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M E: RA LA R (NaNOy) E B M4 T 5 20 )& 7 6 J& A& Bt H Ik (GSH) R B A Bk S — T2 8 6 4 Jit ik
(GSNO) , GSNO it 4% 7% ) NO, & & F [/ % £ 1 GSNO(0.50,125 250 gmol - L™ F11 350 pmol - L™ 1) ¥ 3 40 2 % CdCl, ik
B E K (Zea mays L)%, AR A CdCL 4022 8y F X 4 v 1F 4 %t B8 (Control) , %K % GSNO X £ K 47 # Cd Jir 28 oy &
MRAER R EAMNE , ZEREAGINOLEME A TER Y H otk EMAtER G x BAML B EH
fim, B 250 pmol - L™ 8 GSNO AL PR 0% & ;78 350 pmol L™ 'GSNO & BB T E X 4w & £ b4 £ 4B A8
W R B KRB, AR T A E A GSNO A 38 (3B R B 125~ 250 pmol- L' 2 B ) B Z 38 T Cd 2 T

ARG WA BRI, do 8 A LB (SOD) i ML A B (CAT) U3 i B 3 &1k 4 B (APX) Fn 1d & 1L 4 B8
(POD) Y iE M, A L IR T HE M A (HLO) B AW E F(0, )4 BN R A ,CSNOR T UL ERBER Y EE
SEABE TS, P 250 pmol L™K E # GSNO LM B & .

KHER: NO;S- TR AR H KR, oKk, £

hESES: $513.01  XEEREE: A

Effects of nitric oxide, an indirect reaction production of NO, , on the

physiological functions of maize under cadmium stress

JIA Jia, XU Yi-xin, LI Jia, FAN Wen-qiang, HU Jing-jiang, MU Zi-xin
( State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau,
Northwest A&F University , Yangling, Shaanxi 712100, China )

Abstract: Gaseous signaling molecule nitric oxide (NO) is proven in many plants to be able to alleviate cadmium
(Cd) stress. Under acidic conditions, glutathione (GSH) can react with sodium nitrite (NaNO,) to generate S-nitroso-
glutathione (GSNO), which can release NO. The present work was to study whether this type of NO could help maize
seedlings ( Zea mays L.) to resist Cd stress. Different concentrations of GSNO (50, 125, 250 pmol * L™ ' and 350
pmol+ L=1) were applied to maize seedlings that had been subjected to 80 mg* L~ CdCl, for 7 d. The results showed that
GSNO could significantly improve maize seedlings plant height, stem diameter, and leaf area, especially at the 250
pmol+ L™! GSNO concentration; The addition of 350 pmol+L™" GSNO couldmaintain photosynthetic pigment maximiza-
tion, effectively alleviate leaf yellowing; The benificial effects of GSNO (optimum concentration was in the range of 150
~250 pmol+L™") on Cd-stressed maize might be related to the enhanced antioxidant enzyme activity, such as superoxide
dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) and peroxidase (POD), and decreased levels of H,0,
and O, ; Furthermore, GSNO greatly enhanced the capacity of maize seedlings to chelate heavy metal ions which optimal
GSNO concentration was 250 pmol 17",
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1.1 %hEEFRAE

DL EL 958 F KNI I M RL, BT T g
Gt Ml A Fl . GSH 4 F Sigma 28w, 38 H BLAL ;
NaNO, 14 P4 Bl il 2525w .

GSNO 7 W 1) il £ % R B 10 mmol - L™
NaNO,( 7E 100 mmol - L=" HCI ) 52 & F 1 10
mmol*L™" GSH(¥E 100 mmol - L™' pH7.4 A Na,HPO,
— NaH,PO, % fR 22 vp i ) B i, B AT I B 5
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HHTRE IR PRk A i FUR 2 B i R T, H 3%
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MR IR AR EE SR L, 55 5% LT 28 °CfH IR 7R 4
iRl 7 A 2 KB 2~ 3 em(H 3~ 4 d) i, ik
BUR 23— B 4 i 5 AR B A RK B Bs 77 5k
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FRE A 5 mmol « L™ GSNO BHR IS N A & Cd Y
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TR AE 3 KW H—K, T GSNO 44 1% 3 6 J3 4 K 3k
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— B TIESHRRADE A AR SR E; 5 —
F AR AN I e 2 SO R R e T T B AR HE
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(1) &Iy H 138 43 bk e 2500 A 1 AR R
Francis! %/ DR RN

