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Effects of nitric oxide on the growth and glutathione dependent antioxidative
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Abstract; The object of the study was to investigate the effects of nitric oxide on the growth and glutathione dependent
antioxidative system in cucumber ( Cucumis sativus L. cv. Jinchun 2) seedlings. The results showed that exogenous nitric
oxide increased the growth of cucumber seedlings in normal growth conditions. But exogenous methylene blue, the inhibitor
of the key enzyme ¢GC during signal transfer of nitric oxide, markedly decreased the growth of cucumber seedlings.
Exogenous nitric oxide alleviated the injured cucumber seedlings under NaCl stress. The activities of GR and DHAR, and
the content of APX, GSH, ASA, GSH/GSSG was increased while the content of GSSG was decreased. The activity of
MDAR was not affected under NaCl stress. But methylene blue blocked some effects of exogenous nitric oxide under NaCl
stress, so the activity of GR and the content of GSH, ASA, GSH/GSSG was decreased. It was observed that the content of
GSSG was increased, however, the activity of DHAR, MDAR and APX was not affected markedly under NaCl stress.
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Therefore nitric oxide was not adjusted the activity of GR, the content of GSH and ASA, GSH/GSSG through ¢GC. Nitric
oxide couldn’t affect on the activity of MDAR. And there were some other ways which adjusted the activity of DHAR and
the content of APX.
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HIEEFRE BRI S, 2 ER B A EER R R, FE RS
EARZAEIE N, B AR A BN SRR s LA RO MR R B B I, AN iE &5 X Bm AL S R R /K
FERR JCFI/ZK k4, LA NO; Al Ca* Db EELEL 040 B 33k A 20354k H 44 B, S FE R E S — B3 ki
#a3 ™, Eit, By PR B EERILE L,

AT Y40 R B TR 52 BE A KB A 1 & ( Reactive oxygen species, ROS) 40 0,7 \H, 0,

- OHEF 3 v 1 SR e o W 3 e i %o 400 ML RS oo B AL VR PR ISR , (8 5 M 477 A S I B 2 ) 9 3t 78T 1 i
K, SRR R ED

—&ALE (Nitric oxide, NO) ZEYHRH—HEZWALEIRGES S FHEEL T, ZHFEETHEYHR
W, 32 5EYAEAY AR A YIS TEN RS 3, NO AN BEERRZ —BEESHRT
1Ll (cGC) FAEFH 5 T HBEIR (cGMP) ,NO WiF Z 4 BIAE FI R B cGMP A3 TEHE Y, cOMP HFF7EE 8
RERFETBRFESE, LS EIEE NO WG SR X ZFETHEY S #lin, H NO 4%
FRE MG T AR NS cOMP /KPR WA E R LA, IR BFS R, SMIR NO SEiT 4R mEh e T
£ kg IR Lt Aos A B LB (SOD) At FAL S S (CAT) WM i T 2h e S 30 A
ROS iy B2, AT RARYER, Flit NO A 5@ BA P EILIIEE, TURZ R A BERESFHN B EAREF
HEFET=LA K CAT.SOD 4524 mRNA 57K B, Uchida %™ IR 96— Wk B B9 NO it Eh i Tk
g AE R BAEER , B-5HX ROS K iERREEHE T A K,

TY R 7 7 BB EAL Y AL EAL B e R XTI B A TR YR T SIS R E IR B E W
Fio BRELE R4 T X SOD F1 POD %R EIE MM MMIER E , A XA M H Kb A /Lis RE M
EH A, NO SHEYA B H ST A RER R B ETMA T HE 2, AZB LI b8 SURR Rt E £
AW — B ORE, BE5E T AMIR NO XEbia T & )Rah i v JE B 5L B ALY R GSH ASA R M XHT &,
ABE RGE VAR, BRI SO, S BE— 25 T % NO S R W Eh vk e R SR AL BUR AR 48
1 #elEH*

