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Use of the Comet Assay to Assess DNA Damage in Hemocytes and Gill
of Oyster(Crassostrea gigas) Exposed to Pyrene and Benzo(a)pyrene

Gi Beum Kim* and Se Jin Pae'
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Gyeongsang National University, Tongyeoung 650-160, Korea
'\Eco-Environment Research Laboratory, KORDI, Seoul 425-600, Korea

Sessile organisms such as the oyster Crassostrea gigas have been given much attention as a potential biomon-
itoring indicator to assess the impact of toxicants on aquatic organism. In this study, we exposed cells isolated from
gill of oyster (Crassostrea gigas) to hydrogen peroxide in vitro. In addition oysters were in vivo exposed to pyrene
and benzo(a)pyrene at various concentrations for 2 weeks. Comet assay was used to detect DNA single strand
breaks and to investigate the application of this technique as a tool for aquatic biomonitoring. Hydrogen peroxide
increased DNA single strand break with increasing concentration after 30 minutes exposure in vitro. Pyrene and
benzo(a)pyrene caused DNA damage only at very high concentration (100 pg/L or 1000 pg/L) at two week expo-
sure in vivo. DNA damage was relatively higher at hemocyte than at gill. It suggested that metabolized PAHs are
transferred to hemolymph from digestive gland which have a relatively high enzyme activity, and attacked the
DNA of hemocyte, while gill accumulated PAHs without degrading them to their metabolites due to low enzyme
activity at gill. Both in vitro and in vivo exposure experiments showed that the comet assay is an effective tool
on screening whether the organism are exposed to genotoxic contaminants.
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A} AEZ (Farrington and Quinn, 1973), & A7RIEl 23l
S HAe 8902 2 29EFY IHFRYE ] 75F3] ] &FHo] YrH(Farrington et
A% HaPEe olu)2k(Ryan, 1995; Chang  al., 1983, Jackson et al., 1994). A &E<] Ao PAHs9} 722
et al, 2002), 5715431 E(TBT) ¥ ol W3 eslra fallS4Ed0] £3E o Al 2713 FolM DNAZL °ol5
3}3HE (polynuclear aromatic hydrocarbons; PAHs)Y52] f8lQ  QLAEZEY F83% X 7)o 2 F UL, ol2d &4
HER T3 2 9T do § Ut} 53] PAHsE AGH s o ©J$F DNA 7-& %2 DNAAM mRNARS| HALS £
2 Agele, At ol Akgo AJAHY Az G/ 2 HsH o] A 2A8FA 7o B AT MEE i
SEANT] §2 =02 < AAEAY GUH o 4 27K (Kurelee, 1993). ojol DNA 715 £/d(strand breakage)
2o 24"r} o8 FES FY S EYNam et al, o A=} 2AEH FAEAHFFS SRRV S A §
20034 o}, si%(Kim et al., 1999b; Moon et al., 20010l 73 A2 3 (biomarker)ZA1 2] AR&-o] 7Fgsltial AtE vt 2l
Me AEHo] B BAE 7R EA) &gt A7 18E ch(Shugart, 1990).
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o] ™g §l7] Wl FA) o]’ (chromosomal aberrations), &}
ul} & 20 2 A 5 Bk (sister chromatid exchange) 22| 23 AH
(micronucleus test)?} 22 7]E9] DNA £ Sl 1)) A)
2719 BARC] o2 & de Aol At =3 ;L T}
A A E2FE old ATz 28T 5 glon, <& 1099 NE
T Ao AAE ST 5 QU in vito AF BT o7, in
vivo AT APNES Folx] B AP 5 A= FF
= Atk B3 1GyE =3 o ©drbe 2248 600~1000
N A= vephs ¥, 0] 371 42 16~4070 ZE2 Ut
Ve Ao® dEA lom(Ward, 1988), A4 0.1GyA %] =
Zol 93 DNA @U7te SAE comet assayell s AZo]
7Fs3lk . R R ATHKIm et al., 1999a).

olg|gt FHOZ I3 comet assays 1990t ZHIHEE] A
928t FOk(prenatal diagnosis, DNA repair deficiency
syndrome, cancer susceptibility, cancer therapy, diabetes mellitus,
theumatoid arthritis 5)o1%= 28, o453 glon, FIo=
I 3897 WA AFeE e BAME = WA olgEw
ATh(Lee and Steinert, 2003).

