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TG RO BN TEEB AR 4527 em X 27 em) o1, 4 454% 120 ki, FH 1/2 Hoagland ¥ Wi 7F 3%
BREPEE, AR B 25~28C R 16~19 C AHXF MR 65 % A4 . FEghii B 5 Ak e, s #—
) v R A T 56 0 6 19 NaCl 38 v B2 AL NO I {6l 35 44 (sodium nitroprusside, SNP) &b P Ji , [] B+ i A
NO {5 515 35 3% 12 S ST & 17 2 PR L (guanylate cyclase, GO) 3 il % W H 3% # (methylene blue, MB) , ¥ il F
Bt 7 AT AL B R B 1 R E A 300 mL, ARALFE 6 4.3 E K L HEYLIX S .

S AL PN - 1) Hoagland ¥ (CKD 52) & SNP 100 pmol/L ) Hoagland % -SNP33) & MB 10 ymol/L
1 Hoagland %% » MB;4) & 150 mmol/L NaCl ) Hoagland # ¥ »NaCl;5) & NaCl 150 mmol/L #1100 pmol/L
SNP ) Hoagland % » NaCl+SNP;6) 1% NaCl 150 mmol/L.SNP 100 pmol/L #1 MB 10 pmol/L ) Hoagland
VW NaCl+SNP+MB, 23545 0,2,4,6,8 RIPCHE BT 10 T 25 2~3 F 58 4 & JT M FH TR A3 O 5 DR A7 12
—80 C vk H s S I HEAT & TR AR I A2 L AT 3 IR
1.2 MEMiFE 7 &

P (MDA) #5 # R AR B H 2 FR i 2 5 Ho O, 75 42 B] Brennan Al Frenkel™™ (1 J5 35 1 2 5 38 J5 A1
PUR ML R CASA) F B A HT I 1 B2 (DHAD ) %2 4% 18 Jin 25020 A9 7 i 5 38 JRURI 23 bt H K CGSHD A48 Ak 79 25 bt H ik
(GSSG) & i R H Gossett S5 (19 )5 25 5 UK I 1R 12 4801k 0 il CAPXO 3% 4 4% Nakano il Asada"** 1 Jy 3 ]
SE 5 B PR IR A JE I (MDAR) 35 7 5% Fl Miyake #l Asada™ {7 320 5E 5 B S BT IR L BR A B (DHAR) 3%
PE4% Hossain il Asada* 75 32100 52 s 25 e H KA J5 A (GRO 3% P 52 ##% B8 Foyer F Halliwell™™ it 5 2 &2 .
W 25 R LA T HROR .

1.3 BS54

K SPSS 12. 0 #AFHEAT 5 25 5001, I SSR L #E 47 25 5 i MK 56 (P<C0. 05)
2 #RE5HH
2.1 SNP x NaCl prit F 2 A2 4% 5 MDA #= H,O, & Z 6%

MDA &R A AL =4 . IE# 40 T SNP 5t MB &b B i i+ MDA & & 5% JJC 8 3% 25 5 (B 1A);
NaCl Jffpift F MDA & i 5 35 85 10 BRI Bl b 2 A () 28 4 RS 7 38 s SNP 8 3% B I8 T NaCl B8 7 1 MDA 7K
s R MB IEER TSNP X MDA {55 200 . MDA % & 5 5 NaCl 4 B AH TG 3% 22 5+ .

IEH T SNP AAHLY) H.O, SR SXT IR R EZES (B 1B);MB AR E T HO, &8, bR~ HE 2
K5 XF B TC B 35 22 A0  FEAL BEER 4,6,8 Ky 35 5 T Xt B . NaCl Jipad B @428k 7k B H. O, (RS ria 26 2
R XS BRBEn 2. 9 £% . 11 5 2248 B A AR 5838 % X0 B8 NaCl p it F SNP FEAK T H, O, M7k, 76 &b 254 A]
H,O, & 8 A8 TF NaCl 23 ; MB 3 %% 7 SNP X} H, O, FL 2 imilfE
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Fig. 1 Effects of SNP on contents of MDA (A) and H, 0O, (B) in leaves of ryegrass seedlings under NaCl stress
& Hr AN [6) /NG B e o ) 3 A B R 2% 5 8 3% (P<<0. 05) , N [A] Different normal letters among the same times of

treatment mean significant differences at the 0. 05 level, the same below
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2.2 SNP #f NaCl phia T Z LA F 4wt 4 ASA = DHA 42 % ASA/DHA & %

