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— Abstract —

Mitochondrial DNA A3243G mutation in
noise-induced sensorineural hearing loss

In-Sung Chung, Dong-Hoon Shin, Won-Ki Baek"

Department of Preventive Medicine, Microbiology"”. School of Medicine,
Department of Occupational and Environmental Medicine,
Dongsan Medical center, Keimyung University

Objectives @ A different sequence change, in the mitochondrial tRNA"™ "™ gene, has
been proposed as a candidate mutation in the sensorineurnal hearing loss. The purpose of
current study is to identify the association between the noise-induced sensorineurnal hear-
ing loss and the A to G mutation at nucleotide 3243 of mitochondrial DNA.

Methods : Subjects were established by history and chart review, and audiological and
clinical data were obtained. Blood was sampled from 101 controls, 50 noise-induced hear-
ing loss, and 12 sensorineural deafness. The DNA of these individuals was extracted, and
mitochondrial genome was analyzed by polymerase chain reaction. Subsequently, the cod-
ing sequence of mitochondrial genome was sequenced, and compared to the normal
sequence, and all sequence variations were analyzed by restriction endonuclease Apal.

Results @ Mitochondrial DNA mutation (3243A-)G) was not detected by polymerase
chain reaction (PCR) in any patients with noise-induced hearing loss. sensorineural hear-
ing loss, and normal control without hearing loss in Koreans. The DNA sequencing of PCR
products did not revealed an A to G substitution at nucleotide 3243 of mitochondrial DNA.

Conclusions @ The noise-induced sensorineural hearing loss was not associated with
mitochondrial DNA mutation (3243A-)G).

Key Words : Mitochondrial DNA mutation, Noise-induced sensorineural hearing loss
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B2 BHEe] oy giFie] dAlAH AHHAXE
Al (temporary threshold shift: TTS)S =% 35}
g +2 HHIX<£4 (permanent threshold
shift: PTS)ell et 7ol A=E stotste W
HE o] &8st vt 22y o] WH-S TTSS PTS
kel A|Ao] wol AAAR sl gde Thet
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upg-2~ 2 wH)F(inbred strains),
CBA/Ca®} C57 BL/6J A8 S o] 83t SEAH
AoA FF9] FHAY A wet Aol FUFe o
2} A7F Aol ApolrF v &gl ojgk HAER
of ek el vEA JERTH(Li, 1992a,b:
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Mitochondrial deoxyribonucleic acid
(mtDNA)o| tigt A& vhg7gd 4kae] tiale] <
gk &4 38, A1Ag-E 8 a8l 53] H2
off A elo] Qo] AMZE AFEorE LEAA F
2 tH(Schapira 5. 1989: Cortopassi and
Arnheim, 1990: Miyabayashi &, 1991:
Corral-Debrinski %, 1991: Ballinger %,
1992: Shoffner and Wallace, 1992). MtDNA
£ nuclear DNART} 10~20H) £& 5ol &S
Yepdth, a8 22 mtDNAS EdWele Ald &
ol a3 d<le] @ 4 3lx(Linnane %,
1985), 53] o] ¢}-9-7te] Wwint Fde A o)
o Aol Fa3t BAYETH] Aiel 9 ¢
tk(Seidman 5, 1996).

MtDNA £42 kg 24| o] 2 HH
(Wallace, 1992), cochleard] Al¥& ejA7]ol] o]
1] FAREE (mitosis) S #vH7] W&ol mtDNA
EdWo)7} cochleare] A== 73] glon=z
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o] 9l& AoltH(Tamagawa &

1998). MtDNA®] F7-tAQl Anlo| ostd, Azt
2= mtDNA EQ%0|7F g4ds] A5, o]
23t o]f-Z mitochondria® 715 #H4E Ao
AZET. a8 Bea A9
bone)olAl mtDNAE #43th= A2 A 871
s3] W AFAoR HAARA 3o
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2. DNA =&

tgAte] HxdQor FE DNAE =313
50 ml polypropylene A&l blood buffer 30

228 Ed HEA2] Mitochondrial DNA A3243G =910

ml (10X buffer 3 ml + H,O 27 m)E ¥ & A
10 mE 23 53] At d3el 158 Bt W
A8t (3] HHA mix) 8241712, 3500-5000
rpmO 2 ALoA 1587 AR A
S W2 32(10 =l blood buffer ¥x 1-53] wkE)
10 me] SE buffer(75 mM NaCl, 25 mM
EDTA, pH 8.0) ¥ £33+ & jcedl #Al WX
ataz, 500 4 10 % SDS, 100 #42] 10 mg/mlpro-
teinase K ¥1 2 233 tha, 25ColA A
incubationdtitt.

