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Effects of Cadmium on Lipid Peroxidation, ATPase and 5'—AMPase Activity of Cytomembrane in Catharan—
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Abstract : Catharanthus roseus is a perennial herb, which has been widely used in landscaping and in extracting anticancer drug of raw ma—
terial in China. In order to understand the effects of cadmium on the regulatory mechanism of active oxygen scavenging and cytomembrane

ATPase in C. roseus tissues, the lipid peroxidation, ATPase activity of cytomembrane and cadmium accumulation characteristics were mea—
sured in C. roseus tissues with different treatments including six cadmium concentrations (0, 5, 10, 25, 50 mg-kg™" and 100 mg-kg™' in

soils ), employing the method of pot experiment. The results indicated that the malondialdehyde (MDA ) content, H,0, content, superoxide
(0;+) production rate and the activities of antioxidative enzymes in C. roseus tissues were not significantly influenced by lower Cd stress( <

10 mg-kg™), while the accumulation of MDA, H,0, and O3 * both in shoots and roots of this herb were improved significantly under 25~100
mg *kg™' cadmium treatment. Moreover, these indices in shoots were higher than those in roots. In addition, high levels of cadmium signifi—
cantly increased the activities of catalase(CAT), superoxide dismutase(SOD ), and peroxidase(POD ), and the content of glutathione (GSH )

in shoots, as well as the activities of POD and SOD in roots, but did not give strong effects on CAT activity and GSH content in roots. Corre—

spondingly, H*—=ATPase activity in the shoot decreased with the increases of cadmium concentrations, while H*—=ATPase activity in the root,
the activities of Ca**~ATPase and 5'—=AMPase both in the shoot and root increased with the increase of cadmium concentrations and there—

after decreased. However, the highest cadmium concentration in this experiment inhibited the activities of ATPase and 5'~AMPase in this
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plant tissues significantly. In particular, C. roseus has higher capacity in cadmium accumulation, and the capacity of root was higher than

that of aboveground tissues.

Keywords: C. roseus; cadmium stress; lipid peroxidation; ATPase; 5'—~AMPase; antioxidative system
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significant differences in shoots and roots under the same Cd concentration
treatments( P<0.05 ) ; Different small letters indicate significant differences
among different Cd concentration treatments in shoots and roots( P<0.05).
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Figure 1 Effects of cadmium accumulation of C. roseus under

different Cd concentration treatments
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Figure 2 Effects of cadmium accumulation rate of C. roseus under

different Cd concentration treatments
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Figure 3 Effects of malondialdehyde(MDA ) content of C. roseus

under different Cd concentration treatments
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Figure 4 Effects of reactive oxygen species(ROS) generation of C. roseus under different Cd concentration treatments
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Table 1 Correlations between reactive oxygen species , antioxidant enzymes substance and Cd concentration in shoots of C. roseus(n=18)

0; R

MDA & H,0, &k

CAT i PODW&TE  SODWiME  GSH &f  Cd ZbHIR)E

03 *production rate MDA content H,0, content CAT activity POD activity SOD activity GSH content Cd concentration

0; - =A% 05 - production rate

MDA % MDA content 0.961™ 1

H,0, & it H,0, content 0.935" 0.957" 1

CAT {5 CAT activity 0.255™ 0.180™ 0.148™

POD i POD activity 0.791" 0.711" 0.674"

SOD &1 SOD activity 0.923" 0.910" 0.882"

GSH ¥4t GSH content -0.723" -0.769" -0.754"
Cd PR FE Cd concentration 0.925™ 0.961™ 0.956™

1

1
0.643™ 1
0.241™ 0.693™ 1
-0.034™ -0.537" -0.731" 1
0.010™ 0.590™ 0.865™ -0.762" 1

1 R P EE TR KB 6 1 Cd WA AL BUK A E T =, P<0.05 OB ) 5 5, P<0.01 OB ) 5ns, P>0.05. R

Note: Results in the table are calculated based on data of six Cd concentration treatment levels of C. roseus. *,P<0.05 (bilateral ) ; **, P<0.01(bilateral ) ;

ns, P>0.05. The same below.
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Table 2 Correlations between reactive oxygen species , antioxidant enzymes substance and Cd concentration in roots of C. roseus(n=18)

0; - F= AR

MDA & H0, &

CAT i POD iftE  SOD {f?E  GSH & Cd ZbHkE

0; *production rate MDA content H,O, content CAT activity POD activity SOD activity GSH content Cd concentration

0; 77 A% 05 * production rate

1

MDA %4t MDA content 0.934" 1

H,0, ¥ i H,0, content 0916 0.932" 1

CAT 11 CAT activity 0.877" 0.882" 0.847"