IEH ZAF T SNP #2585 T 05 (1 ASA & it 1 MB AL BRI ASA & REESS 2.4 KRBT 3/ FXTIRL A 6.8 K
F i F R 2A) . NaCl 38 ASA & BEAEIE 1955 2 K EP I 35 75 T 0 R 5 Bl 30 B[R] 22 K 3 B AR
55 8 KBTI KT XS B SNP W] b 92 /i T #h Wit & ASA & 5 (19 F B MB 51385 4% T 48 NaCl Jip 381 1 (] SNP Xt
ASA E R HFHER.

IEH AT SNP £ T R Z B4 it R ) DHA & &, (B Bl 4b e ) € < DHA & 5 7 W 35 78 fk ()&
2B);MB #2517 DHA & it JF B AL FEES ) 2E K& 2 58 TG B8 fk . NaCl it~ DHA & 42 5, Of Bl b 23 6
(i) A A 175 48 i s SNP FEAIR T NaCl it T 9 DHA & 5t A2 a5 6,8 KBTIk i3 /K F s MB #i] 7 SNP Xf DHA
TRMEMRER. £U NO AffgE T GC -T2 5E M0 T B E B IR N ASA & fLid R .

HE— 253 A7 B B IEH A4 T  SNP flint i ASA/DHA FEAL S 2 K i 58 2 B AIK, M 26 4.6,8 K B g 42
s MB A FEBRFE AL F S 2 KREF ASA/DHA JoH B ARfbAh, 55 4.6,8 KI B EF MK T X /. NaCl Jbpia 76 kb BEES 2
Kt ASA/DHA & E 425 .45 4.6.8 KU HA B T[4 SNP B #4255 17 NaCl i F i) ASA/DHA; 54 MB J5
Hh i 7 SNP %F NaCl Brie & ASA/DHA 1942 & /EH (& 20) . $iB] NO m Gl i K cGMP A S0 (5 5 ik
AR R T8 T 2B 2 B A P A KO 19 ASA/DHA W T 4 457 1E 4 19 S8 A6 8 SRR A

O ck B sne E MB B Nacl 8 Nacl+sNP [ NaCl+SNP+MB

AL #2 B [A) Treatment time (d)

&b # AT [A) Treatment time (d)

E 2 SNP %f NaCl BB FEEE 4 MH A ASA(A) .DHA(B) . ASA/DHA(C) .
GSH(D) .GSSG(E) 1 GSH/GSSG (F) & = 5k bt & #9 &2 Mg

F

-

g.2 Effects of SNP on contents of ASA (A) and DHA (B), ASA/DHA (C), contents of GSH

(D) and GSSG (E), GSH/GSSG (F) in leaves of ryegrass seedlings under NaCl stress

o 9.0 ~ 4.0
B2 | = D
A 8.0 A 3.5k b
270 } 20 3 glaadaaa ahl “be b
e 6o | S §EEap =
A= I o w e 2sHEVE -
WS 5.0 mE H !
5 8 =z 20{NH :
23 40t w g ¢= |
€ 30 H O£ L3H ﬁi i
B S Lo NE !
< 2.0 F = [VEEE |
Z 1o} % 0.5 é; :
0 o LEVET), .
0 2 4 6
~ 2.5 _ 40F
z Z 35
2 30
i 2 F g 2.5
s \2E P!
<z 8 H e 2.0
T 5 i E v g
A8 & £ [2) < 1.5
= NE ©3
z Ve 2 1.0
g7
g7 0.5
= VH %
O 0 :
0 2 4 6
7.0 1.2
6.0 | Lok
5.0 F 4 —H
< b c_ a b a 8 0.8F
= 4.0 Fa o b = a
a et chd § 9 0.6}
=50 | \er sl =
< 20 F § E = § : o 0.4H
1.0 | § H = § 02|
0 . BZ= . =11, | B
0
0 D 4 6 D 4 6




