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[ %55 e WK R AR K A WL I % DNA 8453 15 F A BCKE gadd 153 JE 8l F Al mRNA RIERIE M. Mkl
D5 N FH R LR AR I 5 K RN UK F /K WL IS HepG2 4N T DNA B VEH; #EE ST gadd153 J5 81T A5 sl 15 3t
M pGADD153-Luc, VARSI 5% 16 25 W 7% 11k (ROGAS I 9 ' 3 W G 2 ) S gadd 153 Jt Bl (3% 12, RT-PCR A2l gadd 153 %5 5] mRNA
MEE. g% BRI ZIRTE 104100 ml/ml 3575 55 & I K S I KA PRI AE 22 24 h J5, OTM (Olive R ) W3 & T
TFHEAL (P <0.01), JFH RIFIOFIE R KR (JHK r=0.882, P <0.05: KK r=0.940, P < 0.05) ; ALK P LI 5
T OTM 2% & THK (P <0.05); 96 RMFRIB AL /KRS KE PRI & =4 525w T X R4 (P <0.01) 36 RPN
FE RV IKFR (WK r=0.814, P<0.05; SMKHAK r=0.921, P<0.05); MRS HTRIZOCHEIENES OTM 2 IEAHX (YK r=
0.980, P < 0.01; FAKHIZK r =0.995, P <0.01); RI-PCR £5 R BI/R7E 100 ml/ml 5575550 f 21, YK FIEAG K b B WU I 75 5
gadd153mRNA Fik WE I (P <0.05), JF5 OTM A1 RAFBIAIRTE (V8K r=0.864, P <0.05; AALUHIIK r=0.897, P<0.05). %5
W WKL R KA HEE I T 175 T HepG2 41 Ml DNA #3455, 23 gadd 153 JA 30 F X HIBEGE, 3k — 20 ¥ T gadd153 £ H
mRNA [f#ik.

ciin ] WRMGEALR KA PRI : DNA #i1: gadd153 /5301 gadd153 21K 286 R B & A

hES ST R123 SCHRBR RS A CEGS: 1004 - 616X (2006) 05 — 0363 — 04

[ ABSTRACT] BACKGROUND & AIM: 'To investigate the effects of the untreated water and chlorinated drinking water
extracts of the Han River on DNA damage and the expression of the gadd153 promoter and mRNA. MATERIAL AND
METHODS: The DNA damage was assessed by the alkaline comet assay. The plasmid(pGADD153-Luc) containing DNA
damage and repair inducible gene 153 (gadd153) promoter and luciferase reporter gene were constructed. The activity of
gadd153 promoter was represented by the luciferase activity, and the inducible luciferase activity was detected by
bioluminescence. The expression of gadd153 mRNA was detected by RT-PCR. RESuLTS: The Olive Tail Moment(OTM)
induced by the untreated water and chlorinated drinking water extracts was increased at the dose of 10, 100ml/ ml
medium (P <0.01), compared with control. There was a good dose-response relationship (r=0.882, P <0.05; r=
0.940, P<0.05); The OTM induced by the chlorinated drinking water extracts was higher than that of untreated water
(P<0.05) . The luciferase activity was significantly increased in each treatment group at each dose (P <0.01) and
there were a good dose-response relationship (r = 0.814, P <0.05; r =0.921, P <0.05). There were positive
correlations between the OTM and the luciferase activities (r=0.980, P <0.01, r=0.995, P <0.01); The high
expression of gadd153 mRNA was induced by the water extracts at dose of 100 ml/ml medium (P < 0.05). There were
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positive correlation between the OTM and the expressions of gadd153 mRNA
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CONCLUSION: The untreated water and chlorinated drinking water extracts of Han River could induce DNA

damage and further activated the gadd153 promoter which regulated the expression of gadd153 mRNA.

I kEy worDS] untreated water and chlorinated drinking water extracts; DNA damage; gadd153 promoter; gadd153;

luciferase reporter gene
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1.1 MR RGN VI Kpn 1 < Hind [, T4 3%
FEMGHA I A 428 A 7] 5 pGL3-Basic 24 M-MLV « TagDNA
TG 2GR MR A &L (Promega A H]) ; pEGFP-C2
AR (Clontech A #)) s LB B3 773 i 4+ 113 . DMEM 1% 7%
% (Gibeo 22 7 ) 5 Trizol 7%« Lipofectamine 2000 % 441
7% (Invitrogen 22 )) s ADNA/Hind [l Marker~ G418 (Life
Scientific A 7] ) ;s BCA ik A &L (Pierce A 7)) ; — LT
(DMSO) (Sigma 7] ) : 586 B4 (ONLYMPUS 2w ; H
A s B SAG HT R ZE (Vilber Louramt, ¥2:[H ) ; 58 4h AT
W (HARBHEA); 5640 (EP A+,
1LB9507 &, L) WP AR (35 AmberliteXAD-2 K
FUAAR) o TEHLER . A LGRS ok 2 i 2l B 44 4
HepG2 4t FRUPRIE B SO 2% BB 2GR L o