(2) e AR & B ok R P2,
UV - 2450 BUEEHRAT WA G BE TR I, 23 i AE i K
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(5) #4846 = (PCs) 1Y & & O TR v Vh il B 5
(TAST) 5 GSH & it 2 (0. TAST 14 B3 5 I
FEFREL 0.5 g ZE A7 IIRESD A 0.02 mol - L™ "EDTA
VW 5 mL K EAIFEE 12 000 g #5.0> 10 min, 5 FIE
BRIk TAST. B2 ml 355 0.4 mol-L™" Tris ZZ 0Pl
(pH8.2)H1 0.1 mL 0.01 mol+L~" DINBIEA, il A
3.95 mL B, 20°CARTE 10 min, M5E 412 nm T 1%
T

(6) GSH 255 2 B iR VAT i I vk
1.3 Sitoh

B R 3 UG I i IME + b s . Wk
S5 HT H1 DPS 3R A HEAT T3 22 43 A R A 25 s L
5, i Excel 341514 .

2 gER 50
2.1 GSNO %bIB3f CABME T ERSEHERKALXEHN

=1

FHASFEHE E /Y GSNO 4bH Cd(80 mg- L") rif
THEKRLE,7 dJg &I GSNOy + Cdgo b FE T ok
it R AR A R RS, HA A
gea, MR KBRS, BN RR K E W25
EANHI(E 1) 1 GSNO Xt Z& f# CdCl, M A B 3%
YER , e AEAR 2 At b33 A A i I ikl 2 vk 22 4,
FORE MR IEH M Fr i A B ] el s I 2k
AR A & £ 2 00 XF BE, 22 B0 358 00 1 A MR
TE < 250 pmol - L™ ' GSNO ¥k B35 il 14, GSNO Z2fi# Cd
JBRE SR B GSNO Vi BE Y 1S I i 3% /11, GSNOs +
Cdgo IR BN I AEROR , B IS BE A R BE 3G K, 350 R
TG FRE. 1 2B 5 GSNOy + Cdgo 4b BEAH HE,
GSNOysy + CdgoZb3HH Cd Jilpa N T K& i ik = (25
FEL AT o T B A3 0 3G T 39, 53% ., 42, 1% Al
51.97%.

Control 350 GSNO 250 GSNO 125 GSNO 50 GSNO 0 GSNO

1 ARERE GSNO 423 80 mg+ L' CdfhiB 7 d f&
FERDEERR B
Fig.1 Effects of GSNO on the growth and development of maize
seedlings under 80 mg*L~! Cd stress for 7 days

R1 FEIRE GSNO A IE3T 80 mg- L' Cd
BB 7 d JE ER L ERSERMF
Table 1  Effects of GSNO treatment on the morphological responses
of maize seedlings after 7 days treatment with 80 mg+L~" Cd

S - RS
JOb e R/ cm ZEHL/em I T AR/ em?
/(pmol - L") Plant Stem Leaf
GSNO height diameter area
concentration
Control 27.60+1.31a  0.39+0.02a 13.89+0.73a
0 16.77+0.84d  0.19+0.01d 7.85+1.69d
50 18.43+0.2lcd 0.22+0.0lcd 8.86+1.24¢
125 22.30+1.57b 0.26+0.04bc  11.09+0.51b
250 23.40+0.23b 0.27+0.02b 11.93 £ 1.76b
350 18.47 £0.70¢ 0.22+0.02¢d 10.87 +0.80b

AN ING PR AL BRI 2257 835 (P <0.05). P,
Note: Different lowercase letters indicated significant differences ( P <

0.05) among different treatments. The same below.

