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Abstract: To study the potential ecological risk of heavy metal contamination in Hun River the contents of heavy met—
als in different tissues of wild crucian carps from Hun River were analyzed and the metallothionein mRNA expressions in
gill and hepatic tissues were also investigated. Results showed that the accumulation amounts of Cr Cd Pb Cu and Zn
in tissues followed the order of intestine > liver > gill > muscle. Zn content was the highest ranging from 17.49 to 176.01
mg kg ™' ( wet weight) and Cd content was the lowest ranging from non-detectable level to 0.57 mgekg ™' ( wet weight) .

The average pollution index assessment results showed that the wild crucian carps in Hun River were slightly contamina—
ted by heavy metals. Furthermore the pollution level in wild crucian carps increased from upstream to downstream. A-—
mong the studied heavy metals the contents of Cr Pb and Zn mostly contributed to the pollution index. The metallothio—
nein mRNA expression levels in livers of crucian carps detected with real4ime quantitative polymerase chain reaction
were found to increase from upstream to downstream. A positive relationship was observed between the metallothio—

nein mRNA expression levels in livers and the average pollution index in muscles ( R> =0.71) indicating that the
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metallothionein gene can be used as a promising biomarker for monitoring the heavy metal contamination.

Keywords: Hun River; heavy metal; crucian carp ( Carassius auratus auratus) ; average pollution index; metallothionein
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1 ( Materials and methods)
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Fig. 1 Sampling sites for collecting wild crucian carps
from Hun River
1
Table 1  Parameters of wild crucian carps from Hun River
/em /g (n)
S1 11.50 £1.48 27.28 £10.82 48
S2 14.82 +1.33 59.72 £16.83 65
S3 14.03 £1.03 48.65 +£10.84 73
4 16.22 £2.06 70.42 +£26.48 54
S5 11.93 £2.71 26.17 £15.94 22
S6 14.23 £1.67 57.51 £21.67 27
S7 15.33 +1.07 58.73 +14.33 47
ilent 7500 Agilent Technologies ) Cr. Cd.
Pb.Cu Zn o (65.0%
CNW ) - (40% MERCK )
(36% ) ;

(p=18.0 Q*ecm ™) .
1.3
( Cr.Cd\Pb.Cu Zn)

|
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I =C¢C/C,,
C, i
(mgekg™);C,; i (mge
kg™ o Cd-Pb.Cr Cu
NY 50732006 { -
p) 0.1.0.5.2.0 50 mg-kg™'
Zn 50 mgekg ™ o 5
: < 0.2
0.2~0.6<
0.6 ~1.0<
= 1.0
1.4
20 ~30 mg(
6 ) Trizol RNA " .
RNA (A260/280 >
1.8) cDNA: 100 ng RNA.0.5

mmol*L =" dNTPs( Takara Ltd.) 2.5 pmol=L ™" Oligo

(dT) ¢ ( Invitrogen Ltd. USA) 200 units Super—
Script III RT( Invitrogen Ltd. USA) 5
L RNA
SuperSeript 11T RT c¢DNA
1 o Bioedit 7.0 NCBI

( http: / /www. ncbi.
nlm. nih. gov) Primer Premier 5.0
( forward primer)
5’ -CGGGATCCATGGA( ¢ 1) CC(c t) TG(c t) GA(a ¢
) TGC-(g t) C(c t) AA3’ ( reverse primer)
5’ -GGAATTCTT(a g) CACAC(a g) CAGCC(a t) C-

A(a g) GC(a g) CA3’, ¢cDNA 1
My Cycler™PCR  ( BioRad USA)
195 C 2 min 1
795 C 30s 55°C 455 72 °C 60s 40 ;
72 C 6 min 50 pLo
12 gL' EB
B-actin

BLAST ( http: //www. ncbi. nlm. nih. gov/
BLAST/)
Primer Express 2.0
PCR ( 5" -
ACCAAGACTGGAGCTTGCAACT3 ’;
5’ - GGCAGCAAGAACAGC AACTCT3’) . PCR
SYBR Green PCR Master Mix 10 pL