1.2 ARPEEREFTIIRIRE T 2004 4 12
HRAEDELA KK 7KK S H B KKK 200L
JKHFELURE 2 Bl 1 KRR (KRR 40 ml B, BI24 40
ml/ min) P9I IE I TS 40 19 XAD-2 IR AT, W B 7K
IR, RG] 4 IRIRAE . 4 R — &b
K I8 58 e B B PR A LA, 300 O AR 2 s 4 A ik
A, FHAE 70 CHEAR R ALY, H DMSO &
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1.3 ZAMRIEFE  HepG2 41T 109% Hi 2 /NF
ML 1) DMEM 357 729 (Gibeo) » 5% CO, MANRSE, 37 C
IR . AR IR E A 1054 /ml BER TR, HL
PR A K G M AT S50

1.4 EBERE 1. 10, 100ml/ ml FFFIEAHLIE
B (LA ml 3572900 N (R KRR AT DL EU) it 4 9
AT KR ml 807 ) AL BEAR I 24h W3R i,
AL 3 A AT R, RN 23 50 B 1%0DMSO #1125
tmol/L K EE (Benzo(a) pyrene, BaP) {1 A [ ¥4 X} FEF1
BH T B o B R A L2 2% SR B ) CASP B B 43 #T ik
5381, LA Olive JBEE (Olive Tail Moment, OTM) 14 %>
WTRAR AT e UE 22 0T, Olive JFBFE = 2 DNA 2 i x
S O B R A L (R B

1.5 pGADD153Luc FRRIMEE  gadd153 H3) )7
FIKET TR pGADD153-EGFP A 15 2+, i
I A 4 Je WK % Dr. Stephen B. Howell # 1 .
pGADDI53-EGFP £ Kpn | , Hind [ X V)543 #lgadd 153
JAEN T4 804 bp ST, HAN pGL3-Basic #iAATT, #
WRTVERG VIS E o T4 B 2 FORLE ) LI 1.
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Figure 1 The map of the reconstructed vector pGADD153-Luc

1.6 HMEL ¥ pGADDI153-Luc FlIIE R UK
pEGFP-C2 % 8 ttg ] Lipofectamine 2000 20 prg 3L 4% 4t
HepG2 4l /i, 400 pg/ L G418 iEHEHEFE, 3d G4 h 100
tg/ L GAI8 HEFFRT IR . o PR B AR RS i 46 B v e A
J o AE N A TR 2 B IIN 10 12mol /L SAGERAE N 15 3
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1.8 RTPCR 4T 41 &A HLELEC A #E 24n
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vt B 3 B 40 L B RNA, M-MLV 3 8 5 3l 571 6 &

¢DNA. PCR FTH 5190 B A 5 AR o 7] & i
oA W F . gaddl53 51 ¥, F: 5

AACCAGCAGAGGTCACAAGC3’
R: 5° AGCCGTTCATTCTCTTCAGC3’ , ¥ ¥4KJEH 217 bps
B-actin 514, F: 5 TCCTGTGGCATCCACGAAACT3’, R: 5
GAAGCATTTGCGGTGGACGAT3” , # BG4 316 bp. 1
IREA 55K : gadd153 3R 95 CAEME 30 s, 60 CIEK
30 min, 72 CIEMH 1 min, ¥4 30 K; B-actin &K : 72 C
EH 5 min; 94 CZEPE 1 min, 55 °CiB /K 30 min, 72 °CIiE
1.5 min, P30 30 %72 CLEMP 10 mine  F3G4) T
2% B AL FBUK (5 0.5 pg/ml RRAG L5E) , BRI
BERGEMBIF IO, PCR Y& LA E KL x
HAE R B-actin TEN XTI, HEIZH S B-actin KEE
LR R 7S mRNA (AR A 7K

1.9 S FE AHEEHY 25 £, H
SPSS 11.0 ATk -3 G, 20 0m) L R PR 0
ZE5HT AT Dunnet-t B2 56, o = 0. 05 KT E /K HE

2 4 R

2.1 BEAFMEAKAKE PRIV 4 DNA
FHREIER &1 SR EE RGN A P
PIAL BRAN 5 ¥ DNA Hi05 550 (OTM) > 1 ml/ ml 5773
FRIK A DU ARG 1E OT™ B, 175 10 ml/ mls 100

1 YKL KA LRI X DNAS 5 11175 5

Table 1 DNA damage induced by the organic extraction from untreated
water and chlorinated drinking water (¥ =+ s)

Dose Untreated water (OTM) Chlorinated drinking water(OTM)
Control 0.65+0.05 0.65+0.05
1 ml/ml 1.06+0.06 0.94+0.08
10 ml/ml 1.53+0.46" 2.84+0.88 "
100 ml/ml 2.19+0.14"° 5.58+0.57 "
25 tmol/L. BaP~ 8.24+1.70*

Compared with the control, a: P < 0.01; compared with untreated
water, b: P <0.05; BaP(25 ttmol/L): positive control .
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ml/ ml (R HUFEEA AT 51 OTM 2335, 5] BZ1AH
P W& 225 (P <0.01), JHA RAFIFE ROV IE R (U4
K r=0.882 P<0.05 AHKHK r=0.940, H
P <0.05)s 10 ml/ml~100 ml/ml ¥ F=5E M &AL KA
MRS OTM 22 = TUEK (P <0.05) .