1990t 9 comet assay”} ol £ =0} ¥R =
25 AFY dEWROR o] 8-3517] A1&Hsl3l ™ (Jeong et al.,
2000; Lee et al,, 2001), FitEofel] 289 AF2E o7 ¥
TAZAAM ] DNA &4 232 98] comet assayS A&
Kim et al.(2003b)e] A7 F-L3ict o U dxad <
A2(C. gigas)oll DA o8 ATH o7} gick

aE2 S FAABEY FASHERNY k& F2E Yo}
H7) 9% WHo 2 DNA 4 27 (comet assay)yS 0183517
A% dpEE dAEA P FL& 849 PAH)
=3A1H DNA 48 F2sink 489 Aae dolnr] ¢
&t FEslrapol] Z9f opplulz Aol BejE M2 in vino
2 30 B =3 282 ojnjdlFol TEER SH5E
PAHs 3132 FolA UEA FUE2A2 FHE pyrenedt
benzo(a)pyrene®ll == in vivo =EAIZ F comet assayS E-5
DNA &3] &7k oo tish dolr A} st

ERTT

29 7Y H A=

TG FH Z FANA ZF(Ho) 38-44 mm, FA 7.6-104
re Faol & A Eeldt ¥ g2 73o) AH T 40L
2 % 10 ul2)¥ Yol 12L/12DR A0 Z AR 3T}, A3 )
bt A&H o2 ZrAZen, HolAEZE Pavolova,
Isochrysis 18] 2L NanochlorisE 3] %A-7J 0B RE F-Fuo}
5X10% cellsml7t H =2 815 Skxlal|y Z33l9c).
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in vitro 2§
AP AN 33U AL =8-S A7) F, Z(n=10)2A o}7}

u| 22 #s|A] phosphate buffer solution®.Z Hoj& th&- 5
mM EGTA”} 3 7Fe Earl’s salt solution 50 mlo] @3ttt 71¢]
2 2 272 d ohE 3087 200 ipmeE E50] F)
I o WEELS 280 um mesh silkol] Foijx Az 1HE
At BT Eottl 78 Eo) Hank’s balanced salt
solution(HBSS; 5 mM HEPES$} 0.16 mg/ml collagenase X 3H<
e £ 4587 200 pm o2 EE] 0 vyl v
MEe] EFEZES A 280 um mesh silkel] A=A HBSS(S
mM HEPES Z3H)S ol 1500 rppmeE 587+ Y42 a5
o o] HE& 33 wHEEte] AlElGiT) rixEr 4R &
L-Glutamine®] 37} Minimum essential media 822 xj
FHAIA dabe MEE AUt o|FA Boj A xS it
g2l 10, 100, 1000 uM FEE 3027F =2 A1)

in vivo AE

APAUAIAM 3d A= &8AZ F, 401 =2 7 10 vig)
A Yol 12L/12D2 AL 2 ARSI Pyrenedll 1, 10, 100,
1000 ug/LE =F A1 # 29, Benzo(a)pyrenedl & 0.1, 1, 10,
100 pg/LE =8AZITH o] o o}l A= HA73R] ke tix
Toll gk 2Pe Al HaASAT 1 FUo) F A g
g Zoen, F32oA9 pHe 438 717H5e 7.9414 8.1
He Well o8, -2 IN7) mEs) o] g} 14°Cel) A
18°CZ dsatint. 277 =249 S0 e o= 2%
AL Dokl st} 237 m&o] Bt T 7} SxoA 2
vk E Agie] elrtulel Falg 4% sk comet assayS
Al o) A djzto) & 1YL Fall F4171(25G)
£ ol&3td A A3t

