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Fig. 1 Fluorescence and TUNEL detection for the apoptosis of ZC7901 cell line of grass carp exposed to heavy metal ions

(a) control, cells uninduced by heavy metal jons (200x ); (b) =~ (¢) cells induced by heavy metal ions showing irregular chromatin condensation

into crecentiform (1 indicated, 200 x ) and granules ( 1 indicated, 400 );

(d) apoptotic bodies in eytoplasm ( 1 indicated, 400x); (e) ~ (f)

TUNEL labeling of cells induced by heavy metal jons ( 1 indicated, 400x ).

2.2.3 DNA RAERFSFRMFE AR IR (DNA
ladder) : DNA A& “E 45 5 B fif 11 78 WG BA R H vkt 4

B TR A SR bR, SRR A R, NP
EEBETHESEMM, 3 DNA B RET R
(TR R R W v/ 7 NS A7 S S 7 N S el N L1 S

200 bp, XN DNA SE4f, K ILFEMILS
(FE2). xfcd®™ iFFMARTFEY], DNA ladder

(T 15 8 1A BE AN T (AT 06, 3 IR PRI
Bf, L DNA ladder T (1 B o) B8, ifiy Bl o 125
TR S, L DNA ladder JIT 77 10 B (7] 46 %,
FLH B BRIR A A 2. i 1.1 % 107 * mol/ L

Fig. 2 DNA ladder induced by heavy metal ions in ZC7901
cell line of grass carp
M: molecular mass marker ( A DNA digested by EcoRl and HindIll); 1:
DNA of control cells; 2~ 7: DNA ladders of cells induced hy Cd** , G
Hg™ . Cu™, As™ and Pb*

respectively.
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Fig. 3 DNA ladders induced by different concentrations of

Cd* at different times in ZC7901 cell line of grass carp
A: molecular mass marker (A DNA digested by Hind lll): B, €, K
and N: DNA of control cells; D~ G: DNA of cells induced by cd*
for 12 h at different concentrations of 1.1 = lﬂ_" mol/L, 1.8 x
10"  mol/L, 1.3x 10" *mol/L and 6.6x 10" ®mol/L: H~ J: DNA
of cells induced |))’ C(F* for 24 h at different concentrations of 1. 8 =
107 *mol/L, 1.3x 10" *mol/L and 6.6x 10" ®mol/L; L~ M: DNA
of cells induced !J'V C(F* for 36 h at different concentrations of 1. 3=

107 mol/ L and 6. 6x 107 ® mol/ L.

T

Fig. 4 Electron micrograph of apoptosis of ZC7901 cell line induced by heavy metal ions

(a) control normal cells; (b) ~ (f) changes in cell structure during cell apoptosis induced by heavy metal ions, (b) showing a lot of vacuoles ( Ve)

in cytoplasm; (¢) showing condensation and shrinkage of chromatin, bubbling of cytoplasm on surface and appearance of apoptotic bodies ( 1 Ap);

(d) showing blebbing of nucleus, chromatin condensing into granules, a lot of vacuoles ( Ve) appeared in eytoplasm, bubbling of eytoplasm on surface

and formation of apoptotic bodies (Ap): (e) showing nuclear chromatin condensing into granules; () showing chromatin condensed and abutted

against nuclear membrane.
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Apoptosis Induction in Fish Cells under Stress of Six Heavy Metal Ions

XIANG LrXin, SHAO JiarrZhong* . MENG Zhen
( College of Life Science, Zhejiang University. Hangzhou 310012, China)

A grass carp ( Ctenop haryngodon idellus) cell culture ZC7901 was used as an in vitro model system

to study the effect of heavy metal ions on fish cells. The results showed that the cell culture chemically stressed

. . L2 . 6+ 2 .2 5 2 - .
by six heavy metal ions, Cd™, Cr’", Hg™, Cu", As’ and Pb™", exhibited cell death accompanied by

various morphological alterations such as nuclear condensation, chromatin abutted sharply against nuclear

membrane and developed into distinet apoptotic like bodies, which were characteristic features seen in apoptosis.

By agarose gel electrophoresis, DNA ladder were clearly visualized, which indicated the specific degradation of

DNA. Also terminat deoxynucleotidyl transferase mediated dUTP nick end labeling (TUNEL) analysis of the

cells demonstrated DNA fragmentation localized in the dying cells as well as in the additional apoptoticlike

bodies. All the results indicated that six heavy metal ions, Ccd* . Cr \ Hg2+ . Cu® . As>* and Pb** . were

all able to induce apoptosis in fish cells.

Key words heavy metal ions, fish cells, in vitro induction, apoptosis

Accepted: April 5, 2001

‘ Corresponding author. Tel: 86 571-88273287, F-mail: lscshaoj@ mail. hz. zj. en
Received: February 8, 2001