1.1 ik 54

WH T 2006 4F3 AR 7 AR RV RZFFHBREANHTT. PLEIK( Cucumis sativus L. ) i Fp * HF 2
S AR, R TE 28 CAEIRAMEEF 30h J5 , MAKA A XD R PEH, BIR 25 ~30C, K& 16 ~20C,
HRJEHR, 7405 2 i M BIT i, S8 ST — B S BT A8 A 201 BUR A B 480 b 3047 K 3%, B/ E S
40min, B FEWON LI R E AR, Bt 5 3d J5 A NaCl(50mmol - L™") 4b 38, Rl 7E B 7 W A NO 4
P54 44 ( Sodium nitroprusside , SNP) 2, NO 155 %8 8 12 2 B B % T PR 31 AL B4 1 59 2 Y £ 15 ( Methylene
blue, MB-1) , &AL F 4351 (1) EHBEF BRI (CK) | (2) EHEFR B (CK) +100pmol - L' SNP
(SNP).(3) IE# EFH W3 (CK) +S5umol -L™" MB-1 (MB) . (4)50mmol - L' NaCl 38 (NaCl) . (5) 50
mmol - L. "' NaCl fi#}i81 + 100pmol - L ™" SNP ( NaCl + SNP) . (6 ) 50mmol - L™ NaCl fi##i8 + 100umol - L™'SNP + 5
pmol -L~" MB-1(NaCl + SNP + MB) , A3HF45 0.2.4.6.8 RIANH A K A T4 2 A BT BEAT4 T A 4%
WHITE . o T RIEALEEMR B B R o, A0 AR 45 2d BB #: 1 TREARIR, EWR 3 REE,

1.2 WERE
MR (EERRBAERK Q) HERNE 2O (EEER)  Alpr FRIVE 85 T3 . 80 50 A B RAK ik
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2 ~3 W, FE AR hP e 2 W, K6 T /5 B 8% ,105°C % 15min, 75CHtT E1EE T E,

PLIF L B2 52 48 AL 7 ( APX ) 3% M 4% BR Nakano I Asada™ J7 gk 52 ; 4 BE H Ik 3F JE B8 (GR) 15tk #2 JR
Foyer 1 Halliwel " J7 3 I 52 ; B SHTIR LR 7% R B ( DHAR ) 7% 14:4% . Hossain 71 Asada'™ 75853 5E ; B S
PLIF M BRE SR M ( MDAR ) 15 4% R Miyake il Asada'™ J7 gk % ; FLIR MM AR (ASA) & B #5IE Arakawa 251 J7
B ; S BEH Bk (GSH,GSSG) A B4, ] Griffith '™ gk 52

P& AR SAS ST B B 7 207 , 3 X %0H Duncan’ s FrEREEHITELE LA,

2 ER5HH
2.1 AME NO XF4h i A K B

MFE L TLUES, S8 T 8d /5, BRAIH M 2 B EN TER N R EE TR, e mame T
NG A K, TRISME NO J5 832 S e h b ia 3o 35 R4l B AR K B3 3, $h 38 440 F %48 NO B9
IR MB-1 /5, 1R T NO SFEbMia T 2R A K B IE R, 40 B ORI S5 B 2h AL B A
Y EH AR &G T BINAME NO X &#)R 4 8 i 4 KA EE A, B 20 B B A T ] 40 51 Lb X R 2
10.81% \2.34% 4.10% f15.19% , K@M TE S EE R BZE , EHEK AT RN MB-1 BZMH T
BRSO YRR BE T,

1 5pE NO 3§ NaCl Byl TRINS & £ KRB0
Table 1 Effects of exogenous nitric oxide on the plant growth of cucumber seedlings under NaCl stress

i R e #HE TE
Treatment Plant height(cm) Stem thickness( mm) Fresh weight( g/plant) Dry weight( g/plant)
CK 33.85b 6.83a 50.99a 4.43b
SNP 37.57a 6.99a 53.08a 4.66a
MB 19.00d 5.09¢ 20.35¢ 2.14d
NaCl 18.07d 4.66¢ 22.09¢ 1.80d
NaCl + SNP 29.00c 5.89b 42.66b 3.48¢
NaCl + SNP + MB 16.87d 4.99¢ 19.29¢ 2.04d

AEIFRBFERLERIES% BFEKFE Different letters indicate significant difference at 5% level

