtDNA O L #8, Hifzn %
MR % L 0208F0 751 v— (L 75
17—, H724=~—) 2&60ETOERLL. L 7
T4 v—R1I0EOERL:. 774 ~%—i3 390B &
DNA & B & (Applied Biosystems, Foster City,
USA) THEBIL, AV TX 7L 4 FFPREREA—F) v
¥ (Applied Biosystems) # WV THEEIL. 77 1 v —
ZIROmEEEAV. L) 754 v —i3EEHFS
10n+1 & 10n+20 £ TO L #HOERERT % & D20
ED7I7A4A~—%3F. Hn) 7741 -3 EEES
10n+20 25 10n+1 0 HPEOHERF % b D



886 #*

0BEDFIA—%ET. BHEL T4 7—D
5" Wflilod M13mpl8 2 =X —H A ERF| % DT 7238
BERO7I 4~ —%260EERL, FL@n) 714 ~v—1%
L.

3. —WRIEIE

BE1OBRE, BE 28 L UEBRE3OLHERS
5 total DNA 2L 7. TROS 74 v—XF%H
W, BB T TAY NS —HELEDED LT,
D mtDNA REAN—FT 3 X310 7 55 A
F% PCR BRI THIEL 7z. PCR i3, total DNA
10ng, L 7% 4 = — 50pmol, H 75 4 ¥ — 50pmol,
deoxyribonucleoside triphosphate (dNTP) £ 200
u M, Tag DNA polymerase (Promega, Madison,
USA) 1.258 i, 10mM Trs-HCI (pH 9.0), 50mM
KCl, 1.5mM MgCl,, 8 X U0.01% ¥ F 2542
E50u]l TH% -7 . RIGiE DNA Thermal Cycler

Fluorescence-based direct sequencing

H primer
—pe———

. ~age——
Universal ~p—
primer FL primer ~g—

\.._.L— ~gp—
mtDNA

Asymmetric PCR U

Single-strand DNA

PCR sequencing U

Dye primer
A nssanger-
L
LC T

T wamssnegpee—

Dideoxy termination

U

Automated DNA sequence analysis

Fig.2. The principle of fluorescence-based direct
sequencing. Asymmetric PCR was conducted
using PCR-amplified double-strand DNA fragm-
ent, FL primer which contained M13mpl8
universal primer, and H primer. 10 cycles of
PCR-dideoxy termination reaction were perfo-
rmed using asymmetric PCR-amplified single-
strand DNA, dye primer, and deoxy/ dideoxy
nucleotide mixture.

(Perkin Elmer Cetus, Norwalk, USA) % @\», Bl
94’ CISHR, 75 4 = —(HRT2°CO0M M % 1 44 7
ELT30YA 7 EDE L. Bz 74 = —#hig
WD EeBYTHAH. L1641-H136, L61-H339, L1231
H454, L372-H559, 1.488-H702, L680-H929, 1.853.
H1338, L1250-H1534, L1482-H1619, 1.1594-H60.

RiG#TH, SMBEEEET Y 74 PH7.4)5u18k
T100% =% /—)v 1001 2H0Z, —T70°Ciz 309 EHK
BEL7. 13,0002 102E0FELO®E, LEZEE, kB
@® DNA 270%x% /—VTYYRAL, HZEF Ly
N—NTERS . Bonlz_ vy bE6ul 0%
HARTHEEL .

