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Effects of Exogenous Calcium on Oxidative Responses and Nitric Oxide in Chinese Cabbage ( Brassuca

pekinensis ) Under Cadmium Stress

LIN Xiao', GAO Su-ping”, LEI Ting', WANG Cheng—cong', ZHANG Kai—hui'

(1.Landscape Architecture College of Sichuan Agricultural University, Chengdu 611130, China; 2.Institute of Landscape Architecture of
Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Calcium can alleviate heavy metal stresses in plants. A hydroponic experiment was conducted to investigate the physiological

mechanisms of Chinese cabbage (Brassuca pekinensis ) responses to cadmium(Cd) stress under exogenous calcium (Ca ). Concentrations of
Ca and Cd ions, reactive oxygen species(ROS), malondialdehyde (MDA ), glutathione, and endogenous nitric oxide(NO) as well as antioxi—
dant enzymatic activities in cabbage leaves were determined. Meanwhile, the transduction function of Ca**~CaM influenced by Trifluoper—

azine(TFP, 0.2 mmol - L") was also investigated. Cadmium stress decreased Ca concentrations in cabbage leaves, while exogenous Ca addi-
tion increased Ca but decreased Cd concentrations in the leaves. However, TFP had no significant effects on the concentrations of Ca and
Cd. Cadmium induced ROS outburst in cabbage leaves, resulting in the peroxidation of plasmalemma and also suppressed superoxide dis—
mutase (SOD ) activity. However Cd increased the activities of ascorbate peroxidase (APX ), catalase( CAT), and peroxidase (POD ) and the
concentration of clutathione( GSH ), causing an escalated peroxide pressure in cabbage leaves. Exogenous Ca addition alleviated Cd induced
pressure, but such alleviating effect was weakened by TFP addition. Nitric oxide concentrations in cabbage leaves were reduced by Cd but
increased by exogenous Ca. This boosting effect of Ca was depressed by TFP addition. These results suggest that exogenous Ca reduces the
Cd stress in cabbage leaves through decreasing Cd uptake and increasing antioxidant capability by Ca*~CaM signal pathway.

Keywords: cadmium stress; calmodulin; antioxidant enzymes; reactive oxygen species; nitric oxide

i HEA:2014-04-28

HETB : )14 BRI H (2012FZ0083 )

TEFBI AL BIH(1990—), L iAo A, FEEMNFAY A BA 5T E-mail : linxiao_1990@yeah.net
*BIEEE . B E M E-mail : gao_suping@yahoo.com



1700

KA IMERF 217 ERRET k.

54 (Cadmium,Cd) 2K HE @15 M FE LR
Z— B GBS s A Y A
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7 B 0t JBORE LA A B £ ™ BRI B 9 G4y 28 fide 5
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XFAMIE Ca 1875 ROS FINURE NO (4SBT , R
SRR S ATC A F B SR AEENSAR S, [t A
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| MRS

L1 ke R 5iR8& 3t

BRI T 2013 4F 10 A—12 A7)l k2 A
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(pH6.0) 5 FR WK KE , BRHe 1 B TR, T d JFEUK
P L A TP

RV E 6 MNMERI(E 1), B 3 AEE ¥
IR Z pH R 6.0, B R 8 BB 1 RERFRIR, I
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W 3 IR AR E T GZ-450-GSIL B GEA
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70%~80% . 7 d Ji5 B SREAE PRI A2 45 T 45 5 o
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Table 1 Experimental design

%5 Number kb3 Treatment
CK 1/4 Hoagland 5767
T1 1/4 Hoagland+100 wmol - L™ CdACl, 55577k
T2 1/4 Hoagland+5 mmol - L™ Ca(NO); #5355k
T3 1/4 Hoagland+100 pmol - L™ CdCl+5 mmol - L™ Ca(NO ),
T4 0.2 mmol - L™ TFP 12V M +T2 B35 W
TS 0.2 mmol - L™ TFP {ZE M +T3 B35

1.2 MEMB SR =%

SEHEAbEE 7 d J5 TR A IR PRI E o SRS
FLILBENLN AR PR AR L B3 ANFEAS, 9EF 74
PRFEAR A PATINE o
1.2.1 EFIoR S ENE

Bt R TRERTE L 3 1 mm 6, BRI 0.2 g BOAE
FyARIEAAE HNOs=HC10,(5:1 )W 4 7 I o SR H]
H SR 5 55 B R - I 7 R G 1% A Tris Advantage
ICP-AES(Z[F Lee man 22 F) )M E Cd 1 Ca & &,
1.2.2 A FHEPRAGINE

AR (02 + )& R R AL SR sE s
it AL & (H0,) & 6 R TR o 2 0 7 105 Py — 8
(Malondialdehyde, MDA )& F A EL G Z R 1 55
A L) 1B Ak i (Superoxide dismutase ,SOD ) 5% FH &
T DS O, J 2 T 2 3 44K 40 6 ( Peronidase,
POD ) R FH B B Ay ok ) s 3 48 Ak U ( Catalase,
CAT) 2R 15 SRSV I 7 ™5 0 I 1 R 3 481k ) iy
(Ascorbate peroxidase , APX ) >R FH 1o S804k S0 5t 2
M3 38 JE BRI H IR ( Glutathione , GSH ) 5% R &
(TRMRHES LR W) BAA FRAA Rl AR SE , brvi
y=0.001 5%,

