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ABSTRACT

In order to know whether polychaetes could be used as an appropriate organism for the detection of
genotoxicity, DNA strand breaks were evaluated in blood cells of a nereidae worm (Perinereis aibuhitensis)
exposed to various aquatic chemical pollutants (e.g. Cd, Pb, Pyrene, Benzo[alpyrene). Hydrogen peroxide
increased DNA strand breaks up to the highest concentration (10 uM). Higher concentration than 0.1 uM
showed a significantly more DNA damage than control. Cadmium and lead also showed higher DNA damage
than control, over 1.0 and | pg/L, respectively. In case of pyrene, DNA damage was detected even at 0.001
pg/L. However, DNA damage decreased due to apoptosis at the highest concentration of pyrene and Pb. This
study suggested that the polychaetous blood cells could be used effectively for screening genotoxic contami-

nants in the environment.
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ZA st lo] Zrdsla, whaw, wztes) 5o
AR el AT we] AMEFHAR = el
(Singh ef al., 1988).

o2&t Ao <lal| comet assayi= 3lHFEol
MRE F35EY] A olzr7kA] Hekal &)

NoB

AEHA (bioassay) o]t o EAo] Aelgl:

¢ AYE AnUch 535 Yol FASHE o}
w7l 9la) SR AegAgel Ahusgen, 1

Z comet assayx= TFFEF 5-5-2] DNA 7P ghs
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FFAFFEES chal A A8 o) Hch (Mitchel-
more and Hyatt, 2004; Taban et al., 2004). 8-A}x]]
o]9] 749, X-ray®} mitomycin C (Verchaeve and
Gilis, 1995), A4 (Zang et al., 2000), YA (Re-
inecke and Reinecke, 2004), Z18] 12 benzo[a]pyrene
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<} Iindane°ﬂ 2995 Eok(Martin ef al., 2005)0l] 2]
g fASAH} 5 vl oekdl °d:uL7} X135
o} ok 2t ARFele] A7 A7 el
WA A 2 ZAEA dldt of 8k (Hagger ef al.,
2002)3} PAHsol| W&k Capitella sp.2) Aol oigk
g (Bach et al., 2005) 5 "% AgtA o= A5
oigieh. & AN ALgseln FroheA AR
2] o] (Perinereis aibuhitensis)= sk B B¢l A
Aasel HA8e Yalshe 2ol7] dEe] =57
29 eQAAAEToE oA AT ¥ F
Qgkel 2700 ARelA] WSl HIek e
FAE vlE =44 AT 4+ o, =3
ofo] &ol3lar, A slH, 4Ael =7]7} 10cm °l
Aoz HAFMEZE FEIHTNE foldtq &
TFollA APYER AHE-H -

19903t -] comet assayE o] &3+ DNA £4
of H&t ATl DNA &8 dodle EF
FEoA 7129 EAe ol27)|71A] ofF ohekdt
Aoz wazlch £ dForEs AR 74
%o DNA &4 F=317] H8 FAAabses
(hydrogen peroxide, H:0,), 5% & 7}=83} &,
712.93-2A <l pyrened} benzola]pyrene-s A& &}ed
o}, FAks}As DNA LAVS 2 o, ek =
F (positive contro) 2. 2 AMEFHE EAZA
(Singh et al., 1988; Mitchelmore and Chipman, 1998)
DNA strand breaks®] Aol djAlzt&o] HQ3F}%
ok =AM Q) L£ARS Y 0 71} (Mitchelmore and
Hyatt, 2004). 7}=F2 HAlol 713 F4&F 39
sptoled, Ao} o] Algroll ol Fdol Hol 9)
L 7Zlo=z oelx ¢lr}(Romeo et al., 1995; Devi et
al., 1996). o]813} 7}=F2 DNA strand breaksZ
fr=ste] AAAHQ] £AE F7v) (Hassoun and
Stohs, 1996), A-g-gjzre] A A (Zhong et al.,
1990), DNA 3}2-& 42] A #3) (Hartwig, 1998),
Ag-ehe)zt Aqulx o] ZEA- (Shimizu er al., 1997)
o} 722 A A 7ztez FEAE dodle Ao
2 d=A vk 44 s HA RLA] o]
733 FEolojA FFyE ¥k ohu}l UAxke] A
A= g2 dlE el ez oeiAl ¢ =3
DNAe] &4 dozlaty wsx gt (Devi er
al., 2000). Polycyclic aromatic hydrocarbons (PAHs)
94 DNA ol37l9e Salsie 8¢ W
(Akcha er al., 2004). ©|23t B-A& A &3} £,
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E]OJ zlzdzq -

