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Mitochondrial DNA Mutation (3243A—>G 1555A—>G 7445A—G) in Noise-Induced Hearlng Loss.
Young -Seoub Hong', Hisahide Nishio’, Myeong-Jin Lee’, Ki- Young Kwak', Chan-Ho Hwang’, Dong-Hoon
Shin’, Jong-Young Kwak’, Yong-Hwan Lee’, Jong-Min Kim’ and Joon-Youn Kims. Department of
Preventive Medicine, Col ege of Medicine, Dong-A University, The Research Society of Environmental Genetic
Epidemiology, Korea, 'Department of Preventzve Medicine, College of Medicine, Dong-A University, Medical Re-
search Center for Cancer Molecular Therapy, *Department of Public Health, Kobe University School of Medicine,
Japan, Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine, Dong-A University,
Korea, *Department of Preventive Medicine, College of Medicine, Keimyung Unwer31ty Korea, *Medical Research
Center for Cancer Molecular Therapy, Col lege of Medicine, Dong-A University, Korea, “Department of Preventive
Medicine, Kosin Medical College, Korea, 'Department of Anatomy and Cell Biology, College of Medicine, Dong-A
University, Korea — Mitochondrial DNA mutations have been reported in recent years in association
with sensorineural hering loss. The purpose of this study is to identify the association between the
noise-induced sensorineural hearing loss and the A to G mutation at nucleotide 3243, 1555, 7445 of
mitochondrial DNA. Study subjects were established by history and chart review, and audiological
and clinical data were obtained. Blood was sampled from 214 normal controls, 102 noise-induced
hearing loss, and 28 sensorineural hearing loss. The DNA of these individuals were extracted, and
mitochondrial DNA fragments were analyzed by polymerase chain reaction. Subsequently, the coding
sequence of mitochondrial DNA 3243, 1555, 7445 were sequenced, and compared to the normal se-
quence, and all sequence variations were analyzed by restriction enzymes. Mitochondrial DNA
mutations (3243A—G, 1555A—G, 7445A—G) were not detected by polymerase chain reactions in any
patients with noise-induced hearing loss, sensorineural hearing loss, and normal controls. The DNA
sequencing of PCR products did not revealed an A to G substitution at nucleotide 3243, 1555, 7445
of mitochondrial DNA. The noise-induced sensorineural hearing loss was not associated with mi-
tochondrial DNA mutation (3243A—G, 1555A—G, 7445A—G).

Key words — Mitochondrial DNA mutation, Noise-induced hearing loss
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A kel Zpol & Holed], o] Ahol= F4d 9l
ofgt Aoz Mwsta glth(Cody}t Robertson, 1983). A
A Aol SN 7S ST 9B FEAE o2
Aogy AAHo g $a3tER o5 F5AES Yoty
98}, /‘}%LQ] =R S vl nFa Y

Hog Ay Edo] BAste vhe-2 23w F (inbred
strains), CBA/CaQ‘r C57BL/6) A S o] 83 TEAT
A F Fo FAAZ whet AFo] SIhl wet F74

Aol Apol 7k e, Lgoll o3t A& Wik 2ol
24 YebdohLigh Borg, 1991,1993; Li, 1992ab; Li%,
1993) Ef& ?Mxﬂ 109 Y1A8 e Ahl FAAFO] 2o
< wole Ae® ¢eA 3th(Erway
5, 1996). °1E1‘J Ae 254 dHl g 1Al 9o
TAAR &%) g QY AArtete AoR AT
DNA (mtDNA)<] &¢I o]
A FAYA ARG Fa Z
Bugy Q) D}(Tamagawa 5, 1996). mtDNA 48 oHA =
ZA A FHo] 2 = (Wallace, 1992), 959 HEE H
A 71e o]m] FAREE (mitosis)S EFHE 7] W&o mtDNA
l:é—od]iﬂi ]7]_ Q,}Toﬂ Z}QQ‘— 7ﬂ6‘]:o] O]OUE 7]—7_]-/\]7ﬂ}~'1
W Aol A ob9 24 oz}, WiE o mtDNA &
dwlole] H2A wat A Fdo] Y& AeE Hi 9]
T}(Tamagawa &, 1996; Uedas, 1998).
£ AFogr e 2478 3d4 7 mtDNASH 717 B o]
5o Aoz LA Nucleotide 3243, Nucleotide 1555,
Nucleotide 74459 Edwo] & #&stuA gt

