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Mitochondrial DNA polymorphisms and aging
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Summary

All of the genes in mitochondrial DNA (mtDNA) are fully expressed in cells, whereas only 1.5% of the
nuclear DNA (nDNA) is functionally expressed. Assuming that the copy number of mtDNA is 2000 per
cell, the total functioning mtDNA is 3 x 107 bp, which is 1/3 of the functioning nDNA. Because the evolu-
tionary rate of mtDNA is 5-10 times higher than that of nDNA, the functional significance of the single
nucleotide polymorphisms (SNPs) in mtDNA is comparable to those in nRDNA. Thus, SNPs in mtDNA are
expected to influence the susceptibility of individuals to various diseases in combination with SNPs in
nDNA.

First, we analyzed synonymous mutations in mtDNA to understand the mutational mechanisms.
Replication of mtDNA is highly asymmetric between the heavy (H) and light (L) strands. The parental H
strand is displaced by the daughter H strand and remains in a single-stranded state until the daughter L
strand is synthesized. Occurrence of nucleotide substitutions was distinctly asymmetric between the two
strands ; G— A and T — C transitions were 9-fold and 1.8-fold more frequent on the L strand than on the H
strand, respectively. This nucleotide substitution bias is consistent with the T- and G-abundance of the H
strand as well as the A- and C-abundance of the L strand. Deamination of cytosine to uracil or adenine to
hypoxanthine in the single-stranded state of the parental H strand seems to contribute to the mutagenesis in
mtDNA.

Second, we examined the effect of mitochondrial genotypes on the predisposition to longevity or various
diseases. Mt5178A, causing a Leu — Met replacement in the ND2 gene, was more frequently observed in
centenarians than in controls. The longevity-associated genotype Mt5178A predisposes resistance to adult-
onset diseases. We have confirmed that Mt5178A exhibits an anti-arteriosclerotic effect at least in diabetic
patients. Genotyping of patients with mitochondrial diseases has revealed that the Mt5178A genotype sup-
presses the occurrence of mtDNA mutations, especially the Mt8993 T — G transversion. Because T— G
transversion can be induced by oxidative damage to DNA, the difference in the occurrence of this mutation
may be relevant to the functional differences between genotypes Mt5178A and Mt5178C. We can also specu-
late that the rates of age-associated accumulation of mitochondrial mutations in somatic cells are different
between these mitochondrial genotypes.
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This paper was presented at the 12th JEMS Annual Symposium at the Nagai Memorial Hall, Tokyo, May 26th, 2001. The symposium entitled
“Molecular Pathogenesis for Oxidative Stress”, was organized by Tatsuo Nunoshiba and sponsored by the Japanese Environmental Mutagen
Society.
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BT LIENEEEEME (reactive oxygen species) 12X 3%
DNADEBALMEE R L EH ShTwa, I ha v R
U TGRS L OERLIEE oM B B E
RoEEDYTH L. REDZ) ORIEESKEVE)
WILHFEEPE NI EE, I ba v FYTICBT AR
MWEHTHIIL, ZNICE HBLEEI AL, M
BV RESINLE L ZRBT S, I+a XY 7
DNA (mtDNA) o#fb#EIRKE <, 73 BEH D
T CTKRELSRLD, 73 BB OMED—ZRIZI b
O N T ONEEEICHEG LD THA). AT
X112 mtDNA DR FEHE O HFHFERICE TN T
mtDNADZERFEEBBEIZOVWTH LS, E212e b
MANERTHLI Py FY THEETFEZHY, BEMO
I bV Y TEEBOSREICES L, W TIREAS
SEVEIR B T 2 M ICHEE LY 52 Tw b L ORI
HOX, REEHEEEMOI PV N THEETFEE
HEL2ZHERIIOWTHRAT S, BRRICHES 28T
2RI Mt5178A DHLEIRIELAEH 72 & O mtDNAZ B 5
AEPEIEI R DV T B HE L.

1. IV RYUZDNAKCSHITS
SEBLUERDORLERE

D) I PayFY 757 20RERBRSHOBERG
HEE

IRV RYTY AE165698E KNS 2 HBRIRTE
$EDNATH Y, 2D YK —LRNA, 228D L5~
A7 7—=RNA, 13Oy Ly Yy —RNARZI—FL
T3 (Anderson et al,, 1981). T Hick-T, I+
Y FYTRIZBNT, B Y BALROBEAE IV
DD T2y FEERENS.

