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Fig. 3 Effect of C* treatment on POD activity

2.2 cd” SOD, POD, CAT
SOD ( 2 POD (3 cd*
, SOD
SOD 39. 45%

50mg/ L.

100

0

10

4 cd*

Fig. 4 Effed of CE* treament on CAT activity

23 o
2.3.1

( I[:1)
Img/1.

Cd

( [:2);
( [:3,4); 0mg L

2
2+

Cd
2.32

2.33

; 10mg/L. Cd™

2+

20 30 40

AL Concentration/tmg/l )

CAT

( I:06)

( [:5 ImgL Cd”

, Img/L,

I :10); 50mg/L



C d2+

586 27
2 2 2
2
( [:11) cd™
Cd2+
[15]
3 2
2
[16
[2—4,7]
o o
13
0., t (50mg/L)
[17
Hz 02 *OH R 5 5
9 2
9 2
SOD POD CAT
(6] [18] C d2+
2
( ) , Cd”
2
, cd
2
[7
2 2
[3—4] 18]
SOD,
POD. CAT Cd2+ [ 1] SunS C, Wang H X, Li Q R. Preliminary studies on physiological
2
SOD changes and injury mechanism in aquatic vascular plants treated with
’ cadmium [ J]. Acta Phytophysiol Sin. 1985, 11(2): 113—121[
2
2+ ’ ’
,Cd , , , 1985, 11(2):
113—121]
191 [ 2] ChenY. Effects of cadmium on nitrate reductase and superoxide dis
mutase of submerged macrophytes [ J]. Acta Sdentiae Circumstanti-
[ 10 (1] ae. 198, 18(3):313—317[ s R
0, , 1998, 18(3) :313—317]
(MDA) [ 3] Wong YS, Luwo G H, Guan Q W. Peroxidation damage of oxygen
12 free radicals induced by cadmium to phant [ J]. Ada Bot Sin. 197,
Luna ¥ p
39(6) : 52—526( s s
R , 1997, 39(6): 52—526]
[ 4] LwLX, SsnTH, Jin Y H. Effeds of cadmium sress on lipid per
’ oxidation in wheat leaves[J]. China Emvironmental Science. 1998,
18 (1): 72—75] R R
P s , 1998, 18(1) :
—175]
2
13 [ 5] Zhang Z L. Laboratory Guide for Plant Physiology (2¢ edition) [M] .
e edt , Img/LL 5
Beijing: Higher Education Press, 1990, 88—91; 154 —155[]
2 ; 2 ( ) .
2+ ’ ’
, Cd 1990, 88—91; 154—155]
, , [ 6] Chra R, Marc VH, Dik I. Superoxide disnutase and sress toler
. ance. Anmu Rev Plant physiol Plant Mol Biol. 1992, 43: 83
2 2 2
[ 4] [ 7] LwLX, SanT H, Jin Y H. Accumulation of superoxide radical in

wheat leaves under cadmium stress [ J]. Acta Scientiae Circumstanti



6 :Cd* 587

ae. 1998, 18(5):495—49[ R R . , 1996, 149; 173]
s , 1998, [14] LiGF, Ca WP, WuY ]J. The relatonship between structural s atus
18(5) : 495—499] and photochemical activity of chloroplasts| J]. Acta Phytophysiol Sin .
[ 8] YangJ R, HeJ Q, Zhang G X, et al. Reaction of some enzyme ac 1987, 13(3):295—301[ s s
tivities in crops of different tolerance to the stress of Cd [J]. China N , 1987, 13(3):
Emironmental Science. 1996, 16(2): 113—117 s s 295—301]
Cd N [15] XuQ S, Shi G X, Du K H. Ultastructural location observation of Cd
, 199, 16(2) :113—117] and Zn i leaf celk of Potamogeton aispus [ J]. Acta hotanica Yurr
[ 9] Heath R L, Packer K. Photoperoxidation in isolated chlorophss I. naniar. 2002, 24(2): 241 —245( , s
Kinetics and g oichianetry of fatty acid peroxidation [ J]. Arch. Bio- R R
chem. Biophys. 1968, 125: 189 —198 2002, 24(2):241—245]
[10] XuQS, Shi GX, GuG P, et al. Swudy of toxic effed of H&>* on [16] Peng M, Wang H X, Wu Y S. Uliradructural danges nduced by
Nymphaea tetragona Georgi [J]. Acta Bot Bored-Ocddent Sin. cadmium and lead in com seedling cell [J]. China Emvironmenta
2000, 20(5): 784—789 s s . Sdence. 1991, 11(6):426—431| s s
Hg s , 2000, 20(5): (zea mays L. ) s
784 —7189] , 191, 11(6) : 26 —431]
[11] Xu QS, $hi G X, DuKH, et al. Studies on corelation between [17]  Chien L C; Wu SH. Cytological studiesonthe cold resigance of pla
peroxidation damage by free radicals and ultrasrudural changes of nts'morphological changes of the intracellular smctures of wheat in
mesophyll cells in Otteia alismoides( L. ) Pers induced by Zn pollur the overwint ering period. Acta Bot Sin. 1965, 13(1):1—15[