lﬂ

r
N

CHAHRE

A AR 2EA EFAAGNA A5 ¢
o7 gag o] AYAAES 2] Y& L3 dA T £5F
HAAL AL, Aol HAX AL, o] B AALE A
500, 1000, 2000 Hz®| ¢ ¥4 0] 30 dB ©]/do] i 4000
Hzol A 40 dB o]d9] HEEdE Holw ondF# 3 4
Wolu At A, o] 5A4S Yehlle &9 58, 18u
HEA A AEol fle ANAAEH 12%E A
AAANBAGY Ao 2 AFGEA 2gd U =&
g} oA S Aol glu T YA FEEA
of Ao gle AN 2148 S xToZ ST G
Z7E oJHIAFF A YA & F ol BN AAEH
o2 ey 32} 289 07 St oAt HidE 2 o
Z 234089 28-674), A BEEE ST 40.64]
(9 18594), 254 FAANAAAGH ST 474 (H
30-5641) 4 o

DNA &

DNA F=& 93] Wizard Genomic DNA Purification
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Kit (Promega Co., US.A)E A3t th57} Zo] P&t
15 ml tubed] A& 300 ul% 33k 900 ul®] Cell Lysis
Solution 900 [1Z H7}8+ & 5-6¥ ijL 3] 4#‘21 CAZA
10 minZt W3k £ 13,000 rpm°1] A 20 sec7t AA4lEE oS
o S d e FojEol 10-20 111?9‘5‘{ E% g 1015
secZt 41tk Nuclei Lysis Solutions 300 ul 718kl 5-6¥
pipettingsted & 410l 37TeA 12 minZt HOLX] stk
RNase Solutions 1.5 ul H7}8t1 2-5¥ A& & 37T ol A
15 min7t “]'i] 319}, Protein Precipitation Solutions 100

@7z 3 = 10 20 secZt A%t} 13,000 rppmol Al 3 minZt
A& & F ASHE ANZE tubed &FT Isopro-

panol& 300 ul 7}ske] 73] 4. oM DNAZF SR ==
< 939t} 13,000 rpmol A 1 minZt 94223 F 4
NS A ABYTE 70% EtOH 900 pulE Hrlste] 33 4
WA DNAE A%t 13,000 rpmol A 1 minZt YA &2
T AZAS A A AT oW tube W] DNAS] &
Ao RS FlstArt. Ao 43 AxA17] 5 DNA Re-
hydration Solutions 100 pl #7}8kal 65CoAlAl 1 hr &<t
WA s AT 223 4T A WA XA A oA F&
© DNAE 4ColA AAa9t

ol o o W
[e]

Setsa YsfEkS(polymerase  chain

off 28t mDNAS| 5%

MIDNA® A 3243, 1555, 7445%-§1¢] A—G Ed™ o] FF
£ ##317] 9A3ke] mtDNA 3243, 1555, 744549 7} 34
mtDNA fragmentE U5 2°] PCRE 3t SZ3t3A
PCR Master Mix (Promega Co., US.A) (50 Umts/ ml Taq
DNA Polymerase, 500 mM KCl, 100 mM Tris-HCl pH 8.5,

1% Triton X-100, 400 uM dNTP, 3 mM MgCl) 15 ul, 10 pM
forward primer 1 ul, 10 pM reverse primer 1 pl, F8 2,
TR 11 plE A7eke] 30 w7t HE=% §38 BE 5, =

71HAL 94T A 5 mint 33, 94CAA 1 minZt HA,
55CellA] 1 mingt A3}, 72C A 1 mintt A&t cycles
30 cycle st F, 72CA 10 minzt F7F 9 W02 F
ZA . olgA FAE PCR AAHES 2% agarose geldl
717195 3t>] DNA band& <18ttt A3243G= forward
primer® 3153%-H 3172%-¢|7} 235 = 5 TTCACAAAGC
GCCTTCCCCC 3%} reverse primer2 35515-F 3531597}
ZPHE 5 GCGATGGTGAGAGC TAAGGIC 3% AH4-3
] 399 bp] DNA bandE 213}t &21¥ PCR B E
10 plE Apa I AFFEALZ 37CoA 3 hr ¢ He& 5
2% agarose geloll 7]9 %3l 2] A9 309 bp
o} 90 bpe digested mtDNA fragments HZ3}ch
A1555GE forward primerZ 125236 1271897} 235 =
5 GCCTATATACCGCCATCTTC 39} reverse primerZ 1726
FH 17075797 295 = 5 GGTTTGGCTAAGGTTGICTG

2 Abg3lo] 475 bp9 DNA bandS &9l gith 9%

reaction:  PCR)
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PCR AAE 10 plE Alw 261 AdaAZ A H 2%
Awol7E TR A & Al
295 bp9} 180 bp<] digested mtDNA fragmentE 23} %]
o} 7183, A7445G+ forward primerZ 7178%5-F 7198%-$|
7} 28 == 5 CTTCCCAC AACACTTTCTCGG 39} reverse
primer® 784078 782157917} 3= 5 GTAAAGGATGC

agarose gelo] 7|93t &

GTAGGGATG 3% AH&-3}19] 662 bpe] DNA band & &

etk &9lE PCR AAE 10 WS X 1 AFELE zmd
5 2% agarose gelol 719538t EAMo|7F EAJ3HA
S Aol 400 bpst 262 bpe] digested mtDNA fragmentS ¥

Zatit.