o E2A4sh 295Eel § 5
-2 ROS (Reactive Oxygen Spemes) A A 28k 7+
A2 i es DNA &8 do7lvy (Akcha et
al., 2004). ROS A& A13}3o)] &) DNA &4
ob7)5} 3 DNA 7VeHe 5} 8} (Akcha et al., 2000;
Livingstone, 2000) o]2]3t DNA 7}gta}=]i= §-7].9
FEAel o8l FAld DNA adduct®] 3)5-& vl
57 = akc}(Rybicki er al., 2004).

Jee 2 gTelrs ARl Az
FHREAE 7R A L&A 34 (Cd, Pb),
47 %.¢3 84 (Pyrene, Benzolalpyrene) S x=Z&A17]
3, comet assay & AA]3te] Aol M E7}
FASAAGA 543 Aart 2 5 USA |
3 zAW Bzt gt
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In vitro test® 1% 7 BetEAe] Fx YE
u}%sﬂr e} akskrat 409 FE2 001,01,

1, 10uME F#H]3}l 3, Ft=H-2 0.001, 0.01, 0.1,
I, 10pg/L, & 0.01,0.1, 1, 10, 100ug/Le] 570 %

2 zn|5t9 ) Pyrene2 0.001, 0.01, 0.1, 1 1&]
I 10ug/LE 58|33 1, benzo[alpyrene (B[a]P)-<>-
0.0001, 0.001, 0.01, 0.1 pg/L T3 1 pg/Le ZH)
st e e SAEA e Huieks well
placsl] §-< F, PBS= 3|45 AxHole] ATA
ZZ 100uLA 2ot 4= well plate 4°C
Ao 142 5 A 2E A o
A EgAton Ya7g BEe i +dsl
G & Ao w2D A B2 BE B
g e S 29 ek

LR

4. Comet assay

Comet assay A1 5-2- Singh et al. (1988)2] A&
S 98 RS AAsgrh FAA] AE AR
= e Ao (Fig ). 2% 3, vfo]lmz AL
Fodow 27 5000rpm, 327 YRS s
o} gARe] & ArsS A A3, 0.65% Low
melting agarose (LMA) 50 uL& AE$-A1AH 1%
normal melting agarose (NMA)E u|2] ZEE &2}
o 25uLE sl Lebol= si¥el ¥ 7
W Zebas Delnk s 25ule] ©HA) LMA 500

pLE Y3 ARGAA 25uLE H) &ete]=9
ol o] Fil 7‘]“1*‘3}_& daoo} ofF 3827k
de-9elr] I F, oA & ¥ 0.65% LMA

25uLE IEANA G T 3:_-—71} A
Aot A FeAE A AT lysis buffer solution
(2.5M NaCl, 0.1 M EDTA, 0.01 M Tris—HCI, 10%
dimethyl sulfoxide 1% Triton X-100)e] =71
coplin jarel] @31 2417k o] A} 4°Col| A Bo3sle] F

Aek L F,4°C FFpol| Eefol =8 33 28 3
Aoz dolFgo} 17 thg, &L£elol == unwind-
ing buffer solution (300 mM NaOH, | mM EDTA,
pH> 13, 4°C)e] = coplin jar & &4 1587 4°C
oA ®Asledct 1587) unwinding bufferel] H.3
3 A7|dE7le) &lo| =2 Y1 unwinding buffer
solution® 2 319, 25V, 300 mA, 2587+ A 7jeiE
< A s A7]dEe] B EEtel=E 04M

)

gy

=4 7} 335

Tris—HCl solution (pH 7.5)l] 33] 28 kA0 =2 A
Hated F9o)h 283 4°C ofghge] 5E7 HH
F 3 AL AzAZH A2d Etel=e 20
UL ethidium bromide g} o2 GAste] 333 n

