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Abstract — The mercury is among the most highly bioconcentrated toxic trace metals. Many
national and international agencies and organisations have targeted mercury for the possible
emission control. The mercury toxicity depends on its chemical form, among which alkylmercury
compounds are the most toxic. A human cervix uterus cancer cell line HeLa cells was employed to
investigate the effect of the toxic heavy metal mercury (Hg) and ionizing radiation. In the in vitro
comet assays for the genotoxicity in the HeLa cells, the group of Hg treatment after irradiation
showed higher DNA breakage than the other groups. The tail extent moment and olive tail
moment of the control group were 4.8811.00 and 3.50 £ 0.52 while the values of the only Hg
treatment group were 26.90 1 2.67 and 13.16 & 1.82, respectively. The tail extent moment and
olive tail moment of the only 0.001, 0.005, 0.01 Hg group were 12.2431.82, 8.20+ 2.15, 20.30+
1.30, 12.26 % 0.52, 40.65+2.94 and 20.38 + 1.49, respectively. In the case of Hg treatment after
irradiation, the tail extent moment and olive tail moment of the 0.001, 0.005, 0.01 Hg group were
56.50+3.93, 32.6912.48, 62.03+5.14, 31.56+1.97, 72.72 £ 3.70 and 39.44 1 3.23, respectively.
The results showed that Hg induced DNA single-strand breaks or alkali labile sites as assessed by
the Comet assay. It is in good agreement with the reported results. The mercury inhibits the
repair of DNA. The bacterial formamidopyrimidine-DNA glycosylase (Fpg protein) recognizes
and removes some oxidative DNA base modifications. Enzyme inactivation by Hg (II) may
therefore be due either to interactions with cysteine residues outside the metal binding domain or
to very high-affinity binding of Hg (II) which readily removes Zn (II) from the zinc finger.
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H QA o] BAE Al #elx] 4d=F AF w
7175 7HEAIA AR 9EE 4 U=EF AL g
o] Re] A 2] o]EAel T W] vkl F4, AL
2 g 23 5 ALolztnx & 5 gl o
22 AguiEe] FAY AGA A diste] A
A ofel 7 clebe mag ol gshe] 1 WS A
s @4, Zleral B Aol sla) FRjarlE s
98 sgdez WA Ads ARG, T4
A% ABAE AN 7] Aol nges Aol
84 BAAT 3 (Fe, Zn, Cu, Co BI= AT A2
2ale] FAAR] ox FHE] A% Ao} 4
FO /g Az Foll 9 ReM 298] EYSE 37
9 9Al £F< (environmental heavy metals) = ¢t} Q1A
| WA SA4e] e As, Cd Hg Pb 5¢ 924 @
AegIFL&o=zw odux vt (Sauve et al. 2002). o] &
Hoe 74 298 234 259 shizd 9%
43 371 AUz 5515 Foel Aol w2
Iy AFE EME =23 4§ Qo) (Zalups er
al. 2000).
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< A3lskd EH"M] “ﬂ% °] o8] EA=7| wfjfo
glofte] w4 d

Ay ot Al 3“1“"
Az FEAM e f7] -’?—%% /‘ﬂl" A pEAA
active transport system-& E34 §4o] FH= Aoz o
A qlorn, $2o ot AR 542 faksle] HAF
M Z (GSH M| 23719} Gpx 84)& W3 A AbshA &
AL Fh= 71e] MDCK (Madin.Darby canine kidney)
cell & o] 43 Aol A walz o} (Youm ef al. 2000; Aleo
et al. 2002).

o] 25} WhAtAl ¥ AbsHA £AME Yo EEH
29loz, £3] DNAd A4S dodl: Floz U8
Qle} (Sener et al. 2003). o]23} wialA o] 213t A :)
DNA &4H2] 60~70%= &2 WAkl o8k B2 A
5 OHel| ojst Aoz izl on, F=3t Afetdzd
oluf w2 hatslv|el] o8t AtEAH AEd A A
Ao F&A, 715 WIE Ao o[z st W3le
DNA® A|Hql &Aoo olojal ¥ opjzl AAz}
G e} EAARs FHel it (Vijayalaxmi et al.
1998).
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FE Gotrgyt 2 AHeEe Ay A5 0.001,
0.005, 0.01 pM2] %5 Q4o () = 537 A
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M ES) AEEL MTT (3-[4, S-dimethylthiazol-2y1]-2,
5-diphenyl-tetrazolium bromide; Sigma) reduction method
£ We3st A3 vk (Mossman 1983). o] w2 A
% o slEzsdel) £§7)5e 3 wWies
tryphan blue dye-exclusion?] ¥ Bt} #&8] Al xe] A}
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%l $£2¢ 1,0.1,001uMe] =2 247 Fk ek
Aol Hejeisich 2 X2l F wofd & A AT MTT
298 (0.05% in medium)g 30 uL A 7}sted], wiok7] el
A 2217 BE wEEAIZI A HESAI] MTT-S42 AlA
slgct Wi ek Al ulgtodl 3 Al ¥ formazan crystalsE
DMSO (dimethyl sulfoxide, Sigma) 1 mLol] *¢] %
ELISA reader (Thermo Labsystems)Z A}8-3}e] 580 nm
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o3 A $44 SAE Johnsl ek
comet assay (single cell gel electrophoresis assay)Z A A|
stedch & A7l P. Grover er al.2] ¥l & W33}
o] A A8t (Grover et al. 2001). A2] B2 o] o Al
Q HRelAS) DNA £4-¢ Hastslr] g8 25 23
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o2 HAA seinh 4°CAA 20870 29 F ThA) 200