HH % mDNA H7|MY BM

PCR AR =& Solget/\]--f] PCR purification kitE A}8-3}
o] A1 1+ F Bigdye™ terminator cycle sequencing
ready reaction kit (PE Applied Biosystems., US.A)E A}&
3 96T ol A 10 seczt WA, 50Tl A 5 sectt A, 60T o A
4 minZt AFFE cycded 253 A= PCRE 3ho]
ddNTPel ¥g=2& FAstalth. @240l #2449 PCR
A E-& Sequencing reaction cleanup kitQ! MilliporeAl<]
MontageTM SEQoes AH&3l gAIgt ¥ Perkin-ElmerAte]
ABI PRISM 3700 DNA analyzer (capillary*$2N)2 @714 €

& wAsgn
o1 2

Mt DNA A3243G S01H0|

xdH WELZHE DNAS 53 & mtDNA 3243
F99 A-G =do] fFE #Fe}7] 18t miDNA
32437917} E3tE mtDNA fragmentE T HEALAY TS
0% ZZ#y §AR AFEAZ Asetd A7 GFen
UV transilluminatorell A #2341tk mtDNA A3243GS] &
Aol HEA A3 Aol F-917F £3H€ 399 bp frag-
ment’} 24 BAANBAAGEH AL, ZFLAAGEA &
oA SHES BEST EF 399 bp
fragment’t YERG PCRAHES Apn [ AFEALZ A
A7} digested mtDNA fragment (309 bp<} 90 bp)= UER}
A o} mtDNA 3243A—~G7F YoivhA] Fh&S & 5 9

A, hzi wF

th(Fig. 1).

Mt DNA A1555G =01E40]

MIDNA A1555G9| ol E #&¢ 23}
A7t 234 475 bp fragment7} &4 72l
A, AANAAEH A, g2 ZFAA
A3t 475 bp fragment’} YERY PCR AHE
Agtaiz Mg A7 =AM 7 EAIHA &

[o om o il
~ dl oo R
LR

g o
él\)m[ooﬁ‘,

!
2 A

=

Eftb= 295 bpot 180 bp9] digested mtDNA fragment”}
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M C SNHL NIHL
ABABABABARB

400 bp »

« 399 b
300 bp * P

100 bp »

Fig. 1. Detection of the mtDNA samples from the control sub-
jects and the patients with noise-induced sensorineural
hearing loss and the unknown origin of sensorineural
hearing loss. The mtDNA fragment were amplified by
PCR using primer, seperated on 2% agarose gel, and
stained with ethidium bromide. The 399 bp is detected
in all lanes (A). The band of 309 bp and 90 bp can be
not seen in all subjects after digestion of mtDNA
fragment with Apa I (B). M: molecular weight marker
(100 bp), C: normal control, SNHL: the patients with
unknown origin of sensorineural hearing loss, NIHL: the
patients with noise-induced sensorineural hearing loss.

Z5 o] mtDNA 1555A—G7} DojubA]l $keS & 5 9
th(Fig. 3).

A3243G NIHL

Fig. 2. The DNA sequencing of the spanning of nucleotide
3243 from a normal control and the patients with noise-
induced sensorineural hearing loss in fig 1. An A to G
substitution at nucleotide 3243 was not demonstrated in
the patient.
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M C SNHL NIHL

ABABABA BARB

Fig. 3. Detection of the mtDNA samples from the control sub-
jects and the patients with noise-induced sensorineural
hearing loss and the unknown origin of sensorineural
hearing loss. The mtDNA fragment were amplified by
PCR using primer, seperated on 2% agarose gel, and
stained with ethidium bromide. The 475 bp is detected
in all lanes (A). The band of 295 bp and 180 bp can
be seen in all subjects after digestion of mtDNA
fragment with Alw 26 I (B). M: molecular weight marker
(100 bp), C: normal control, SNHL: the patients with
unknown origin of sensorineural hearing loss, NIHL: the
patients with noise-induced sensorineural hearing loss.