ISPV FYTIEBEZFHALCATP 245K T 5.
DM TIIZOMERD33% % LY, HRMEICE
WTHFEELKEZE-L TS, mtDNA TR EE
L, WHREOFELBEFRTHLIPay FYTHIC
HoH1D, BILLEHEOREIZB VT mtDNA DZEEH
LEHITHILPHLERRoTWD, 27K —2 R
DBAER B MR ONEMIEBEEIZI Fa Yy FY 7H 8
HLTWAZEMNEHERTWVAS,

—3EHL A (single nucleotide polymorphism, SNP)
PIHEEENTED, RAETIZFEAESNP 7 — & N— 2
DEMWHPEDON TS, FEHLHWE, Iv=Frarsuy
27 FO—BRELT, FI6BLOL 568 (AHE -
IN—=F 2 VIEE - —BBERREE - WEREZES
WERARE - HERWE - HTEEHE), Si57641
DI LAy FYTH 7 ADEEERT] (2000 75 30
ZIREL, BHDHDHVIIRBICEET IHHOBIETS
B2 RERTHHEZEDTVS, TSRS
EHDT— 5 XR— 2AMEZRFEIEILLDTH Y,
PRI EFRIZAMENLGFETHS. ThiZX->TH
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AADI b2 FYTH I HICBIT 5 SNPs DE5RAH

LM 5.

#DNA L, 30EHEENDF ) L9325 55 DTE0E
WENMTHL, BOr/ 2i2id2H6T~4 5 E08EE
FHEHY, ZOWEL TWABES1Z9000 5 3Lt
(15%) TH»%. —Jj, mDNA (1.575 ks <Tix37
HD#IET (2 rRNA, 22 tRNA, 13 mRNA) 25HERE L Tw»
5, MEOMIES 720 2000 2 ¥ —HFHET 50T, Hils
H720 3000 HIEXSEREL VWA LIRS, o
T mDNA O BEREES 55138 DNA O KR REEE D 1/3 & 7%
5. 22T, mDNADHELEEAFEDNA L Y 5~ 1045
W C L EET 5 L mtDNA D SNPs (3 re iy BT
ICBWTHEDNADSNPs % #8895 w2 5 (Tanaka
et al,, 2000).

2) P2V FYT7TOaFUREELBRORBERNR
mtDNA DERFBERMFEZ L A801C, mtDNAD I F
YEOBHIIOVWTELED L), FF, IbavEYT
DtRNAZ22FEETH b, EHIZ2MPH 5. Leuilid
CUN (N=A/C/G/U) £ UUR R=A/G) ZdEs 5
tRNAD® 0, Serizd UCN & AGY (Y =C/U) (Zis
TAHRNADH S, TEBI FVRTIFAGRETVF= >
ZO—FLTWaD, IbaryFYyr7oalFrEcid
AGRIF#IEaI Ny 2o TBY, GCND AP Arg & 3
—FLTWwA, HETXEIE, I K UE3EM O transi-
tion "2 CHRIFBEBR L 2B L ThHD. LEI FrET
FUGARMIEI FUIch B, I raryFYy7oa R
Y FTIEUGR (UGA X UGG) WA TrpEa—FL
TwWb, F72, ¥EaFVERTIFAUAElez— FLT
WA, I P2 FYTOIT R UETIZAUR (AUA &
AUGOW /) Met®% 2—FLTWwW5A, ThbHiZko
TA=2G transition 34 UTH Trp & Met %€ L TE
AThIE0TX 5B,

43> mtDNA (16,565 Hi2Ex}), 471 712,467 sk
DEMFERICESVT 3OS 722y b#EEF
(11,320 35 EXF) %0019 5 &, Aat295 0B
(295/11320 = 2.9%) MHBEN7Z. 205 b, FHE
Hi3 19418 (66%) TH o 7205, FEFRZEHRD 101/
(34%) FFFEL 7z (Tanaka and Ozawa, 1994).

3) H¥{E LHDMICH T 5 I L E R0 E
%7, mDNADRZRBROFEHMIZOVWTHERS. [
FKEHRDIL, ArgZI—FT253 FVGCNDOFE3HLE
DEHCEDERICEESAE LTI T I VBEREAL
T \WERAL (4 EAEEERA) BT AEEERICEH L.
EE 51T 43 B DER D mtDNA 0 235 5 FH O IR0 5
WCESWTLEMBRMVICBIT AR EREY 38
L, BAZROREREEH > 7> (Tanaka and Ozawa,
1994).
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mtDNA ® A ®#4id light strand (L#4) & heavy~
strand (H34) 7°5% 5. LEIZCLADEENEL, G
ETOEERMMEV. —F, HEIGETOEENEL,
CL ADEEIR.

LD 4 BHEBEALIZ BT 5 G— A transition DX
20/97 (20.6%) THHDIZX L, A— G transition D
i3 24/771 (3.1%) Tdh o7z, F72T—C transition D

Fig. 1 Frequency of nucleotide substitutions in the fourfold
degenerate sites within the heavy-strand encoded genes of
human mtDNA. Number of nucleotides at the fourfold
degenerate sites is shown in each circle. The arrows and

22%

5.7 %

20 6%

T 31%

percentages show directions and frequencies of substitu-
tions.