10 mi2] phenol(Tris-Saturated) ¥ 103t
mix 3 ¥ 3500 rpmo 2 ALoA 2087 YAE
23 & AJ=ds 22 polypropylene tube® %
712 phenol 7 ml/chloroform : isoamylalcohol
T ml 23 1083 3¢ =, 3500 rpm o= A2
A 208 AR Al 2 &
polypropylene tubeZ &#th. WAl chloroform:
isoamylalcohol(24:1) 14 mi ¥1 1083 &3 &
3500 rpmo.2 AL 2083 YRt 4
AS AZE polypropylene tube® &ZH Tt 1/10
volume (1.5 mi) 3 M sodium acetate 23 2
volume (30 ml)2] ethanol(absolute, A&)<& ¥
1 10~203] 3 F A Aed RS vk,
Pasteur pipet2® DNAZ 74 o] microfuge
tubecl 1 ml 70 % ethanole] E°e £o=
DNA¥ 1 103] &= =3ttt Pasteur pipet©
2 A DNAE 33t Ad3e 1X TE(10
mM Tris-HCl, 1 mM EDTA, pH 8.0)(1 m)7}
E90]9E microfuge tubedl ¥ 103] H5o] 4
& F 37 CollA 3AZE F £3eta DNAS =59
4] UV-spectrophotometer 2 DNA & =43}
o 2 % @ AdA A7|FEH] DNASE €<l
= 4col HastA thadAle] A3 o] &3t

—

= o
AEAE

3. SEEA HA2EES (polymerase chain
reaction: PCR)oll 2|t mtDNAS| &%

MtDNACIA 3243 F-91¢] A-)G 9% FF
5 #Fe] flsted mtDNA 324359171 =34
mtDNA fragmentE PCRE 53&te] ZZ31%]
PCRell o]&4% forward primerte 3130%E 3149
Fo7F 285 E 5 AGGACAAGAGAAATA
AGGCC 3 ©]H, reverse primere 34234
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cHetatdelstslX] Al 12 # A 3 & 20004

34045917t 285+ 5 CACGTTGGGGCC-
TTTGCGTA 3 ©|tt. DNAAIZE 95TCI4 90
Z23r dlgste] WAl & PCROl A&kt
PCR2 10X reaction buffer(15 mM MgCl,,
100 mM Tris-HCI pH 8.3, 500 mM KCl) 5 #
¢} 10 mM dATP, dTTP, dCTP, dGTPZ 1 #
A agla 20 #M forward 2 reverse primers
Yzt 5 WE ¥ mixtured] 0.5 weo WAL
DNAAIE9} 2.5 unit®] Taq polymeraseg 22
F ZHFRE 50 ME §FS D31 30 49 min-
eral oil¥ %3 ¥ DNA thermal cyclerE A}
43t PCRE A3ttt DNA denaturation-
94%C 1%, annealing 52C 1%, extension <
72¢C 1%2o= 3ko] 30 cycles A3sAY. A=
PCR product® H7|9&3std 294 bpel DNA
band& <1ttt #9l®l PCR product 10 ul
£ Apal AFEALE 37CoNA 2A1ZRAA] THA] A 2]
3t 5 2 % agarose gelell #7953l digested
mtDNA fragment(179 bp and 115 bp)E &2
sttt

4. T-vectorg 0|&%t cloning

PCRAHEE NovagenAle pT7 Blue T-vector
2 cloningdttt. PCR/‘L
isoamyl alcohol®2 A3 & pT7 Blue T-vector
9} 5:1(insert:vector)®] molar ratioZ T4 DNA
ligase® A&3l] 16°ColAl 5A13F ligationAlZl $
transformatione A3ttt Transformation