5. BB —r ARG

RItwwiys Tag ¥ — 27 = > X % v b (Applied
Biosystems) # A \»72. F v b ZiX Tag DNA
polymerase, 5 X ¥ —27 T ¥ X /Nw 7 7 — (50mM
Tris-HC), pH 8.5, 50mM MgCl,, 250mM NaCl), 4%
DEFRTZ 1 v— (FAM, ROX, JOE, TAMRA) 5}
¢ dNTP/ dideoxyribonucleoside triphosphate
(dANTP) BEHEMBEEN TV 5 . HABRIMLHES
e, MTORBIZTXTELLRETCITR-
Jo. FBELL-—KEE DNA 288 LT, F 754
=BTy —27 2 ARIE®{T% o 7. Dideoxy-
adenosine triphosphate (ddATP) 2 &iry—27 2
FEIGTiE, —4&8 DNA A1 u ], A (Joe) BR 774
< —0.2pmol, doxyadenosine triphosphate (dATP)/
ddATP BEW 1 ul, ¥—2 T ANy 7 7— 1],
Taq DNA polymerase 1. 258742 SH£87.7541 T
PCR Rt 21T o7z, RIGIXBAEMICCISHHE, 7
==V I BIVT T4 = —ER70°C60R M % 10
D& L 72. Dideoxycytidine triphosphate (ddCTP) %
BURIEVERCITR - 2.
triphosphate (ddGTP), dideoxythymidine triphosph-
ate (ddTTP) * LRI TR TR THEETRIG%2TT
ol AEORGKIZ PCRETH, SMEERRS MY
T ASpl, 100%Ty /) —n120ul BEOBF 2a—-TE
£y RitxEbswr. —200CTL0HKER,
13,000g 10 HHIOELE T2, LiERERE, LB
0%xs /—NT) > ADHE, BEF = v —TEH
s, BWREIC, 2 MBS wk, 6%
TZUNT SRS VTHREIL, 108R9IZ 8 > T 373A
B & DNA 27458 (Applied Biosystems) i2 & 0 &t
OBEERITE 7. BB S E ALY 7 b7 2
77U T AT LD S WEERISID 7 — 5 ER
Sht:. Bon-EERS £ GENETYX Verbll
(Software Development, ) ® v, BE#Hot b

Dideoxyguanosine
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mtDNA O 2EEFT L DRET S —BBL2TR -
f2. g3V hO—NELTEEL MESZL DHEL
- mtDNA 2w/,

BE N CLEBBERY ERE 2T L.

BELl, 2ORBBIDI baY Py T REELY
NADH-cytochrome ¢ reductase®, succinate-cytochr-
ome ¢ reductase®, B & U} cytochrome ¢ oxidase® @
EHERAELL. EXBEIOMEBI VBB L b
AV FYTITEBWE] — VORFE*»=m L85 L
oo avbu—nELTERE MEBERE V.

1574 ##

ERI 3BT 5 ND4 FHIBOBITOFERD 1§l % 7
L7:(E4 3). L853, HI338 075 £ v — 3 C—vk 815 L
7:%#7 5kb O &84 DNA % 8% &« L, FL1108 0.5
pmol, H1189 50pmol M 75 4 = — % CIEsd#R PCR %
fToT—48 DNA %787, &z 2 D—%$4 DNA %
#8 r L ¢ PCR BEEFIREEIT, Boh/7F—
FiRFL 774 ~=—DIZIF3 I, DFhEERES
1,100 5 H 4508 E N T T 0 Yy —BRBICMH L D 2
TS5 ThHoT. BUEREPE2IEF—5 72700
TIPS VOSHEEBZTHA729, Fur s Az

L MBS AFBEEI L & ) IR L 2HERDLETH -
2. DT 74 - TH IR PCR 075 4 v —
IR £ 50085 & 72 13800 EH T2 212k b, 350
D S40ERDOBITRR 2B L8 TES. FL 7S
A= —HB00FEET L ctkeo T w2 o, EiEL

220 FL 754 v —THE SN2 ERH500 6 15018
BOERZN:RF oLy, BontBERE0EEE
EEOBILHTEL. 1HEHOKREIC LD, 4{FEOH
FlOWkKEI D TEETH 2728, 3B OWEIT mtDNA £
BORHEEETHY , RHEXLERORHETSH -
7.