=

B Agar plate

LA

Nucleus within
immobilized cell

ﬁ Isolate nucleus

o
. |

1

B NaOH unwinds DNA

¥
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Electrophoresis

No damage
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Severe damage
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Fig. 1. A schematic diagram for-a comet assay.
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74 (Nikon Eclipse E200). 2.2 400u] uj-golr 33
&t

5. £4 9 Sxxal

zZzke} &efel=ellA] 507H9) #E A sle] o
oA} B4 ==z 72 (Komet version 5, Kinet Imagine
Ltd)-& o]£3}le] DNA Tail moment (34172 DNA
we)e] Ze] (um) x x| REel 3l DNA (%)F
AArstgd ot 2422l TOXSTAT (Gulley and
WEST, Ind., 1996) =& 728 2] trimmed Spearman—
1977)& o] 83}

Karber method (Hamilton er al.,

A Arstel o) (o= 0.05).

Hat ¥ £9

1. kst

AR ol 8] M £5 FAkslp4 0.01~10uM
o] Fxe =23 A de7rg FAMs &
234 =2 DNA €A Hol ®%i= (1, | uM
Z8]3r 10uMed 2 (p<0.05), 7} =2 DNA £4)
< Hel FEx 10uMelH, ol DNA &34 =
(tail moment)7} 8.4¢] o] =gt} (Fig. 2).

HALsHpAE AR Aol DNA SAMS == 24
2 o1% 9 ol R DNA £4¢ olut 4
& o)1} (Nacci et al., 1996; Mitchelmore and Hyatt,
2004), M| 28] Q1A =E golr 7| 93 Hn|jage
2 Wo] o]£ 59t} (Mitchelmore and Chipman,
1998). wheba] s ofRa2EEe] dAs Darsh
Sag ol gsle] BE A7Ee] AW Pruski
and Dixon, 2002; Kim and Pae, 2003, Mitchelmore
and Hyatt, 2004; Hook and Lee, 2004a). 7]&2] A
H AHES B A7 Ade} vl B A A
9] FA2 8.8uM, &4 oprtr] 2AL 10uM, ¥
A8} oprtn] A2 100 uM 133 T2 200
WMol RE AzTsl EAHoZ §o8 Aol
(p<0.05)F Ro]7] A=stet (Table 1). ¥ AT
o AAF ] HFHZAAN dz2To FAHSR
o) Aol Bol7] AR FEE 0.1 uUME. o]
ARl AT HE SdFRREE
2o W8] FArgeae] del o B ARES
BelFE How By
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H,0,

—]

DNA tail moment
oG
1

4 — T [ { -
0 T T T T T ]
Control 0.01 0.1 | 10

Concentration (jum)

Fig. 2. Effect of genotoxicity of hydrogen peroxide on
polychaetous blood cells. Error bars show standard
deviation (n=50) and ‘*’ means p< 0.05.

Table 1. Comparison in the sensitivity of different marine
invertebrates exposed to hydrogen peroxide in the
comet assay (in vitro test)

Cell Concentration

Species type (*p< 0.05) Reference
Iveh 0.01
Polychaeta 0.1%
(Perinereis Blgﬁd ) Present study
e 1%
aibuhitensis)
10*
Mussel Gill 10 Pruski and Dixon,
(Mytilus edulis) 100* 2002
Oyster 10% Kim and Pae,
(Crassostrea Gill 100* 2003
gigas) 1000*
Cnidaria 50 - .
(Anthopleura  Tissue 100 lvll_;tdiflr;(%z and
elegantissima) 200* yatt,
Grass shrimp ~ Embryo  8.8(%) N
(Paleomonetes -Stage4  17.7(%) Hf&g( 4and Lee (b),

pugio) ~(Stage 7) 44.2% (%)

=4 ] i?ﬂc’i
%, ol g AASA
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2004b). 7}=F- DNA €418 do 77| x =1,
AgdH oz whg3tA] 43l Fenton RH-&-& 53l
ROS (reactive oxygen species)Z AJAIslo] DNA &
A& sk} (Potts ef al., 2001). 318 7l=g-2 £
749 DNA2) 338 washe Aozw el 9
o} (Hook and Lee, 2004a). 2 AFolA] 7l=F&
0001~ 10 pg/Le] 52 2o AgF &
10pg/LollA) 7H 32 DNA $£4-& Bl dx
Fob Ao ol 459 &4 Bl ¥E
0.1, 1 282 10pug/LAeh (p< 0.05) (Fig. 3).