Comet assay

Singh et al.(1988)2] E4HE wigtom ofzte) 48 7}a}
Atk tiEkF e EAEXE Fig 19 VERT 94228 B
Holl HBSS 1 miE Wit} of7tu|z=29] 29 tissue grinder
2 2% 7 EeEoR A EE 428 71yl & A}
Ao, A 256 FAIE A F up2 ARLECh
e B3l Fei=o)n MEES 0.6% low-melting agarose
gel(LMA) 30 ul= AF-HAZ & w8 1.5% normal-melting
agarose gelZ I F o3 &elo|=d 1 AvIeAE Y
ok 387 SEolE=E AE 9ol SR T ok 3 0.6%
LMA=Z Fgste] thA] 387F 4& $lollM SZAIAT 2314
7 edol=e AwFEAE AAG £ lysis buffer solution
(2.5 M NaCl, 100 mM EDTA, 10 mM Tris-HCl, 10% dimethyl
sulfoxide, 1% Triton X-100)°] 7] coplin jarell ¥ 2 Aj7+
ol ¥ nASAT 2 £, 4°C FF57) 27 coplin jaro)
SHCI=E 28 14 20® 33 {719 8L AASKI T DNA
unwinding buffer solution(300 mM NaOH, 1 mM EDTA, >pH
13y& ¥-& 484 coplin jaroll Z2to|=2 1587 W4 Bas)
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Fig. 1. Procedure for comet assay.

AT} o] W DNA °]F71ge ddrigto g Zojzin}, o ok
&elol=8 5U3 DNA unwinding buffer solution® )2
A71GE7 B2 2587 25 V, 300 mAdA FH71EE5L 4
Attt o] o) A %] DNA ©d7tee (1)FoZ oF
A Gt A7) FEg EElel=g $A3AF17] Ydle] 04 M
Tris €9 (pH 7.5 33] 2% 7+ o2 AA3Act o9} is
| AW SEto|=F 2 of|gh-go] 7 coplin jardl] 5%
ZFHAE 3 A2004 22 F A2E ko] =& Ethidium
Bromide -§-24 (20 ug/m2 2 SAA|17A ¥F$ 17 (Nikon Eclipse
E200)2.2 2000 w)-&ol4 #2sidct. GA=o)x DNAS]
& CCD7HHeHE B3l AFEE B EQ &, ov|A] A58
A AZEgol(Komet version 5, Kinet Imaging Ltd)E DNA
tail moment(+-417 DNA %22]9] Zo|(um)xZLa]HEd A&
DNA(%))E AAFstdth 2+ dlol= 50719 8] #4931%)
o, o|E2FE i TFELAE Il hxT9 A
72k zlol= student t-testE F3l] AR o fole
(PR 0.055 7|Fo= 39T}

Zn g

=9

in vitro =&

DNA &£42 2 A7 ANz 248 5 Jere 3
1t7] st Fakslrags 0, 10, 100, 1000 UM EEAA in
vitroZ. 30 27+ 29| op7hr| ZFolA EEE HNEE 2R
o}, stekead =2 FE Sl weh DNA ©riee) &
gol Stk A BAFATKFig. 2). B A7) w328
AE HY =9 1000 uMe] )& mi7kx] DNAY ©rdrpe
ol F7tsle Ao UEBST). in vitro 22| AMLE
01Xl FAFEHFA9 = Fenton WHe-& E38}] hydroxyl radical
(- OH)= W3ld £ DNAS d7]o] A3 vhgsl] 728 ¥
stAZICk(Halliwell and Aruma, 1991). o]F 2 olmlis] ol )
°14 DNA £/4& 24T w9 vizte & AF4L Yotry]
sk in vitro Aol AL LE AF AL Yt
(Nacci et al., 1996; Mitchelmore and Chipman, 1998). Wilson
et al.(1998)3} Mitchelmore et al.(1998a)2] Ao Q)&tH it
Srddre] 23557} 500 uM FEoA DNA €440 79
HUE B o o) S718H ¥ AR Busigou,
AT E 1000 uM7HA] Fo] Bl#|Eled DNA &4o] Z7
BI5AT}. Steinert(1996Y= 2ol k&9 ZIlollA #AKapoptosis,
programmed cell death)”’} Bo] =510, o]2 l&] DNA
&el A Uehe & vkl RSl B AFode vt
 ZFES 1000 uMolA = A7 Bo] BAEle 52 DNA
EFFAE YIS 7H 8 E MiAE = {1t g1 Wilson

