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Effects of Nitric Oxide and Methylene Blue on Antioxidant Capacity of the In-

sect-resistant Cotton Seedling Roots under NaCl Stress
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(School of Life Science ,Anhui Agriculture University , Hefei, Anhui 230036 ,China)

Abstract: Effects of nitric Oxide and methylene blue on antioxidant capacity of the insect-resistant cot-
ton seedlings roots under NaCl stress by determining activity of antioxidant enzymes and content of
antioxidants were studied. The cotton seedlings were dealed with nitric oxide and methylene blue
(MB)respectively under normal and salt stress conditions, and enzyme activities of ascorbate peroxi-
dase(APX), glutathione reductase (GR), dehydroascorbate reductase (DHAR), mono-dehydroascor-
bate reductase(MDAR) and content of ascorbic acid (ASA), glutathione (GSH/GSSG) were deter-
mined and analyzed. Results Showed that it promoted the growth of cotton seedlings by adding NO
and significantly inhibited the growth of cotton seedlings by adding MB in normal conditions,lessened
the inhibition of growth of cotton seedlings in salt stress by adding NO,and improved antioxidant ca-
pacity in roots. The activities of antioxidant enzymes and contents of antioxidants decreased by adding
NO and NB at the same time in salt stress conditions,and the role of NO in the promotion of growth
was removed.
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HEAYREM R AL RAERWFETIEM, A
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1 AHAy %
1.1 ##E

SE T 2008 4F 4 H L RUR W RFE R #E
JCREMERERHT, BRI RRABH 33
Bt FEFEH1 B4 , #8080 .
1.2 FHix

BH R R FE 26 C{HIR A 36 h, BT
BERERNS cm ARDHEBREF, HX 2 K,
XIEEfR 2 em , SRR E RN : BR 25~30
C,RIR16~20 C, AR, EYHE I FE
W JRIT i, SR ST —BISh B A 20 L K 8%
HHREERB #HT KL, §/MES 40 min,
BisE S 3 d J5H NaCl(50 mmol « L") 4b38 , [ i
EEFBWF A NO #E4& 8 E (sodium-nitro-
prusside, SNP)E; NO {5 S5 1& 3 ik £ 28 cGC
34 7). 2 8 (MB)

HE®R 6 MEE: (DEFERB LA
HAMAN A5, i i 50 %% B #8 (NR); (2)

% BB B (NR) + 100 pmol « L™ SNP
(NSO ;D E# B F WKL (NR)+5 pmol « L
MB(NM) ; (4)50 mmol » L NaCl j#i8 (NC);(5)
50 mmol * L' NaCl 38 + 100 pmol + L' SNP
(CS0) ;(6)50 mmol « L' NaCl j#i8 +100 pmol ¢
L' SNP +5 pmol « L MB(CSM) , 4 B8 31 [8] 45 %
REH -RERB, TABEFSE 0.2.4.6.8 d B
YHREHETHEBREENWE, LR 3
KEH,
1.2.1 JEHEFEMTE. RER, BRERES
B AEHBRAX A B RE YL 2~3 W BHF
ARBYTIBY T MR AR AR, AR KT vk 2 3K, RK
KR TFIEHRESHE, B TEIR THRMA 105 CHt
20 min J5,70 CHTZEEE ., HKHETE.
PRI (ASA) & B % H8 Arakawa %9
Bl 5E s PU I I BRI AL ¥ B (APXO) 1 4 # B
Nakano #1 Asadal™® J5 ¥ Wl &8 ; 2 B H Bk 38 JE g
(GROYE ¥ #% 8 Foyer 1 Halliwel J5 Bl € s 45
Bt BK (GSH,GSSG) & & #% 8 Griffit h' J5 3k
W2 5 B = L 35 1 B8 & JR B8 (DHARD 15 M #% B
Hossain #1 Asadat® J5 ¥ ] %2 ; 28 B & BL 35 i BR
& B (MDAR) 3 H:#% B8 Miyake 1 Asadal
PR RE
1.2.2 ZifAH. FrABIEA SAS R #T A
H R 208, 37 X E A Duncan's AR ZE
LT EERK.

2 RGN

2.1 NO#M MBXM4EHRALEKBIZIE

2.1.1 NO fil MB X $1 iR F £ KB BIZ
HE1-3AUES, EX&£HT 4 NO &
S AR B ALEAME LB I RiK, HET
NO #1 MB [FlEt 4b 35, LR R BB L 40 B
B, B A—6 9, EBAT . MIEREZH TR
#| NaCl By, ERAMREEL . & NO kb
JETT L, WA R A R IX AR W AR, (B
NO #1 MB i} 4b 35 R, MAER R4/ B R
. HEREEE, NOXMMBERRERKAGREE
AT MB X HERREREEHBER.