< chloroform-

< ligation product 1 4% NovaBlue com-
petant cell& AH8-3lo] heat shock WHo2 A3
stdth. 50 ul®l transformant ¥ S X-
gal (5-Bromo—4-chloro-3-indoyl-beta-D-galac-
topyranoside)¢t IPTG (isopropyl- beta-D-
thiogalactopyranoside) & ##3= ampi-
cillin(50 ug/ml)-tetracycline(15 w/mi) <Al LB
nFuAe vt Wi F Ao FHEgwke
’\*94'3}04 alkaline lysis method® plamidE &
T T7 promotor primer$} U-19mer primer
% P*‘LOPO# PCRZ #<lsta o]& thA] Apal Algt
®AE o83l PCRE Al¥3l recombinant
plasmidE #Rlsle] HFZAE cloneel w3t
DNA7] MEEXE Akt

3\4
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5. MtDNA 27|Me =4

Cloning® insert®] F&dWHolE &Rl ¢Ist
o] USBAFY] Sequenase version 2.0 KitE& AF&-
3te] dideoxy chain termination method®
double strand DNA sequencings 2133t}
Cloning ¥ plasmid DNAE alkaline lysis
methodZ #25txz #2]€ 5 pge] DNA solution
ol 0.1 volume2 2 M NaOH, 2 mM EDTA
solution® E&3F & 37T 30% incubationdt
o} denaturationdt 5 0.1 volume® 3 M
sodium acetate(pH 5.0)0 7}kl F3M117]2 4
volume®| ethanol 7}sled 70Tl 1583 & &
H4(12.000 rpm, 47T, 158)3t] DNA HALE
AL F ol5 70 % ethanol® A3l AZAIZ
ot Ax" DNAE 7 4o /5] H°la reac-
tion buffer 2 4, sequencing$ primer 1 #
(0.5 pM/#, 5 GTTTTCCCAGTCACGAC 3')
£ #7138 % annealing, labelling reaction
(35S-dATPAHE), termination reactions A13)
3t % stop solution &2 W& HAA)F|aL T5C
of 2% o] denaturation A1Zl ¥ 6 % urea(7.5
M) polyacrylamide gel2 A7ttt 17|
9 gele 5 % acetic acid, 15 % methanol
solution®ll 20%3F ©7o] urea® AAZ F gel
dryerg AH&-3ste] 712A]713 36417 B<F autora-
diography & Aldgt & A7|AEs EA8A
double strand DNA cycle sequencing sys-
tem(Applied Biosystems model 373, Perkin-

Elmer Cetus Co.)& A-&38le] &lslit),

2 1

MtDNA W0l (3243A-G) & #&Es7] ¢st
o] PCRZ ZZ3 & A79ES 3 23 EAH0]
FA7F 234 294 bp fragmentrt dlzwt, 3H2H4l
A A, gl a9 A o‘é“:‘ré 3
A4t BEAN FEEE BE3 ol
294 bp fragment’} Yeld PCR 2HE& restric-
tion endonuclease Apal 22 A3 ZHz}
digested fragment (179 bp<} 115 bp)= YEh}
7 %o rnZ mtDNA EAWe](3243A-)G) 7

et ©
4 7
)
32
ke
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oJuA] ke #EE £ AUt S mtDNA &
Aol (3243A-)G)°]
endonuclease Apal® restriction sequence
(GGGCC L C) 2 d71-ge] Wyl wiio 249 bp
fragment”} 179 bp<} 115 bpel FHe frag-

WAl EbH  restriction

F—SNHL —/ — NIHL /]
A B A B A B A B

M r1CHy
A B

i — — . — . G -429“,',

-4 179 bp
-4 115 bp

Fig 1. Detection of the mtDNA samples from the
control subjects 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 294 bp fragment is
detected in all lanes(A). The band of 179 bp and
115 bp can be not seen in all subjects after diges-
tion of mtDNA fragment with Apal(B). M: mole-
cular weight marker (100 bp). C: normal control,
SNHL: the patients with unknown origin of sen-
sorineural hearing loss, NIHL: the patients with
noise-induced sensorineural hearing loss.