et al.(1998y A in vivoE B (Mytilus edulisyS
EZANAE o= in vivo =Z2RT G4 ¥ @& DNA &4
FRE BAFEGT) o]2HE e EZolZE in vinw =54
#ol in vivo =E2AF Hj8)] @& FxoAM B & DNA &
FE =3k Ag RAFA
25
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Fig. 2. Results of the comet assay expressed in terms of the tail
moment of DNA in the comet tail in oyster gill cell suspensions
exposed in vitro 1o hydrogen peroxide with the range from O to 1000 uM.
Results are expressed as mean + standard error (n=50, coun:ed cells
per slide). “*” means P<0.05.
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in vivo =&

AERU ] &2 0]zl PAHsE &40 &8 wkeAdel & 5
A EZ ALE 0] R & DNA adduct® FA3MAY AH
DNA 718 513 817] % g tHImlay and Linn, 1988). DNA®]
ZAgtEo}2 DNA adduct B3+ E<9PA3led alkali-labile abasic
site2 H3F F DNA 7}ehg W3] = §oh(Phillips, 1983).
H AolN pyrenee T 1000 pug/L7HA] =EA1ZH .9, benzo
(a)pyrene< pyreneo] Blsl Ao g Be ST g 72710
(ATSDR, 1995) #32 100 pg7H] =EA A 277 =% 3, =
2% 5o 2 Z orin) 7|2 2) DNA &4 E Fig. 3
o] JehHATE 100 pe/le) pyrene® benzo(a)pyrenes 74zt
B 2.2(+095 EE2xh9t 2.8(20.81)] tail moments B
H]5:3E DNA 48 f=8 202 230} s T TRt
EAHOZ 42517 (p<0.05) HE DNA $48 FE3 22
£ pyrene 1000 pg/l(5 uM)} benzo(a)pyrene 100 pg/lHE0IS]
g o E AFAEY in viro AP NX = benzo(a)pyreneS
5~200 uMe] 3] B8 FE g WEo] =& AA DNA &4&
X349 2L (Mitchelmore and Chipman, 1998; Mitchelmore et
al., 1998a, 1998b), ¥ A-FANME in vitroRth &7F =7t @
Xz Ao 2 GHZ in vivo AF0l7] wfZl| 10 ng/L(0.04 uM)
o]3le] FEA DNA /0] FEFA] & Z o0& A=}

Fig. 4= 2 874|249 DNA SRS &35
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Fig. 3. Results of the comet assay expressed in terms of the tail moment
of DNA in the comet tail in gill cell suspensions isolated from oysters
exposed in vivo to pyrene (0 to 1000 pg/L) and benzo(a)pyrene (0 to
100 pg/L). Results are expressed as mean#standard error (n=50, num-
ber of counted cells per slide). “*” means P<0.05.
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Fig. 4. Results of the comet assay expressed in terms of the tail
moment of DNA in the comet tail in hemolymph isolated from oys-
ters exposed in vivo to pyrene (0 to 1000 pg/L) and benzo(a)pyrene
(0 to 100 ug/L). Results are expressed as mean*standard error (n=50,
number of counted cells per slide). “*” means P<0.05.