2.2 GSNO %X CABMETEXRMHAXEBERS
=1:0p A1)

555%F BRAH EE , GSNO, + Cdgohth B K &)y i -4
R ARE a MEEE b IS E N RS RS
WERAR (K 2), 5 GSNOy + Cdgo kb BEAH 1L, > 50
pmol - L") GSNO AL HAH Cd i3 F KL 456G
R SR IHIE R E (P <0.05), HFE
F GSNO Ak ke B2 19 Tt &, 22 i A 328 W 3 K
GSNOssp + Cdg ML FRAf 28 R it 4R R a MH4 R
b FIZEAE N Z A543 B HE GSNO, + Cdgo b HHLE T
T 267.74% .180.86% .731.01% F11 109.31% , 25
BN FER SRR E] T R K, BB
SERME MR . TE GSNOssy + Cdgo b BRI, I35 A W5
| GSNO Ab BRI AN, v IR PO A R &
HHAOREE I 5 T K HE, GSNO A Ab B e )3 3 BE 4k 45
B, Rl e B Cd e oK A Kk B R
A0 ZE X GSNO HYHUR A TA]

2.3 GSNO AFEXF Cd BB T ER BN ALEEFE

Ed:ab-A)

HE 3, TiefERRE 2 a4 L,
GSNO, + Cdgo b FRAR I 25 M9 ] T JL A bi S AL 1)
T, S5 HRZHAE EL , GSNOy + Cdgo b HH i T K AR &
i) SOD,CAT ,APX Al POD {543 N % T 69.30% .
81.97% .90.91% #1 71.93% , M A ) SOD, CAT, APX
1 POD JGPE B R T 34.86% .78.68% .53.16%
H157.90% . T Cd W38 41 v Pt AL BETE % GSNO
HIME N 5 GSNO B MR FE (g 2R 1 H B e Pk A2 28y
SRR G, S TC IR T R b B, - 7 2H
t SOD . APX {1 1 34 i 35 5 A R 2 4L, 1M POD 1)
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Fig.2  Effects of GSNO treatments with different concentrations on the chloroplast pigments

content under 80 mg*L~! Cd stress in maize seedlings

5 GSNO, + Cdgo 4b P AH L, 38 Bk B 9 A1 U5
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1E3X— 7K F. CAT Fl POD §if PE 4% H £ GSNOyps +
Cdgo L FH AN GSNO,sy + Cgohh R 35 B WEAE, SR J5 24
GSNO 3 i+ 35 %) 350 pmol « L™ 1A, ¥R B 21 4b 1
GSNOy + Cdgo7’KF-o TEMR R LU, 5 AL FE GSNO, +
CdgoFH Eb , 4 FIT A0 Bl 1 M 2 S 38 i s B AR, U2
Hlge KA H L GSNO Kb FRHK B AN [H] . SOD A1 POD
TEMEITE 250 pumol - L' GSNO H¢ iAW, 1] CAT
1 APX HEPELE 125 pumol - L™ 'GSNO I35 HE(E , 3
Bk GSNO 75 19X Cd JHkia bt A Ak B ok i, A
[l PL 8 T 76 AR 25 A0 R i 7 08 1 S ], ke
GSNO ¥ B2 i U AN ]
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o HY0, F1 Oy~ 75 TP 0 2 T e, 0 IR i 1 i
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H,0, & 550 M 2 Je X BE AL A 4 580 3 F5 (I 4)
GSNO A3 Cd 38 41 i M 7 FIAR R 24041 rh 1,0,
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Fig.3  Effects of GSNO treatment on antioxidant enzymes activities of maize seedlings under 80 mg+L ™! Cd stress
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Table 2 Effects of GSNO treatments with different concentrations on the contents of
TAST, GSH and PCs in leaves and roots of maize seedlings
q S- ﬂﬁﬁ%@ﬂ%ﬁ}ﬂ(mlﬁ @fﬁ‘f?ﬁ@@ﬁ @Fﬁjﬁﬁ)ﬂ(ﬁ\ﬁ HERGE
Tissues GSNO con(:enfratlon TAST content GSH cont?nt PCs contejlt
/(pmol - L") /(nmol-g™1) /(nmol+g~") /(nmol-g~1)
Control 39.82+1.54d 30.92+1.13a 8.90+2.08d
0 51.23 £2.46¢ 11.27 £ 1.47d 39.95+1.89%¢
s 50 54.21+£2.37c 18.40 +2.59b 35.81+0.37¢
Roots 125 71.89+2.53b 19.38 +0.74b 51.78 +4.48b
250 81.33+5.86a 20.12+1.95b 61.95+£5.12a
350 52.04 £1.65¢ 14.71 £ 1.53¢ 37.32+2.87¢
Control 137.19£2.98d 26.75+1.47¢ 110.45+2.23¢
0 140.11 £2.45d 17.41+£1.85d 122.69 +0.82b
n 50 148.67 +3.23¢ 31.17+1.47b 117.50 £ 4.29b
Leaves 125 161.12 £ 1.61b 31.66+1.53b 129.46 +1.69a
250 167.47+1.74a 36.33+1.28a 131.15+2.93a
350 151.37+3.10c 33.62+1.85ab 117.74 £ 4.70b
3 W PELA B APX 35 PR TH 5122, Singhl ™ & B Cd iy