120 130
AL G AT GG CAG AGCCC G G U AR T
L
Control 3243

RN AR

120 130
oo CA T GGOAGA GG O GG T AMDC
*
NIHL 3243

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.

22N AY A2 Mitochondrial DNA A3243G &XH#0|

mentZ = o] YehuA At (Figure 1).

MtDNA E¢%0](3243A-)G)7F #ZE A g9k
onZ PCRAMES o|&3le] DNA d7I4Es &
Aete] mtDNA 3243%-%loA9] A7 IMLEE E<l
g 23 ofn] ghelxl Alghe]l mtDNA 32435919
7L LT AVIMELD] Rl HAUerR
mtDNA Ed%0](3243A-C)7F LolubA] ke
< A3 cH(Figure 2).

< 3] wrEzl Aol stk A7 g3zl s
o 7o m AXAY A3 A4S o A
organ of Corti®} stria vascularis’} <lUXtiA}
o g gEduEeoldtn AHEsn Ut
(Thalmann %, 1970). & MtDNA mutant’}
RPN Absgditslel FEo] "oXm, &
A A ATPAARe] Ast=HA] cochlea®l ener-
gy-dependent ATPase$} 273 AGEZe] Hu|7}
AAg o =AM HYido] Ushd & Utk Zeolth
T OE 7He ol FF5Y FdE AHHs
(acoustic transduction)®] &&o] Hojx A&
Aol ZAg 4 9ltt. (Tkeda &5, 1994).
2 A¥e »54 dHor Agtd IS gt
1Y T2 RE DNAS 23 3 5
FTEL AR AFEAE 4]
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E
< AAISle] mtDNA A3243G E9do|E #&
Aok, o A3 EdWo] R 2FE 294 bp
fragment7} tlZ&a, 21738933 Sk, o
3 g AIAEE AT BRI SEE
%

2&

2 5 JAdt. =3 294 bp fragment”t Y
CRAHE S restriction endonuclease Apal
1213 A3} digested fragment (179 bp<t
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cHetatdelstslX] Al 12 # A 3 & 20004

YehA] ggtom 2 mtDNA 910l
(3243A-)G)7F dojuA] &ska= 9nlgtt. S
mtDNA EdWe] (3243A-)G)7F EAsIH
restriction endonuclease Apal ¢ restriction
sequence (GGGCC|C)&2 71 Eo] wW3lsl7]
&l 249 bp fragment’}t 179 bpet 115 bpe]
FA9 fragment® Ezl5o velyA =l
MtDNA 9% (3243A-)G)7F TEFA] g
PCRAMES o]&3lel DNA G7IMEE 235k
mtDNA 32435-9l<l4 9] d71Xgs F<lgk 23
oln] B8]zl Alghe mtDNA 32435-91¢] 47IN4
I 23 Irjxdgdo] el HgerE mtDNA
0] (3243A->G) 7} °‘°1‘/}X] EhS st
At

MtDNAEAHo]l= PCRY Eo] AFEAE o]
&3 o r A 2=AFE F dew ethidium
bromide® @2M& F agarose gelz A A
F Atk 9134 (falsenegative) &2 EAWol7}
A gkake] TR WP 10 % ©lstE
f$- Sroh(Thomas 5. 1995). 22y Odawara
5(1995)9] AH o] ot TP nE
Zxglo} genome? EWo] DNATe| Az o
2 ol band7b 8HA YR wiiel] 3243
Hol screeningAl RAsH7] of# &
AP AgE primerth?! forward(3035-
3054), backward (3456-3437) primerE AFg-3}
W ASEAS A4 212 bp ¢ 214 bp Held
fragment’} UeR7] wjFoll £H g 3hte] band
=2 3o & 4§ 9lemg PCRE 93 primerd] A
o] EdHolE 1A FES =Y F vtz 3
Atk 2 A PCRE 18l A48 primer7}f
e F-S AL ol n :Lﬂ
AHgste g Aatel exprt

