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Abstract: Ccsensitive mutant rice ( Oryza sativa L.

subsp. Japonica, cv. Zhonghua 11) was obtaired using our Agrobacterium

tumef aciens based gene derived system. Significant phenotypic differences between a Cdsensitive mutant ( ST) and wild type (WT)

rice seedlings by Cd™" treatment was observed. Results indicated the mutant had more intensive capability of cadmium transport in

leaf, which leaded to more level of lipid peroxidation than that of the wild type. Furthermore, A rapid Cdinduced 03~ and H,0,

increase in the mutant leaves was observed, which induced activity of antioxidant enzymes. The maintaining of SOD activity for

resisting stresses in leaves of the mutant was limited in vivo. The CAT activities in leaves of the mutant were more inhibited than

that of wild type, which might be a physiological explanation for sensitivity to cadmium in the mutant. However, the difference of

the G-POD activities in leaves between the mutant and wild type was not significant.
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Fig. 1 Growth of wild type (WT) and Cdsensitive mutant ( ST)
rice with 0. 5 mmol*L™ ' Cd** treatment for 10 days (A. WT and

ST rice grew without cd* B, C. WT and ST rice grew with cd* )
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Fig. 2 Effect of 0.5 mmol*L™ ' Cd* on fresh weight of
different organ of wild type ( WT) and Cd-sensitive mutant ( ST) rice

for 10 days treatment
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Fig. 4 Effect of increasing external Cd** concentration on generation
rate of 057 in wild type (WT) and Cd-sensitive mutant

(ST) rice for growing 10 days
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Fig.5 Effect of increasing external Cd** concentration on H.05
content in leaves of wild type (WT) and Cdrsensitive mutant

(ST) rice for growing 10 days
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Fig. 6 Effect of increasing external Cd** concentration on lipid
peroxides in leaves of wild type ( WT) and Cd-sensitive mutant

(ST) rice for growing 10 days
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Fig. 7 Effect of increasing external Cd** concentration on
SOD activity in leaves of wild type (WT) and Cd sensitive mutant

(ST) rice for growing 10 days
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Fig. 8 Effect of increasing external Cd** concentration on
CAT activity in leaves of wild type (WT) and Cdsensitive

mutant { ST) rice for growing 10 days
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Fig. 9 Effect of increasing external Cd** concentration on
G-POD activity in leaves of wild type (WT) and Cdsensitive

mutant (ST) rice for growing 10 days
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Fig. 10 Analysis of PAGE-CAT isozyme for leaves of wild

type { WT) and Cd-sensitive mutant ( ST) rice for grow ing
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10 days at increasing external Cd™ concentration

(*OH), ‘& fEFEAL R R A 45 (1 S Ae ), 3R A4
YIS, 35 MDA SR8 SEAR R i MDA B H )
B TR AR, X 45 Wa S5 4 AN
FE LRI Y (RIS rp R I 3 AT 52 58 BRI 289 L AR %o B0 1)
S PR 780 g /A 2 MDA AH 810

)i, 354 T AR R 265 A5 A8, S 3han e i By
RN, SOD S £ TR 40 M0 % 52 11 e 405 3 11 5
—38 B 2R W ST A R WOR, 7R B AR R g oh, Bl
CA™ Wil ¥R B2 (880, 05 77 28 3 R 4% i i [+ i
SOD i PER N, FEAS RS Cd™ i F SOD/ 05
PGB 32T (26 1) . SOD 3% 4 (19 189 n & il 3 11 16 A Sk
AL R 05 figiE S SOD WE kL THR N R
. AR T A UK A R AR orp, 03 FRARER Y
SOD 3 % (1) 28 4 A — 2, {23 SOD/ 057 L Fi B
C™* YL S (1 389 o iy P26 I X RE WK A5 76 Cd™ b
T BUBOKTE FE & R i SOD I U4 A0 b 3 g
FEATBR 1. 3L SOD FPEM ) fB AL th Ty 5
FHRIE Y Cd® WHE R, i E] SOD [F TR 7 K,
M T SOD iEENT

CAT J2& C3 HH Ho0, 35 bR 1) G, 1 HL 2
Ca 1 0 i 52 W0 368 JF 0 5 1) A 40 i 'O, 78 W 5 o
CA™ e FEUKREH Ff Hy0, 19 ZBURT CAT 35
PERI T B, CAT/Hy0, LUAGBE Cd** JHae i 3 T i b
% FBR(# 1), Shah S ¥ B KFEAE Cd* Wi F
CAT 31k B3 T, Ak Cd® 5 CAT 35T
P ] i 5 o S 1D 00 5 B P P A 2 T A oA
5, I H H0, 12 BB dMd] T CAT 35 1.

