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Abstract - In this study, the Comet assay (evaluation of DNA damage) used the fish hepatocellular
carinomacell, PLHC-1, wastried to the sediment extract obtained from freshwater to understand
its applicability asa tool for monitoring sediment toxicity. In parallel, induced EROD (7-ethoxyr e-
sor ufin-O-deethylase) activity and DNA damage(TEM values) in PLHC-1 cells were measured for
establishing the tandem endpoints of the PLHC-1cell test to test the ecotoxicity of sediment. Among
several study sitesin a small river passed through downtown and industrial park area, one of them,
site B, showed a higher level of EROD activity and DNA damage than other sites. It indicates that
a tandem endpoints of PLHC-1 cells could be useful tools for assessing the toxicity of sediment.
The sensitivity of Comet assay with PLHC-1 cells was a little higher than that with a blood cell of
frog tadpoles to the solvent extract of sediment. According to the results, a PLHC-1 cell-Comet
assay could be used as a useful tool for evaluating ecotoxicity of the freshwater sediment. In addi-
tion, more detailed studies are needed to the contaminated site.
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9T} (& = 2000; Kwok et al. 2005; Phillips et al. 2009).

M = 299 AL A 9 A ez o3shH
A7 ol flell AES o] 43 AEA Hrirgel A
Abedgte] AAHF =AlEHH HAE EEHEJ > 35T 9=d, o] WEAR/YL o] =4 7}
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A Al 71 AREAETE A ANAE ez
» o573 )} (Babich et al. 1986; Saito and Shigeoka
1994; Chaparro et al. 2000; Repetto et al. 2001). £3] o F
7robA| 2ol A 2" PLHC-1 (Poeciliopsis lucida hepato-
cellular carcinoma) Al Z2F+= 2 gl d3t ~=32d HF
7F Al FE=7) Fol gl o] 85 Hlxelr (Fent and
Hunn 1996), =317 7} A], = A28 oz} & A
Eof gt RUEH> &, 74 AR 7] vl A2 EH
=2 2ol 7% v} ¢t} (Huuskonen et al. 1998).

w3 A LG o g3 AP S $AH B
e el g gaATE Wy 2 QA W 3
A 54 AeFe HF G 5 Qo fEA A
@71 o2 DNA &4 s7b7]% el Comet assay7} let.
Comet assay= Wb o2 FEI A £ H45 ] st
o] (Gajski et al. 2008), TF U Z Fof|x] DNA 7}
= &4} (single strand break)3} akali-labile Site, 12] 11
DNA &4 #9]19] 3% & B3 DNA AR 195
AEE 5 e oz, A7dsS 53 &% 9
oz Qlste] DNA s}Ho] & wloz Feupel 7 v
Zole} WAooz DNA £A A2 =A== ]—tﬁo]c}
(Singh et al. 1988). Comet assayx= 7]Z&2] DNA £4F =
AR e 54T Aes ArjHelAw e
(A=t v 2008; ukst 2 2006), o9} 2L P L QE
Ae) A% S BARIEYS 9T A@yos
Abg-o] Aekg w} 9)eF (McCarthy 1990).
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Fig. 1. Map for sampling sites of sediment in Gyeonggi-do.

Table 1. The location and characteristics of study sites.

Site Location Peculiarity
Environment Environment
A industrial industrial
facility facility
Up stream
B So-yo bridge ! Discharge of
Down stream wastewater:
Approximately
C Cho-seong bridge 100 points
D Sin-cheon bridge
E Dae-jeon bridge Confluence
F Go-tan bridge Inflow river
G Han-tan bridge After confluence

BAE A A 54 Selde delrma 53
or, 7 gAe] 543 §12% Tablel, Fig. 15} 2o,

2. A1 o 71

Fetal bovine serum-2 Gibco™ (Grand Island, NY, USA)
oA F3std ey, ERODS] 7]&el 7-ethoxyresorufin
g wlEste] Adel AHgE AlekFi Sigma Chem.
Co.(ST. Louis, MO, USA)ell A -4)3te] ARg-ataiet. Al

