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Effects of Exogenous Nitric Oxide on Lipid Peroxidation and ATPase Activity in Plasma Membrane and Pho-

tosynthetic Characteristics of Catharanthus roseus Under Cadmium Stress

LIU Shi-liang, YANG Rong-jie’, PAN Yuan—zhi", DING Ji-jun, HE Yang, WANG Li

(Landscape Architecture College of Sichuan Agricultural University, Chengdu 611130, China)

Abstract : Ornamental plant Catharanthus roseus is an important landscaping and anticancer drug source plant that widely grows in the city
gardens and on the roadsides in China. A controlled pot—experiment was carried out to investigate the effects of exogenous nitric oxide(NO )
supplied with the sodium nitroprusside (SNP, an exogenous NO donor) on growth, photosynthetic characteristics, and the reactive oxygen
metabolism and ATPase activity in plasma membrane of Catharanthus roseus tissues under cadmium stress. The results showed that addition
of 100 pwmol - L™ exogenous SNP alleviated the inhibitory effects of 25 mgCd +kg™ on the growth of C. roseus seedlings, increased the leaf
length and width, plant height, basal diameter and biomass( fresh and dry weight) of the plants. Applying SNP decreased the contents of
malondialdehyde (MDA ), hydrogen peroxide (H,0,), and glutathione (GSH) and the production rate of superoxide anion radical (O3« ), but
significantly promoted the activities of catalase( CAT), peroxidase(POD ) and superoxide dismutase(SOD) in the leaves and roots compared
with no SNP treatment. Also, SNP supply alleviated the Cd inhibitory effects on chlorophyll a(Chla), chlorophyll b(Chlb) and total chloro—
phyll, increased the net photosynthetic rate(P,), stomatal conductivity degrees(G,), transpiration rate(7,) and stomatal limit value(L,), and
decreased the intercellular CO, concentration(C;) and instantaneous light use efficiency (LUE ). Furthermore, exogenous NO elevated H*-

ATPase and Ca>*~ATPase activities of plasma membrane in the leaves and roots to the levels without Cd stresses. However, applying 100
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pmol « L™ sodium nitrate or nitrite(the decomposition products of NO ) or the same concentration of sodium ferrocyanide (an analog of SNP)

had no significant alleviating effects on cadmium stress. These results suggest that exogenous NO could mitigate Cd damages to the cell

membrane of C. roseus seedlings via scavenging reactive oxygen species, increasing chlorophyll contents and promoting ATPase activity in

the plasma membrane.

Keywords: nitric oxide; cadmium stress; C. roseus; antioxidant system; ATPase; photosynthesis
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Figure 1 Relative growth rates of C. roseus seedlings under different Cd levels and different SNP rates at 25 mg-kg™ Cd stress
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Table 1 Effects of exogenous NO on the plant growth of C. roseus seedlings under Cd stresses

KbHE Treatment P Leaf length/em 15 Leaf width/em  #%) Plant height/cm 342 Basal diameter/mm &£ 8 Fresh weight/g T Dry weight/g

CK 9.36+0.03a 3.34+0.05a
T1 8.83+0.05¢ 3.10+0.02b
T2 9.23+0.03b 3.26+0.08a
T3 8.89+0.01c 3.15+0.04b
T4 8.74+0.08d 3.12+0.03b

27.62+0.23a
24.02+0.50c
26.07+0.40b
24.68+0.54¢
24.08+0.08¢

8.37+0.16a 26.77+0.59a 5.69+0.26a
7.98+0.05b 22.88+0.12¢ 3.25+0.11d
8.27+0.04a 25.47+0.42b 4.94+0.19b
8.10+0.03b 23.21+0.03¢ 3.57+0.19¢
8.13+0.03b 23.13+0.03¢ 3.63+0.78¢