BERRSBEEICBWTERE L, 2, 3BT I/ BE
Beb st R UEDERRR MY, Ao
ERIVWTRLIL PO LI TD SN, 251
BE 1210 (EEFS 9,755, 14,668), BE 21z 8(H
(5,108, 7,600, 9,377, 9,575, 13,563, 14,173, 14,200,
14,569), &% 3.z 9@ (WHEFZFE4,200, 7,669, 8,580,
10,397, 11,902, 12,810, 13,984, 15,562, 15,622) D # 1 %
N7 VBERZP LS 2VLERNATENNRES
h, BE1-BEICHEOLREN 1BER > (8
HES 4,883). 27 I VBBEOBRE L TE
RrLTIMEOEBEAEENR SN (R3), 2055

11

CATCAT GG NG,

AR IO VTt AN
FNATCCT AGGG

5 R EANG. . oty
TAAGGTCNAG TTA ATT AAGGTNTCGGGGGCCATACC

‘ i
i Naafaly i
Gianta/ U i

t Wil

. .o ! I
GACTAT GAGAATC GAACCCATCCCTGAGAATCCAAAAT TCTCC GTGCCACCTNTCANANC

.

"

"

“

'

-

.fd.ﬂ A

Rl L L4
CATTACAATCTCCAGCATTCCCCCTCAAACC

TAAGAAATATGT

! a4 A o~ )
g YR Sl ALyl A MY 4 ., My et ¢ ey . . - )
M) A A NN A N S e A\l X e & LN N vl e ” S

Fig.3. One of the results of automated DNA sequence analysis. Asymmetric PCR was conducted using
FL1108, H1189, and approximately 5kbp double-strand DNA amplified with L853 and H1338. These
data showed about 450 sequence from nucleotide number 11,190. “N” denotes the undetermined base.
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DIFEEFE10,398128BF2 A»s G ADEEIR
ND3DALVF=r %27 52> iEbdwCniz. 20
TooviFe P UAOT LB Ty b ® AR T
REENTH2H0THY, a>ba—LiBLTYH
TSRy THohILEDVZOERIBGENTH 3.
—7FBE 1T NDI @i (REES 3391) 2, /-8
# 2T ND4 #Ei (REHS 11,553) o, LELMWILET
REShTVERT I /BREOBHRE* LS TERY
R, hHOERFaytu—nLTREDSNL
DozDT, BEEREERTHLMHEM D 5. FH
SR T (F 4), MELAS 2 fEf) P1, P2 iz35@ L T
HEEE3, 2430 tRNA™™ (UUR) E=F Lo dihydro-
uridine (DHU) L — 712 A » 5 G ~D A A%
RERBwRZasn (B4, 5). TOERIIMmD 2
BIOMELAS BEizBW T btHaniy, 7H0
E ®#%FB L UEHREMB (myoclonus epilepsy with
ragged-red fibers, MERRF) 1l & 18T IRE
R (chronic progressive external ophthalmoplegia,
CPEO) 241D mtDNA DEHERFIOAMNTIXZOE
Riu@Edvohihol:.

BEI P BEVT, 7 EBEREREOIEREL
LT CO2 BEFOEEBEET, 67312 A »5 G ~,

Cytb BEFOEEESL, 92712 A 15 G ~DELE
UHERRREDONL. INSENTET ) BaR
HETREINTVWAEADT, INSDERIEEST
HEUHEELDH L. FERERCBLTo vy
tRNA BEF LOBEEFES3 242G 05 T, 4
o4 vy tRNA BEFLEOEEESS3, 25412 G 0y
T~, 41V04v > tRNA SBEFLOEEREEL, 37
A MBS GA(EE, ®T7), BEXUNY STy
> tRNA B F EOEEES5,5542 C 25 T A0
ERERDIZ. ZhoDIb4 Vo4 tRNA#EE
TFOERIZ, v~ v ALSNOHABETRES NIERD
BRThH-7. —FuAvy, BXUOMI P77y
tRNA BEFOEEE, BAETRTFEA T RVE
HEOFRTH-1.

1 %

FEEL, 2BXU3 BT bay Py 7IRREE
OEEEIDEEHETHRE >, ZORELEL T ND
HEOTRZI2BEE{E IOV T2y bORELHE
FELR. LarLlass, mtDNA 0XRIITEE @K
BOTHEC RSN, BHERLERHERNOKF 2T
BIERBESE TR, FITHEKE MELAS 2