2.1.2 NO F1 MB Xf £ /8 FH E B4 R R
HEMYEH, NR1IAUES EXEKEHT
ISR SNP Xt B 4 i R A K Bs A (R HEAE
A.REE. TESHRERYRBEINEE KT,
EFAKEZMTEHRMMB EEME THRIELS TR
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ARKVEYERRMEEE TH. 78 50 mmol « L
NaCl i 8 d JG . PRSI REE . TEHEILIE
HERKXMHTEET R, —EWEKN NaCl 43
BEWH THRAENE AR, NaCl B8 T %5
SNP J5 , RAK S E . TEAM AL NaCl 4L B L

BEWR, B ESEHE T NaCl 8 i hiE 4
ARBIPH . NaCl B8 54T H MR NO i [F
BTN SNP 150 MB, 8 i AR50 5 A7k
NaCl 4b28AH 2%, AEFFE EWHER T NO Xf NaCl
JipiE T UL ARSI A K M RRER.

Bl EEREHERER B2 ZNOABERIEHERE B3 ZNOMMBLESHREHHRE
Fig.1 Cotton seedling roots Fig.2 Cottonseedling roots on NO Fig.3 Cottonseedling roots

on NO and MB

B4 HhEE THRELD HIR R 5 ZNOABEHBMEBEHHME B ENOMMBLESHIMEREHHRE

Fig.4 Cottonseedling roots Fig.5 Cotton seedling rootsin

in normal conditions

Fig.6 Cottonseedling roots in salt
salt stress conditions on NO stress conditions on NO and MB

®x1 NOFMMBHMERMETHHERYERREERNTN

Table 1 Effects of nitric oxide and methylene blue on the fresh and dry weight of cotton seedlings under NaCl stress

in salt stress conditions

NGRS NR NSO NM NC CSO CSM
REEE/ (g %) 8.98 8.75 0.44 0.47 8.77 0.45
BTFE/(g- %D 1.12 1. 07 0.48 0.51 1. 04 0.48
5% B EKE a a ¢ ¢ b c

RPN FRRINTE R AR 1 2 75K 5 YR B K F; AT REE.

2.2 NO# MB & THEREBOHEREN
IR M (ASA) & B H3F M &8 13 & 1L ¥ 88 (APX)
AR

HE2AUEN, E¥ERKEMFTHM SNP
(NSO D WEER B ML B R B W ASA &
B AL 16 8dE5MNBEREE  EEEHFTE
M MB B (NM A BDASA S EBARESE2d BEST
SHECRETH.ESE6.8dEE/RTHE, &
NaCl Jip38 09 & /8 T, 51 B4 R R 0 5136 1 5

(ASA)EETES 2 d B 5,85 T K, NaCl B
HAMET I SNP(CSO A BEDBEBTHRENN
ASA &, 7ER- M B H 5 NaCl 38 4k
HEHEEEZHZ R NaCl B8 &84T &M
SNP i [E B % im MB(CSM A3 #i %] T NO 11
EF.ASA ZBTH . MBS 2dMB6dItS
NSO ¥R EBE. EAFRUH NO FJREE
it cGC X HHRR AR ASA S EFITHN,
EFERKEZETERM SNP REEETRE
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APX MR T . ELEMNEE 4.6.8 AT BEES
FrEGIER &AM THMMBWRET APX
W, EAEE 2 dBEETT X, 7 NaCl i
ETHHEBOE R R MRS KLY E
APXENRE, BB M EHANTEEST
*PHE;CSO b3 5 i APX ¥ — B4R &, 7 4L

B 2.4.8 d BEE T M NaCl 8 4b 3, 76
CSM 3% 2 d APX EHEZE S F CSO 4
3, e APX {E MR, IKF CSO 4b3, e Ak
% 4.6 d A ZR B . U NO XHE
RE APX S ¥ B AU AGE T GC, BAFFE
He®#,

F 2 NOF1MBxT#hE THHBL H IR RHUIFME(ASA) & B MBLIF M & o & 498 (APX) E MR m
Table 2 Effects of nitric oxide and methylene blue on the content of ASA and activities of APX in cotton