T R R I bR iR 22 . ARG SRR A PR 22 53 2% (P<0.05 ), Rl

Note: Date are means=SE. Different small letters indicate significant differences among treatments at 0.05 level. The same below.
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Figure 2 Effects of exogenous NO on MDA , H,0, contents and O; + production rates of C. roseus seedlings under Cd stresses
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Table 2 Effects of exogenous NO on antioxidant enzymes and antioxidant contents of C. roseus under Cd stresses
Y AbF CAT i%5¥E CAT activity/ POD %1 POD activity/ SOD 7544 SOD activity/ GSH 5+ GSH content/
Plant organs Treatment Unit+ g *min™ FW Unit-g”*min™ FW Unit-g™"' FW pwmol - g FW
A Leaf CK 29.82+1.98a 184.76+16.73¢c 36.43+1.57a 1.98+0.12¢
T1 23.35+1.96h 223.35+19.06b 23.35+1.96h 2.35+0.06h
T2 31.89+2.51a 291.89+12.50a 35.23+3.63a 2.74+0.20a
T3 24.14+1.40b 226.48+16.87b 26.52+3.12b 2.18+0.19bc
T4 26.35+1.12b 226.36+10.12b 27.69+1.94b 2.42+0.13b
HRZ Root CK 34.97+1.18a 168.97+13.14¢ 46.76+3.17a 2.97+0.04¢
Tl 26.01+3.06b 324.17+22.65a 34.25+3.68¢ 2.13+0.10d
T2 36.54+1.57a 205.20+11.18b 41.87+1.05b 3.94+0.15a
T3 26.48+2.09b 226.48+19.56b 36.48+2.09¢ 3.08+0.08bc
T4 27.12+1.00b 293.79+23.09a 37.12+1.00¢ 3.22+0.13b

Kt (P>0.05);GSH 55 CAT M I 2 IEAH I, 5 POD fi
S
2.4 4NIE NO 3t Cd fMB TREEAEHREHZM
H12 4 A1, 25 mg-kg™ Cd 38 i FEAX Chla,
Chlb .Chl(a+b)#1 Chla/b, . CK Zb343 51 F R4 54.61%
48.10% .53.19% #1 12.61% ., #hJiti 100 pumol - L~ SNP
AE B E LR Cd A X A Chla ,Chlb 1 Chl(a+b )41
HlE R, $& %5 Chl a/b {8, 5 1E % 454 (CK) Z A Tt i

S (P>0.05) AN 100 wmol - L™ ) NaNO, zf;
NazFe(CN)q AbFFF K i 4 Cd Ja b3 T 4yt
SRR R AL E a/b {H
2.5 5pME NO Xt Cd BB TRERGEM FSEZHR
SHEIF

25 mg-kg™ Cd Jpiria X5 4y i i i SRS S ORI
LUE S0 2% (% 5). TI ¥R, P, .T,.G, I L, % CK
REFRAY 5T B 42.37% .49.85% .49.60% .44.83% , C; FiI
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Table 3 Correlation coefficients between MDA content, reactive oxygen species and antioxidant activity in C. roseus seedling(n=30)

MDA & & H,0, & & 0; - e iR CAT 7 POD J5 SOD ¥ GSH i
MDA content  H,0, content O *production rate ~ CAT activity POD activity SOD activity GSH content
MDA & MDA content 1.00

H,0, % H,0, content 0.943%x* 1.00
0; + 773 05 - production rate 0.924%* 0.979%* 1.00
CAT itk CAT activity —0.642%%* -0.603%#%* -0.608%** 1.00
POD 51 POD activity 0.608%* 0.634%* 0.598%* -0.306 1.00
SOD {14 SOD activity -0.468%** -0.490%* -0.525%%* 0.780%* -0.231 1.00
GSH 7t GSH content -0.101 -0.076 -0.032 0.576%* -0.101 0.576%* 1.00

T R PSS SRR 5 M HUICE B . *, P<O.0S(RUM ) 5+, P<O.O1(XUI) . Rl

Note: Results in the table are calculated based on data of five treatments. * , P<0.05(bilateral ) ; **  P<0.01(bilateral ). The same below.

&4 SMENO X Cd B TREEGDEM FHEESENRIT

Table 4 Effects of exogenous NO on chlorophyll contents in leaves of C. roseus seedlings under Cd stresses

KbFH Treatment M4%% a Chla/mg-g” FW Mt2%% b Chlb/mg-g” FW M-2%2% a+h Chl(a+h)/mg-g”' FW 225 a/b Chl a/b
CK 2.82+0.06a 0.79+0.08a 3.61+0.11a 3.57+0.12a
T1 1.28+0.11b 0.41+0.03b 1.69+0.11b 3.12+0.21b
T2 2.73+0.10a 0.74+0.10a 3.47+0.19a 3.69+0.15a
T3 1.31£0.13b 0.43+0.05b 1.74+0.17b 3.05+0.03b
T4 1.46+0.20b 0.45+0.07b 1.91+0.26b 3.24+0.10b