WFFERWT, Cd V5 Y A T Tl (4 8 & FliR
P A 1T HAA 2 TP R ) A B R BRI &k
U8 Heu 1 Kao " BF5E NO X Cd Wi F K Fg nt
Rt f a2 i AR & E 1) NO Al i
P ALY 3l , DR AL W 38 5 T 3 i 25 Ik
P TR RA TP D RE . AR I i 35 4k (SNP)
WA BT Cd Wria ~ EORG A R ER, g
T KA A e A AR R 45 R AR A S
AT T KL TE GSNOy + Cdgg AT, Fl Bk 5%
AN R B AR RAE R A B Z B B E IS,
FH NO, ™ i) NO Ab B, b A 6 28 & B 1,
TR AERR B TR IR . HAE— o Ve 1
{ELPY, GSNO B NO BT LI 2 42 2 K AR 2 Fnn:
A b A AL SOD, CAT. POD il APX 115,
THERZAL T Z %11 ROS(H0, 1 0,7 ), 1/ 4461
L OIRATHEDN, TR NO,~ AT NO X} Cd ikl
MIZERAERT, v R85 32 = A 05 B ROS 19 RE ) (&
3,16 4,3 2) , F#AIK ROS X H2g Z A4 (& 2), 2
FOGA R R AE K EB AR (FE 1), NO
PE AP E ) — D FHEEHLHE S SR
ARG, /N EAL A . Al Cd B af A B RR 4
HiKtmAME NO(SNP) J& , A5 F 38 T 5k Cd Jiraa b
R RERE, SOD 16 7 . APX 15 PE LA K GSH % 78 46
BFI] A R 42 v, A TT G2 % T Cd XA AR 119 B 35 4
RN S Rt 25 7 FA A 5 R 4 B b S A I Y
PE, AN AME NO (SNP) W23 fiff CAT % 7 . SOD i

JHAFR K FE S H0, DL R 0,7 5 5 & e
AL BELH A PR, T AR NO AL BRJS , ROS 5 &
JUTF3E T R4 . X B 2s AR W] NO HLa ko)
BT BE 2 0 W BR R N 2 4 19 ROS >k & #£17E .
L) A 20 L A9 308 5 28 5 T 6 i [T DA ARG
AWt MY M E SR — M EE S,
AP E SR (PCs) BIEV AN FEZN & BE LY
JiPH, PCs HABAR 97> T8, 0w LS & Fh 4 s B
TIE R EELS A 1) D Alessandro 45 3 i i
TEATHTR TR E Cd e RIS 4 ) PC &
R —EWRER Cd AL FHh S 4 51# PC2 Al PC3 1E
MYHANIIRR . B T 26 EE&R 2, AaHE
UESE PCs IS RESFEARAE Y A N Cd WhiE 55 77 26 1
ROS % 4, 12 5 4 J@ i 52 /11200, GSH &2 —Fh =
Ik, 7% PCs A BUWHTRY) BT, PCs B B2 A GSH 1)
Y — A A e & e K KR, Cd e 2
ROS & EF, W ELPLIR LB F1 GSH A% 1E 7 4%
W, (415 GSH & MR i GSH A B & —Fif
U AL, vl LIP3 8, NO REAS S5 Shka W 1 Bt iy
ML, AT PE GSH & i3 2, 7 S 1
75 NO,~ JE ) NO Xf Cd Wit F K 4 ¥ TAST,
GSH Fl PCs 7% 5 1Y 520, & B BL R IR 1) NO X =&
M & AA R E R, R B ATEAR R A 4l
AUt Cd PriE M sTERAS [ . KT NO g i o A
A, PCs(EE A ML) vl 8 R EAEAR R PR AEM, Wi
GSH(HLAALBE ML) FEZAEM R R . Xt
I I 2H 2 rb i T A B R RN AR LR P T R
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