B3 15/264 (5.7%) THHDIZH L, C—T transi-
tion DX 18/821 (22%) Th-7. A~GLVG
— ADHEENBWDIT, ﬁf@ﬁt&V)Aﬁ%ﬁb:f
5. ARIZCoTEIO T COBEEIGW O, TH
PERERYCHEHIILE., TDXKHIT, 453’%1&%[5&
BT AEEOHENERRAREOMBIIHLAT S L
RELTCEET AL, FHMELBAMEZ L C—FLZ.
L#5123B W T G— A transition D$HEHC —T transi-
tion DHE L D EWZ LiE, G— A transition DHEAH
BIDDBLBEIIBVWTEWILEZEKT S, FMARICLH
1235 WT T— C transition DHEATA— G transition D4E
BEXhmw e, T*CH%&Mm@ﬁﬁﬁHﬁiU
LLEIIBVWTBEWS BT L, COLIHICHEE
LM T, EED #Fﬂ?’ﬁFl’J AL A Z &, mtDNA
OBEBEOFFHRMEICEEN D 5.

4) MtDNA O#E R

Fig. 212 MtDNA DR BB % /R L7z (Clayton, 1982).
MtDNA @ HE D #8Z, D-loop l2d % HE{ OB
B (Oriy) »5MT5. BHHBEZMLOT R L, BH
BOERMHEL. HHEOGHA SEEDOME T THA,
BHO LICH 5 LEOERRBGEA (Ori) »PELbL L,

MO TRLEOEREIIET 5. OMICB HHIE A8
REIZBAN A, MIDNADOHEIZRIRTH Y, rf’JZﬁ

i 75‘ LERTWA, Zhid, mtDNADHEBAAT
na< )y 7 AZMIEAEOTEED R, i%’i’?b‘it

F2 (100 min)
A (0 min)
B (20 min)
F1 (60 min) Daughter H
@ @/ Parental H
’\ﬁ E (60 min) C (40 min)
A~ @
@ "
' Daughter L

Fig. 2 Replication of mitochondiral genome. Replication of the daughter heavy (H)

strand starts from the origin of H strand replication (Oriy) within the major non-

coding region (Step A at 0 min)

. The author assumes that it takes 60 min for the

replication of H strand to be completed. The replication of the daughter light (L)
strand starts at 40 min (Step C) from the origin of L strand replication (Ori)) and
ends at 100 min (Step F2). The duration of single-stranded state of the parental H
strand near the non-coding region is 40 + 40 = 80 min. Deamination of cytosine to
uracil or adenine to hypoxanthine on the parental H strand is highly mutagenic.
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Table 1 Comparison of nucleotides at fourfold degenerate sites where A-to-G transition was detected at least one individual

among 43 individuals

Nuc Gene Sia Ora Gor Pyg Chi Hum Mut Obs Anal Occur
4715 ND2 A A A A A A G 1 43 once
4961 ND2 A A A A A A G 1 43 once
5240 ND2 A A A A A A G 1 43 once
7055 CO1 A A A A A A G 1 43 once
7403 CO1 A A A A A A G 1 43 once
8071 CcOo2 A A A A A A G 2 43 twice
7250 CO1 C A A A A A G 1 43 once
5351 ND2 A A A C A A G 2 43 once
5441 ND2 T T C C C A G 1 43 once
7828 co2 C A A A G A G 1 43 once

Abbreviations used are : Nuc, nucleotide position ; Sia, Siamang, Symphalangus syndactylus ; Ora, orangutan ; Gor,
gorilla ; Pyg, pygmy chimpanzee ; Chim, chimpanzee ; Hum, standard nucleotide in human ; Mut, mutated nucleotide
detected at least in one individual ; Obs, number of individuals with the substitution ; Anal, number of individuals ana-
lyzed ; and Occur, number of mutational occurrence in the phylogenetic tree.

DNADEENTE RV O LFEEENT VS, BLHEH
IIZ— AR DNAKAEIHYE (single strand binding pro-
tein, SSB) 25 & L CHEILEND Lidwvwi, —AKEH
DNAETARSDNA X ) & DNABEE U4 v, 3
BEN-BHSEZHAE L TERSNLBELEOERD
BREICBWTERNRAET L.

5) MtDNAIZ&1F 5 transition DFEE G

G — A transition D FEA ML Z ZITRT. HFH#ELE
TCALUNET I /B RZ A, BRH#EIZEL
72UZSME UCIRLESEREIND L XAPRY AT
o, ZOMBLHEETG—A transition 284 U 5. %
REWEDOH 5 U PEMT 5 7:912, uracil DNA-glycosy-
lase PHEET 225, GERNER LTI UZKRET LY
BDORIZHEMTHS. —RFIRBIZB W T CHU IR
L, Tha&HME LTAFNRY AThEEI2Z,
uracil DNA-glycosylase 2/ EFH L CTH UDTICE X# 2
LENLEDARTH 5.