-1

seedling roots under NaCl stress mge g
AbH AT NR NSO NM NC CSO CSM
[&/d ASA APX ASA APX ASA APX ASA APX ASA APX ASA APX
0 0.303a 200a 0.303a 200a 0.303a 200a 0.303a 200a 0.303a 200a 0.303a 200a
2 0.311d 203b  0.325d 215a  0.457c 226c  0.466c 248c  0.597a 305b  0.522b 325b
4 0.308b 201b  0.368a 221a 0.311b 208c 0.287c 270c  0.380a 332c 0.333a 302c
6 0.310b 210b  0.422a 230a 0.195d 198d 0.198d 308e 0.296c 306c 0.188d 295e
8 0.306b 205b  0.423a 208a  0.188c 198c  0.191d 275¢ 0.201c 298c 0.187¢ 287c

2.3 NOM MB M#iE THHRBYHERRES
BtE Rk iE R B (GR) & & #1 & Bt H ik (GSH/
GSSG) fE il =

H#E3A LAY, EH &K T %N SNP #iE
#T GRINSOEHRE  EEAHERE4.6.8d B
EZBTHR.EFEREMHTHM MB MH TR
%GR WEH  ELAENESIEXNBEREE.
i A B e TR] B9 FE S , NaCl B8 F4h R R GR 1%
HEE RS HAELHEE 1.6.8 d XA EMKM B
#;NaCl jiF 8 F ¥R SNP(CSO)J5 GR i ##R &
B7EAIRIEE 2.6.8 d 5 5% NaCl Jihi8 b3 2
R BE, NaCl 8 &4 T % SNP # [8 8t % m
MB(CSM)#i#l T NO %t GR R {EM,GR 1§

PEREAL, R b AR 5 CSO hE R B

EE®HZGTHRMNNO BF#ET GSH/
GSSG, R MEEHME S MERBE; EF K
T & MB(NM) ,GSH/GSSG B, ZEAL 38 19
FodE5xEEREZE, NaCl lpi8 T GSH/
GSSG TH, EAEME 2.4.6 d EXHERE
%, NaCl 38 F % m SNP(CSO), GSH/GSSG
5B NaCl 8 TAB LB EFRES A5 6 d
A5 Bk NaCl Jiip 8 2 7 8 3% ; NaCl Jip 8 T &
SNP [& &t in MB(CSM) & T NO %t GSH/
GSSG WEFEH,.GSH/SSG TRAES 6d 5
CSOHERBE,

&3 NOFM MBXEEETHABLYERAINE M HRKIE/FE(GR)FE1EME B H I (GSH/GSSG) EHI# IR

Table 3 Effects of nitric oxide and methylene blue on

under NaCl stress

the activities of GR and GSH/GSSG in cotton seedling roots

pmol = g* « min™

bR NR NSO NM NC CSO CSM

- GSH/ GSH/ GSH/ GSH/ GSH/ GSH/

I3l/d § GSSG GR GSSG GR GSSG GR GSSG GR GSSG GR GSSG
0 0.223a 0.301a 0.222a 0.300a 0.222a 0.302a 0.220a 0.300a 0.223a 0.305a 0.222a 0.300a
2 0.224d 0.322b 0.247d 0.465a 0.251c 0.300b 0.255¢ 0.210c 0.342a 0.253b 0.228b 0.263c
4 0.226b 0.296b 0.333a 0.460a 0.193b 0.262b 0.201c 0.191c¢ 0.346a 0.187¢ 0.265a 0.186d
6 0.225b 0.331b 0.358a 0.453a 0.190d 0.228d 0.205d 0.184e 0.444c¢c 0.254c 0.305d 0.193d
8 0.223b 0.302b 0.400a 0.535a 0.188c 0.224d 0.203d 0.211d 0.452¢ 0.266d 0.312d 0.209d

2.4 NO# MBI &EE THRABAHRER
S IR M B IF 5 B ( DHAR ) 75 14 70 88 B & 51 3R
i it /7 i (MDAR ) 75 14 B9 % 1
EHAEKEMST RN SNP(NSO) %f DHAR
MEEEREER, AENMBHRATEEEST
TR IE® &M TH M MB(NM) & # T
DHAR ¥ H MR & 7EA S 2.6.8 d Bt 5
MEREZE. WHIE NO #1 MB X HR &

DHAR TH B EH. NaCl ip8 &HET,
HERMBMESERA DHAR BHEERE. . &
A A0 3 1A (R R B 2 S F X B NaCl 8 &4 T
™ im SNP (CSO) 4k # ) DHAR 38 4 1. 8% 5 2
%> NaCl 38 &4 T % in SNP # [F] 5 % 0 MB
(CSM), %} DHAR H 35 th To 8 E i

