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5 2
2.2 (@) i
50 65 mmol/L (pH 7.8) 6 ml 4
5000 r/min 10 min. 1ml 0.9ml 10 mmol/L
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20 min. Asz
1500 r/min 5min
Aszp O3 (nmol/mg ) NO;
2.3 MDA w
0449 0.5cm
2ml 0.1% (TCA) 3ml 0.1% TCA
2 . 0.5% 5ml 10 min
3000 r/min 15min 0.5%
As Ao (MDA) (mmol/g )=AAN/155W: AA=
Aszr—As0 N 155 1 mmol TCA 532 nm We
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30 min (100°C) (5 min)
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2.5 POD .
19 20mmol/L  KH,PO, 5 ml 4000 r/min
15 min 5 ml KH,PO, 1
1ml (50 ml 100 mmol/L pH 6.0
28 ul, 30% 19 ul ) . 470 nm
oD 1min 1 3ml KH,PO, 1 ml
2.6 SOD el
1lg 10 ml(50 mmol/L pH 7.0
1% ) 4°C 15000 r/min 10 min
80.2 umol/L ( 0.1 mmol/L EDTA 50 mmol/L pH 7.8
)0.1 ml (50 mmol/L pH 7.8 77.12 umol/L 0.1 mmol/L
EDTA  13.37 mmol/L )3.9 ml 0.01 ml 3000 Lux 10 min
560 nm oD 0.01 ml 50 mmol/L pH 7.8 SOD
(U/g)=60AAN/(0.01x50%AgtWE) Ao AA A
N t 0.01



3.1 0z
1 2mmol/L Cd 10 mmol/L Zn (e} 2mmol/ L Cd
4mmol/L Cd 15 mmol/L Zn .Pb
(e} 4d 15 mmol/L
1 0z
Tablel Effectsof Pb, Cd and Zn on O, contentsin the leaves and roots of P. australis (nmol/mg)
Organism Treatment (mmol/L) Time (d)
0 0.5 1 2 4
Control 0 6.20 6.35 6.09 6.88 6.16
Leck 10 5.01 5.30 5.82 4.99 5.48
Pb 15 5.01 5.78 6.94 7.22 13.22
Root 10 6.43 5.99 6.87 7.10 7.36
15 6.43 6.99 7.79 8.01 10.01
Leck 2 5.01 4.96 5.6 6.86 7.02
cd 4 5.01 8.18 14.23 19.15 28.14
Root 2 6.43 6.55 6.43 7.93 8.11
4 6.43 7.06 7.74 10.52 15.66
10 501 5.50 6.77 10.50 12.47
Leaf 7n 15 5.01 5.46 16.54 20.71 30.24
Root 10 6.43 7.16 7.88 9.94 9.97
15 6.43 7.29 9.08 13.20 19.85
Zn Cd MDA
MDA 4mmol/LCd 15 mmol/L Zn MDA
20% . 10 mmol/L Pb MDA 15 mmol/L Pb
MDA ( 2. Cd Zn (o) MDA
Pb 3 (o) MDA
2 MDA
Table2 Effectsof Pb, Cd and Zn on MDA contents in the leaves and roots of P. australis (1g/g)
Organism Treatment (mmol/L) Time (d)
0 0.5 1 2 4
Control 0 15.66 15.51 15.82 15.01 15.55
Leck 10 15.54 15.37 16.49 15.61 17.06
Pb 15 15.54 15.75 18.11 25.60 30.02
10 18.73 17.25 18.77 18.64 19.15
Root 15 18.73 18.99 19.12 20.56 23.41
Leck 2 15.54 17.01 16.68 17.16 18.02
cd 4 15.54 17.99 25.10 34.17 58.62
2 18.73 18.94 18.81 19.11 20.09
Root 4 18.73 19.28 19.69 23.48 28.97
Leck 10 15.54 15.11 14.98 16.61 20.12
7n 15 15.54 17.66 23.15 30.59 49.00
10 18.73 19.26 18.67 20.88 21.10
Root 15 18.73 19.72 21.84 23.75 26.89
3.2
1 2 Zn Cd

Zn Cd
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Fig.1 Effects of Cd and Zn on electrolyte |eakage
in the leaves of P. australis
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Fig.3 Effects of Cd and Zn on SOD activity
in the leaves of P. australis
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Fig.2 Effects of Cd and Zn on electrolyte |eakage
in the roots of P. australis
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Fig.4 Effects of Cd and Zn on SOD activity
intheroots of P. australis
SOD . 2, 4
SOD
SOD
( 3, 9. Pb
).
POD
Pb POD