Gy - CH_'HﬁE%E%—’GL Cy + Cy
Deamination |
A DTy~ MBE <A D Uy~ LEE#E « Uy

[ #£12 T— C transition DFAEHBE L BHYE LDOAD
7 X7 CTHBTE 5. fFH# ETAJ S hypoxanthine
(Hx) ~i7 3 7 RIsA# I 5. HxiETTR%ZL CE
METLHDT, TOMFEL L TT—C transition 24 U
b, BERFEHOD 2 Hx # JEB$ 5 72912, hypoxan-
thine DNA-glycosylase 2’43 525, T &2 LTWw
LHRxZBETIHEGOARICENTH S, —AREIREIC
BWTAFHxIZERL, Zhea88E LCCHERY A
Fh7-341213, hypoxanthine DNA-glycosylase %31EF
LTHOHXPGILEESMMZ ONLDATH 5.
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T, Ay~ HSER ST, [ Ay + Ay
Deamination |
Cu b Gy« I — Cy * iy~ LIBHE «— Hx,

S LEEHEE LTG5 5 xanthine X) ~7 3
RIS ETH, XIREREERZ V., ZHAIEXAS
CEMETLDTHD. #-T, LELEDOCIRRET
HY, TODHEEIEV.

CL:Gy~HH#HHEE >C : Gy + Gy
Deamination |
CL:Gye=BE«C Xy~ L#iEH« X,

Ori; 23 > cytochrome ¢ oxidase D#E{EF COL B & O
COIlEEZTTid, BHHIT—AEREICBIN LR
PN/ OIZ, TS OBETHEETIIERRBAHEN
RwEFHEINE. —7, Ori d 5E\: cytochrome b D
Cytb Bz F Tix, BHBMII—ARERBIZBI N L EH
BRWOIZ, ZOREFHEBCTRERREREI RV
LFEEND, ATEHBEEICSIT S G OEEIE Ori 2
SRBEICB D & TR IR AS, Orip 2 B W5 T
BEAERBRUNICBIA2TOEEMIL o TV,
L L%a23s, EBIZOn 225 B X - TEIZFHT
BEHEVPRELLZPE)PRELETLHLDIZ, 5124
BoMgEr AW CHENEREZBAT L T3,

6) FINERELMEHEROLE

RKIZ, NEOFEHNZER (intraspecific mutation) O
B 518 5 N7z G— A transition D$EEA A— G transi-
tion DHE L D bEWVE VIR, SREOMMILE
WKLo THRENL LB EMET L.

Table 112, 43fAMFDOH T, 1EAKRM EIZBNT, A—
G transition 2% S 7z 4 ERGBEHVICB VT, 5HED
ERHE, $hbbiy—~<rv, A5 —5, T,
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Table 2 Comparison of nucleotides at fourfold degenerate sites where G-to-A transition was detected at least one individual

among 43 individuals

Nuc Gene Sia Ora Gor Pyg Chi Hum Mut Obs Anal Occur
4655 ND2 A A A A A G A 2 43 once
5147 ND2 A A A A A G A 2 43 once
6962 CO1 A A A A A G A 4 43 twice
8020 CO2 A A A A A G A 3 43 once
8155 CO2 A A A A A G A 1 43 once
8856 ATP6 A A A A A G A 2 43 twice
5231 ND2 A G A A A G A 2 43 once
8251 co2 G A A A A G A 1 43 once
7600 cOo2 T A G G G G A 2 43 once

Abbreviations used are the same as in Table 1.

¥/ I—F Ry I—, FURYI—THRT BAEI
ED L REEPEMENIPEZ K LD TH S.
5441 % B L 7828 F DA KR VT, £ OHIZBWT
APBEINTWAS., AFHo@EOHE (Whbwa I b
AYFYTAT) B TWRABEROBEALYIER
LB THL, TOZELREEHEOLEOMALL S,
EHRICh o TAMWRFE I N TV L2 EKRT 5.
PEOE MABICBOWTARPSL GANFIERP AL L%
ZHN5.

Table 21, 43ffkO T, 1AL LIZBWT, G-
A transition 2 E 7z 4 EHHEEMICBWT, 5T
ZEHECTHIBTANEIZED X ) RIEFERPRBEINEH
RHBLEZLDTHAE. 7600EDGCEHR AT, £L0D
MicBWT, /2, & MIEBOE S I —F 80 I—
BIUOF oy I—I2B0T, ADBEINRTVWS, F
72 T Mk 2 & 6962G — A & 8856G — A2 0D %k
TN 2 AL/ 9o Tnh, Thb D
Mo, B hEFUNRYT—nIBOHELENS, € O
T A3 L 72012 & O MBRBEA L T/ GERD
Z D MUBESN TV EEZLNLE, Thbb,
PRI TATHRELTCWREGEHBERTH- 2k
ZzboNd. ZOGIE, PEOBEAIIBNTGERHA
AR LTwh, EFoOMOEE L KT LE, G
F—EEEL, BFRICHRBRL TV L) THS.