29 AE=&3 EROD 97 2132 X4 FHuorescence
Multi-Detection Reader (Synergy HT, Biotek, USA)Z ©]
g-3te] A eslgl or], Comet assaye] Z4-& 9l H%
&u)7 (LeicaDM LB2, Germany)3} o|u]x] 25824 4
3z E 9o] (Komet 5.x program software, Kinetic Imaging
LTG, USA)E ol &) #45}sic
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35h¢ FAEe] AR % AAe

Grab sampler (EMTS, §+=) % Core sampler (%&7]71,
)5 o] g3t MIEIHES AHI F, 1,500rpmei]
Al 208 Fot ARt F54E AT 35
47} AA" 13 EAHE 50ge] sodium sulfate 5092
A7ete AESES Al oH, S5AAE wiAlE]
9] 3}o] (Pardos et al. 1999) 25 mg #4712 = A7 }shgd ot
150mL methylene chloride2 713t &, nprj 2 2h43)
W-g3-3led 200rpmell A 4A17F gt A-EHA zlEE ok
A F FejE FE240E F= oA k3] SA
)31, Dimethyl sulfoxide(DMSO) 1mL= 423190
H, o] £& YN F =5 100%= FA43t HAH e
3| A ste] AHg-sloAT)

4, PLHC-1 (Poeciliopsis lucida hepatocellular
carcinoma) A  wjj ¢k

Poeciliopsis lucida hepatocellular carcinoma(PLHC-1)
M 25 topminnowe] 7 A 8] T A 57
7o 2, ATCC® (#CRL-2406, USA)Aloll A F-ofake & uj
oFsle] B A]3e]| o] 8-}t 10% fetal bovine serum, L-
glutamine, sodium pyruvates *3+st Eagle's Minimum
Essential Medium (EMEM)2] v =] & o] &3}le] 5% CO,
oF $xrb 2AEE wfdr]elA 30°CE FAIske] W
&F3itt. 10~20 passage] AlxE A AE=2 o] £33
o, wjekxl AlxZ= 0.05% Trypsin EDTA £S5 g
3] Re2]3 &, w50zl Al 23 Ehe)-2 Hemocytometer
=2 o]g3led M EL7)f 2x105celsmL-lo] Hx2 24
st Wi F 2 A S FPEaH

5.PLHC-1 A ZA&& % EROD 97} =4

A ekl 2 96-well plates®] 7+ well® 200uL S &
F, 24A17F i ekat ofg, e 100uLE Al A sk, 7
AAe) 31} FAE 718 25 A8 23 vy
2] 100uLE 71k old) EH & A8 FHF 5=
7} 0.005, 0.05, 0.125, 0.25 % 0.5%7} === 24330
v wljoF7]o| A 48417k Fot 3 W o] wekst ¥ EA3
t}. 3l DMS02] 7} =2 :=x 05%= EROD &
Aol & 9dgFe] ke A= Faslelor] (Ceander
etal. 1997), =3 A|7te] T = AEEI 24 IS

77t 24596,
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NR assay:= Neutral red (3amino-7-dimethylamino-2-
methylphenazine hydrochloride)7} A& A 22| glo]AZE

o F 0 98 ke APl Aokl Az £8
A= 71 ele & 7ol Borenfreund and Puer-
ner (1985)¢] A13¥& 7HAIste] o] g3l om, NR A
< $131e] A5 20Ul AAT F, NR(0.33%, VIv)&
o 20uL& H7hshe] 3A2E Fab W kst 0.5% ()
v) formaldehyde/1% CaCl; 4oz slFo] F F 1%
acetic acid/50% ethanol £-9-& o] &-3lo] FZ3}9jt} 10
Fo] uke )7k =, 540nm(measured wave length) £} 690
nm (reference wave length)ol| A &34 =2 =313}t