FE19EE 2 W FL 2] 2010 4R 85

2.3 SNP #f NaCl pria T 2 £ F 4%t b GSH #= GSSG 4% % GSH/GSSG # % %

1EH A0 SNP ACFE 5 X} BEAH b B & 3 T R GSH & & FRAIK T GSSG & i s MB AR PR GSH &
I E AL GSSG S AW i, NaCl ria kb FRAE & 34 FEAR GSH & & iy [A) B & 3 82 & 7 GSSG 7K °F-; SNP
B EZM T HI07ES 0 GSH & &0 FRE. [F e, R FEALT NaCl Pt 51219 GSSG & 2 5 % i MB 4b
FHINEBR 1 SNP X NaCl i~ GSH & & 42 5 1 GSSG & = a1 (& 2D,E) .,

HE— 2543 T2 B VR i SNP b B IE B 2548 & T OE E A KA N AT R i GSH/GSSG, XU fifi NaCl i T
) GSH/GSSG & 33 K s ¥ MB b B Al NaCl B3 N SNP # 5 GSH/GSSG 9 1E F 52 2306 5% . i (i 1F 3% 4 K
ZMF A ) GSH/GSSG i F K TG (E 2F) . 3] NO Al fEi@ i GC @2 ST GSH Al GSSG # &
Ol 2 R 5 5 KT 1) GSH/GSSG , M 1 58 28 22 B 1 51 A Ak Rk
2.4 SNP #f NaCl pria T Z £ F 4% et i APX.GR.MDAR #= DHAR &% 69 % @

APX J&LL ASA NIEWIH) H, O, 1EBRES . 1E% &/ F SNP 4P &g 825 170k A A9 APX 3% (E 3A) s MB
AR APX 3R S XTRIC R 2 5 . NaCl e N APX 6 P 78 5 A W 19 (8] (2 2 /& F %) i SNP it — 25 42
T ER R APX 3G M MB AfERR T SNP XF APX 6 P i £ & 7 A L (B 3e B 1R APX 36 % 5 NaCl b 24
R EES,

O ck B sne E MB B Nacl 3 NaCl+SNP [ NaCl+SNP+MB
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Fig.3 Effects of SNP on activities of APX (A), GR (B), MDAR(C) and DHAR (D)

in leaves of ryegrass seedlings under NaCl stress

GR JZH P4 ¥ GSSG ik J5ih GSH X H il . J2 ASA—GSH FIEBR H. O, M RAE A -2 —.
IEH AT SNP 2L HE ) GR G VEAE B AN 38 1 1 3% i T % B i MB R FRfE GR G M i 35T 4 B NaCl iy
T GR {1 i 2% $2 55 s SNP {ff NaCl 38 T /9 GR 36 1 76 5 A 38 10 () 2 25 3% 9 . MIB Kb BRI BR T SNP X 58 19
T GR &R 5515 H (&l 3B)

MDAR Lk NAD(P) H 4 Ji5 ¥ it 4k 2 i S P 56 1l i (MDA A4 i ASALDHAR WL GSH R JEW¥ DHA i
J7h ASA, % [WJE T ASA—GSH 1A BHEML R A M T Z 4 5y 1IEH 54T SNP 4 # s MB 4 # ) MDAR
TGS X IR TC B 22 5 . NaCl 38 F MDAR ¥ ¥ 2 & T4 I SNP X NaCl i F 1) MDAR 3 ¥ G 5 % 5%
M, S 00 SNP (% [a] B i MB 4R 2R MDAR 76 P£ 5 NaCl+SNP &b 2 4t J0 B 2% 22 5 (Bl 3C) . IEW &R
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SNP 5 MB 4b3# g Z & T DHAR {5 1. NaCl i & DHAR 35 % 76 5 4~ 38 9 4] 2 35 & T X0 B SNP iF —
AARHE T NaCl i DHAR 3G PEY i 3 42 5 . MB i #% 7 SNP X% NaCl 38  DHAR 36 1 1 42 & 1F 11 (&
3D),
3 itig