2. REES MOV RU7 DNA ZEY

1) NHOREL L &¥ERT-H

 FREWREEMAEO, ThiddE LCidd
TENNCTH B, BAEREMIET A HERE, KEAER
TR RESNIBIIRET 50T, INHEDREI
MET 2B TERIENSNT, ¢ MEFOPIZLE
ELTERHLIBZEERL TS, NFHORELROHT,
FLER LB T L 728278 (BB FH thrifty
genotype) ASER SN, T HIHRAEIZB WV TIT B
LB VEEHREZ2 D5 L TwAWRESENH S, I b
I R 7O RN F—EEROREEA mDNA DR

BEFEHIICL>THESNTWEDRE ) NIV THE,
MREEASHE A TV i,

2) ZALICBT 53 b2 FY 7IRE

I by R TREAE, OFRE, BRW\IZBVWTIH
I F1) 7 DNA (mtDNA) OB ERIFHEINT
WA, RMERICE T Fay FY THREEENEL
B, I baryFYTHLOFEERIFEBEORNELRT
% (Zhang et al.,, 1998). Z®#5%E, mtDNAHHF OBt
MEBICE2 AN EROEEADPREE LI L
(Kovalenko et al., 1996), FREEB LEICORIEY TH
B4 FOFY ) A F =N EIC L TBEAi SN
B (Yoritaka et al., 1996) AT LTI Py FY T
BOWTHWNTAZ LR EPHLRPIIR 7.

INSDERBOFKHE R HERICHET AL, M
WD I by Ry THREBEEIMNELD 0D, Eit
WHETAI NI FYTIHETH L. FE O IZAEMRIC
B 5 mDNAZ RO ER A ks & Z2MRBIZHES LT
VWA E & 1989 4E1CHRE L7 (Linnane etal,, 1989).
DR % MEE L7248, SRR WEBIZE W TmtDNAD
K4 (Hattori et al., 1991 ; Ikebe et al.,, 1990) & %\ id
FER (Kovalenko et al., 1996) 25%fE 95 Z & % PCR
## 5\ din situ hybridization (Nakamura et al., 1996)
Lo TR LD TE.
mtDNA O AL % 134% DNA O EALEEE D 5~ 104555
, mtDNA OEREF DL #RMEIZEAE THETH 5.
Fay FYTPBECBWTEELRREZEL TS
ERBIURT A 720121E, mDNAZROMEIZ L - T
NI RYTHRODT VA NVELARNRELRY, O
B, BRABEERBICEETAEBEFEILL, 0T
BHEGICOEEERIZTEV)RE 2RI T LLEHN D
B, BELIIHAE, SHEI Moy PN THEEEFEEE
fEATL, ThoOLHMOELHEBENDLE, b5 \VidE
HEERICBRTAIAZ 7727 — L LTOERRLH
HLEY) ELTwA,

Ju A N
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Table 3 Nucleotide substitutions detected frequently in Japanse centenarians

Substitution Gene Amino acid replacement Centenarian Control
5178C—A ND2 Leu237Met 9/11 12/43
8414C—T ATP8 Leul7Phe 7/11 11/43
3010G—A 16S rRNA 7/11 11/42

3) BERICHMTAEI Y FYTPHF 2 AD—HLERH

I MY FYTH L Ld Sanger HAS1981 4R ISR 3k
EHZRELTBY, e NP ABTHO X ENFITTH 5.
BEDLIL, N=F Y UHdLCIEEREOHED B
2oV T mtDNA D EIR RS OREE T2 72, FhE
NOBEETRINENHEEEWRD, WEICES LW
ZEEHET LD, BREBTOSNPOEELE
FETOHELHKTLALEND L. LarL, HWEET
FIET HRBICOVTEZL LIERED TR EL V.
IZIZFRMEROMEAREZ MEEEE LTH, BERICFDER
ZHETHUREEITETE L. ZZTEHFZOAE
ThsaHE (100 L) ZEREBR T3> b
U—VEE LCTRIRL 72,

1) FF L BEEER

EEIR O FREFED DRI 2 EFNH5E
(Framingham study) 2 X 1UiE, EHFRIREDOTLTER
DB BHORTERBICL s THVBEELZIT S
(Brand et al., 1992). RAEEBRICE o CTlrz bRz
a2 P T BT, mtDNAICK T 5 BRILEHEE,
mtDNAZ R OFERMAE, EMHERBECH TRV S,
SHICIIMEAOFEMICEEL RIZL TV A WD
. CORREMGET 272012, FESI3THOAA
ANDBEFH D mtDNA % 5347 L7z (Tanaka et al., 1998) .

5 BHHEDI ba v B 7HEETFOMN

BRLU®IZ, 11BOEHFEIZHE VT mtDNA OLE A
% BHT U7z, SR RIIERBHRIFEAE L7255, mtDNA
DEEREHAN IR EZIN T W43 B O REE L H
BLT, INHOHFECBVTEEOEREBERILD
BV THRIE Sz (Table 3).