ABAAE BT} Pyrene?t benzo(a)pyrened] ol =%
=7t 10007} 100 ug/Lyoll A ¢l E7HE DNA S EE
op7hule| A1 9] DNA &4 =Rt A et Mitchelmore
et al.(1998a)= benzo(a)pyrene®] quinone, phenol 22 diol3d
g2 tAlEs AS WHelshe &2 benzo(a)pyrene 54190 5
]384 o= benzo(a)pyrene TEC 2 EHFS wH T} FHu)
94% WrEolutt DNA £4% A7 =303 sin. 5,
benzo(a)pyrene®| THALEIA] g2 A& ofrpu]oaj e} o] A
2 39 7% DNA &40} Bol f=5A &% % I8
HojgEr) aau R opyie| AL dukH o F Aslr]as) e
e 23 Hls) P450 AlFe 48 FERIE W Aew &
#7 PAHE HallslA] X3 2| &2 =o] DNA 7%= 9%
S FA &2 N, §rMEE 2 TAEEEE Ad 4%
oA P450 AlES] Eael ¢l &3l =] PAH tiAMEC]
g3 &9 il Ajfsle] o £03 AnjEo] AAE
©] DNA®Y B2 &8 doxl Zloew ddkdn, siARE 2 &
Toe d2A 299 HAEY =& E Manila 2N (Tapes
semidecussatus)®] 735 SFAMEANM 7P B g o)
u|z2A A 71 E2 DNA £4o] aEtke I = Bl
# v} 922 2 (Coughlan et al., 2002), olo] gk B} AL 3
A7h 2R HTH

Ir ol
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% Fournier et al.(2002y= PAHsS} 7|94 ABIER ©
H o oIl F(Mya arenaria®t Mactromeris polynyma)
£35S W 28] Anderson et al.(1997)& Z(C.
virginica®ll 5= F71F93ES in viE =289 S
o 25 HG7]Eo] Aststavia Bustr}. HFe] o)
HY7)%s Bk ohe}, AR 38, gzt B9, PR 43}
oF 2t o a3 HEE Y= AL ZHFThE PAHs
o )3 FHE] DNA 42 A& HYr|5e Asiag
TFeAE WA o glong o ol Y3l B} we o
T7F 2o Ao A7,

£ in vivo 48] 9 »AdHFngs A £ 5
(100~1000 ug/L)ll =& =S "ot DNA &430] FEE o)
AR FAM FAHAN N ng/l FEFFEOE EA5= PAHs
of &3 DNA &/42 98 Aoz ke 47} ok 23y
2499 HAZ =2HAXAY, 2d9x AN A FE olu))
FollM fzAGRT A 52 DNA &40 AEHe 3
(Hamoutene et al., 2002; Large et al., 20022238 W3k
PAHs®} 20 & 7o) o}d T2 Q82lo] Y& AoZ AR
"} Z2i3 29E F R0 A2 AYHE E & Aok
PAHs= A3 37 =22 o) "R 52 E4E Hols A
o2 UdA 9ov(Arfsten et al,, 1996), B Aol AREH o
A A} FYT Fo)= pyrenes} benzo(a)pyrene #2413} 3t
A =& o vjoldAldA R £ XAH2-E EHTHLyons
et al., 2002). Lee and Kim(2002)2 pyrene =02 =&A|F]
< WET pyrened A7 FA A9l =EAZES W &Y
& DNA @d7te &3¢ doglttn nausgc). agas
o2 PAHsS RS AAAES FAlo =EAHE w9
DNA$A glojA] dsasag dolrr] 93 d3e) gas
Ho=g Azt

r
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H‘
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d B

PAHs 3t3E FolA tixd ddEd2 F4¥ pyrenest
benzo(a)pyrened 2o in vivoE =&AZ &, F¢] olyn] %
23 A ZZRE MES F23l] comet assayS Z3 DNA
&4E ST A8y 8PS s Y3 sl
AFE in viro =EARALH, 2 A3 2E2F 50 vlalEls
DNA &23o] #2EHAT). in vive AEoM = Y
(pyrene 1000 pg/L, benzo(a)pyrene 100 pg/L)olA] o7 A2
o EFAHIE RFoA thRToRs #2932 DNA &74¢]
AU EFAETEL opytu|zA oA iy oz e
DNA £/ op7tr| 22|l x o] v 5480l o] PAHs
7} AER] 2 2 S3Eo] DNA F2oe 93 F
A eF3k7] W Eo 2 AR EHGIL EFF oM 2| vlE]
A FEA BT} & DNA &/d0] §E=5 o] PAHs] st A&
o] HAZFol 4zet FEko] A = Adohe 75 g Al

E=EFE

- W
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comet assay’} ©]-8E T UL X082 RAFYT)
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