SOD POD

6 562
_ 25 cd Conc. (mmolll) Zzn Conc. (mmol/L) _ 2 Cd Conc. (mmol/L) Zn Conc. (mmol/L)
© t—m— 0 —o— o0 o S | —®— 0 —o— 0
& —A— 2 —a— 10 o A2 —A— 10 o
E B[ 4 o B E st 707%.
a a O A
o o~ e _—
g D — io L
© O A © —
[a) A / [a) B;D D;Q
O 10- A __ A o)
o D\D,//;//-'DQD o
L L L L L L n | 5 L L L L L
0 2 4 6 8 0 2 4 6 8
Time (d) Time (d)
5 POD 6 POD
Fig.5 Effects of Cd and Zn on POD activity Fig.6 Effects of Cd and Zn on POD activity
in the leaves of P. australis in the roots of P. australis
4
[16]
MDA
MDA
. Pb,Zzn Cd
(X MDA O3
SOD POD . SOD (02 H,O, Haber—
Weiss POD H>0, H>,O H,O
POD
.4mmol /L Cd 15 mmol/L Zn SOD
SOD POD
(o MDA
SOD POD
Oz



6 563

[1] Price A H, Hendry G A F. Drought-induced Oxidative Stressin Wheat [J]. Biochem. Soc. Tran., 1989, 17: 493-494.

[2] Marjorette M, Pena O, Koch K A, et a. Dynamic Regulation of Copper Uptake and Detoxification Genes in Saccharomyces
cerevisiae [J]. Mol. Cédll Biol., 1998, 18: 2514-2523.

[3] Stohs S J, Bagchi D. Oxidative Mechanismsin the Toxicity of Metal lons[J]. Free Rad. Biol. Med., 1995, 18: 321-326.

[4] Cho U H, Park JO. Mercury-induced Oxidative Stressin Tomato Seedlings [J]. Plant Science, 2000, 156: 1-9.

[5] . [J. , 1998, 18(5): 495-499.

[6] , . [J. , 1998, 18(1): 72-75.

[7] Fang W C, Kao C H. Enhanced Peroxidase Activity in Rice Leaves in Response to Excess Iron, Copper and Zinc [J]. Plant
Science, 2000, 158: 71-76.

[8] Teisseire H, Guy V. Copper-induced Changes in Antioxidant Enzymes Activities in Fronds of Duckweed (Lemna minor) [J].
Plant Science, 2000, 153: 65-72.

[9] Unbabin J S, Bowmer K H. Potential Use of Constructed Wetlands for Treatment of Industrial Wastewater Containing Metals
[J]. The Science of the Total Environment, 1992, 111: 151-168.

[10] Jean L De Maeseneer. Constructed Wetlands for Sludge Dewatering [J]. Wat. Sci. Tech., 1997, 35(5): 279-285.

[11] . [J. 1990, 6: 55-57.
[12] . [J. 1984, 26(6): 605-615.

[13] . 1. 1984, 1: 59-62.

[14] .POD [A]. . [C]. 1990. 154-155.

[15] Dhindsa R S. Leaf Senescence Correlated with Increased Levels of Membrane Permeability and Lipid Peroxidation and
Decreased Levels of a Superoxide Dismutase and Catalase [J]. J. Exp. Bot., 1981, 32: 93-101.
[16] . [J. 2000, 6(4): 379-387.

Effects of Pb, Cd, and Zn on Oxidative Stress and
Antioxidative Ability in Phragmites australis

WANG Zheng-giu, JANG Xing-yu?, WANG Chang-hai'

(1. Institute of Marine Biochemical Engineering, Yantai University, Yantai, Shandong 264005, China;
2. Agricultural College, Shandong Agricultural University, Tai ‘an, Shandong 271018, China)

Abstract: Superoxide anion radical, MDA, electrolyte leakage, as well as activities of SOD and POD in the leaf and
root cells of Phragmite australis were investigated under the conditions of Pb, Cd, and Zn stresses. Under these
conditions, the accumulation of superoxide anion radical and MDA, and the electrolyte leakage of the cell membrane
increased in the plant cells, which indicated that the peroxidation of cell membrane lipid was induced and the
membrane system was damaged. Higher activity of SOD and POD, two key enzymes of the antioxidative system,
was observed in al Ph, Cd, and Zn treated plant cells. These results suggest that the enhancement of peroxidation of
membrane lipid induced by superoxide anion radical may be one of the heavy metal injury mechanisms in P.
asutralis. Furthermore, the accumulation of the two enzymes would be part of general defense strategies to cope with
oxidative stress.
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