uLel 0.5% LMPZ & Z& 93 4°CollM 237t 7t
Eo]Al slidex cover glassE A A8 F, 4°C lysing solu-
tion [2.5M NaCl, 100 mM EDTA, 10 mM Tris (pH 10), 1%
sodium sarcosinate, A8 &A1 el 1% Triton X-1003} 10%
DMSOE &84l 27} 147 E4F cell lysisE A)Zic}. 4
°Ce] E& slided] 32 298 AsLE 4°C Electrop-
horesis buffer (300 mM NaOH and 1 mM, EDTA pH 13)¢]]
4] 527} unwinding A]Z] & 26 V, 300 mAd A 30E7+
A7195E AAEAS A7]dFe] i slide= 4°CH
B2 Mol F & 400mM Tris buffer (pH 7.5)o| 4] 15&
2 FABRHHE ARs o FHE 33 dEskle
S0uL EtBr(20uL mL-)2 g3}y CCD camera (Hitachi
Denshi, Ltd., Japan)7} ¥-2H%t %g%fgﬂ_u]@ (Otympus fluo-
rescence microscope, Japan)ol| A 200¥)-&-2 %733l
Komet ver. 4.0 image analysis (Kinetic Imaging Ltd, Liver-
pool, UK)Z o] &3} o|nA|& EA3tHct. & slide 2
50708 &g fAste] FALA HAT
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o MTT cell viability assay & A A8}t 3h42- ()&
A 2A7F A F FAEE] AEES 100%2 A4
P& o, 1 uMe] 42 ExorME 169+561%, 0.1 uM
o] A 23.1417.71, 0.01 uMel| A 63.9+£57.46%2] JZE&
< By (Table 1). o] EE Fxor dzLed B3}
o fo¥oz FadHE oz EIFHHAT (p<0.001).
1uMe] -2 <F 87%, 0.1 uMol| A °F 73%, 0.01 Mol A
36%2) A&E& FAZ Vet 0.01 uMF} 0.1uMe] &

Table 1. Effects of the Hg on the HeLa cells cultured for 2 hours

in vitro
Group Optical density Cell viability (%)
Control 1.8+0.15 100£8.45
1 uM Hg 0.3+£0.10 16.9+£5.61
0.1uM Hg 044032 23.1£17.71
0.01 UM Hg 1.24+1.03 63.9+57.46
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L3} vlalA ) Aks oJ8FS- ololr 7] 9]3) 5L
X%“f] AL AL & 2 A, p2AE F dkap
A Al A Z W A AYE A7 ArlEee 8gte
2 Qg A, At @5 A By £ o5 A
Al =45 DNAS &9 dAte] o el FAHGH.
23 AR S 5§ Mgk AgFolA DNA &4}
TE A2l vlamsted gds] yoRRle AE A
4 Aot (Fig. 1).

2 &5 Ay Al 220 MEewrt obdo] wet
£A4HEl DNAC B9 A=r) AstEe 2As 343 £
it g2, 0.001, 0.005, 0.01 uM 4~2 A 2]Z2] tail
extent moment k-2 Z+ZF 4.88+1.00, 12.244-1.82, 20.30
+1.30,40.65+2942 £2 7] 2x7} ZolA o}e}
frelM oz FrkEw gzl vls] ik 3,4, 999 &
Ae e Aoz el (p<0.001). Olive tail
moment ZH-2 Z+7F 3.50+0.52, 8.20+2.15, 12.26+0.52,
2038+ 1492 =279 24,6 A= 248 Jehy
Rt (Fig. 2).
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Fig. 1. Comet images of intact and DNA-damaged cells. A: intact
cell, B: DNA damaged cell by 0.001 uM Hg, C: DNA
damaged cell by irradiation, D: DNA damaged cell by the
irradiation after 0.001 uM Hg, E: DNA damaged cell by
0.001 uM Hg after the irradiation.
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Fig. 2. The in vitro genotoxicity assays of only Hg treatment using
comet assay of HeLa cell. extent tail moment=tail length x
tail% DNA/100, olive tail moment=(tail mean-head mean)
X tail% DNA/100; tail extent moment=tail length * tail%