0.2 wl(20 pmol+L™") cN-
DA 5 ulL 20 plLo
150 C 2 min 95 C 10 min 95 C
15s 60 C 1 min 40 ABI Prism 7000
PCR  ( Applied Biosystems )
1
PCR
cDNA B-actin
1.5
SPSS 11.5 ( one-way
ANOVA)  Tukey
p < 0.05
+ o
2 ( Results)
2.1
2, NN 4 Zn

(17.49 ~176.01 mg-kg™") cd
(N.D. ~0.57 mg*kg™') -

( Cu )o
. S1( )
2 S3
Cr.Cu.Cd Pb SI (p<©
05) 7 7n S
(p< 0.05) Zn
(p>0.053)
Cr.Cd Pb
(p>0
05)
(p>0.05) .
2.2
3 N
(p< 0.05)
( 4.28)

S1(
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2 (n=6)
Table 2 Contents of heavy metals in wild crucian carps from Hun River
Cr Cd Pb Cu Zn
S1 1.20+£0.33 N.D. N.D. 2.03+1.34 38.77 £30.03
S2 7.52 £4.90* 0.57 £0. 14* 4.60 £2.01* 10.46 +0.77*  127.52 £3.37
S3 7.93 £4.20% 0.13+0.04*  2.73+1.39*% 8.09 + 3.23* 95.34 £32.33
S4 2.67 £1.52 0.04 £0.01 0.64 £0.44 3.56+1.63 70.84 £25.61
S5 2.07 +£1.68 0.06 +£0.02 0.31 £0.29 5.03 £2.49 130.57 £5.27
S6 0.84 £0.42 0.07 £0.02 N. D. 2.00+1.08 80.98 +34.35
S7 2.82+2.19 0.35+0.41 1.30 + 0.21 4.54 + 2.14 176.01 +4.28*
S1 1.16 £0. 84 0.02 £0.01 N. D. 0.81+£0.53 86.38 +£29.94
S2 5.08 £5.89 0.01 £0.01 N. D. 0.69 £0.63 62.14 £53.90
S3 0.68 +0.29 0.01 £0.01 N. D. 0.42 +0.38 89.17 £27.33
S4 1.14 £0.93 0.01 £0.01 N. D. 0.37 £0.28 100.72 £39.64
S5 0.96 £0.35 N. D. N. D. 0.65 +0.29 58.20 £18.32
S6 1.40 +£1.01 0.03 +0.04 1.16 £0.91 1.11 £0.68 66.07 +£10.82
S7 1.40 +0.78 0.03 £0.04 N.D. 1.26 +1.33 87.48 £24.31
S2 1.67 +2.07 0.29 +0.37 0.21 £0.17 2.59+2.23 60.0 +58.92
S5 2.11+£2.72 0.03 +0.03 0.82+0.82 3.30+2.45 56.39 £27.95
S6 1.02 +0.57 0.02 +0.01 N.D. 0.90 £0.76 34.41 £14.68
S7 0.60 +0.27 0.01 £0.01 N.D. 0.74 £0.25 24.78 £4.25
S1 0.16 +£0.10 N.D. 0.12+0.19 0.86 £0.35 17.49 £2.72
S2 0.22 £0.15 0.05 £0.01 0.20 £0.14 1.00 +0.35 19.65 +4.90
S3 0.28 +0.08 0.01 £0.01 0.13 £0.06 0.66 +0.28 29.05 £11.40
S4 0.45 +£0.25 0.02 £0.01 0.29 £0.39 0.91 £0.26 18.59 +5.79
S5 0.27 +£0.09 0.03 £0.02 0.23 £0.17 1.02 +0.32 21.37 £5.53
S6 0.19 £0.16 0.01 £0.01 N. D. 0.55+0.30 21.06 £5.75
S7 0.83 +0.35 0.01 £0.01 0.30 £0.10 1.07 £0.52 19.4 £ 6.77
:N.D. * (p< 0.05) ¢
) S6( ) ( 2), BLAST( http: / /www. ncbi. nlm. nih. gov/
S2( ) ~S3( ) . BLAST/) o NC-
S4( ) 2 S5( ) ST( ) BI
(0.2<1 <0.6) MT-A
Cr.Pb  Zn ( Danio rerio NP571150) . ( Carassius
Cr Pb S7( ) auratus  AAB32777 ) .| ( Cyprinus carpio
( 0.42 0.60) Cu AAV52384) | ( Carassius cuvieri AAN85820) .
7 (I<0.2) ( Oncorhynchus kisutch ABA03252) .
2.3 ( Oncorhynchus keta ABA03254) ( Oryzias
latipes  NP001098255) 98% +94% ~ 92% ~ 92% -
( MT) 132 81%81% 78% ( 3).

