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Abstract : The comet assay, also called single-cell electrophoresis (SCGE) assay, is a potential sensitive
monitoring tool for DNA damage in cells. The primary objective of this study was to use comet assay to
ascertain if the blood cells of flounder (Pleuronichthys olivaceus) and muscle cells of clam (Saxidomus
purpurata) are suitable for genotoxicity screening. This was achieved by initially exposing blood and
muscle cells under in vitro conditions to the reference genotoxin hydrogen peroxide (H,O,); strong
correlation between H,O, concentration and comet values were found. Subsequently, the identification of
DNA damage in isolated cells from flounder and clam was performed under in vivo exposure to
benzo(a)pyrene (BaP) and tributyltin (TBT). Flounder and clam were exposed to different concentrations (1,
10, 50, 100 ug/L) of BaP or TBT for 4 days. Regardless of treated chemicals, blood cells of flounder were
more prone to DNA breakage compared to muscle cells of clam. In conclusion, in vivo genotoxicity of BaP
and TBT can be biomonitored using the comet assay. This study suggests that flounder and clam do show
potential as mediums for monitoring genotoxic damage by comet assay.
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313 )th(Daughton and Ternes 1999; Kummerer 2001).
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Guillette 1996; Schiff and Bay 2003).

Benzo(a)pyrene(BaP)¢} tributyltin(TBT)= 17+8-5ol
ofFl] FANEAZ FYsle T8 LHE=HolH, &3 &
= "gA FHE AT BaPot TBT= Hjol=A
(Wessel et al. 2007)3} ™45 (Gopalakrishnan et al.
2011y 2 o lom, A3 =4 i =dolt
(Jha et al. 2005). BaP= f71&49] Bebdsh A4 2
F FEE5E U =S PAHsS] YFol™, PAHs 5
7HE H5A40] =2 Aoz dEA Uth(Pointet and Milliet
2000). BaP= 1A Q1 WetEdoln, EAWlE f2d
T AT EAHOE st G R, FHFE=] A B
FA=EAS Fasith(La Rocca et al. 1996; Woo et al.
2006). F715413k5HE<] TBTE EA419] WEAY o=
B2 F2 AFE 0 (Alzieu 2000), TS A E
imposex 2(Santos et al. 2002; Shim et al. 2000), ©]F
of gt A=A E AYEA Fd(Mitchelmore and
Chipman 1998) ¥ mussel®] Z7] v'ZA A (Paul and
Davies 1986) 5] B %3 v} o) oo Azl
oA TBT] ARg-o] SR =L AUA T, e FeHgol 2]
® TBT= oF&7kA] sl FAEiAlo] S3&S mIAL Aok
(Michel et al. 2001).
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W37 QJtH(Ma et al. 2005). &
= in vivoZ QG=Z| =& X9 DNA &
F& 3= comet assay= W =2 wlo] Qu}
A= FEET JtH(Tice et al. 2000). Comet assay
single cell gel electrophoresis(SCGG)Etal: 3l=t,
DNA &5 dotrr] flal =Y wygolm, A=
ol BAIGlo] AT MEDS ALgEte] FASA &
}e SAste w23, Hsta, wiggk whygolth
(Collins et al. 1997; Singh et al. 1988). 3] =0l o}
3+ comet assay FTFEI7E H2o| Fketal JA R O
BB jn vitro A¥ o] RIEA, A E] W3 in
vivo ZAE 7} AT 2ol A1ZFE I ATt Woo et al.
2006).
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Steinert 2003). 3| Fo]F2] 749~ comet assays $I3NA
gut, 7+, A, &5, o], A2 4 FollA e AlE7t
AREEIA Y, F2 AN ZE FE5hA = (Villarini et
al. 1998), $A5E2] Z-¢= A @& wt opb], A
22, sk, S, Afe]H Fo] AHEETHBInelli et al.
2008; Steinert et al. 1998).