E¥ %4 T B SNP(NSO) X ## 16 41 &
MDAR T & Z# Wi % i1 MB(NM) 58 2 d
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MDAR HEHETFX B, HE —E& TX R, i
HHE SN EERTXE., NaCl 8 &4 T
WMAESh R A MDAR A EENEE GE
80%0) , FERENGHEBI R S X EEF BFE. NaCl
Jiiri8 F % SNP(CSO) 4b#f) MDAR 58

M NaCl Jiri8 4b B AR LB A BT A 5, (H 22 R 5F
AEZE. NaCl 8 T % SNP & F i % MB
(CSM),MDAR W& th e B b B 1 5 CSO
WEERALE,

F 4 NOF MB Xtk B8 TH B8 4) 8 iR R S HT5F i 5 F [F 58 (DHAR) FiE E N E
Table 4 Effects of nitric oxide and methylene blue on the activities of DHAR and MDAR in cotton seedling roots

under NaCl stress

pmol + g* « min™

AbH BT NR NSO NM

NC CSO CSM

[/d DHAR MDAR DHAR MDAR DHAR MDAR DHAR MDAR DHAR MDAR DHAR MDAR

0.322a 0. 385a
0.325c 0.388d
0.321b 0.421b
0.322b 0.392c
0.323¢ 0.417¢

0.321a 0. 388a
0.395b 0.605b
0.359b 0. 655a
0.377b 0.626b
0.368c 0.622b

O O B~ DN O

0.320a 0. 385a
0.328¢ 0.355¢
0.335b 0.486b
0.356b 0.592b
0.422b 0.603b

0.324a 0.387a
0.421a 0. 786a
0.448b 0. 774a
0.431a 0.687a 0.468a 0.680a 0.450a 0.785a
0.513a2 0.894a 0.511a 0.888a 0.519a 0. 886a

3.322a 0.383a
0.417a 0. 675b
0.422b 0.679%a

0.325a 0. 380a
0.444a 0. 655a
0.473a 0.673a

3 ik

HEAEGT AYERKZRME, XL
WAL />, 38 38 VA T REFE AN 4E 5 A K R FE 3 0
BRI R, NO BB 3 NaCl 38 &4 T #AE4h
B4R, 5 NO i@ BAMERESIER T4
BEGHA), (H 40 M BERS 3 , DA K NO /& T B B i
XU4rF J2 » 58 B0 I 3 1, DA T 12 2k 41 B R
MR A KA 0, $EE NO *f NaCl 8 T Bk
i EhPE R SR S R AR PR E A . T NaCl i 8 %
BT HEMSNE NO S4% T NaCl o Xt R g 4h
HAKKWHEER, FIn NO B & NO
MHEIF MB,NO IR BB ERE.

MR NO BE1E S NaCl 8 TR E 4 &
SOD.POD.CAT E#MAE, L 0, H,0, i
MR, FN B BHE R T NaCl B8 &4 T 4
SRR APX #1 GR {E# L &k GSH & #
GSH/GSSG HE ,APX EHHE B EEEY
PR IERR TS R RE TR SR . GR & ASA-GSH 1§
W —Fr L8, 7£ NADPH EH T, 4L &
AL EIA 6 H R (GSSG) i J& o8 if & & 45 Bt H IR
(GSH),GSH/GSSH B 7] AE A 40 M 1 B 15
B4, Amix R EE RS BFER EAHR
B AL AL L RS R A ST E BN R R, M,
AR R GR W& EE Y B 3 R B &R
U7, ME A T o NO #1 MB &Y, % APX #1
ASA IREAEARFRBERZME,

APX MEHE#HZME ASA K& &,ASA
# APX WHERT S H.0. R, HO, #32ZD)
GSH X 4+ NADPH BB F & R H. 0, A
& B H.O. B9 ¥, B R RS 33 m R

(MDHA) #1 i & $1 35 1L B (DHA)®! . NO & i
T NaCl Hp8 FTHRBLH MR ASA FEWT
F%&, X RES5 NO BEAE NaCl firi8 T M4 40 i
WS R FER SR B ASA A& BB M S
AR,
MIRBERE, R BAEBERAEY /b
Z AL —H, B A NO 418, ERMRE
EREEEE RN EE, XHRE KBS
FEHHREVE—-ENEX.
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