2) EROD gd =%

EROD (7-ethoxyresorufin-O-deethylase) 412 cyto-
chrome P4501A &4~ f-=5H4| S ¥ vl o= PCDD,
PCDF, PCB %! PAH %-o] Ah receptore} Z3H3to =
EHEE dol BAE 04T AP, 2He
Bruke and Mayer (1974)2] Al3WS Fo] H3lsi==
AMdstel ket 2o Wy oz 24stn

100uLe] AFSHS A A3 &, 2uM 7-ethoxyresorufin
o] mb-g 3-8 100uL& H M v, ¥R =A 9
kinetic mode- o] §-}ed Alzkel] mHE WteFe 245
t}. o]u)], excitation/emission wavelength:= 530/590 nmei|
A =A% or, ©9]= pmol min-! mg! proteine =2
yehf g}, =31 resorufinefe] A eFe= 0~10nM2]
resorufin standard curveE ¢] 83143 .

6. <kl d A=

Wl e YPPEAE o4kl st
(Kennedy et al. 1995; Fent et al. 2001). EROD %7} =3
&, Absel 100uLE A As}az, 50mMe]  sodium phos-
phate bufferg o]-8-38}e] 3 Fo] F<¢it}. 150ug mL-12]
fluorescamine §-24 & 100uL = Ar}s)az, 155 E9F vk-e-
A17] %, excitation/emission wavelength:= 360/460 nme|
73 5}g] o). ghH, standard curve S o] g3k Fohu Al
A eFsle] o, o], standard® Bovine serum albu-

o) 4513,
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7. Comet assay

3 = A¥Eez, Ko
met program-2- o] 83| £Ab=l o] DNA tail extent
momentE- =-A] gk} (Singh et al. 1988; McCarthy 1990).

PLHC-1 M £47} 2x10°cellsmL1o] H == z43}
Az At 2 Ao HAE §74v F2E A
Z 3|A3le] 308 B3k =& A|Z] F, 3,000rpmell A 3%
7F AR sk e Al £E5S 0.65% low-melting
agarose gel (LMAgarose gel) 25uL 2 =) 2-5-5le3 v]2] 1%
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normal-melting agarose gel (NMAgarose gel)2 =& =
Slide glass $]¢l] 23A]Z1 %, ©}A] 0.65% NMAgarose
gz I3t} FAFHH. A3 318 dide glassE
lysis buffer solution(2.5M NaCl, 100mM EDTA, 10mM
Tris-HCI, 10% DMSO, 1% Triton X-100)¢]] 1A]7F 30%
Fot B#EY ohe, 255 dideglassg 3% HHo=
21 7 A3t 3, DNA unwinding buffer solution
(300mM NaOH, 1mM EDTA, >pH 13)¢]] 587+ F9]
1 % dideglassE %93 DNA unwinding buffer solut-
ionz Y=zl A7]ed% chambers] Y1 1087+ 35V,
300mAd A K758 AA3te o, A7]d%53 dide
glasss FABA717] st SF49k 0.4M Tris g4
(pH 7.5)ell A 72t 3¢ 7tA oz 23 A& F, 70%2] o
Bl 5% <t "R F AN Az Az
%] dideglass® Ethidium Bromide -4 (20ug mL-1)o 2
AAAA ¥4 (LeicaDM LB2) o= 2004 wlj &<l
A s (Fig. 2). 94 € DNA2] 3§48 CCD7h
ohe ol AFEE BB F ovln AFEY 2x
E 9] o] (Komet 5.x program software, Kinetic Imaging LTG)
= DNA tail extent moment[Tail Extent Moment=(% DNA
in Tail x Tall Length)/100]2 AAkslel e, 7+ dide glass
T 50702] & EA s}, o] 2RH ﬁer EEHAE
T3k 243kt

