14. Benzopyrene®| =&% 3 o](Conger myriaster) 8%
cells} MNZMN(Saxidomus purpurata) Z3 cellsZ

o] &3t in vivo DNA single strand breakage

xR, L2, B, AL, 3T, 092
FFAFATFA dol AT

2 o
3l 83 EdFel 93 299 A B A2 FFFH F£E FUE] Astd g F
=4 W3 "ol ¢ 4233 SAFIIEE AL sduEgnh ASE fU1ed 84 F

O 33 £ @344 (PAHS)E A a9 Fol(Conger myriaster)$y 7\ 27N (Saxidomus purpurata)
DNA &43XE single cell gel electrophoresis assay(comet assay)E 3] 241390 PAHs &
FYRAM & X2 BEFE benzola)pyrene2 FER(0, 10, 50, 100 ppb)E A% F 293}
490l Fojo BaAMEe} ARNY SHSHAETE AN comet assayE HAFRTE. benzola)pyrene
o dlgt DNA &AAEE A2 =9 AEFd ut g2 Jeded ol AT E 280
71} DNA £ =7 %3, 440 e SEH e e Jedd. 7R SEHEE Alzko] Ay
HA DNA &R E7E F7tste A4S R o9} 22 BHE comet assay 7|Ho] {3 3lgg
A2 299 AYAE FT9 BHEFAHS A% 4T Fdo] € F Y{E HAEY

N 2

A% weE Azt AdAo] EANA Sd Be e SHEHo|
AAAR F4S) 44 BRBAS PF, 4F 0@gol WS 4@ B3
09 FuHT Yok AT £49 LFTAL 4AAVA FHede doAt
2350 53480

nAE G Mo B AF7t o]F9 FHHLopes, et
al, 1994). FASAHEZAEL 49 57 Wolx EFAAI 1L EAoJAY 24
WARIES EA0] 98 EFEY o 28 § Jon, tgo] A FHAo] & 4
Fole AEA EAEAN xFH AFOREE FAZbo] Hisojopgt EAo)
S0l HdHE ez A dd. 28y FEEdo] 9% FHOFL FRLe
EAE0 A EAste A7t dREol7] wWEel, &@x ojsey EAugtog
T FTAEY AAEEE Fote 4L sl oE€Y. g A=A
3o RIZeHAl HHEEte AR 5A4E ol&3d, ¢ #749 nAAL B £
Ae BE2HA 7] (biological assay)d] 7Ndo] STATH(IA, 1997). AE5HH
A At (biomarkers) & ©] &% B2 AP = o= £ g EF 7o) U
o 53] g 9-3& YehlE 71 9 Keddy, et al, 1995). &+ #3L 22
FEEAEY s 2EH ' A4V Bonz YEAAHELS AL 83
F5EL F71E7] e 99 P8 FRY GUdE B FTEL o] &3tE R0
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vt s, YEAA7Fo ol gtz e YEEE AE, BE T AFol
olste] Al@u]go] HluF HA 3 AAZA WHo gt AF YEHFL A,
AEND F Ae BE FY Hdojgof I (AT 3, 1997).

L AETE 714 o3 FHIA "otete dgEA dFHAAD Y=
g, §3] AX J DNAY W3 53EZY JFL B2 JEAE Ude=z 475
o] $H(Tice, et al, 2000 ; Mitchelmore, et al, 1998). o] & 714 Zo] A&
H31 ¢+ 7]'HL DNA adduct, chromosomal aberrations, comet assay %
micronuclei 4 & € F Ut I FoIA comet assay= DNA £4& o}
BE YA WHolH, single cell gel electrophoresisg}t 1% 3=d], Ostling
and Johanson(1984)e} &J3} A& AU o] 71HE o] &3ty HAZ A7/ B
o] o]Fojx)3 ¢JH dF £, Scotland UK®] Loch Leven 3%l Augle &
AF(Mytilus  edulis)d] SEAEZE  golrr] H3d  A@AY A
benzo(a)pyrene(BaP)& ©| 439 in vivo AL AANI AR FTIt 52545
DNAY £AAE7E A Jete™(Large and Shaw, 2002), 28 F==2 AUs
Y2 AAAHEE Lolrr] 939 NewfoundlandE FTHLZE o7 kA A@E&
AN, 87 A5 vad 27 93 vuddoeE 4G4 o)A arabian
crude oil(ACO)o| :=ZA]H DNA £4 AEE olE A3zl DNA migration®]
ebsttH(Hamoutene, ef al, 2002). Petroleum hydrocarbong W3 &£ B3}l5pi
(PAHs)7t /& ©|F3 o, AFE PAHst NAFE ol5te] AXo FHg
DNA £4¢& Fd(Monteiro, et al, 2002). 53], FA = in vitro AFo] HEE
o)oy} HZoE in vitro BX oFYe}t in vivo ATE GG BGA AEH
AHTice, et al, 2000).