T/ BEBEHREED 2y TOERBRNAEELHTE
DEVHETBIRE SN, F1oELER (Mt5178A)
&, NADHBKFEEEROE2Y T 2=y F0#EEF
(ND2) #HIs N D %5 5178C — A transversion TH 1),
Leu237Met B2 £ . Mt5178A X EHEZE D 114)h 9
BITHREB S N20IZx L, BT 4361F 1260120
A SNz, ZOBEEOEIIERE0.01 AT THEHE
WICEETHo 7.

B2DMEIEER (Mt8414T) 13, ATPAKEEZEDES
Ty hOBIET (ATPS) #HIAN D 8414C—T
transition Td ¥, Leul7Phe &% £ . Mt8414T X T4
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FHEONPIR 7B CTHRBERZ2DH L, SBETIX
BHFUNFIZOARB I N2, ZOREOEIIEHRE
0.05LLF CTHETH - 7.

EHICEIOHEBERR (M3010A) X165 KV — A
RNA # fz F #38 N @ 3010G — A transition T& 5.
Mt3010A IZAHFFED 1N FIF 7THCTHRIBE NZZDIH L,
MERETE2FF1IFAIICOARBENT. ZOEED
ZIIERFE0SUT THEETH - 72,

Mt8414T & Mt3010A DT HE = H 3 5 HHEH 7HIL,
Mt5178AZ A A EHFZIFICEENTW/2DT, Th
OORHEBIRDOKIBATILEHE L TWD I LEIRE IR
7.

6) I bayFY THEETEOHERE

IS OEEBE O A, S Mt5178A123EE L, PCR-
RFLPIEIZ L o C, 37THIOEFH L 252 B OB O
RERELZEIE OB E A7) —= v 7 Lz, Mt5178A D
BHETIIBITAHE (23/37, 62%) 1%, BRLEICHBIT
LR (114/252, 45%) L D MEFEMICERICE» -
7o (fElr®E0.04, v XH=1.99). ZTHOZ Lk
Mt5S178ARFICHEL TWA I L ZRIBLTWAS,

IS DO mDNADIREAER P REBORBEILCRITTE
BRGNS 5729012, Mt5178A & Mt5178C DHEE %,
AR U 72 KRB D A BB E B X U4k B3 338
BIZBWTIAR. Mt5178A £ 721Z Mt5178C 2 AT %
BEOERSADID, HVEEIZBITS Mt5178C D3
FEIEMS178A DB L IFITHE L o 720120 L (46 7%
KiGOBETHOMBITS A : C H 46 : 40), Sk BEE
2B B Mt5178C DHRFE 1Z Mt5178A DHEEE & Mk LT
LOBEEFEREMERL 46U EDOBETHOML5178
A ClI86:166), 46 RICBVTHELEFELRT
CEPHLPIIR o7, BROBEIIBIT S Mt5178
A/C I (86 :166) X, BEEICBITLIL (23 : 14,
p=0.001) BLUEFEAMNRBIZB TS (114 © 138,
p=0.01) LILEL THEMPHICAERIE2 72, 20
KERIZ Mt5178C % A3 A M1kAS, Mt5178A % &3 5 1
HREHBLT, WMARELEOERBRICHRAL T W L%
RIELTW5.

7) X bay P 7ER PR ORI HE
I bV R T REFEOMEID X o TGN - i
HBRAMOREREHENDH 0B EHL 2T ST
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DI, FAROBERIA S /MK Bl L, BRER%
O p il LA L, Mt5178A%H 5 Wi Mt5178CHI o 3
Fary R TEAET AMBEkE SR L. Ll
5, MBI OGS 5 VILEEBREE O E R
DHEPKREVD, BaTRBTERELREEZRTIL
ET& Lol

Mt5178C— AL X o T7 I VBB AE U A5R3E
Leu237 XA CTIIEE I N TR, & M Tl Leu
THHEN, Ty bR -9 TIEThrTh b, Kk
WA THLTH IV BITYUFH AT IVFIZBNT
Met VR XN S, ZOMetBREDPERMEKRTLL
BTELZ2YVIDI bary FYTHREICED LD R BE
2B 5PIFHTH 5.