R1 TREKE Ca™ BB TFABRERM A CAT H0; 1
SOD/ 0;” {HAYELEE
Table 1 Comparison of ratios of CAT/H;05 and SO/ 03
in leaves of wild-type (WT) and Cdsensitive mutant

. . . .2+ .
rice ( ST) at increasing external Cd™ concentration

cd* CAT/H,0, SOD/ 05
JmmoleL”'  WT ST WT ST
0 1 1 I 1
0.05 0.47 0.82 0.77 0. 81
0.2 0. 46 0.12 0.57 0.76
0.5 0.31 0.17 0.52 0. 67
I 0.26 0.18 0.53 0.50

MCCAT 35 PE R T 3% 20 7 & I 5848 Ak v /1)
CAT LM Ak 7057 3] 5y (1 ki, (976 [7) T i Ay 5
LR AT e fERAR A, G-POD FI CAT #B47 F¢
fift Ho05 [1fiE 1. 4E 0.5 mmols L™ ' Cd™ JPpili 7, G-
POD JS TR 2 25 L TF, vl fig it CAT 3G 1) F B A1
H,0, BB G5 R, H I S Cd® Wi ik i 2 40
#1 G-POD {135 1. Moequot 2518 45 Hi K4 14 A 119
IR IS P T BE A 1 ) — N E I AR A
Shah % 8 38 7 /KRS 2 AN SERIRIBE Cd®™ ik
JERS I G-POD ¥ Pk 59 5%, F HAlh G-POD figfE
hy i UK RS I DR R () A 0 2 e b A SI2 6 1) 485
ST B A R AR ARALE M B G-POD i P 3
PR AN B, RN LR RILGEAZ R D G-POD ¥
PR 2w TR E R (BER ARSI ), W fiE G-POD ¥
PEAEAS R LR IKAFEAE 2 5t

R Y IR R Ge b ey E 1 B A= e i)
R T e s A 40 o 3 5 3 g 2 R i (1) O e (A
FU R RUR ALK RE S8 AR R PGS R A d
Bk CAT %M 52 2 5 K4, LR E L1 0y
1 H,04, 5 7 L S A B 35V, 03— IRAR,
AR AN L 45 R A TR PR, BB e pE T
M2 80 IR 2 2 e (LR % 14 1 A e LA
S P T i A B2 2 i DAL 4 i, LA AR A L E T T 52
eI T8 3 AR IR, v fig i AR/ 5E
FEDR sl I h 7 B AR T — AN AR R 25 4 T IR
FOE SR N BRI AT 5T P AR i
FRAR E A3 BT 17 2% 5 2% A o 6 Il 36 I 1) JiL [R), 2
b2 i B SO R DL 5 B IL T 2 (s B
LA AE V40 LR 53 1 K7 AR SR RE 5T

3 g

(1) 9 34 380 6] 7 4 S A BUBR IR /KRB S8 AR A bk R,
£60.5 mmole L™ ' Cd* Wpa%s 10 d Ji, Hoh E 3560



566 BZ8 g

it

e 27 &

AR T LB A TR 57 B0 5T (R, g cd

WS b B 3 3 0 ) A R T B A T,

(2) BAT Cd* ek R, 05~ AIH,0, 7£
A e AR R ] R, 5 pU ARG AR
ARy eh SOD R CAT 35 1) 32 400 il R 1 L M
TR, T FEL T A0S B, 51 T 3 e i 48 11 e
Fick S Ak, X T B AL RS AR AT Cd®* it 5 AU (1) AR
PR N2 —.

S ik

[ 1]  Sanita di Toppi L, Gabbrielli R. Response to cadmium in higher
plants[ J] . Environ. Exp. Bot., 1999, 41: 105~ 130.

| 2] Schtitzendlibel A, Schwanz P, Teichmann T, et al. Cadmium-
induced changes in antioxidative systems, hydrogen peroxide
content, and differentiation in Scots pine roots| J]. Plant
Physiol., 2001, 127: 887~ 898.