A TR KR A R R A B Y 2 E R B AR A5 R BoR L AME SNP Al 2
k2% NaCl Jipi8 T B2 R4t i Ho O, il MDA 1R 2RX il 85 NO BBk H. O, A% al§E 5 NO $#
o PU AT T M R A AR I s A G . R MB g SNP xR B iE H, O, il MDA B8R 22 i/ . & W
NO mffgifi i GC A 25 H, O, (175 bR AR5 506 41 i (1) 1 A Ak 1055 .

) A U 5% B8 A0 400 i A5 5 I 9 2 O R AR A G 28 R SRV BR S R Hib APXUMDAR . DHAR #il
GR & ASA—GSH TG M EIH R R0 E 2 A4 %, ASA Fl GSH 52 EZ AR R Ak W it . £ ASA—
GSH ¥ ig 2, ASA £ APX L ™5 H. O, ], H. O, #2532 Lk GSH S A 1) NADPH i #iL F 38 J5
H, O, T B Ho O, 19 3 ¥, tbih GSH # A AL B B GSSG; ASA #4016 T8 A S B & $0 3K 1 iR (MDHAD ,
MDHA (7 MDAR fE 1 F 4 ¥ Bt ASA, =il i 4k #4215 {6 JE i DHA . DHA Y& DHAR £ M F 1 4 T8 i
ASA;GR ¥ GSSG #5724 GSH [ S i . Bogdan™ I\, NO GBS APX JLRE 1y k., # 1 FH A4 4
B 98 22 B NO ZE 40 i 495 55 B0 s 2 0 15 7= A B R L I NO BB IR R FT R I 15 5 % . Xiang Al
Oliver™ I\ Ay, APX f1 Ho O, #75, 1Mi GR 52 R AT MR #G . A58 45 R R W, NaCl e TR EZ Lt R
APX,GR.MDAR F1 DHAR 35 ¥ B i $2 5 . iX 7T Gg 2 %) i & H, O, MR N . AhiE SNP i — 25 3 = NaCl i
BT H APX Fl GR 3L mTfE S NO /R M5 54> TiF S APX JE R 35 B0 I B SR #T MR 5 5 8 54 5% s SNP
X DHAR % P i35 S48 1 Al i & NO #2585 APX HIl GR 36 ¥ #F ASA—GSH B4 &z 5 s, MBISER T
SNP %} NaCl it F APX il GR {& 4 = /EH . (H X MDAR F1 DHAR & PTG 8 % m . [FEF, IE % &4 T
AP SNP 275 APX . GR.DHAR &£, % MDAR JC & % 80 ; MB ##] GR I ¥ $& 5 DHAR % ¥, %5 APX #l
MDAR T Z#m ., P B8R Ui, NO Al gl GC A 525 NaCl it F APX R GR & P 1 01 45 3005 B
H, O, , BEARER 38 7= 2E i 45 5% . i MDAR JE B 58 ¢ 98 15 7E A X5 DHAR (998 97 38 A2 A8 A& 42, 13X 5 BEM 8
TR BRI A R

ASA S22 H P 38 A7 7E 1 — Fh TG R B BRI ASA JKOF AL B SR AS CASA/DHAD Je H A AR 5 A0 G il
T A AR A 5 R e R R P a0 D AE 06 . X IE SRS N L i T (Solanum melongena ) 1 35 1 B B ASA
i ASA/DHA K APX.GR 7S Hoi $h P00+ A AR W 19 25 . Shalata 885§ 38, 55 360 i £h G
R T ASA &AL DHA & 5755, ASA/DHA  APX il MDAR 36 P KA 5 10 i £h S AP 504 52 . A 5% 45
REZH, NaCl it T, BEZ L i ASA & i & ASA/DHA [ b 36 o ] 28 K 256 T i )5 10 i T B A8 4k
DHA % 5 W0 A W 4% i s 405 SNP #8225 7 NaCl 38 F (9 ASA % F1 ASA/DHA., ffi DHA % 2 &%, MB fii
SNP (19895 15 gl 0 5% , 26 B NO T il GC A~ 42 &t - ASA & & ASA/DHA 855 56 130 6 28 22 5
G HR A P A