POD {fitk POD activity 0.577° 0.578 0.614"

SOD {14 SOD activity 0.913” 0.932” 0.900”

GSH 7 GSH content -0.457™ -0.455™ -0.408™
Cd ZbFHR B Cd concentration 0.909™ 0.941" 0.8917

1
0.658™ 1
0.863™ 0.658™ 1
-0.533" -0.410™ -0.357" 1
0.816" 0.388™ 0.854™ -0.460™ 1

23 Cd BrEXMKEEMEAUBEBEENREULYRS
=M

Cd MK FHAEH A T CAT.POD .SOD
TEPEFN GSH & sz B 35, 5k 3. FiE Cd Bk
FERBEI, Hi 3 CAT TGRS THE R, T4 Ab Bk F]
K, B CK T T 31%; HUF#H8 CAT G HERE#E Cd
e BEENNZ IR . 2 Cd WREE <10 mg kg™ B, Hb |-
FRAHL T CAT WA (H2Y Cd HRIE =25
mg- kg™ [, H FE CAT W& PEAE T3 .74 F1 T5 Zb3E]
ZSWE, HTNE CAT WGYETE 3 M AbBERE] B % 22
5o IRl ARFEREE Cd AT, Hb B35 CAT 36 M B
S THL N ER . 5 CAT TG A, H B35 POD 16 M i
Cd JHR3E IR S 38 PR 5, T v R RS T e e o
B Cd Wra (T1.12)F , i BB ATHL T 58 POD
TEPETCH AR Ak, R B AL PR 50 T POD 5k
SOD EPAL RGE I E LR, Cd ha B E TS T
Hhy AR AL R SOD WM. 5 CK ARFAHE,T1 .
T2 AbEET b F3ER SOD 16 PE 2 T, T30 SoD i

PETHRAN B ;T3 T4 A0 HF , H B356 SOD i 143
S CK 1Y 1.82 1571 1.89 4%, b T B SOD i 4 43l &
CK 1Y 2.75 151 2.97 £i5. T5 AFE R,y B3 Ah R
SOD # CK sl T 127% 1 246% , Hth &8 kit
R 1.30 £ Bl Cd WA, Hh B GSH %
TR, b N RSE TS T Cd AT H R
GSH i 25 = T3 3R, AHOCHE TR (3R 1 .58
2),Cd AbHHR 5 Hb [ E POD \SOD & M4k 2 3% 1EAH
K(P<0.01),Y5 GSH &M B EMAHSC, 5 CAT TEPE
ToBERME(PS0.05) Cd ALBRHR 5 1 &8 CAT.
SOD THPEM R 2 IEAH G, 5 GSH & i i 2 i AH G,
5 pOD & MG A
24 Cd BrBEIFKEFELBRIR ATPase #1 5'—~AMPase i
E3:0bAl

A& 5 AT, Cd Bhd AL B 5 T K B
RN T OB ATPase A1 5'—AMPase 1514, &
Cd MRBEYEIN, Mo b H—ATPase i FEA% , I
b AN [ R B b S T S R o T1 AR FETR M B A
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Table 3 Effects of activity of antioxidant enzymes(CAT, POD, SOD) and antioxidants( GSH) content of

C. roseus under different Cd concentration treatments

YA E

Plant organs

b

Treatment

CAT I&VE CAT activity/

U-g! FW min™

U-g! FW min™

POD %1% POD activity/

U-g! FW min™

SOD i1k SOD activity/

GSH 7% GSH content/

pmol *g” FW

Hh F7 Shoot CK
T1
T2
T3
T4
T5
CK
T1
T2
T3
T4
T5

Hi ™ Root

69.36 + 7.49Ac
77.46 + 4.78Abc
79.96 + 8.67Aabc
84.25 + 6.50Aab
90.88 + 3.80Aa
71.83 + 4.56Ac
38.63 + 4.54Bb
39.26 + 5.42Bb
41.82 £ 5.61Bb
52.68 + 3.02Ba
55.07 + 3.52Ba
58.50 + 1.74Ba

181.43 + 16.77Ad
191.56 + 21.45Ad
204.97 + 23.62Ad
294.25 + 26.51Ac¢
334.88 + 27.50Ab
378.10 + 17.53Aa
168.97 + 13.14Ad
180.93 + 6.25Ad
191.82 + 7.11Ad
324.17 + 22.65Ba
280.74 + 19.57Bb
234.68 + 23.80Bc

50.30 + 8.72Ad
66.51 + 7.65Ac
78.16 + 9.18Ac
91.68 + 4.96Ab
95.07 + 6.94Bb
114.17 + 5.34Ba
42.76 + 7.92Ad
64.90 + 14.53Acd
78.30 + 8.25A¢
117.58 + 18.95Ab
126.88 + 16.98Aab
148.10 + 9.86Aa