Table 3. mtDNA mutations causing amino acid replacements

Nucleotide Amino acid

Nt Region

P2 P3 C Anderson” Pl P2 P3 C Anderson Bovine Mouse™ Rat®
3391 NDI A G G nd G S G G nd G G G G
4216 NDI T T C T T Y Y HY Y H H Y
4833 ND2 A G A A A T AT T T I 1 I
5178 ND2 A C A A C ML MM L T T T
5301 ND2 A A G A A I T Vv 1 1 L M L
5442 ND2 T T C T T F F L F F F M 1
7129 CO! A A G A A Y Y CY Y w w w
7673 CO2 A A G A A I T Vv 1 I 1 1 I
8414 ATP8 T C C T C F L L F L F M M
8701 ATP6 G G G G A A A A A T S L L
8860 ATP6 G G G G A A A A A T A A A
9559 CO3 cC C C C G P P P P R P P P
10398 ND3 G G G G A A A A A T A A A
11447 ND4 G G G G C vV VvV YV L A% v 1
11553 ND4 C G C C C S C S S S S S S
13702 ND5 C C C nd G R R R nd G R R R
14199 ND6 T T T T G T T T T P w R R
14272  ND6 cC C C C G L L L L F G M M
14368  ND6 cC CcC C ¢C G L L L L F F L v
14927  Cytb A A G A A T T A T T T T T
15326  Cytb G G G G A A A A A T M I I
15737  Cytb G G A G G D D N D D D N N
Nt, Nucleotide number; P1, Patient 1; P2, Patient 2, P3, Patient 3; C, Control; nd, not determined.
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Table 4. mtDNA mutations of the non-coding regions
Nt Region Pl P2 P3 Control Anderson
73 D-loop G G G G A
150 D-loop C C T C C
151 D-loop C C T C C
152 D-loop T C C T T
191.1 D-loop A A
194 T C C T C
199 C T T C T
207 A G G A G
215 A G A A A
263 G G G G A
303.1 C C
303.2 C
311.1 C C C
489 C C C C T
709 12StRNA G A G A A
750 12SrRNA G G G G A
1106 12SrRNA T T Cc T T
1438 12SrRNA G G G G A
2270 16SrRNA C A A A A
2706 16SrRNA G G G nd A
2766 16SrRNA T C C nd C
3010 16SrRNA A G G nd G
3106 16SrRNA — - — nd C
3243 tRNA-Leu G G A nd A
3254 tRNA-Leu C C T nd C
4317 tRNA-Ile A A G A A
5554 tRNA-Trp Cc C T C C
5601 tRNA-Ala C T C C C
16184.1 D-loop C
16189 D-loop T C T T T
16190.1 D-loop C
16193 D-loop T C C C c
16194 D-loop A G A A A
16195 D-loop T G T T T
16197 D-loop C G C C C
16223 D-loop C T T C C
16245 D-loop T C C T C
16256 D-loop C T C C C
16278 D-loop C T C C C
16311 D-loop T T C T T
16316 D-loop A A G A A
16362 D-loop C C C C T
16519 D-loop T C T T T

Nt, Nucleotide number; P1, Patient 1; P2, Patient 2; P3, Patient 3: C,

Control; D-loop, Displacement loop; n.d, not determined; -,
191.1, 303.1, 303.2, 311.1, 16184.1 and 16190.1 denote insertions.

deletion ;,

889
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Mutant G 3,243 Wild type A 3,243
GGCéGGGCCCG C?GCAGAGwCG
i fn Hon
g Pl b Hon
t‘|“| Py l::' o
| 4 'E 1
oot ; ; ,: n II 1 5' E .
Phy Pt Py
Phe 4 ! N
HESHRIR o
R 1 ! R n
it " T HERN n
iy : " 1 N 1"
HI ! i Pl A |
H | ] i H
o, ! | Pohrae 11
(ALY 1 I H
LARTIS - ] Poig (I
syt ' ( T i
! ,' ) f Y 11
. ; ] 1l
‘ } " \
AN Lo
Fig.4. A-to-G transition at nucleotide number 3,243 in MELAS. Left, A-to-G
transition at nucleotide number 3,243 in MELAS. Right, the sequence of a
normal control.
Mitochondrial tRNAM" (UUR)
Mutation in tRNATe
A Aminoacyl
G=C acceptor stem Rat TAATAGAGGT TTAMATCCTC TTATTTCTA
T=A Mouse TTATAGAGGT TCAAGCCCTC TTATTTCTA
T=A Bovine  TAATAGAGGT TCAAACCCTC TTATTTCTA
ﬁf¥ TyC loop Human TAATAGGAGC TTAAACCCCC TTATTTCTA
G g;g T T A patient TAATAGGAGC TTAAGCCCCC TTATTTCTA
1 T TCcTCC
CCGAGACG TR A 1\
c # 4 1010 AGAGG ¢ 4,317
ATCGCA Cr T TAATAGGAGCT TAAGCCCCCT TATTTCTA
DC;\-IUTlA X: é C A variable
00p A=T loop
A=T
CA #C
Anticodon
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Fig.5. A-to-G transition at 5" end of the dihyd- Fig.6. A-to-G transition of mitochondrial isoleuc-
ine tRNA at nucleotide number 4,317. A at