[ 3] Schltzendtibel A, Polle A. Plant responses to abiotic stress:
heavy metakinduced oxidative stress and  protection  hy
mveorrhizationl 11. 1. Exp. Bot.. 2002. 53: 1351~ 1365.

[ 4] Lee S, Moon J S, Ko T-S, et al. Overexpression of
Arabidopsis  phytochelatin - synthase paradoxically leads to
hypersensitivity to cadmium stress| J]. Plant Physiol., 2003,
131: 656~ 663.

[ 5] VermaS, Dubey R S. Lead toxicity induces lipid peroxidation
and alters the activities of antioxidant enzymes in growing rice
plants[ J]. Plant Sei., 2003, 164: 645~ 655.

| 6] Kanazawa S, Sano S, Koshiba T, et al. Changes in
antioxidative in cucumber cotyledons during natural senescence:
comparison with those during dark-induced senescence [ J].
Physiol. Plant, 2000, 109: 211~ 216.

[ 7] Noctor G, Foyer C H. Ascorbate and glutathione: keeping
active oxygen under control| J]. Annu. Rev. Plant Physiol.
Plant Mol. Biol., 1998, 49: 249~ 279.

[ 8] Shah K, Kumar R G, Verma S, et al. Effect of cadmium on
lipid peroxidation, superoxide anion generation and activities of
antioxidant enzymes in growing rice seedlings| J]. Plant Sei. |

2001, 161: 1135~ 1144,

[9]

[ 10]

[12]

[13]

[ 14]

[ 15]

[16]

[17]

[ 18]

[ 19]

Dixit 'V, Pandey V., Shyam R. Differential antioxidative
responses to cadmium in roots and leaves of pea ( Pisum
sativum L. ev. Azad) [J]. J. Exp. Bot., 2001, 52: 1101~
1109.

Wu F B, Zhang G P, Dominy P. Four barley genotypes
respond differently to cadmium: lipid peroxidation and activities
of antioxidant capacity| J]. Environ. Exp. Bot., 2003, 50: 67
~ T8.

Lagriffoul A, Mocquot B, Mench M, er al. Cadmium toxicity
affects on growth, mineral and chlorophyll contents and
activities of stress related enzymes in young maize plants ( Zea
mays L.)[J]. Plant Seil., 1998, 200: 241~ 250.

Zhu Z G, FuY P, Xiao H. The Ae¢/ Ds transposition activity in
transgenic rice population and the DNA flanking sequence of Ds
insertion sites| J]. Acta Bot. Sin., 2003, 45(1): 102~ 107.
AR W, Muhammad J H, 355546, 55, Wb 20 A [ AR AL (4]
TR AR KPR R g e m [ 1]. b AR B,
2004, 18( 3): 239~ 244,

PULER 7R E0 A IR PO NI AL WY VR R R RS A
e sEmI ] . RUAEAR. 2000, 42(5) : 461~ 466.

Chien H F, Wang ] W, Lin C C, et al. Cadmium toxicity of
rice leaves is mediated through lipid peroxidation[ J]. Plant
Growth Regul., 2001, 33: 205~ 213.

Willekens H, Chamnongpol S, Davey M, et al. Catalase is a
sink for H,05 and is indispensable for stress defence in C3 plants
[J]. The EMBO J., 1997, 16: 4806~ 4816.

Milone M T, Sgherri C, Clijsters H, et al. Antioxidative
responses of wheat treated with realistic concentration of
cadmium[ J]. Environ. Exp. Bot., 2003, 50: 265~ 276.
Mocquot B, Vangronsveld J, Clijsters H, et al. Copper toxicity
in young maize ( Zea mays L.) plants: effects on growth,
mineral and chlorophyll contents, and enzyme activities [ J].
Plant Soil. , 1996, 182: 287~ 300.

Jiménez A, Herndndez ] A, del Rio . A, et al. Evidence for
the presence of the ascorbate glutathione cyele in mitochondria
and peroxisomes of pea Leaves[ J]. Plant Physiol. , 1997, 114:

275~ 284.