2.16 + 0.36Aa
2.09 + 0.19Ba
1.95 + 0.05Ba
1.88 + 0.34Aa
1.81 £ 0.10Ab
1.46 + 0.02Bb
1.97 + 0.04Bb
3.51 + 0.44Aa
3.59 + 0.46Aa
2.35 £ 0.59Ab
1.96 + 0.06Ab
2.10 + 0.10Ab

T 2PN I AR U IR 22 , AR R RS T ORI RIS Cd AR BER 3t E 3B AR 3R] 22 5 .35 (P<0.05) s A RVNG FRE R b E 3B
TEBTEAFMRE Cd AbPEZ 7] 22 53 4 2 (P<0.05)

Note: Data are means + SD in the table. Different capital letters indicate significant differences in shoots and roots under the same Cd concentration treat—

ments(P<0.05) ; Different small letters indicate significant differences among different Cd concentration treatments in shoots and roots( P<0.05 ).
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Figure 5 Effects of plasma membrane ATPase and 5'—=AMPase activity of C. roseus under different Cd concentration treatments
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A CK FERA 2, HUF 3 5'~AMPase 1617 T4 4b
PR CK BRARA 3% . Hh E38 H'-ATPase 1 M 7E
T3 AbFET 2 T R, A AR o W R
i B Ca>*~ATPase &G PETE T2 T4 . T5 AbBE T B3
FHUR . ARMRE cd B T, #b EF R 5/ -
AMPase 5 PE 03 = FHUT R

Cd Ab # ¥k B 5 K F AL Bt B H*—ATPase .Ca*—
ATPase I 5'~AMPase & B 35 71 A5 (P<0.015 % 4).
FEXAE PRI, b BB 5 ~AMPase 55 H*—AT
Pase . Ca>*— ATPase th it & IEAHE (r=0.808%%,r=
0.926%*) ,H*—~ATPase 5 Ca**~ATPase W i # 1F 41 ¢
(r=0.889%%); Hu NEBFIME 5'~AMPase 5 H*—ATPase .
Ca’*—ATPase Wi 2 IEAHC (r=0.763%%,r=0.601%%),
H*—ATPase il Ca*~ATPase 2 1EAH I (=0.943%% )

R4 Cd RERESKELRIR ATPase
5'-AMPase i& 1R B A7 R FAFE XM
Table 4 Regression equation and correlations between Cd

concentration treatment and the activity of the plasma membrane

ATPase and 5'=AMPase of C. roseus

Pz o 5
wme TR pprg PEREGRD
Plasma membrane . . Correlation
Plant organs Regression equation -
enzyme coefficient
Hb 3 Shoot  H'—ATPase  y=—1.79x’-1.36x+100.83 0.936%*
Ca®~ATPase  y=-2.21x7+8.18x+53.90 0.84 1%
5'-AMPase  y=-1.91x%+9.22x+34.46 0.787+%*
R Root  H*=ATPase  y=—1.85x*-1.22x+96.45 0.945%*
Ca®~ATPase  y=-0.74x"-4.86x+73.08 0.940%*
5'-AMPase  y=—1.81x7+9.90x+19.39 0.686**

T w, Cd AR 5y BB .+, P<0.055 %%, P<0.01.
Note:x,Cd treatment concentration;y,Plasma membrane enzyme. *,

P<0.05;**,P<0.01.
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TN YE G, HEESR &SR R M/ Dz
M AR BRI, KA A T Cd &
SRR Cd BV B RS I3E i, H R cd &
D ER T EAE 1), AR R R cd 1IhE
FIKTFH B3, ATRESE Cd BEAS TIPS ATP 1Y
Fahizf, BEE Cd Wraainkl, ATP i it A
T Cd> AR R I EIP s, X od BET
HEZR RAEPIBH 1E CA> X 61 FH BB B A i