44



61

Table 3  Residue indexes and average pollution indexes of heavy metals

3

of wild crucian carps from Hun River

(D

Cr Cd Pb Cu Zn
S1 0.60 0.00 0.00 0.04 0.78 0.28
S2 3.76 5.68 9.20 0.21 2.55 4.28 *
S3 3.97 1.26 5.46 0.16 1.91 2.55 *
S4 1.34 0.38 1.28 0.07 1.42 0.90 *
S5 1.04 0.62 0.62 0.10 2.61 1.00 *
S6 0.42 0.70 0.00 0.04 1.62 0.56 *
S7 1.41 3.50 2.60 0.09 3.52 2.22 %
S1 0.58 0.20 0.00 0.02 1.73 0.50 *
S2 2.54 0.11 0.00 0.01 1.24 0.78 *
S3 0.34 0.06 0.00 0.01 1.78 0.44
S4 0.57 0.03 0.00 0.01 2.01 0.52
S5 0.48 0.00 0.00 0.01 1.16 0.33
S6 0.70 0.29 2.32 0.02 1.32 0.93 *
S7 0.70 0.33 0.00 0.03 1.75 0.56
S2 0.84 2.90 0.42 0.05 1.20 1.08 *
S5 1.06 0.30 1.64 0.07 1.13 0.84 *
S6 0.51 0.20 0.00 0.02 0.69 0.28
S7 0.30 0.10 0.00 0.01 0.50 0.18
S1 0.08 0.00 0.24 0.02 0.35 0.14
S2 0.11 0.45 0.40 0.02 0.39 0.27
S3 0.14 0.12 0.26 0.01 0.58 0.22
4 0.23 0.15 0.58 0.02 0.37 0.27
S5 0.14 0.25 0.46 0.02 0.43 0.26
S6 0.10 0.08 0.00 0.01 0.42 0.12
S7 0.42 0.10 0.60 0.02 0.39 0.30
x (p<0.05) .
PCR
cDNA 10* ~ 10’ copies *mL ™"
C, (R* =
0.999) . PCR
4
S1.S3  S6
1.53.1.02 0.59;
2.17.2.01.2.07 2.59 S1.
S3 S6 3 Maiti 2
( Oreochromis mossambicus)
(Cu+Zn.Cd.Pb  Cr)
3 ( Discussion) Cd

2.85% ~40.32%
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Fig. 2 Partial DNA sequence of metallothionein ( MT) gene of crucian carps using degenerate primers

10 20 30 40
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Fig. 3 Multiple sequence alignment of partial amino acid sequence of MT gene of crucian carps with those of zebrafish goldfish

coho salmon chum salmon Janpanese medaka common carp and Japanese crucian carp

4 (n=6)

Table 4 MT mRNA expression in wild crucian carps from Hun River

S1 S2 S3 S4 S5 S6 S7
1.53+1.20 2.17 +0.74 1.02 +0.74 2.01 £0.90 2.07 +1.18 0.59 +0.42 2.59 +2.12
0.04 +0.02 0.14 +0.11 0.20 +0.24 0.12+0.10 0.07 +0.04 0.05 +0.02 0.30+0.23

Zhang " ( Cd Pb)

13 1647

1445 cd

( Zn Cu)
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Table 5 Relationships between average pollution indexes of

heavy metals and MT mRNA expression in livers and gills
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