An 2 g

1. Arsenic(As)E ] 2|5l PLHC-1 4] £9]
DNA &4 % (Comet assay)

1~10uM = W2l Asz Az)® PLHC-1 4| £9)
DNA &4 =% 43 ZAz(Fg. 3), dl=72] 74§ 06
o|3te] TEM Zh& vheblglon), Asel w2 w7t 27}
ol izl TEMe] ghel ¥4 Z45: 7 % oy 4
gladth 7MY =2 =xql 10uMe] A TEM =# Az}
2322 Y z7¢} vlwsled 4u) =2 s L}E}q}cq As
o] =22 9lale] AxE2] DNAL] &Ate)| oIske ot
T R ge w3 2 AY Ao g d7sh fAR
A= Jehfgl o (Jeong 2007), B AFellA] AHE-E
PLHC-1 A|Z2] u]oF @ DNA &Abw =3R7)<%o] 33
Aol Hgol 7bssiet s

ol
e}
il

2 HHE {7180 #2222 AAE A4

AT R 2P 7R AR ol3hebA
24 A3} £w) pH) AAE Sel4e AEHA Qg

1. No damage 2. Low damage

3. Medium damage

4. High damage

Fig. 2. Pictures of damaged DNA PLHC-1 cellsfor Comet assay.
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Fig. 3. The effect of Arsenic(As) on TEM vaues of PLHC-1 cells.

ot §FARS) A AA Al EZbe] TRkelA B
Al 1245]04 om I F AA Cr} A YA Ao
(Teble2). o] s} & o)stsbel 24 Astz: shalel 7
AR By ofegon, U AN 27 A
Fst HAE2RE X8RS FF 3 F, PLHC-1 A %4
A 4B F AL EROD 18 $45H500
WA 73] HAE 224 R0 O AE AEE
Az, PEgo] 79 Az Blaste] 88~127%2)
He Helld Ao (Fig. 4), & 744 b
A HelAoly =& e wE o5k REFHA
¢kolo} (Putnam et al. 2002).

EROD 7}2] 7%, dlzF2] 97}+= 6.322pmol min-!
mg*proteine 2 EAF o, B8 A8 A4
4, 2Fred SolAe] AFH(Fig. 5). A7HY =
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Table 2. The genera quality of water samples obtained from each
study sites(measured at 2009/04/18).

Site
A B C D E F G

Temperature(°C) 135 162 138 141 130 135 122
pH 84 79 80 83 7.6 99 100
DO (mg L 1) 68 67 57 79 75 105 116
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Fig. 4. The cytotoxicity of the solvent extracted fraction of sedi-
ment obtained from study sites to PLHC-1 cells(Cytotoxi-
city was measured by NR assay after 48 hr exposure.

Aatae) 4RAH A Ash 27l A G| EROD
A7} ol 7P WA dehtord, 44 Be) Ag e
T AR FelME 7HE B2 e 2alovt 0.25%H
9 =2 sEoAME 238 Ao A o]+ 3}
el 2J3led FHA o] A}e] F=ellAi= ERODS] &4
of Al = v vk g A4} A3
(Haasch et al. 1993; Celander et al. 1996; Hahn et al. 1996).

EROD &4 ¢] #7 ZA4% AHES v 3 o,
=E5x= 025%°] #A7)Fe= A4 B, A4 D, A4
F.A4 E A Ceoz &40 ¥/ Yepidds & 5
At =3 PLHC-1 Al 25 o] 4§ Comet assay2| A
A EAHE FEE 025% 3M Q2 0% =F A§A
(Fig. 6), Al =72 TEMZL2 0272 FA =, A
A B, AA E, AA C, xJz\j F,A-R A AA G o=
A #EHGAR. o] FAES Fe] EAlstar gl

ml

£ AT e B4 4R A9 e mE
F7be] B 8- A5z A% HAR 23¢) b 4
& ABIFT ek w3, o] ATES AR W
A5 5 2PAA LU e Ao e 3 5
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-1

2000+

pmol min~* mg
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% of solvent extraction fraction of sediment

I 0.005% [30.05% I 0.125% [30.25% m0.5%

Fig. 5. The EROD activity in PLHC-1 cells exposed for 48 hr to the
solvent extracted fraction of each sediment.