AFF @A F e ELT I/ BTHY, ZOA4F
YA A—I8—FF L F7 =4~ (superoxide anioin,
0,7) »BHWVIFS—FF¥F4 bF4 1 (peroxynitrite,
ONOO™) EFIBL, AFF = ANLKF ¥ N methion-
ine sulfoxide & % ) 9 % (Levine et al., 1996). & 52T
BENLANVEF Y FEBEL X F4 = VIR TR
HHETHEEZOLNTVAS, TRLLEHOREIIHS
Met BREIENBRIEZ /LT LI VANAARY Ty
—THHERBEINTWS, eIV FFYT
DNAIZE o TaI—FERTWVA I3HOEHED AT+
ZVERERARDLLE54%THY, ND2EETEYOD X
FFoVERBIZ69% THhoT:. ZOMEIT—HROENE
DAFF=vER (22%) D227 L3ERY. b
L, IFa vy FUTISHTEBEA L ADNEIZE
WCTEETHLZ5E, ND2¥ 7=y bOEHFIZH
H35 Leu237Met BIRIZ I P ¥ FY 7T bR #
PEH 28/ LT\ AW REM DS A 9 (Tanaka et al., 2000).

3. ER®REZ OV RU7 DNA 28

D IFaYFYT7EETRE IRERRICKS TS0
PR PR i & oD Bl

MBI L2 KRR EBET, BTHEICHE
DOENEN-ZLE, I b2y R THEFEHOBE
A, FREMRBIET TR L, IRHEH R RARREEORE
WHESLTwAIEERIBLTVA, 22T, FELHW,
OREHEZE, BnEREE, S—%r v um, B g
JE7 EIZ DWW T MS178A/CRIDO B M L T 5.
ZZTIERE E OBBICOWTHAT 5.
FERFITENEE - FEIEAE - AR ER L2 ERT S L
EDIT, BRI R RE L OHEERSEREELZ DT,
BERFEBRECERIEEZET 55004, HIEWER
CREZROEENZOECESLTwELEELLN
5.

1EERFIC DWW TIE, REZTERERKL Y ¥ —
ONBLETHHFS L {FAMELT- 72, 100EH LD
REBELZAETHIMERKFEEZ BT, IbaV Y

T EAE TR & IR B & OVEE O BAE I & o B & ARG
L7, ZOE, HERREBEEDO#ETE BETHLED
BLEE RO SN o 2h, BRFEEBTEDOEREILI
Mt5178AFI D EHZ & b L TMtS178CEIDEEHE THE L
W2 EASHS 2% 572 (Miura et al., 2000). HEBEHEAD
ETTA2EPROIEES Y P — VO REFICKE L
BET DD LT, BHIEDOEITIEEEHZEIKEN
EEZHLNTWA, Mt5178C BIIIHE R P B i D BAE
CICHER25 2 2BENERO—D>TH L LHEE SN
5.

2) 3 bavy Py 7EEFRE 2GR OEIRIEL
WEL OB

2 RIFEIRIR IS DV TS, AR ERFENEN W i
DR RS &AM E T o 72, 2B Rm R
BELIFEHFay bu— VL ORTMt5178A/C DEET
HEICHBEE o720, BEEZI—ICL - TR
ENZEIREET T — 7 O MBIBHED Mt5178A R D B HE
XD MI78CHDOBHICBVTAHREILH VI LS
2% - 72 (Matsunaga et al., 2001). F 7-$HEIRDON
JEd R (IMT, intimal plus medial thickness) &
Mt5178ARI D E X ) Mt5178C Bl D BH D A &S
KEDo 7z, IMTIAERRFEICHERT 528, BRAR
FHIZB W T MS178ABNIZ B ROME % 8 o\ LIL94E
SEBOELIEVFHLNI R T, —F, HEREHPER
THHETIIMIS178CHIEE L b, Mt5178ARIEE O F 48
BIIREAL D HEFT AR S E B WIS A S /2AS, WHED
M CTHEMFICEEZR R do7: (RER). Z0k)
\2 Mt5178A L, FERIEORE Z HIHI L =225, HEIR
FRE BT A BRI L O #EITEIH T AR EEFE TS
EEZ LN,

Nishikawa & (Nishikawa et al., 2000) i3I b2 > Y
TAES N A= AREO LT TRE SN MEN M
FZBUT B A= S—F X FOEETMNTH L EWmEL
Twa., Thbb, ansBEKEEZHEEAE 7235
®BHOTM, H5VIEBAEREEE £ 721X Mn-SOD
OBFEHICL->TIPIAYFY 7250 L -
THEERENDLROSEATIHRIT L LB TEZLELT
W5, IPIVFYTHREFHIIESTIPIZFYT
PEDOROSELENHSMICHESN TV S ERET
Bl, BIBEICL->THEBRENS, HD5VITMEICHED
BIRELOETIE, Reo723bary FY THREFHRZ

AT LHERTHENSHL EZZ0N5.

4. = 3V RU7 DNA ZBROHRNSIH

D BEHICHET 28R FROMRICBIT 504

Cann S5t FDOENICETEMEICB VT, P
POSED L UTHORBORT, bF,Zs5HOTIT
AN 1loa—a vy SAHF MI78AZ A L Tz & i
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L7z (Cann et al, 1987). Z DEI%13 Mt5178A A3 F D
t FEMOFTHENBTHLILERLTVS,
Mt5178A DHEAHARNEFDO P TL5 %L FHW T &1,
HAROYEH 4y (8359, BM77.01%) 23R
FTHRLFNWI L LB L TCWL s D 5.