2.2 SMNR NO X4 i ASA & 81 APX 15

HE 1A TTLLE N, 3MEAH T, BRI W ASA S8 AR TR, MBS 2 RS TFXE,
xR 121.63% BB ENZR EEHSEFH TR, B—EMT R, e 8 RN BER TR,
A gt BRI 57. 83% ; b Jii8 544 T B INAME NO REfS (R b b8 414 T BRSh B Y ASA IR &, ZE
B2 RAE 4 RFEE T X, 431 3 BR A9 136.39% F1 105. 48% SR JG-S&BA BT T R E—EHA = T 5l
AL ; BN NO [RlEHESin NO B4l MB-1 )5, T NO Xt ASA HFBIIRFIEM,ASA S 8KTS
B ER A Y, ERERAZGETHENMNO GRE THF ASA WS E, ALHEE S XN SXNEERE
S IEE AT MB-1 iy ASA S BIEAIEE 2 RATEEE WM&, 2R 5 T, EAHESE 6.8 Xt BEK
T,

& 1B X, & e &4 T, BRLE A APX RS, BB MM E A EBE SR LB ZER D
=, BB &M T BN NO X APX FEiki R R A RIEER, AAENE 4.6.8 RS Rl 2R B E, &
B4 T % NO B [F B Z im0 MB-1, APX JEHAESE 2 Rt B & & T HEA L, 7 L AT E
5 NaCl + SNP AbHITC B 222 5 5 IEH A4 T &SN NO X8R4 H M i APX R RS, e E 2,
4 REERTXR, EFEKEFZATEM MB-1 FFRH T APX IR, A 8 RN BE R TR,
2.3 4MJE NO ST4hE A GR 751 .GSH F1 GSSG 478 K& GSH/GSSG 8

B & 2A \TLLE W, B TEJRM A GR FEi A, AP S 8 XS REREBZE, &2l TEHmM
NO,GR 1EHAEAL TS 6.8 R BE = FHMEL B A, 7o NO B[R 8 %5 NO fy#pfi] MB-1 JHER T
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Fig. 1 Effects of exogenous nitric oxide on the content of ASA(A) and APX activity (B) in leaves of cucumber seedlings under NaCl stress
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Fig.2 Effects of exogenous nitric oxide on GR activity (A) , the content of GSH (B) and GSSG(C) and GSH/GSSG (D) in leaves of cucumber
seedlings under NaCl stress

HIE 2B #H , EE &M T, BRI A GSH & BB PR, 7EABEHISE 4.6 .8 K 5X1 IR (LB A
BEWZS, BB TEHMSMNR NO R T i TEMHE & RA GSH & 81T M, GSH & B 7B b B AR
TR e A2, (B 5 Bk £ e AL BRIRITE B 2 P 22 5, S0 NO B[Rl %5m NO Fy#slsh) MB-1 JHBR T
NO X} GSH & BHE R 1EA, GSH 8 XURE 3| T 5 B T e AV AR S 7K F o IEFARAMA T BISMNR
NO BERR TH AN CSH S B, EAENSE 2.6 .8 REER TR, IEHAERSKMATEHIN MB-1 it 5
GSH & BRI T M, BB 4.6 8 REMHERBE,

W& 2C T, SR E AR T BURAIE I BY GSSG S BT, 758 4.6 .8 REXMREREE, HiET
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% NO Xt GSSG & &L, 5 R h e A B2 R A B2  7EAL B S 2.4.6 .8 Ko Al 2 S e
RLFRR) 94.41% 98.84% 97.27% 94.03% , &5im NO K [EIRF &S0 MB-1,GSSG & 28848 30, 7R b B
[B]5 N +S A3 & 8K Y, IEHARKKATE0IN NO )RS R A GSSG & BEX I T I, e84k
HPESWREERBE, EFERKSKMTHM MB-1 3% GSSG & 25 A R #/EH , 72N H R GSSG
SESNEHEREE,

GSH/GSSG 3% GR {89777, & 2D & i}, GSH/GSSG 5 GR {F A ML AR MAER , 1IEH R4 T % in
NO 2% T GSH/GSSG, e ML 53 M2 R B 2 , Hibh:8 T &m NO FR4ER T GSH/GSSG, #i 8
TEN NO K IFE i MB-1 #9417 GSH/GSSG HJ #2715 ,/B NaCl,NaCl + SNP,NaCl + SNP + MB-1 =AbHHE] TG
ERBEM. IEFERFMTEOM NO KM MB-1 BT GSH/GSSG, /MBI MR SXHREZF B
2.4 H}E NO XJ41H MDAR F1 DHAR i 520