5 0 HE A7 SR, AN (SRR A X 1 B 51 7 DA 4
et T ELEES T 4 od A A S R ST
R RS2,
3.2 Cd BB KERRIETSNEREN RSN

JO AR SR R A 5 P AR B B A T S IfT, 1 4
P E) 4 8 It HIEZ BRI P A R A R S
Jo Aot S A 2 T 4 S PR A T A T ALY S
P, T4 e T AR A5 A R VA g
MDA FREMZ . K, MDA #1ENAEY) ROS KF-Al
AL A7 PFE EE R FIRTFR bR o ASBFFE R, Cd b3V
KABEAFFRAL MDA & 2 B AR E EIEAHE (1.3
2), B MDA LR HAMHARMIK . Y cd WkE <
10 mg-kg™ B, MDA & & IJCH] W3 (& 3), Mk
At 21 ROS, 402 FREE RN, H Cd WA
=25 mg kg™ B, MDA FI ROS =/ & i 2 T+ & (&
4), KHEWRE cd Paahnl TIRN A S EE,
)32 BN B H I E . RN d 58 N3 S
F4) 5 P R EE, 1 5 LA AR 5 1) S R T T B A
R S TR kY 1187 N I N i oF 71324 ) SEN N S
FALH T MDA & T i B35, 522 A% (Canna
indica)® MDA & X}F Cd WM R 2L, H 5 E S
(Picris divaricata)® #0115 , 0] B2 5 HL Y Fh S W30 ¥k
ENISCERE DY A P

Cd MHA R AP ROS BY 7= A Rl 2k 25
7, S5 ROS FRHR TR AL A e, A A iE 2T 4T
AL R 5 (SOD .CAT.POD 45 ) S5 AERE Y i (GSH .
GR % )R IH BRI ROS 7ok 19, SOD BEFF
0; - 5464 H,0,, HAEBHIE FeEHI3Z 0; - /E AR
R Fe TEAL Fenton OV 74 Z 09 -0H, AL,
SOD ZAEYI AR EE— AR ROS HIOCHERS . F4)E
8T SOD Jh A PRI A IE O . — B bae v i
FBE I IE I s 2B e v B3 e 5 B o 3k
kB, KA AT SOD 16k =8k i
FIE (£ 3), HS cd APk N B IEA S, B
HARY TR -7 O R, BFSE R BT, SOD LA Cu/
Zn-SOD .Fe-SOD F1 Mn-SOD 3 Fl % 4 i BEA7-AE T4
JH, 2442 5 ROS JISKAT , BB 2 —NH, A i o7 It
iz Z MRS Xl A SOD T kB 5 il LR 2 — .
Cd ¥ <10 mg kg™ B, SOD & PETCHH W34, = BH
MR Cd Wha R X HE P s 5, 5 MDA #9254k
HA—3. 02 Cd W =25 mg-kg' B, H R
SOD {3 o Tt 30, HEMAR R e it 4R
BT IRUSER T, LIRS SOD 1 1 ik 1 B B A
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POD 1 CAT RIEAL H,0, TE L HO, M T A 55 BH
1E 07+ A H0, AR . ARWF5EH Bl Cd ikt ik
FIBEA, Ho BRI N3 POD \CAT 28k 52 128 4 K
s TR [, Cd Ab PR R S5 B3 CAT ok
FHEM:, 5 POD M B IEAHSE, HUR # POD 4
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A, MR 2N B SRR R A AL P G . T
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M EP I ST SRR, . AR RIS R
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PCs ORI ELIESE £ GSH, MifE GSH H A 5
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ST, Cd AL Fk B 5 4 | 3% SOD . POD
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FHOCHE (55 2), RIAPUALET AR R ROS M3 BRI
SR
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31

JE I H—ATPase i P48 {65 HE Py bi 14 ok 55 5 2%
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Cd V& B 3G i i B AIG L Cd W36 354 5 T 240 i g I VI 5
B, ANMHRA Ccd> i Ef HA5 R 14 h Al A 2 4
KB ER, R H—ATPase 7E Cd #EE <5 mg kg™
EF I T i , 2R B AR 2 25 25 s 1) o 7 F Ak 2 3B
JELAZERE Cd B 19 11, MU G UE 20 i Xt
B TB BN Cd WeE =10 mg kg™ B2 2E TR,
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Ca 7K LTk, [FIBiF caM 7 & T B 5 8505
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AN, TR S SFERBE H-ATPase
mRNA 530K, SECE TS, 4 cd HE =10
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R T, ol RE S AR RIS T AHR, i 57 -
AMPase 15 V75— & 72 A8 08 [ WL AR ¥ HT 00 fE
J1o Cd WREE <10 mg kg™ BF, /5 —AMPase 1% 74
T, AR T e 2 S A RS L i v AR LR
R R IR BT U B TR d R AR W I R
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IRE, A AR R ORI CTEL R T AR R
LR IRIIRE , 35 N T AR X EE (Bras—
sica alboglabra) WIWTFE SN, [R] I, 3 b PR fiEE 57—
AMPase T P& T4 T &8, X 578 m v W38 T b
EFRBU ATPase & T3 A — 8k, &M Cd
X AR S RE R A 1 450, FEMLRE AT R ik —
HFFE

4 ZE5ie

(DEBEX cd BB EERT AR E
AR T I

(2) ARV E Cd b FE(< 10 mg-kg") AKX AR
A6 B BH 8 1) B AL A8 Ak, X AP Al ATPase il 57—
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