Ao BAe et dalltel A2 sk, 47
AFH 7Hsg XoF RN E APBAERE ARESEA, (1)
Yz dAM e} MZN ZSHEL] comet assay A A
EEN &E7sAS BrbskaL, (2) tHEAQ! 54
2 =291 BaPol TBTOl 27k g2k 7Rx7h e =
4 9T W7 E (3) A sEe] dRAAE &
Aetedl Ut olE Fake] dRlok MEIl fE M
FHA5HH7LE 913 vlo] LulAEMN comet assay T8

PsHE BT,
2. AlE f Wy

ARAE

2 AT e FAE FeA A FY sk sl
&l da] MAlstal = WYX (Pleuronichthys olivaceus;
15-25 emx150-200 )9t N Z7W (Saxidomus purpuratus;
5-9 cmx50-70 )5 A3 Fo= HE3IGth AL
o5 T 3~49 AE FAANFHOH, FHASHEEN =
EHe Bt 22 2 S ] flste] Hole I &

ATt

AR E AL 2E
Hxe] A FEoA 1mL FAIS ©]-&st

0.5mL A=e] QS ol 22 ¥ Fejo] dds
1 mL2] phosphate buffered saline(PBS)°l dElsIAtE
A1E-2] (5000 rpm, 10 min) 5 A5 W22, pellet ¥
-5 PBSol| ThA] AEAA comet assayoll AHE-5FSI T, 7
2] 79 2522S duste] &%9] Hanks balanced
salt(HBS)S %, homogenizerE ©]-&3Fe] a3t}
EHE AE+ 40, 20 um messZ A7 T A EEF
(5000 rpm 10 min)3}F$3 2L, pelletS HBSO HEAIA comet
assay©ll AE-31STH(Birmelin et al. 1998).
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FA35}54 Z(in vitro)

ksl a =200 9% comet assay 352 Petridis &
(2009)] WS A A sled AE-5 ThH(Petridis et al.
2009). 7hebs] 7lsebd, e WX dAA e}t sHEA
SEA| Zo) A=l FAaksleA (o, 1, 5, 10 uM)E 2+t
28] 8L (n=5), 4°ColA 2A17F =&ttt A2 | Al
= AAEE (2,000 rpm, 2 min)dtL, 5N A AL
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pellet -5 PBSell thA] &
ATt

EFA]A comet assay©l] AME-3}

BaP ¥ TBT XxZ(in vivo)

AN FYAEAS BaPZ TBTE 0.1% DMSO°] &34
Zeom, =& = 27t 1, 10, 50, 100 p,g/L—— g3}
Atk ZF kol & oF= suke, die 4rkelE Ve
O = slof 447t %0}"35} 0, 2, 4ol AEE AF3s
o] comet assays AASIROH, Y A0 E 3HkE 2
s FYsIAT (-) HERTEE dimethylene sulfoxide
(DMSO)E AH&-315 T} ﬂiﬂ/ﬂ w2uh e ALgEtg o
o, 25 L #l57ol A7l F=2] BaPl TBTE H7H8lwA
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18~20°C7} ¥ == #4513
Comet assay

Comet assay 'H-2 Tice 5 (2000)2] WHol| wj=} &

25} TH(Tice et al. 2000). 0.5% agarose’t IHWEH &

ol=of 50 we] A E AEZE 28], agaroseS 713l Al
327} agarosed] WEEES S3TE Eeto|=E WY Bt
% lysis €-(2.23 M NaCl, 90 mM EDTA, 9 mM Tris-
HCI, 10% DMSO, 1% Triton X-100) B3 th4°C,
2X17F o). kel =5 H7195 bufferell A 2037 ¥
28] DNA7ZF unwind®| =2 33, A7]|9FA AT
25V, 300 mA 20 min). 0.4 M Tris buffer(pH 7. 5)°ﬂ"ﬂ

=371 & ethidium bromideE G TE G H &

2+ s4¥v) 7 (Leica DMLB, Germany)< ©]-&3}
o o]u];q %g% &9, 47114 Zofo| =2 FE 20074
z 2 5070)2] AMES o= DNA &4 4
=) éxg 314 E} DNA —L*POE A8kl 2 comet
% A #sli= KOMET IMAGE ANALYSIS SYSTEM

(Jae Woo Trading Co., Ltd.)2.2 ¥23}tH(Tice and
Vasquez 1998).