2 dydAxes SAEE 7] A% A AREA HEFTFNA DNA &4
£ Q& comet assayS AAIEIA Y. Comet assays= DNAE denaturedA] 71

M EU9 single strand DNA fragmentE 713 Q) kol A|X wloz o]
AA dHATFZoNA H3E taild] HelE HolA Fo2H DNA &FAHE Yo}
4 Y%= #HYo|tK(Singh, ef al, 1998 and Shaw, ef al, 2000). comet assay

AED FHol B assay F AEFEANA AHE & F = 21HS B

o2 HZ g9 AlEH3 U&= PHo|H(Diane, et al, 1996). o] 71HL AAHA
o] 3, @Y MXAXN FFo] &ol3H, H L ARE o|&dAHE HQo] 7%
std, duj7 Joz AR o2 IAF F U3, AB7A GAE Hd o>
AE FAL 7HA o) & 849 AF3AE L B/ AYsted Id AR J7t
Hi .

=)

fr tk oft -
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A 2wy

X

Ad A=

2 dFoXe FAF FAA E4A TS A gl g8 AAstn e
AE FOo=2 FoJ(Conger myriasteD®t NZN(Saxidomus purpurata)s 2 &
o= AYsty 7Y F 3749 Ax &X A F AEL AN Hol= 23
LEE F7] SlEtq AFE AAse T FHINA gken, AR g BAEA
9] F7]= Foj= 1507200 g, MEFAE 50770 g AELY A7E A1 AL
=

F Wy

PAHs & 34 M AZ=HE 23U 29229 Benzopyrened A @)
FEAZ AAINAY. =F FXE 1, 10, 50, 100 ppbE 33X 5l AL&8tgx, 2zt
o] 2 F OFE 578 HF= 4t E VEOR Fo :EVIIA] BAEE
F 33H. k273 4Yoly, Z} WEagst 234 5vlg FolE 0, 2, 4 day A
333, dFe s v AEstd 438 AAE0T 99 43 Y
ZzA02 F W NEARL AAFRY. OQUERFEE DMSOE (HUzrTEs
hydrogen peroxide (100 uM)& 10, 20, 40, 80 ul® A3t AL L35Gt (4 C
2 hr). XxZWHE AF2OE 7T2XAEXEO] (50%30%X30 m)Ql ¥o] FZRE
o] §st) FEEE 25 LR WFo] ARG AAIGY. A@F nES 299 T
FAGI, FL2 18720 T/ FAHES §& FE7E A 222 9A
Al FRAA FULH, aerationS AL FAANA =5 AQL AAFAT

Al & 717]

Ayl AH4T ANFL Sigmark(St. Louis, Mo, USA)IAN Fg8gm, A79%E
7171%= Pharmacia’HAmersham Pharmacia Biotech. USA) I831 gAEI=
Hanil Microspin Centrifuge(Hanil Co., Korean)E ©¢]|43}%t}. DNA €4AXE
dotr 7] 9 717124 FF dv)AH-L Lecia microsystem(Lecia. German)& 9]
$3t532 KOMET IMAGE ANALYSIS SYSTEM(Kinetic Imaging Ltd.))
software & o]&3o] A% B}

A 59 FA

Fole mel FEANA 1 ml syringe® 0]43] 1705 ml A= AL Bo}
ZA &S el HL phosphate buffered saline(PBS) 1 mld] EEAA QA
(5000 rpm. 10 min)3ty FF AL HY T pellet¥ -2 PBS 1 mio) oA &
HAA AMES T, AN 252FE 9% I7]2 AEd9 5 ml hanks
balanced salt(HBS)Z ¥ i homogenizer& ©] &3t 44171 32 40, 20 m
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messE 34 T P4 (5000 rpm. 10 min)d pellet2 0.3 mle] HBSE 3|
F4 Al 3 Ao ALY o (Birmelin, 1998).

Comet assay '

1 % LMAgaroseZ} $FAl Y3 A slided A& 10 w2 0.65 % LMAgarose
100 ul @YAA slided] 233 cover glass2 Y1 ZFD. ©A 065 %
LMAgarose 100 ul¥}d 2% F &gol= AAAZIZ IR RIAH lysis
buffer (2.5 M NaCl, 0.1 M EDTA, 0.01M Tris-HCD®l @79 4 TN H4 2
Al ®RIAIH Y. Lysis bufferd] R8E slide2 AWl F/7F0 70 9L A
A% thE 1X electrophoresis/unwinding buffer (10 N NaOH 54 ml, 0.2 M
EDTA 9 ml, /T 1737 ml)E 158 AE AAANL thF €& AAT slided
buffere] B3 ¥ 25 V 300 mAolA 2083z AZ9F AFS A79F F =4
2@ silde2 BAWIZ 4 C 0.4 M Tris pH 7.5 87 coplin jarse] %A 58
A g7l FEHAAG. Al 4 T ethanolo] 583t @7 thg RT.oIXY 37
TolA E&ol=g dry AINY. AB9 &8ol= BAL7]d YoA AR F
counting AA8H=d], 60 W working stock EtBr(2 ug/ml) &glo]=o] "olxd
Z slide cover® ©3i, X4009&= 3t slide@d 507] B countingS =4 DNA
B3z dste] TG Comet FHE ZAZte] W79} taile] Zoj= Hu AFFs &
&gt Alg® 7]7]= KOMET IMAGE ANALYSIS SYSTEMO.Z %4139]th
(Tice, 1998).