2

g a
-

LA -

m A
-

Control Blank A B C D G

Fig. 6. The level of DNA damage (TEM) in PLHC-1 cells exposed
to the solvent extracted sediment (exposed to 0.25% solvent
extracted sediment to 30 min).
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3.PLHC-1 Al Z& o] &8 Comet assay?] 744

PLHC-1 M| = Comet assay®] <A Hrlstaxl, &
d Algel di&] Alst e &3 o] FAHE Comet
assay Ao} W) waldc). ol Ao A Z Comet
assy A= AR B A (373 2009)9] LS A}
4319 w38k, 2 o] AL xEFF =7 1%%7]
o Fof], PLHC-1 Al 22 2% % 0.25%3 8 s}e]
TEMZS 2.3 (0.25% x 4=1%)3}e] JeR) gl
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Fig. 7. The DNA damage in frog tadpole blood cells exposed for
30min to the 1% solvent extract from sediment (cited from
ME Report, 2009).

PLHC—1| | Tadpole | o] B <
call blood cel )]
\_‘__?/

Fig. 8. Comparison for the sensitivity of PLHC-1 cell Comet assay
to frog tadpole blood cell Comet assay.

PLHC-1 4] £2] DNA =4ke] 33 A3t A4 Ds}, GE
A5 5B Aol TEM] ko] ¥4 ZA gl o,
3 % HA B2 TEMzke] 7P 27 vhebgeh.
ahy, S o] A £ TEMZE] A% (Fig. 7), B4
AdlA F7Ax] Z7bele 3418 vehgdont A Gl
A Fashe 245E Uehodnt ol o) FreH Zel A
S Wk e}, P T A zele AF Ak
Zrolol A vept Azely Almdoh =3 g4 Do}
GE A9t =E AAHo|A] PLHC-1 A=z TEMZLo]
Pzl v mited A5 B g el A
& #F F 5 YA (Fig §). 027 AfE= vy Bt
3704 M £} dulsked PLHC-1 4127} DNA &4

2] Hal ®3hws} ¥ohm s, meby PLHC-L
AEE e 5w ARelN 54 W Ro) Agah
o) Epealein Beke,

4 £

B Q7oA E 3Eeq AdE BXoz o {3
ZoA F 5 PLHC- LA ZE 0|43l 314 EFHES
Ay o=z 3 Comet assay (DNA &4 H771H) & A=
39 o™, NR assay 2! EROD inductionz} ¥ 3)3gto 2 4],
FAEY] AHEA & G F7F & 5 e
PLHC-1 A ZA1 875 gistaat stk

Aoz Y A 7 AAH FEAES =
A& Hrhstolom AEEoME BE AAHAAM ke
#HAF) A kgkeh. wbH, EROD ¢§7h9} Comet assay 37}
MM E Fste]l Az AAEL] FAeF] B el
om A Bl g IF & 4 gl9lvh w3 PLHC-1
Aol EA o] dFA| x| Comet assays A3k 23
HAE f7]189 F25 A& i3t PLHC-1 429
N =7F 27 ekt

o|#3 AA}EL 7|E9 AxE Y2 Ao 7
A Z2] Comet assayol] H]wsle PLHC-1 4] 22| Comet
assay¢} EROD 97} &3 o| A E A E A S5AHF7=
v £33 37 e A A6l 73 (Endpoint) oz
A Zgo] At Aoz gatEw, 540 A JeRd
A A dsle] By A< AFrt dese A
ERN=1

2 AT IS SARARYEY 39
(RP-2010-ME-052) Abgd o2 3 x| 15 gl4 Y},

A E, A3, 2000. EROD-microbioassayol] 2]3t A3
AFAY A 24} 33 914 3] #]. 26:105-109.

Z1714, wi A %1. 2003. Pyrenez} Benzo(a)pyreneol| =% =
o] ¥ oprju] Az L DNA &4 AL 93
Comet assay2] o]-&. gF=2k2]3}3]%]. 16(3):196-201.

AR 22, AR, Mg, b4, el Al bl 3, Bhel
°d. 2005. Y57 s Fda Ao AT 3

H
75l vl R SAES) Sh4oh 3175 pp. 88-90.
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