1.2.3 NO %t

Z: M Xu SR 5 R AR B T d S Y SR E
YIF 429 10 mm?, ] 15 pmol - L™ NO 5454t 4, 5-
diaminofluorescein diacetate (DAF-2DA)7E 37 C 15 ¥
Frh SR AL 30 min, BUH S 20 mmol - L HEPES-
NaOH(pH 7.5)Z% spi Ut , 28 Ja O It A i
TUBE JE B AT WM (495 nm B WA, 515 nm K5t
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4 H SPSS 17.0 B4k 4777 2253 H (ANOVA ),
Duncan 35 5 25 5 1. 54 (P<0.05) .
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2.1 AEISEXTAZEMF Cd #1 Ca 2RI

N 2 B BN IMA MRS I8 25 3R AT 4 b 4 g
W Bt CA(T1) S Cd % e, Ca i
MK T 48.31%,5 CK 225 8 % (P<0.05), M Cd &
P Ca Wi T T1 FEFR W P ASMNE Ca J5(T3),
M Ca &N T 65.21% ,Cd & & HIBEAL T
38.96%, % 5 T1 22 51 % (P<0.05) , BLHASMJE Ca fig
] Cd W Ca W, 435I T3 5 5 —55 b5
(T2) A CaM F5H57] = F$1% TFP J5,Ca . Cd 7£
M SRR B AR, R R CaM
TR 5 AN 1% Cd il Ca IR

% 2 RAE TIMNESSH TFP X B3 Ca f1 Cd R E %M
Table 2 Effects of exogenous calcium and TFP on contents of Ca
and Cd in Chinese cabbage leaves under Cd stress

Cd &+ Cd content/

Ca & Ca content/

AbFR Treatment ngg’ DW mg-g! DW
CK 0 0.89+0.02b
T1 48.00+2.00a 0.46+0.23d
T2 0 1.20+0.87a
T3 29.30+1.49b 0.76+0.32¢
T4 0 1.13+0.14a
T5 27.03+2.01b 0.69+0.21¢

T R BRI R P E AR HE2E (Mean£SD; n=3 ) , A [a)/NE Fb):
FR AR B (8] 1) 22 5 8 25 (P<0.05)
Note: Data are mean#standard deviation( Mean+SD;n=3). Means with

different letters indicate significant differences between treatment (P<0.05).
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Bars with different small letters indicate significant

differences between treatments at 0.05 level. The same below
1 $RAME THMERSSH TFP Xt E3EA F ROS #1 MDA &2
Figure 1 Effects of exogenous Ca and TFP on contents of ROS and
MDA in Chinese cabbage leaves under Cd stress
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Figure 2 Effects of exogenous Ca and TFP on antioxidant enzyme activities in Chinese cabbage leaves under Cd stress
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Figure 3 Effects of exogenous Ca and TFP on contents of GSH in

Chinese cabbage leaves under Cd stress

TGk, $25 T CAT.APX . POD JGPEF GSH & &, 5
CK 22 5 . % (P<0.05) ; T 78 1% A B2 v b 78 48R Ca
(T3) J5 ,SOD.CAT & ¥ F GSH & & 43l B F+- T
61.97% 16.73%F1 26.36% , APX Fl1 POD I 1t 43 7| b
KT 21.48%F1 28.24% , % 5 T1 2 5 3 (P<0.05),
VLHA AN Ca BEVRSY Cd Wil R AT A AL BE TG 1 0
GSH & & ;T3 J{#i fj TFP 2% 0 B )5 (T5),S0D .
CAT 1% P43 51 8] % 25.98% .9.2% , APX . POD i 1143
SIEITE9.12%H1 27.18% , #55 T3 255 8% (P<0.05),

HJFEAHE Ca AR GSH & & R 9.03%, 33T T1
K, UEHH CaM A3 T Ca X B AL GEFT GSH (17
R, miA—454b N (T2) il TFP J5(T4),
APX .POD F1 CAT %5 T2 iy 25 et ik ) i &K F
(P<0.05), BB A JC Cd MHALEAE,CaM #5551
A AL B AR
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WA 4 FE7 B IMA MRS 25 7 A G VAR 40 P D
NO (753 — Cd AT BEMH T NO Lk,
eI, M Cd B IR P B AME Ca 4b B 5 (T3) %6
SRR ETE DEHIAMNE Ca S5 T Cd X NO (R
YER T3 Him A TFP 0 it |- CaM J5 (T5),NO 25t
SRS T3 A HLBA B, Ui CaM 5 T Ca*xf
NO FRFEEER ; B CK AN FEAME Ca J5(T2),
NO Z IR BB AR, 1 T2 rhpfint 5 CaM 5
(T4),NO DS T2 A H AR 8 k55 , i o
FEAETE Cd AT DL, Ca®-CaM (55 RS 5 T
NO 74

3 it
CafENEENT, S5 T HY XTI E ZFhi
A i 7101, X 3 SENSIIEY e BRAMIE Ca AT LAfE#E Cd
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Figure 4 Effects of exogenous Ca and TFP on endogenous NO fluorescence imaging in Chinese cabbage leaves under Cd stress
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Ca 4275 7 Cd BT SOD . CAT F1 GSH &Pk, FAIK
TPOD F1 APX 36 (F& 2. [ 3), RAHAMJE Ca X4k
i E AR SR R GG TE R S O, Ui
Ca fig7E Cd Jia T i 1 8 5 A ML R B S A Pt
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