a3 2 uF

Folo] A NEQ NENY & A F) hydrogen peroxide(H202 100 uM)
< AA 10 u, A3 80 ulE :=F3Y in vitro testZ ATk Figure. 1.0149}
o] Hi0:9 ¥=7F woldsE AP DNA strand breakage HoAY tail
movement’} FolwtHDevaux et al, 1997). AEAH Fo] td=A7 FHo A7 Y
del= A9 F Y, Figure. 2, 39AE BE wlel 7ol A (tail length,
head DNA)HE X & Aolg YEYA dd. H:0: AsE7 ®oldTS
Tail length7} ZojA| 3 ¥rAo] head DNA A3 Folx|= 27} YeEIRT. HEH
Fol ETE I HE AL YEted, Bojo A ATt ANy 2K
A X v)3) R172-eA e tHFig. 2A 7 D).

Fe AAERE e HEE dolr7] Adte] Tz AAEE label& A5
0, 2, 4 day $9 sampling2 3}o] DNA €42 &8 3, HFE U2 19
P4 A ste] QL AABGT.  Figure. 3AYBOA R wiol Zo] AME
= d=F9 v]8) benzo(a)pyrened] =7t FoHATF tail length7} AojAH x
£7]70] 4 dayRt} 2 day’} ¥ ®IZAS 938 JERT. o]o] wtE) FFe 2
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|27 AL benzola)pyrened %7} EolAFFH tail length7} AojAH =%F7)
o] AAAFE DNA &4 ¢ B 2& Ao Yel}d(Fig. 3 C and D).

2 °E:rL°1V‘1 oz AARA g3} 2 dES UE T Ut

1. s EdR 0dE & BAHEALE Hre] f% A AE Fo2 Fol
(Conger myriasteP®} W ZW(Saxidomus purpurata)E AHE3st= Ro] w3 st}
I gadEy. 2 olFEe g @d Mt a1 AgAoly dRFA ALSH
2|7} §0]3t1, o F9 Afe =F4Y AF AYo] 753r] WZold.

2. 78] SEARE 0¥E AEAY FAEAHLS ANF}E TYLEAN comet
assay 7ol +&&S rta Ut} ol APA YolA benzopyrenes ©o}-&3t
o in vivo DNA single strand breakage 2@& AA3 A3 x=F X ot
£ ZolE JUEgoerz FAZAH AUE I F Je YT F biomarker B}l
gad.

3. Single cell gel electrophoresis assay(comet assay) 712 B3t & 3
Q@Yo U LEHUE JHsAol =& FYY AY FF IFE IHE
etz Jpger Hrter] e AEZA 71 (biological assay)olEtil Al ET
FT A&AQ biomarker LF AFJAEE o] 43 AFS HIPF Fdart 9
Atz H oz,

A9, 1997. AHATY FH5E B AA FH AT A6 HEAF =
3. 19-36

39, 1997. ETH AAA] % £2 LEWIL A BAHATAE A6 A
¥R L =53 37-50
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CONTROL

100mM H;O; 10ul
100mM H,0; 20ul
100mM Ha0O; 40ul
100mM Hz0; 80ul

m o o w e

Fig. 1. Fluorescence microscopy images of flounder blood cell (X400). (A)
Nuclei from control blood cell consist of a head with no or minimal
DNA migrating into the tail region. (BT E) Nuclei from blood cell
exposed to 100 mM H»0: (10, 20,‘ 40, 80 ul) consist of a head with
DNA migrating into the tail regin as a result of strand breakage.
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Fig. 2. Levels of DNA damage in flounder blood cells (A and B) and clam
tissue cells (C and D) exposured in vitro for 2hr (4 C) to different
concentrations of hydrogen peroxide (Hz0. 100 uM). Three slide
were prepared per assay and 50 nuclei were counted per slide.
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Fig. 3. Effect of exposure to benzopyrene for different concentration and
period on the DNA damaged in flounder blood cells (A and B) and
clam tissue cells (C and D). Three slide were prepared per assay
and 50 nuclei were counted per slide.
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