Mt DNA A7445G E0180]

mtDNA A7445GS] EHW oIS # é}%} 23 &4 %_Ol 9
7} 349 662 bp fragment”} A
BAANABRAGA SR, hE2TF = &
t}. 662 bp fragment”} YEFY PCR AHe Xba 1 A|g
A g A3 EAHol7F EAEHA S Aol UERE 400 bp
9} 262 bpe] digested mtDNA fragment7} 2= o] mDNA
7T445A-G7F dolubA] S & F UNTHFg. 5).

7
SN 239
S

A7 |IMEEN

MDNA A 3243, 1555, 74455391 9] A—G Ed
Z=) 7] o} PCR AHES ©]€3te] DNA 9714 €S &4
o] mtDNA 3243, 1555, 7445591014 9] 471 4S &l
A3} o]n] 815 A Aol mtDNA 3243, 1555, 744539 ¢
NG FU3 GrIE Y] F2EHA 0 EE mDNA 3243,
1555, 74455-919] A—G = o7t dojubA] FheS E1l
&9 th(Fig. 24,6).

o7} ¥

R o ok iy

LA
42 20 AT 7149 DL FA49] 4422 A
AVE 2% BB B 4Ag Bopol o2 % Az
g FPeapl @ Wolw, ol wakkol MBS F4
BAE 0% D AR AUFRA VAT T2A HolE

Zal
olgA <
s A
i=]
Zal
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& B L G ol G

A1555G SNHL

A1555G NIHL

Fig. 4. The DNA sequencing of the spanning of nucleotide
1555 from a normal control and the patients with noise-
induced sensorineural hearing loss in fig 1. An A to G
substitution at nucleotide 1555 was not demonstrated in

the patient.
M C SNHL NIHL
ABABABABARB
800 bp »
600 bp » + 662 bp
400 b
o bB i< < 400 bp

< 262 bp

Fig. 5. Detection of the mtDNA samples from the control sub-
jects and the patients with noise-induced sensorineural
hearing loss and the unknown origin of sensorineural
hearing loss. The mtDNA fragment were amplified by
PCR using primer, seperated on 2% agarose gel, and
stained with ethidium bromide. The 662 bp is detected
in all lanes (A). The band of 400 bp and 262 bp can
be not seen in all subjects after digestion of mtDNA
fragment with Xba I (B). M: molecular weight marker
(100 bp), C: normal control, SNHL: the patients with
unknown origin of sensorineural hearing loss, NIHL: the
patients with noise-induced sensorineural hearing loss.

et 98 42487 43RG e A7 B
AEST Qe Ae 2 ug Ao 47En. & 97
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240

A7445G Control
v

|| rﬂ:1 ! | (A :. -
'/RI!!. /f\ /\ |

A7445G NIHL

Fig. 6. The DNA sequencing of the spanning of nucleotide
7445 from a normal control and the patients with noise-
induced sensorineural hearing loss in fig 1. An A to G
substitution at nucleotide 7445 was not demonstrated in
the patient.

AN A=F 254 B FA4 e 892 setet]
9%t mtDNA® tdt A A o]y s fAR-87 A5
&l gk A7s} Wets 2o] s Aot

N
i

Hole FAHEE %9 o H 2Z 0 Z mtDNA S0l
o F8 FAVHOE dHA o] FAABAAGH HA Y A
T80 2 mtDNAZ} #-83t=A] o F-E gelstaa) = A
77} A5 AhUedas, 1998). Leu}, mDNA] 2J3) -t
¥ AN AAGH Y 71Hel da F4s] ezl AL ik

AFHA SE A 71H 0 2= Hold] mtDNAS &l o]
7F HARA R FAEOEHN A5 Q14ksle] sEo] "o
A, 2FAAA ATP Ake] A= WA cochlead] energy-
dependent ATPase} AZAAGEZ S FH7} dAHoZH
e aao] Yehg 4 9t AolthThalmann %5, 1970).
OE 7702 o] 59 oz Honste] BaHA
o oJal FeiMo] BT 4 Urke Ao|th(keda 5, 1994).
2 dFdMe gy 22389 WdF2RE DNAS
23 3, mtDNAC]A 3243, 1555, 744558919 A—G ¢
o] f-FE #&35}t7] 95t mtDNA 3243, 1555, 744559
X 3H mtDNA fragments TH &L A o2 TF
St FAA AdELRE £3ste] H7]YFsaL UV trans-
illuminatorol] A} #Z3F¥ . mtDNA A3243G, A1555G,

o

XoE e

Copyright (C) 2005 NuriMedia Co., Ltd.
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A7445Ge] ARl E FES A Sl B9UF 23+
fragment’} 24 T2 7BAA R BAT, A3 EH
A, gz BRoA SEHES #EsHh 3 PCR 4

L

ES AGEAE A Ao H=mtDNACA 3243, 1555,
74455-919] A—G EAWol7t dojuA] GUES & F 3
Act.