DNA/100.
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Fig. 3. The in vitro genotoxicity assays of Hg treatment after the
irradiation using comet assay of HeLa cell. extent tail
moment=tail length X tail% DNA/100, olive tail moment
=(tail mean-head mean) X tail% DNA/100; tail extent
moment=tail length * tail% DNA/100.
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Fig. 4. The in vitro genotoxicity assays of the irradiation after Hg
treatment using comet assay of Hel.a cell. extent tail
moment=tail length X tail% DNA/100, olive tail moment
=(tail mean-head mean) X tail% DNA/100; tail extent
moment=tail length *tail% DNA/100 .
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Fig. 5. The in vitro genotoxicity assays of the irradiation and Hg
treatment using comet assay of HelLa cell. extent tail
moment=tail length X tail% DNA/100, olive tail moment
=(tail mean-head mean) X tail% DNA/100; tail extent
moment=tail length *tail% DNA/100.

s 5 obilert FAR Aol vehbAl 4t
(Fig. 3).

2 Ae & A 2AF 2FME 24 F 2
8]t DNAY &4 A=) 2k 7l o2 eyt
22, P SE HE 2, 0.001, 0.005, 0.01 UM 28
e ZF wAbA 2AEE) tail extent moment ZE-2 4.88 +
1.00, 26.9012.67, 43.69+2.60, 57.421+1.19, 54.90£4.46

o7 HWAR RAF X £ AHElEng B &4 Ae

2 BRgon 0.01uM £ FEojAlE 0.005uM 42 5
X9} v]=8 €4 AxE "9} o]+ olive tail moment
9 FelM= depdsd daxd, i 9E AL,
0.001, 0.005, 0.01 pM $=&x2] F WA A2 olive
tail moment®] k-2 3.50+0.52, 13.16+1.82, 20.05+
2.01, 27.66+0.67, 28.72+1.692 0.001 pM=} 0.005 uM
Abelell A& oF 154 AxQ] X7} Zr}sled ot 0.005
UMzt 0.01 uM 52 zx ulm A &4 A=) FAF
zpol= AR A At (Fig. 4).

o 7\‘}"43}— °4E1 a4l 3L AT =2 54
frbshs Aoz odelA Qi = o] UxPH o2 A
zrbg FASHs A & 53] 29 e 2
sulfhydryl (SH)7| & 233l Sidz) Aoz N &
AL sl Aoz BIEy gl (Goyer 1991). 53]
SH7|&= Mz B34 2 EAo]Fo R4Ao]7] df
Fo| oo} FHE MEEAHL dod =3t +27]-/]
o] AYPFE] Mz AAAENESS
Fozi HNzEds 2 B ozt &4 Q Hxz
RE Held Aezw F2HE AadeLFs (lactate
dehydrogenase, LDH)2] #Alo] Zrlglclty Ba% 31 )
B, 240 E8Asht AN 27]0 Oy,
OH, H,0; o] Freddle], HFe & AMAF malondial-
dehyde$} 7Z+& EAo] 738t AZEAS vepE 7o
2 B335 v} 9lo} (Stacey and Klaassen 1980). o} Az}
Aoz DNA V729 &4, A thiol 7]9 Aks}
g2 gAkst mae] AWt 53 #Ridy

o] 23 uRAMA w3t AbHY £ANE doT]E EElH
2qle2, 53] DNAC &43 deovle Hez A
AUt o235t WAL o8 YR A=st A
ojv} whe ghalsly|mol o AlsA AEHAE YA
A 724, 7154 W3kE deosA He 1 4
DNAY opz} 7‘]7“-"} DA e &S 23
o2 og)x] gl (Vijayalaxmi et al. 1998).
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v matge} dFe2 (DS SARES GotuAty At
o AT Mz =z 52 I)E HEYsdch
Mz &=L 3714 = (1, 0.1, 0.01 uM) RFoljA
FosA Azl ony ofnl 0.1 uMelA <f 73%2] A
E&o] Fashs Aoz e} 71E nEe) A 7
A ZAAM 25 UM A 60%] HEERE H53] P2
A E&2 el o} (Vakharia et al. 2001).

A3 (D} WA S @5 A=iel 53 A= A
Az Hel fH FA zeo]F dotrr] $3ted comet
assay & AlAlEtg o). Comet assay= Zh2te] A Fof A
DNA &4-& AA 7HAF38H A71ds Whoz 1984
Jell Ostlings} Johansonel] 2]sjr] &0 2 A=}
(Ostling et al. 1984). AF7} sHAHS W gl= DNAE
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bacterial formamidopyrimidine-DNA glycosylase)o]] ¢33k
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