2) AFLPEIC X 22850
W, FFZIWBRFAEES OMEERIRB 2 L A L
T, HAR - EE - PEO 105 TE S 2% 100 AR
Lo DNARK (FEHHH 1100 A) 122w T, AFLP
(amplified fragment length polymorphism) Z3#ri%:% H
WT3I Fa >y F) 7 DNADO—IEHRRLR (SNPs) % #H4
W LCTwab, AFLPIZ, 13 E£OMEIZ X 5 TPCR
EMORISIRHSEENZTERL L)1, $EETF
FEIZ & > TPCREMH»I0BWIERN 2T REL LI 12T
FTAR—%RRFTL, BEOTI4 <=2 FERICMZ S
Z L& 5T, 118l® PCRYSIE CHEL D SNPs # [F## 2
M BFRTH S, AFLP 547 Tld PCR-RFLP 4347 & &
%0, BIRBERIC X 2THLARETH S DT, PCREY
ZRYTZINT I RIS VETIKRECHREL, © V&G
BY 572 TRHEIEONS.

3) M7 IVTICBITLEFMEI b a v Y 7liETF
EZAE

BHEICHE T 2 EBEFHMGI78AIZHAIZ, Y T
<, BE, PETLRIESNLD, FLYTERBEH
arole. MSIT8AMIZHT A8%E, I Fa Y FYTOD
16S 1) KV — A RNABIET DL ETH 5 Mt3010G— A
IZHEH LT, Mt3010A% A3 5 A2 R & Mt3010G 2 &5
5 AVRNCHI G L7z, A2BE, BB (44%), HiE
(43%), M# (39%) THEIEL, X (34%),
% (33%), BEL (29%) THEME)»-72. HETIX
#It (24%) TA2HMOBEENEL, BE 24%) LH
CHETH o775, HERIETE (17%), #H (14%),
#p (11%) TIIEEMET L. ShickL, AR
EHERAEE (12%), B (11%), ®E (10%) <
%<, EPBIOERTIR6%H VW L4%TH 72, Al
AN, MEEAAOMICHAE 11%) TEHEET
bHolzd, HELWBTIIREBENT, FiE B%) &
wE 2%) TEEETH-7.

BABERRBIRBRLRSTVWEZEZOND
Mt5178C B D # % NADH K ERER O E3I S 7T = v
N DL ETH L Mt10398A—G (LeulldPhe) IZ7EH L
T, Mt10398G# % A3 % BM (B1~B6EIZH45) &
Mt10398A R #4545 CEl (C1~ C7AENCHIS) (253
L7z, ZOk%, BIEIN#ER (44%) TEELZRTH
52k, B2EIZSMHMR (22%) CTHENEWIZ L, C1#
BEAY (T0%) CEELZRTHLI LR ERH L,
Whol, TOXHIZI bary FY 7THEEFRE L —EE

204

SENEDCTHGHE TS L, KT IT7ICBWT, B
o2 REHR T HEMP—EOBERE Do THAL TV
BT EBYSPITR o7,

4) I bay FY 7ERGH»S BRELEAN

INLOMEIE, ARABIUOT V7 ADREEZ% 2
5 L CTHKRD L7 -5 Tidd o0, EENBAILHLE
BmME 525, TVTAERKAOMTI ha v R
T EEBETFHICRERENH A L, BKADT LY
NAR=FFHDHVIEIN—F UV VRBEIIBLTHEX
N7 -mDNAZRDL S KR ACEHED DO TH Y,
HARLHET V7 OE 4 ICBTHEEOBHIZET VT A
ZHRICLZBHOMAEPLETH AL LEZRLTW
5. Fi:, AARLEBEEOR T, BEFEEICELD
550D, EXRNLLEHMOBEIMNLETHLHZ LIE, H
KIZBWTI Fary Y 7EETE OB SR BN
DWBEWMRETLHILIZE-T, WP IYTHEDOAL D
RO DICHERTE LI L 2ERT 5.

ta B

BfE, FE 53k F mtDNA®D SNP 7 — ¥ R— X % #
HELTw5E. ZHLoTHAADI bPary FYTH
AIBITHSNPsOEFBHOP IR D, FBEREE L
T, BREIN2KESNPs OFE % & S5 I BORERICH
WTHMTHIEICL Y, BEFEOEENERS L VIZZ
NN ORBIZHES 2 BRI F 25 5202 % 5 L HIFE
END. FEIRMTIE, RUIMKFEEL BETLZ 1
Lo T, AEHIE L BENTOREBEBREN S 2T 5.
FNEFROMADI Py FY 7EEFLZEIIGLT,
ED XD RRERE, EBLY, EHERETIRER
HERRETDHILIE ST, RETEN LRSS
FLILENFTELIDEYFLTV S,
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