2.2 RARBEMRE CADDIS3-Luc 4l i
AHAEH AL TR 24 1 5, W R B FUCRMRIS, 5
XTHAAH LA S22 X (P <0.01), HEA RIFHIF]
VKR (WK 5 SR KB AR E 73 0 A v =
0.814, P<0.05; r=0.921, P<0.05); 100 ml/ ml %%
FrHE I FACT KA VLU 5 5 9O B RIA 10 3%
T UK (P<0.05), 25 R ILKE 2. & FIELATET HepG2
2 W ¢ D' ZE GG R FD DNA B FRE (OTM) SR IEAR G
(WK 5 &AL KB HLE I 730 4 r = 0.980,
P<0.01;r=0.995P<0.01)
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Figure 2 The luciferase activity induced by the organic extraction from
untreated water and chlorinated drinking water.Compared with control,
* P<0.01; compared with untreated water, & P <0.05

2.3 VKMEWKAKEVRRIIES gadd153
K mRNA RIEAMEN SO YL AL 24 h
J& 5 45 1510 ml/ml 5532551 5 gadd153 mRNA FRik TG
REDE, 45100 ml/ml 353759 8 1A HLER I8 v]
W 5152 gadd153 mRNA FiEHE(P <0.05). 454N,
3. £ 2. BAEMNFET gadd153 2 mRNA K1k

DNA #5473 (OTM) 2 8] 52 TE A 5 (YR RS AL R 7K 2531

2 YK KA NI T gadd1535E I mRNA 1 %5
Table 2 The expression of gadd153 mRNA induced by the organic ex-
traction from untreated water and chlorinated drinking water(X = s)

Dose Untreated water Chlorinated drinking water
Control 0.73+0.01 0.73+0.01
1 ml/ml 0.72+0.02 0.71+0.01

10 ml/ml 0.74+0.02 0.72+0.01

100 ml/ml 0.89+0.01" 0.93+0.02"

Compared with the control, " P <0.01;
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N r=0.864P<0.05r=0.897, P <0.05)-

1 2 3 4

3 YRS A K G WAL S gadd153mRNA KA PCR
LIk

Figure 3 The gel electrophoresis of the gaddl153 mRNA expression
induced by the organic extraction from untreated water and chlorinated
drinking water. A: organic extraction from untreated water; B: organic
extraction from chlorinated drinking water M: DNA Maker; 1 ~ 4:

control, 1,10, 100 ml/ml medium; respectively
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10 ml/ml 35 7R 5L FE B 3 HepG2 41 L DNA FRLAE
24, DNA B B 5 IR ML OK A HLER B Y 8
TR FE 22 1) 52 L0 S RO o SUA R ZK A LR B 1)
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DAL 2y 7K Y5 7K 48 S AR 28 A R JS DNA $3475 g 7 1
T S5 4 K X AR B T B — NV A IR 8 5

gadd A& 80 FEARCAKIE K. L5 40 i 2k KA A T
HRMIER FK W, gadd153 A& 3 F W 1) — A% 5
gadd153 #& DNA #i0% F 8 A, (=P R UV 3535,
A5 F gadd153 FIEIE 5 10, AR TR gadd153 JH 31
421K 804 bp i\ pGL3 basic 9¢0 3 B 34 UKL 1) 526
BRI o T AN BT SRS T S 2
JGF AL, TR 9 3 Wi I ik 12 mT DA % S 2 1
FEA G ERE RS o 25 R 27K gadd153 JH 3+ w] LA IR K
5 GACICH 7K A WL U 0 2k 15 3 R Ui ik IR (1)
i, EARFEE 1 ml/ml 553750 9 0 22 v 1t B (5 3 1
I, I s R AR SN G R

DNA #5253 gadd FENRIA I EEE 5, AHK
SHTRW], gadd153 JHE) T XI55 DNA 6 5 &
TEAR G . AR I, 7R SR LU 51K DNA 53605 700 (1 1
AR, DNA RS2 BIH05 I, 5 IS 27 X IR AR B0
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JGE B ER BN, $ERBR T DNA B4t IE T e
HHALK K R EF gadd153 15 3l 10 -

RT-PCR 45 R I, 1% 771 £ 1R U5 AR U Ak Y B K
(1, 10 ml/ml 5 F%H) IR T gadd153 FE K mRNA )%
1%, AXAE 100 ml/ ml 35775 5 & 15 3 gadd 153 kA
mRNA 1=K, 1M gadd153 8 ) FAEARAE (1 ml/ ml
BRIk ) W RIHOMOE, R gadd 153 JH BN T OS5 T fig
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