B 3A TTLAGH , B A &4 T, BN 5 DHAR A&, ZEAEE 4.6 .8 RBERTXHE,
b8 T % hn NO %f DHAR {EMA (R BEE M, EAL B 26 8 KB W T kT ira 4L 28, %5 hn NO B9 R it i
hn MB-1 7E8- 40 BHAIR] DHAR % 5 NaCl + SNP ALBEAH Y, 1E #4544 T %500 NO Xf DHAR #9354 fE
YER, 7EALBEEOSE 6 .8 REX AR B IEWA KA TN MB-1, DHAR il i, 7EAL B 26 4.6 .8
RENRERBE

Bl 3B T LUE Y, 2 A A T 8RS i B9 MDAR (&5, ZEALBMEE 4.6 REWRER B,
8 T %0 NO X 8 /K&l # M- B9 MDAR F5 ¥ J0.8 5 500 , %50 NO B[R it %S hn MB-1,MDAR {45 NaCl
+SNP AL BTR R E R, IEWHAERFMTEI NO ALHXT MDAR 16 M4 J0 8 M ; 1IE HAE K &4 T 45 im MB-
1 27 T MDAR B5 ¥, ZEAL BGOSR 4 Rit B2 = TR

OCK BOSNP BMB B NaCl B NaCl+SNP B NaCl+SNP+MB

g 045 2 0.0030
040 =
o0 0.35 %0 0.0025
= E
#HE 030 #'E 00020
S 025 $g
25 o 25 o005
el Sz
=2 015 /B =2 00010
2 010 H /BN 2
Z 005 || (BN & 0.0005
= v e <
E 0 == % 0
0 2 4 6 8 0 2 4 6 8
A FFREL Time of treatment (d)

B3 5ME NO X} NaCl fipie T 8R4I B - DHAR §& 4 (A) F1 MDAR §% 4 (B) B8
Fig.3 Effects of exogenous nitric oxide on DHAR(A) and MDAR (B) activity in leaves of cucumber seedlings under NaCl stress

3 itig

HE R B AR o S 0 B ) 25 A R B Xk 8 O 5B R BE.  ARBTSE4: 2B, NaCl Ji38 T )R 4h
BA K2R BE MR, MARMAME NO Z84% T NaCl e X #)R 40 4 sl 76 , B5im NO iy [Rl it 4 fim NO
AR MB-1,NO By ZRfaAE FANIBE A RR . NO BEIE3E NaCl fihia T #/R4h # B9 K, 5 NO Wl FAMAE
BT A MaBE 2 43, (5 4 HOBERA T, L 2 NO FEFE T RERIBRAE DU T2 , R MR B9 35 sh ik , A TAR ¥E 20 g 9™
B kAR A X",

TYIFEEBE R T O B B o A 7 A T B 3, M Pk P A 7 R A SR TS M B e 2
TR ARG, TEYE R 451 A SE B L B IS 4R 1 e X B AR I B 4 R R BB EEE A, HH SoD,
POD.CAT.GR APX 7EHi /LB R X8/E M. APX.DHAR MDAR . GR 2% ASA-GSH EALiE Fa R+
R EERL Sy, TR JRR ASA F1 GSH FA: B BB/, GSH ASA £ REEWIEBMER AR .
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AMR NO RE1% F:ih B T #R4I H it SOD . POD . CAT {E4: R FH& , S 0, H,0, R IR SHEKE
BETYRSBOHIESE"™ AP —F0, SME NO AbBARFA B iR B Eh b8 T BRI B M A 9 APX
1 GR {& LA & GSH & 81 GSH/GSSG, APX FEMEM I Rin B M RIS BR1E S RE 1 9338 ; GR 2 ASA
- GSH &3 H ity — Fp L8285, 76 NADPH /E i T, L E AL B4 B H AL (GSSG) 3R JR 3R JR B 45 Bk H Ak
(GSH) , &1 GR {& MRB s 4ERr £ e T RSB M S 1 GSH K FFI-531E8# GSH/GSSH HE , H7ER
FARMENRRE T ERIEREENEM. SAIEIERN,GSH/GSSH HET LIEN RN KES ST,
XA R EE FR 2 R R B A RFE L U RS 8 5 ST B AR R, [Fat, & 3Rk GR Wk R
BRI TR Eh e B 4R 1 . APX R GR 3548 4k 9 7 7] T BR BRAS IR B 15 0 JI A 5%, Xiang & AN,
APX 1 H,0,37% , T GR Z3EAMBIE™ . HMAAMT , APX BT T B 24T E M A Xt i3 8 ROS i 17
BB, %50 NO i — B B HIE S NO BB ENE 50 5% APX BEERFA R, BAMEEI,NOE
65 & R E SER R R, 3F H NO BRI A RIS S5, TG AR NO 28 T GR 1%
T RES NO IFERATRA X,