&5 SMENO Xt Cd B T RELL B 7 KRS E AR SRR BRI

Table 5 Effects of exogenous NO on gas exchange parameters and LUE in leaves of C. roseus seedlings under Cd stresses

Kb Treatment P./pmol - m=+s™! T./mmol *m>-s™! G,/mmol *m=-s™ C;/pmol -m>-s™ LUE/mmol * mol™ L,
CK 26.79+1.02a 6.88+0.04a 87.03x1.51a 192.70+15.26¢ 15.30+1.56¢ 0.29+0.01a
T1 15.44+1.18¢ 3.45+0.20b 43.86+1.49¢ 289.57+14.83a 32.91+2.66a 0.16+0.05b
T2 23.46+1.23h 6.64+0.34a 81.94+1.87h 204.77+16.44¢ 24.81+3.60b 0.27+0.03a
T3 15.85+1.79¢ 3.56+0.20b 46.36x1.44¢ 256.28+21.51b 21.28+1.99b 0.19+0.04b
T4 16.56+2.27¢ 3.53+0.22b 45.23+£2.36¢ 245.08+21.54b 20.42+1.94b 0.17+0.03b

MR COL VRS s G, AL s L R SALIRGIE ; LUE BB YGREFI AR P oREOLE R, T, 2B E . TR,
Note: C;, intercellular CO, concentration; G,, stomatal conductance;L,,stomatal limitation; LUE, light use efficiency;P,,net photosynthetic rate; 7}, tran—

spiration rate.

LUE tt CK 4bPE$E S 50.27% 115.10% T4k 100 & 6 SME NO Xf Cd B8 TREEDEM F SEZHSH

pmol - LSNP F,P,.G, LUE 7£ T2 &5 CK b H i) 22 5 BRET L RE I AR Z B X (n=18)

B T Cf L PR IR B AR, T2 AhBE T, Table 6 Correlation coefficients between gas exchange
P.T G..L % Cd A Ab TR (T1) 40375 51.94% parameters and LUE in seedling leaves of
92.46% 86.82% .68.75%;C, Fl LUE H. T1 [&1F% 29.28% . G- roseus under Cd stresses(n=18)

24.61%, Cd A, &Mt 100 pmol - L™ f NaNO, 5§ P L e ¢ MWE. L
NasFe(CN)g X Fr P, TG, L, $4 AN 5.3 (P>0.05), ; O;;O Lo

X CFI LUE S22 2 . R, A1)t 100 pmol - L7 SNP ¢ 0954 0997 100

NaNO, 5% Na;Fe(CN)s T, LUE 7 = &[0 254N —0.841%% —0.833%% —0.831%%  1.00
B AT (R 6),P, 5 T, .G, 71 L, W % LUE  -0470 -0408 —-0444 0.601*  1.00
IEMSE, 5 CHBE A, 5 LUE JCR &I L. 0.822%% 0.845%% 0.853*% -0.820%* -0.519*  1.00
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(P>0.05),
2.6 SMIE NO Xf Cd B TR EFEEL B RAR ATPase
MR R

JE RS H'—ATPase {1425 1k 55 48 9 41 M0 14 1) 52k
559 B A, Ca>~ATPase REif 1 3 8)32 Hiy Xl g A Ca*
SRR K 3 B8, 25 me ke Cd ka8 5%
Al B FIAR 225 H—ATPase 1 Ca*~ATPasel& 1,
NI 100 pumol -1 fY) SNP REff ATPase 1G5 s 21 1 %
TK-(CK),, 14Nt 100 wmol L fiNaNO, 5{ NasFe( CN ),
T, M I £ 5 I H*—ATPase .Ca**~ATPase 15 1E4

[ a —I_ b

Cd JPhia b BRJC 25 22 57
m m
T o1 1

Kb PR Treatment

b b
| m
T1 T2 T3

AbFH Treatment
A Leaf [ #2 A Root
B 3 AE Cd iREAIEITHKELRIE H'-ATPase
F0 Ca*~ATPase & 1B R0
Figure 3 Effects of exogenous NO on H'~ATPase and Ca*—ATPase

activities in plasma membrane of C. roseus under Cd stresses.
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