GSH &40 rp & s e F & 09 &% 5 5 AR 00 7 K. 55 R W b0 4800 R M 19 2 45 B 22 b 3 58 0 38 1% 22 it %85 U0 AR
K, IEH R T .GSSG 7E NADPH f£7E it #% GR 5 GSH 25 ASA— GSH fE ¥ DHA 1) fi§ 38
J Y 40 if b 33 5% B 38 T NADPH AR B, i 8 GSH % 5t fil GSH/GSSG T . A BN N GSH & &
GSH/GSSG E#iG Mt tERF M E 52— . ARRKEd , NaCl e T, B2 4t i GSH & & fl GSH/
GSSG KR HA AL S GR WG MR T8 A — 250, R R ) 58 5 448 e 1 K AL 0 6 2 5 00 HL O, 3 BRAE 35 A 65
SN SNP 325 1M T GSH &8 Hl GSH/GSSG B T il GSSG & A%, 284k 5 GR —%(; MB )
Wik 7T SNP xf NaCl i F GSH & & F1 GSH/GSSG 1425 /5 /. £ B NO f il it GC A SR EE;HMba T
GSH 7KF-Fil GSH/GSSG J2 H 14 5% FE A7 B 3 1 3 — F 2 AL

g5 ik AhE NO Al gl GC /542 & NaCl i T B2 5l B i) APX . GR 25 1% 4 Al ASA . GSH /K
F-J¢ ASA/DHA .GSH/GSSG . 45 T ASA—GSH A A 22 5 . i Ho O, 197 B A8 S 3458 T 28 A 1 Hh &6
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Effects of exogenous nitric oxide donor SNP on ascorbate-glutathione
cycle metabolism in ryegrass seedling leaves under NaCl stress
LIU Jian-xin, WANG Xin, LI Bo-ping
(Department of Life Science, Longdong University, Qingyang 745000, China)

Abstract: Effects of the exogenous NO donor sodium nitroprusside (SNP) on the ascorbate-glutathione cycle
dependent antioxidant enzyme activities, contents of antioxidant substance, H, O, and malondialdehyde (MDA)
in leaves of hydroponically-grown perennial ryegrass (Lolium perenne) seedlings under 150 mmol/L NaCl
stress were investigated. The results showed that 100 pmol/L SNP slightly reduced the MDA and H,O, con-
tents of ryegrass seedling leaves under normal growth conditions, but exogenous methylene blue (MB), the
inhibitor of the key enzyme guanylate cyclase (GC) during signal transfer of NO, increased the MDA and H, O,
contents. Exogenous SNP significantly alleviated MDA and H,0O, accumulations in ryegrass seedling leaves
under NaCl stress, while the activities of APX, GR and DHAR, the contents of ASA and GSH, and the ratios
of ASA/DHA and GSH/GSSG were increased. Under NaCl stress, the DHA and GSSG contents were reduced
while the activity of MDAR was not affected. MB reversed some effects of SNP under NaCl stress, such as
increasing the levels of MDA and H,O,, but reducing the activities of APX and GR, the contents of ASA and
GSH, and the ratios of ASA/DHA and GSH/GSSG. The DHA and GSSG contents were increased but the
activities of MDAR and DHAR were not significantly affected under NaCl stress. These findings suggested that
NO might be involved in regulation of ascorbate-glutathione cycle metabolism dependent on the activities of
APX and GR, the contents of ASA and GSH, and the ratios of ASA/DHA and GSH/GSSG through the GC
pathway thus alleviating the oxidative damage to ryegrass seedling leaves from salt stress and improving salt
resistance of the perennial ryegrass plants.

Key words: nitric oxide(NO) ; NaCl stress; perennial ryegrass; ascorbate-glutathione cycle