2 QAL AlAzA, EalA], ARz aE
I A A 338ke- m) AT} (Liu et al., 2000;
Danadevi et al., 2003). o] 3 QA=A o= <3
ol gt 722 @7 el dE dyoz
sl ddEel A 97 28 e
(Fracasso et al., 2002; Danadevi et al., 2003). 2
Tl ME & 0.01~100ug/Le] FxolA =23}
gdvt 7 32 DNA €445 2el Ae]3:= 10
ng/Lgla, dz7rdg FAMoz Fo3A w2
DNA 48 Hel ¥ 1ug/Lzt 10 pg/LEvt
(p<0.05) (Fig. 3). AG+ F 7M 22 Fxq 100
ug/Lell A= #u)Ad 3fel|A] A ZA} (apoptosis, pro-
grammed cell dead)7} o] #AH )}, gt A
FAE W2 tail moment g B wkepa] B
AFe e HZAHE dv)Fdos g o
A & sled 3z, 1 A3 100 ug/Le A& tail moment
7} 3.602 10ug/L xZo Hld] ¥-2 7ke] DNA
eapo] e (Fig. 3). 92 QTOINE 2FE
o $ARAELAN ¥ DNA £45) Az}
frEfde Bavh s =3 o T He
DNA $=/-2 A543 T-de) Qe 7oz ws
v} (Steinert, 1996). £ ol A2 F 100 pg/Lel
M DNA &4 2 ohel Azu4e do A
x 22z AEY) He 7)ge 2EAg)e sl
2 gy,

3. PAHs

PAHs$} 742 ialE-Alel 2=, DNA £4)o)
of7] ¥} o218 DNA &4 glt) ol 2§k Abz}
2 3AIE Ao|c)(Farmer et al., 2003). Atd}e] 2|3}
DNA £4k2 37 0 s Eale] o8 fuatse uigh
A3 ksl fAEA ok hE EA A Ak2 A}
20 Heo] gt} (Park et al., 2005). PAHsel| »=25
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Fig. 3. Effects of genotoxicity of cadmium and lead on
polychaetous blood cells. Error bars show standard
deviation (n=50) and ‘“*’ means p<0.05.

% PAH-DNA adduct7} &A% ¢] DNA 3=-g u}
3] gk} (Ovrebo er al., 1995; Rybicki et al., 2004).
Benzo[alpyrene®] adduct QA 7AAL L3} 2z}
Bla|P-& Akz}pA ol A P450S w5l o] & Aol
)&} Bla]P-7, 8—epoxide7} 3Ad %t} (Shimada et
al., 1998). Epoxide A1 %, mEH (microsomal epox-
ide hydrolase)ell 2] dihydrodiol (B[a]P~7, 8-
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30 —
Pyrene

DNA tail moment
*

ik

T.

0 t T T T T T 1
Control 0.001 0.01 0.1 1 10
Concentration (ug/L)
16 —
Benzo[a]Pyrene .
12 —
:f, 4
:
= 8
3
<
Z a
[a]
4 pa—
0 1 I T l T |

Control 0.0001 0.001 0.01 0.1 1

Concentration (ug/L)

Fig. 4. Effect of genotoxicity of PAHs on polychaetous blood
cells. Error bars show standard deviation (n=50) and
“*’ means p<0.05.

dihydrodiol, BPD)Z ##}=| 12, BPD: AKRICH]
2J3)] ortho-quinone (B[a]P-7, 8—dione, BPQ)2 ¥
35} (Burczynski and Penning, 2000). BPQ+
DNAo| ZAgsle] Agxor =42 37, ROS
5 §4sld Ao DNAS £4¢ Lozl
(Flowers et al., 1996).

oleiat PAHsel 9% §4%54 el Aol

Vol. 20, No. 4

Table 2. Comparison of tail moments at the same con-
centration (*: p<<0.05)

Concentra- .
tion (ug/L) Pb Cd Pyrene Bla]P
Control 03+02 04x04 -04%04 03402
0.01 34+17 22413  8.8%x43*% 5243.5%
0.1 43432 26%1.6 148+68* 5914.8%