A5 54

ZE AL F+t 1SD.E HAEAT ZAE Fe
non-parametric ANOVA 4] % Dunn's pair-wise multiple
comparison tests AFg-sto] BAIEA sllom, SAIEHA
o2 F2l3 p<0.055 &3

3.2 %

in vitro 3348154 2F 00 23 comet assay A%
WA% Aelene Qe 2RAES 2Ed
in vitro Z¥EEA 28] F) comet assayS Eako] HY

ol
Azl A xe] 5 AFE Q’?_O]’J— gkt vp
olemAREMN S &8 TS
10 uMe] ikt A 2o EH?‘_L xdséx—_l]?l comet->
Fig 19+ 20 W3 2 A2 §o) BAE 2 2342
= AES B oyt M2 FRE ‘:}EX]‘:’]' & =
71 Fels zkelE HolA] eiokal, 4% DNAS] =3
A= A AT (Data not shown). ZHikskE49] &

Fig. 1. Typical comets showing flounder blood cells with increasing amount of damage after a 2 hr in vitro exposure to
different H,O, concentrations. (a) 0 mM, (b) 1 mM, (¢) 5 mM, (d) 10 mM
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Fig. 2. Levels of DNA damage in flounder blood cells (a) and clam tissue cells (b) exposed to the designated

concentrations of H,0;.

L7t o= A2 DNA £4¢] dojut tail DNA
ol5o] dojylth(Fig. 2). Ite}4A T WE tail 4
ol NEAN ZSAHEO1.26 um)oll Hls] Fx| FAAE
(167.48 um)ellAl O F7tsted, W2 M 27} 7270
A2 BlE] W17AsE Ao = UElT
in vivo BaP @ TBT XxZ° 23 gx)¢} M=zle] 4
EA‘-’]

BaPe} TBTY in vivo A=A HFe-2 3
Z¥7} 1, 10, 50, 100 pg/Le] BaP 2 TBTe] ‘éﬂa: =

Data are expressed as meanstSD from three determinations (n=5, each group).
*, Significantly different from 0 mM group (p<0.05)

M EE 290 tfFR9] tail DNAS] Zo| F77t #&
HAL, 4= A9 HstEA] ei9krh(Fig. 3a). 10 pg/L
olate]l BaPollA &3 DNA &4 A#E Bt
(p<0.05). TBT =Z% gx|o] dHME= BaPoll =&
| dAMEM ] Aol FAalsiAl A F 29 i
9] tail DNA Ze] S77F #2E A0, 50 ug/L o1
o] TBT =&l #2]8H(p<0.05) DNA <742 R ATH(Fig.
3b).

Wzl thet BaPeF TBTE] in vive F-AEA &S
H7vst7] {8zt 1, 10, 50, 100 ug/Le] BaP ¥ TBT

AL F 243 4do] AN EE AHFH S, comet assay Ol NZNE =F3AIZ] 5 243} 40 ZAMEE A3
£ 33 tH(Fig. 3). & —TLE—‘ 0.1% DMSO7} ®71E  3}3L, Comet assayS T35 tHFig. 4). DNA €732 &
TE ARSI, DNA 743 Agjaztate] AadAl Ak A3, 2474 tail DNAS] Zo] M3/t & g
£ AT tiETo Hwet S W, BaPoll =2E  FollA] ARERA] eRtoy, 497 =& E MR = tail
1 (@ % |(p)y W O day
A4o() . 40():2day .
c o * 4 day *
2 30 30 *%
e
)
& 201 20
=
10 1 10 1
0+ 0 -
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Fig. 3. DNA damage expressed as tail length in flounder blood cells to BaP and TBT in vivo. Data are expressed as
meantSD from three determinations (n=5, each group). *, Significantly different from 0 ug/L group (p<0.05)
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Fig. 4. DNA damage expressed as tail length in clam tissue blood cells to BaP and TBT in vivo. Data were expressed
as means=SD from three determinations (n=5, each group). *, Significantly different from 0 pug/L group (p<0.05)

DNA Zo|7} 37 7181932, 1 ug/Le] BaPol= 23
¥3}H(p<0.05)7F FAEATHFig. 4a). TBTl| =28 25
A|Z2] DNA €42 BaPol] H3IAE nkd oz o 5=
Fo|AT, BaP AT A9k fAHAl 291 71X = Wkt
FAE A ko 47 &9 A ZAA A Z7}8F
= A BYTHFig. 4b). HZI ZHAE2] tail DNA
o] ¥sl= BaP A2t fFASH 1 ug/L =20l = F-¢]
sk WslE H A THp<0.05).