tion [ J]. Chinese Bulletin f Botany. 2001, 18(5):597—604] s . —
K ’ : > , 1965, 13(1): 1—15]

s , 2001, [18] ChenS Y. Injry of membrane lipid peroxidation to plant cell [J].
18(5) : 397 —604] Plant Physiology Communications. 1991, 27(2): 84—90[
[12] LwmaCM, GonalezZ A, Tripp VS. Oxidative damage caused hy on s , 191,
excess of copper in oat leaves[ J]. Plant Cdl Physiol. 194: 11 —15 27(2):84—90]

[13] Zhai ZH, Ding M X, Wang X Z, Wang Y C, et al. Cell Biology
[ M]. Beijing: Hicher Education Press, 199, 149; 173 s

s s . ’

TOXIC EFFECT OF Cd** TREATMENT ON PROTECIIVE ENZYME
ACTIVITY AND ULTRASTRUCTRUE
IN LEAF CELLS OF POTAMOGETON CRISPUS.

XU QimrSong, SHI Guo Xin, DU Kai-He, ZHANG Xiao Lan, and ZENG XiacMin
(College  Life Sciences, Naning Normad Unwersity, Naying, 210097)

Abstract: Heavy medals are common pollutants in aquatic ecosystems due to amospheric sedimentation geological leakage, urr
treated industrial effluents. Compared to most other pollutants, they are not biodegradable and persistent in the environment for a
very long period, Their accumulation in organism and bio-magnification through food chain pose the great potential threat to
aquatic organisms and to human health. So heavy metal pollution has become one of the most troublesome environmental problems
and also received more and more attention. On the other hand, submerged maaophytes are directly exposed to heavy metals in
water body and are more easily subjected to their toxicity In the present study, Potamageton cripus, widespread in watin body in
China, is cultivated in nutrition media containing different concentration of Cd* for 5d to investigate the toxic effect of Cd* on
macrophtes, including: dhlorophyll content, changes of protect enzyme activity(SOD, POD, CAT)and the ultrastructural damages
to leaf cells, mainly to chloroplasts, mitochondria and nuclei. The results show that: SOD activity and chlorophyll content de-
crease nearly linearly with augmentation of Cd** concentration by 26. 44% and 60. 55% , respedively, When the concentration
was 50mg/L, statistical analysis indicate the changes of both indexes had reached significant levels( r qp= — 0. 9766; r 4, =

- 0.9132); Both POD and CAT activity reached the peak value at Img/L, 101. 70% and 186. 39% higher than that of the
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oontrol, respedively. When treated with 20mg/L, cd®* POD adivity declined by 12. 87% and 48. 27% at S0mg/L as compared
to the control A lthough the CAT activity began to dedine when the treatment concentraion rises further it still much higher than
that of the control, by 86. 88% over the normal value even a 50mg/L. within the exposing concentration range, I illustrated
CAT has a quite strong tolerance to Cd* pollution. Among the three enzymes, SOD is the most sensitive, followed by POD and
CAT. Transmission electron microscopy observation indicate that the higher the pollutant concentration is, the more serious the
damages to the leaf cells is, such as swelling of chloroplasts at 1mg/ I. metal concentration, disruption and disappearance of chlo-
roplast envelop at 10 and 20mg/L., and 50mg/ L. see the disintegration of chloroplasts; deforming and vacuolization of mitochondria
a 1mg/L and 10mg/L concentration, respedively. The disintegraion of nucleolus is found when treated with 10mg/L. Cd™ |
50mg/L, induced the disruption of nuclear membrane and vacuolization of nucleus. Disintegration of chloroplasts, vacuolization of
mitochondria and vacuolization of nucleus are irreversible damage to organelles and their normal physiological functions are lost.
The changes of leaf cells ulrastrudure are consistent with the damage of their membrane systems, which may be caused by the
disturbance of protect enzyme activity. It can be inferred that one main taxic mechanism of Cd*" is to destroy the structural fourr

dation that the normal metabolism necessarily need.
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1. showing chloroplas, x 12000;2. showing sweling chlorophs and disruption of chloroplas membrane, X 6000; 3. showing disappearance of chbror

plast membrane, X 17000; 4. showing disappearance of chloroplast membrane and dsmupted mitochondria, % 15000; 5. showing nomal miochondna,
% 15000;6. showing disintegration of chloroplast, x 10000 7. showing damaged mitochondria, X 17000, 8. showing vacuwolzation of miochondra,
% 10000; 9. showing nucleus and nucleolus, % 10000; 10. showing disperse of nucleolus, % 12000; 11. showing the vacuolization of mitochondria and

mucleus, % 15000
Ce. Chloroplast envelop CP. Chlowplast CW. Cell wall Mi. Miochondra N. Nucleus

Nm. Nuclear membrane