1 12.3£6.0%*
10 20.6+8.0*

4.1£24% 20.1+£5.1*% 9.4+4.8*
7.3+£34% 11.7£5.1% -

A2 Aot $8AE Fohus] s, £
QAT M pyrenes} Bla]P& Al4-3te] AF3lod
t}. Pyrene-2 0.001~10 pg/Le] 3ol A, Bla]P2
0.0001 ~ 1 pg/Le) ol ARE AAshele 2
A%} pyrenc 2E AR Frold 2T 9
g 2}o]E M.9]T(p<0.05), Bla]P2 0.01~1 ug/L
o Bxold tzFet fol% Folg BThFig
4). el Mol 7ol pyreneell M= 74 g2 FE<l
Opg/LA A= A ZAE debton] TugLal )4
W& DNA 4bo] veheh. 919) 2shee )
o 54U x3 wmelM zbze) 38-EAS) DNA
£ = E viws] ®oke(Table 2). 1 23
3 xF gl luglels 7B &2 DNA &4
< yel BEAL pyrene2F tail moment: 20.19]
Aok vhgo g &2 tail momentE Jepd 23S
3 (12.3)0]% 37, Bla]P2- 9.42] tail moment 7}S R

ow, Flego] 7P e £ )E B o
2RE] pyreneo] Ao AHEH 248 F MY
DNA $£418 2 d o 7| Zlom Jepde

o]} #Zro] PAHs®] 7$- A|HA 02 DNAd| &
e F71% S el ROSE FAEAY
(Flowers et al., 1996; Rybicki et al., 2004), DNA
adduct® Adsle] ZHRAH o= £A4-S F)(Ovrebo
et al., 1995; Rybicki et al.,”2004). DNA adduct&=
alkali—labile abasic site2 ¥} & DNA 7}<h& A
©+a}7) = &k} (Phillips, 1983). 18jm2 7|&9] <
FEo 7)ol AABEE= in vitro testRTHE in
vivo test® &2 AlA|sle] PAHsel| ™3 DNAZ]
&A1 EB7kA] FAlel #ABIAT (Siu et al.,
2004; Hook and Lee, 2004a). 3F% 2 AlgAlAM =
DNA &3 @7 3]8e] o]2% Al7tell it 4
T2 o Selstux) sioh =3 AA s kR
FAEAF = AR ] A 27 H47bs
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o) &3

o) A= AFETA T,

24 =2
—

MMM o= DNAY) &AFE FE Iaksieast

A2 DNA 3] E-(repair)& 4}

I

=
dehe Aoz gl shegd AAFHELY
& 297 grleged & dud SRS

¢l pyrene®} benzolalpyrenedl| 7AA|E o] FFA|E
2 xZA|Z) =, comet assay® DNA &AM =S
213819 1 A3 FAsAE 10uM, 7 =F
e 10pg/LolA 71 =& DNA E4)o] v}
‘;b;}. Pyrene®} benzola]pyrene-&- 1 pg/LolA] 714
¥ &8 B9 Pyrene2 400 EAEA F
%%_] %E:Oﬂf‘i 7]'7(0]' SLT: DNA £ i“c'i _lﬂ_o:" 7)1}]
o] FM £ pyreneel] 7P HAE AL & 5
gk vl 2 =meA] 71 @S DNA &4

:_

& Bel BAL FleFeoldet d pyrened 7P
¥ wEelM wlmA v DNA £4be] e
d el e fFeA A7 A EA} (apop-

tosis)ol] «]:l Aoz WerElo] At} 99} o] BE
] oAl DNA &£Abe] F2E Q) on 7zt
A= ohE A FTEl vs w2 viEt
Wt

AF7A) Aol 04T YEAYE F2 &
AA ol ol g3ty om, Aol 2 7
ol 2F2AA AMFES doliy A=A 18
o AFE B Agem ARYolr) A
A BUEFeld Aol edElE WY &
AE N2 AEFoE AT £ 90eS ASS
2 nejFqeh

Aol 2
et DR EECL B DS E
AT IR T whAb ek 24 (PE 91800)°2] A
dos pasislen) & I3 £hE 24 s
9 oldlA whbds Aad AFelA Zhat

% xdsz}.
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