GR MG E#Z M GSH FEH/KF,GSH Z2EYMAMNE EEN I ERFEBEN I HENMLI T, HY
RSB CSH IR TTARORIR S - S 88, 5 E SH %, IS A4 E™ ,GSH /KF & GR B H3k
INAENAEENRENERERE. AR REN, 28 T ISR NO BB & B4 # i GSH
8, RIS GSSC A &, 5 CRIFHMEBHES —, SErse%s /% FIs SR —3, 2 NO
FfpE A a A ENEERE,

BRAHT ,APX TG EEEME ASA WS E,ASA RS RGFETHEVWAAVTHEFEE /NMrTEMIT
SALYE, WL E#EER 0,7 JH,0,, -OH.' 0,5 E M4, AP Ekia b REREREM. EFER
T, A& H,0, 7583 Halliwell — Asada i8727& KR , ASA 78 APX B/ER T 5 H,0, 0, H,0,#%5Z L) GSH
H /89 NADPH B9 FR AL H,0, N T % H,0,, ASA E AL, B B2 B S 0 35 i B2 ( MDHA ) , MDHA
— RN BB E PR M ER (DHA ) , 7E MDAH 3£ J5i # ( MDAR ) F1 DHA £ Jfif§ ( DHAR) £ 7E B, ASA T iy
MDHA 1 DHA F4"™), NO 4@ T thiHE T #)RLIE I ASA S BT, XTHES NO BB T
PN B R RS R ASA & BB 1A %, GSH 244k ASA & R < Sl OUR S HTIF 1 R
DHAR iR, 208 T &INAMNE NO 425 T 8)R40E i i DHAR (& GSH & & , Al e e 3 T ASA
B EFt. 7EMMBAMFT DHAR F1 MDAR FEM:H FHRE B3R —FpiE R . APX Bk ik H,0,
HOCEENE, 0 APX IE % 19 R 1E/ER , % B4 MDHAR 1 DHAR JEJE R ITHiF 4= ASA, DHAR 1 MDAR F§i%
FIHR S, ASA S B4R T RENAEBKTE, R EAIET APX IEHAHIIBNFTRE,

i, IE ¥ A& F A4 NO, 2% T GR,APX.DHAR ¥4I K GSH,ASA H)&&,GSSC & & T,
GSH/GSSG & , % MDAR LB ZE &M IE ¥ &4 T Ehn MB-1 #1141 T GR &4k, GSH/GSSG L) B GSH,ASA
B THE,GSSG S &7, APX . MDAR . DHAR 5 %25 ; 2 M8 T % SR NO B [F B % im MB-1 #i#] T
GR 4R B FI GSH,ASA & & ,GSH/GSSG [ HEM%, EX) APX.DHAR MDAR &B &M, U F4ERRK
SrULBAEE A T NO X GR #5#: .GSH 1 ASA % & ,GSH/GSSG T i 38 1d ¢GC /349, M MDAR JEHi &
HE 5 VERT , % APX \DHAR BT BEE R ERZ, X — A B T — 558, B MB-1 BmiAbE APX Al
DHAR & B #2 % .MDAR E ¥ A RSB E 2k, Fat ASA S EH TR, WRIAARZE $ HINGH M A
ASA FEMZ/DIEMRARRE 15 ASA A FEEHIRT .

g5 LAk, B E T BB AR NO #£5 T GR,APX DHAR %51 S ALEE 15 tE A JE Mg b 4L P ASA
1 GSH &8 K GSH/GSSG il , 125 T #)R& i M 1 Bt AL B , NI & T £h i 38 X 2 N4 B 36 B
HE,
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