115 bp)=

Aol 9hx,

garose gel<=

< =7k 3l

ruEH

Ozm

< 3R BR QoA AAXE AFHoR
Jo] Adetae AZAEA = &

Oshima %(1996)°¢] E13 mtDN
(3243A-)G)7F Ul $ate] &

%
i oF= [ WnHlo] TulE mi
8|

rO
oo wit

[e]
PIAA dHoz A6l T

AF 2; glenz mtDNA point muta-
tion(3243A-)G) & AT & gld Aoz A7t
ok gy B Ao A3 A9 A8 ¢
A, AANERTAARE Ed¥els #AER] Fko
o8 fEugelre] 71Ege] fle &84 Al
734 9HT mtDNA EAWH|(3243A-)G) + &
Gk

dol gl= B o= Aztdr

2 2389 A3 mtDNA Ed¥e] (3243A-)G)7}F
el ekkAwt H 2o SNHL7F mtDNA &4
Hol9l #HHo] gtk B AT EnEo] d=d,
SNHL9] =2 &S YehlEs MELAS(mito-
chondrial myopathy, encephalopathy, lactic
acidosis, stroke-like episodes)= mitochondrial
leucine transfer RNA"2] 3243924 A-G

EdWolet ##o] U (Goto &, 1993). Eg
MELASS % o] §l SNHLE FxlelA =
mtDNA =AWl (3243A-)G)7F LHH O ZA
SNHL®F #do] &g Eusty Uth(Reardon
5. 1992: Remes 5, 1993). T3 ¥US & &
Re I ANEAL SRl = mtDNA

EAW](3243A-)G)7F TAH A (Oshima .,
1996). olglg A3 RuEL HZ}7)(hearing
organ)’} mtDNA EA®cle] F8 g4 7|&e] 5
™, mtDNA”} genetic deafnessoll gt 174
Ale] & t

) é".:

© O
o= A

T

ol
-

(hypersensitivity)<] -
3 ema AN AL o] e it
A=) By, 715Y 5o S48 e dk XP
o] Hrp ZHe A 298 3R A
Ee ARG T " mtDNAS 54
¥ o]l = nucleotide 32429 9 nucleotide
1555(Tamagawa &, 1996), nucelotide 7445 &
9l (Fischel-Ghodsian 5. 1995)7} sleH,
mtDNA 4977 bp A4 (deletion)o] #AAJ<] ch
£ A7 Bu(Ueda®s, 1998)7}F lev= od tjgt
F7HAQ1 A7t s, 2 kboldg FFA|E
long and accurate polymerase chain reac-
tion(LA PCR)& AM&3le] nlEZ=go}l DNAX
AS BAsl] 284 72t 2744 I 2 mtDNA
Edro)o] AHAG S Bhel7] gk AF7} o] Folxok
& Aolr}.
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2435t mtDNA &
AANAA R el

ol

%
(polymerase chain reaction:°]s}t PCR)2.2 3%
% 3 A7 AREiz 238 mtDNA frag-
mentZ 2 % 3+ gelol A A7 E3t3L ethidium
bromide&H o2 GMste] UV transilluminator
oM #ZsIAY. T8l PCRAMES T-vectors
o]8-3te cloning ¢ Y& DNAIZIME 45 4
Alste] mtDNA A3243G E<1W0lE &3St
Z 1} MtDNA Edde] 371 ¥ghd 294
bp fragment’} W&, A4 EH S,
a8lal A AAANAAAEE SR REA F
Z9g AR 4 Ak, T3 294 bp fragment
7} Yehd PCRAHES restriction endonuclease
Apale.Z 23 A3 digested fragment(179
bpet 115 bp) & #ZE F 1o d mtDNA &
AW (3243A-G)7F dojuA] Ede= & F AU
Aok, MtDNA =990](3243A-)G)7F #EHX
%2 PCRAMES o|&3le] DNA f714EE&
3lod mtDNA 3243F9]ollAle] G7|AEE gl
Az on] ezl Alge] mtDNA 32437-9]9
ME# sdd dVIAEdo]l FAHA
mtDNA E¢WH0](3243A-)G)7F DoubA] sk

ZIZEA| 4 A

=]

MAY HHEOAL] Mitochondrial DNA A3243G &H#0]
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