Ibsrae ddE dAM A skl B s
DNA &5 s, soE4 oz ofFe} olvjaf#

&#H A thJha et al.
2005; Mitchelmore and Hyatt 2004; Petridis et al. 2009).
gk JASFAE o] 83 DNA &7 A+ Alxe ®l
AEE EA8] A vl £ Ao R HolEd
A3 ) tHMichelmore and Chipman 1998; Seo et al.
2005). 31FAYE2] DNA A&l F&2 nxe ksl
20 FE= 0.1 pMe] Fikstrdee] vIZEeE vhg-S e
W AxHole] A E(Seo et al. 2005)2 A 2] &1,
=] 9] o}7tu] Z#(Pruski and Dixon 2002), =2] o}7}n]
ZZ](Kim and Pae 2003), 272 (Mitchelmore and Hyatt
2004) B olul = F(Scrobicularia plana)2] E-AIE
(Petridis et al. 2009) 5-ollA1 ¢} Zo] 10-200 uM ©]/¢e] &
ZollA o3t 2ol (p<0.05)7F Ao BaE wvb Qlrh
R RCRCER-CREC P EV YR EL R
folab] G MAE FrErLe] FEE | pMeln
(Fig. 2), o= W] B E} Azl 25 L} o)
£ Py 2] vs) Spslrdel o) v =
< RS HAFE Zo2 s

Gy Eol thek BaPet TBTS A4S vlwEAlsh o

o

T= AM SR (Grandidierella japonica)®] 71573
(Lee et al. 2005), < o|(Sebasticus marmoratus) *§2121
oMol JEEE Fx2 WsKZhang et al. 2007)2} B
oA o] FAJAA WA (Wu et al. 2007) B A (Haliotis
diversicolor) BT 2] 5 (Gopalakrishnan et al.
2011) 5°] B1Eo] 9o}, comet assayS ©]-&3F 4
54 QS vl FAT BHils op7kA] gl AT
A= BaP2t TBT7} &3l =o] = 2ol dX|ot M=z
MNE in vivo =& F 217 AN L} ZSHEE F5
3tal, o]59] DNA &4 A5 vl #4318tk BaPs
dAeh Azl =Eale W dA FAMES] tail
DNA®] dol= 2¢l A S7FFAAL, 293 49 9] *po]
+ fle v, xole AEE sEolA 297 = vk
S UERRA] AR, 4R 5 G ol A Frteke
O S BATK(Fig. 3a 2 4a). T8 YA 10 g/l
BaPol #-92H(p<0.05) WH-&S UEHIARE AxNe
1 pg/Le] Bapell REg-S Uehfo] A7H o 2= Y7t
78I 0, BaP w5 SHAX = o7 vIzte 4
A5 BAY Zo A} ofrbu] A A g
BaPe] 54 Aolx] EFMET} oprtn|2Z] AlxE
T} o Wk Ao® ®BIEY YE(Kim and Pae 2003)
Hhd, 2 AFolM e N 2S5A27F JA] A o
Hlal o 91ztek A0 2 yehsith o83t Axte 09 E
B X &l =Z% Manila 2/ (Tapes semidecussatus)2] 7
- dex| xR} opyin] 2 o] BaPol thet W=t =
th= H.3(Coughlan et al. 2002)2} FAFH 472 B
th. TBTO| =25 A o, A7kl & FHASA
BaP¢} frAbstl o, thxtot Hlasste] WA= 50 pg/L,
MEANE 1 pg/l =l f93Hp<0.05) ¥H&-5 HAth
(Fig. 3bS} 4b).

AT A= oo ol aoFd & vk () &

sbstpad =E2HAE W gx M E(tail length=
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167.48 um)7}F 7NZ27M ZSAM Z(tail length=91.26 pm)ol|
vl 717481993, (2) BaP9t TBTO| =EH UL o, HX
Y)Yyt Mzl @d)ell vl H7sk RS Btk 3) |
A= TBT(50 pug/L)el vls] BaP(10 pg/L)oll W3R,
(4) 7R=7H+= BaP¢t TBTOl thall $L& 1 ug/Le] RIZ=
£ B 28492 BaPet TBTY in vivo 542
comet assay®ll °J3ll EUEIFE F 9lowm, dXx| &} 7z
7} comet assay°ll °J3F 5SS RUHT F U= A
ANEEAN 83 Ads AAKEIT
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