MtDNA o]l PCRHY} Eo] AL E o]
o2 g4A A 4 12X ethidium bromideZ
agarose gelZ H7 AT 4 Utk A&
A date] w2 WPl A 10% o] dtE v
(Thomas 5, 1995). 124 Odawara’s(1995)° 2|3}
HHo| 4] n|EZ =20} Genomed] = o] DNA
Ao g yrol band7} °FHAl UEE F Slde %
primer®} AEo] w& d3ef a7t dASE =7
S ANSAA T, B AT ME DNA G714 D24
ALY FASe AZomz AP 23jd 9
Ao 7hsRe sute Ao g Aztdr

2 AR A7 A7 S mDNA &AW O] (3243A
—G, 1555A—G, 7445A%)7]— #BAE A Fo} 71EHo] gl
25 BANBEGH, TANBRGH, B4 dz2TAA
mtDNA EdWol= #do] gls Aoz Azdy. ofs &
< ATATE dA AFFE F(2000)2] mtDNA EAH 0

o2 oo
2 o
ol

ot

il
2
oo o o f o> BN T N o g

+
o HL

=

o

(e}

- ST
ox —

r o
o o ¥©

€ il
F L AelM TR AR A AN Ao 7t
g2 71 A7} 91028 mDNA Ao 2
T UMY Aoz Az,
MIDNA 3243A—G2] #Wol& D, MELAS (Mitochon-

drial encephalopathy, Lactic acidosis, Stroke like eposode)
S 493 AuHY, 224044¢57 B gt o

¢

TFH17} JHGotos, 1990). mDNA 1555A—G2] Hol&
aminoglycoside ©]=/de] gt A &A& AWste
238 wWolZ A7bE 3 901, aminoglycosidedl] e =
Zo] floj& o] WMol & 7} Abgell A AlZhg e el &

F ltte Haso] W )1tk (Usami, 1997; Estivill, 1998).
mtDNA 7445A—G¢] W o= palmoplantar keratoderma$}
A, JFEH S AL e A7 S| AthGoto,
1990; Servior, 1998). °]2d AT RHuES H77|7}
mtDNA Edwolo] F th4 7]¢o] Hv], mDNAZ}F +3
A FEAste] Feddol 2 £ FS AAeta gler
2, webd, A A gk A=

O.

7t 59 54L nd FuAe
o Zye A7 228 Ao A4, £, B A7

olAe) BAZ LAl o) F8 7]
270] ol Bz RATE A5
Aol mtDNAS] Ewio] AAE 3]

Aste] AEHY BE glo] T AVHOZ obg)
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e

AT M= AEE 5(2000)°] A3 Nucleotide 3243
Nucleotide 1555, Nucleotide 7445
9 oU mtDNA E9wo] f%
A AANBAGH R BEgE WA Rl
£ A7 F17 o]ele Fg I #
f Y Ao glo] odl| thgt é
2= ?40} DNAHA S #A8to] 4
3 mDNA Swole] #aR < B
gol 9 Ao Azd

A=

b=
=

SE O B ot
Horle & odo = 2
2|
2R M
(A ila}
2
H o
ko o W& rr J

5
T

=
o %
oﬁ,
oX,

S U]o
10 oX
—LI
lo,
i e

mlo
01'
o oy

FO
2

%;} 3 mtDNA 3243,
55 @& 9std
mtDNA 3243, 1555, 7445—rH 7} 238 mtDNA fragmentS

Z3 a4 Agursow 22y A} AFEAR Adet
04 A7)9% 3L ethidium bromide &40 & GA3la] UV
transilluminatorol A &3t 181, PCR AHES o] &
3to] DNA 971498 B8] mtDNA 3243, 1555, 74453
Aol A7IHE BAS A8k mtDNA 3243, 1555,
7445%-919] A-G & #3319tk MIDNA A3243G,
A1555G, A7445G¢] HolE #AS A7 AR 79

ml e o

YD fragmentyt 234 FANFIGE BAT, 42
ABAGY BAR, NEF BEN SFEE BRIAG,

%
L3 PCR =S AFa4zE A st Ao = mtDNAC
A 3243, 1555, 7445%-919] A—G E9H
TS ¢ F AU PCR AHES o] &3le] DNA @714 ES
BA3le] mtDNA 3243, 1555, 744559 o419 7| d<
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