rouridine loop of mitochondrial leucine tRNA
(UUR). A at 5 end of dihydrouridine loop was
mutated to G in MELAS.

4,317 is conserved in man, cow, and rat, but
not mouse.




TP TEFEICS TS mDNA A4 R

Ehlc B ERICEH L 2. MELAS 2 Ef£5%
FHlERELIEIA, IO 2EFICHEL TRD S
h, poavio—LICRoRGr o REREDA ¥
v tRNA (UUR) BIEF LOEHEFES3, 243TD A5
G ADHEEEMUERDATH -2, 20 A KE
BER, VY, TR, Iy rOM, =7 FUP AT
A, =B B LYY gy Y a NI ETRES
ntBh (F8), ZD AEHEITo > tRNA
(UUR) AFOHBEEOEELTI L BEEL, Z0 A
HED G HEEADEE U A ¥ tRNA (UUR) 7
OB KESBEERET ZENEZ SN,

X H I KBEICB T, tRNA #EFO DHU & —
FREV TYC L —7D4EE L > THRsN 3
“yariable pocket” #% tRNA # h Z h iz R &

Normal RN AN

A-lle
C

C
A Aminoacy!
acceptor stem

TYC loop
A
uc G © AA
NIRRT
AGGAGg U
u
A
AU

>Cr>>OP

LU A A | O 1

U
C
u
U
U
A
u

DHU loop
AG
y WY
AAAGA

e

o

>OHCrr
o

Variable
loop

nowmon

coO»CC

cC

Anticodon
loop

c
I
>
e

Fig. 7.
tRNA conformation.

891

aminoacyl-tRNA synthetase D BEMEZIBHI & 4 -
TBH, 2O 4EEOEENEREMEEL ) LRES
ni® EEOEMARFEOMERZ T T {DHU -7
HBWIE TYC V—7DOFEEIZX % aminoacyl-tRNA
synthetase ORFREMEDE LS, tRNA S FOHEEICE
WrEzTLBHAREML 55 .

o4 > tRNA (UUR) BIZF LOEERSS, 243T
DADSGAOEEGRMIEERIZLDGHIRER
Apal DBRBHRUBHFL IR ENLE . 0f v
tRNA (UUR) BETOHERB L UHIRBER Apal
DEFORBEM 2 FUEEET2 8819 54,5605 T
% PCRERIZTUHIIBEL , HIREEE Apal 12k 2iELE
fTof:. HWEBSL QTOHREE Apal DERORE
B TOYI S REZTbALIZ bbb ST,
Cardiomyopathy (RNA™

A-lle

Aminoacyl
acceptor stem

TVC loop

>C>>OH>
CrcccOCc>»0O0

LU T T O

DHU loop U

G

&Guou

A ihmn
ApAGA

cccaA
NSl
GGAGC U

o
o
(@]

>
C> »C

Variable
loop

cOr»CC
W
>OHCr>
o

[

Anticodon

U loop

GAU

A-to-G transition of the TW¥C loop of mitochondrial isoleucine tRNA. Left, normal isoleucine
Right, A-to-G transition might alter the paring of the stem of TW¥C loop.

Transition to G of evolutionally conserved A at the 5' End of DHU Loop of tRNALeu (UUR) in MELAS

Aminoacyl DHU DHU DHU Anticodon
stem stem loop stem stem

MELAS G
Human GTTAAGA TG GCAG AGCCCGGTAAR TCGC A TAAAA
Bovine GTTAAGG TG GCAG AGCCCGGTAA TTGC A TAAAA
Mouse ATTAGGG TG GCAG AGCCAGGAAA TTGC G TAAGA
Rat ATTAGGG TG GCAG AGCCAAGTAA TTGC G TAAGA
Chicken GCTAGCG TG GCAG AGCTCGGCAA ATGC A AAAGG
Xenopus  GCTAGCG TG GCAG AGCCTGGCTA ATGC A AAAGA
Urchin (Sp) GCTAAAG TA GCAA AG--TGGTTA ATGC A GAAGG
Urchin (P1) BCTAAAA TA GCAA AG--TGGTTA ATGC A GAAGG
Drosophila  TCTAATA TG GCAG AT-TAGTGCA ATGC A ATGGA
Fig.8. Comparison of mitochondrial leucine tRNA

Paracentrotus lividus.
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dil}ydrouridine loop of mitochondrial leucine tRNA is strictly conserved in man, cow, mouse, rat,
chicken, Xemopus, sea urchin, and Drosophila. S. P. Strongylocentrotus purpuratus; P. L.,
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Fig.9. Digestion with restriction endonuclease
Apal of PCR-amplified mt DNA fragment of
various tissues of Patients 1 and 2. mtDNA
fragments encompassing nucleotide positions
2,881 to 4,560 were amplified, and digested with
restriction endonuclease Apal. 129bp and
1,551bp fragments were generated by cleavage
at nucleotide position 4,427 of the normal Apal
recognition site. 1,158bp and 366bp fragments
were generated by cleavage at nucleotide
position 3,245 when A-to-G transition occurred
at 3,243. Even though sufficient Apal was
present and overnight digestion was performed,
1,551bp fragment could not be digested compl-
etely. The mutated mtDNA in MELAS,
therefore, coexisted with wild type mtDNA, in
the state of heteroplasmy. P1, Patientl; P2,
Patient2.
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Abstract

Mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes (MELAS) is
often associated with cardiomyopathy, and heart failure as well as lactic acidosis is a major cause of
“death. Complex I (NADH-ubiquinone oxidoreductase) was recently reported to be defective in
MELAS, and mutations of mitochondrial DNA (mtDNA) were sought as the cause. In this study, the
entire sequences of mtDNA of two patients with typical MELAS and caridomyopathy, and one
patient with fatal infantile cardiomyopathy (FICM) were determined using the automated fluores-
cence-based direct sequencing method. An A-to G transition at nucleotide position 3,243 in the
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leucine tRNA gene was common between two typical MELAS patients. Unique mutations in FICM
included G-to-T transversion at 3,254 in the leucine tRNA gene, A-to-G transition at 4,317 in the
isoleucine tRNA gene, and C-to-T transition at 5,554 in the tryptophan tRNA gene. Among these
mutations, A at 3,243 in the leucine tRNA gene and A at 4,317 in the isoleucine tRNA gene are con-
served in the man, cow and rat. A at 3,243 in the leucine tRNA gene is further conserved in the
mouse chicken, Xenopus, sea urchin, and Drosophila. These sites are, therefore, important for the
function of the tRNA molecule, and these mutations may alter the secondary structure of the tRNA
molecule and reduce energy production due to deficiency of mitochondrial protein. The A-t0-G tran-
sition at 3,243 in the leucince tRNA gene creates a new recognition sequence of restriction endonu-
clease Apal. Digestion with Apal revealed the same mutation in another two patients with typical
MELAS, but not in two patients with choronic progressive ophthalmoplegia (CPEO) or in one patient
with myoclonus epilepsy with ragged-red fibers (MERRF). The common mutation in the leucine
tRNA gene in two typical patients with MELAS and cardiomyopathy, and three unique mutations in
the tRNA genes in one patient with FICM suggested that mutations in the mitochondrial tRNA gene
are responsible for the pathogenesis of the cardiomyopathy.




