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Metabolism of reactive oxygen species in the process of hypersensitive
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Abstract; [Objective) This study was to understand what roles reactive oxygen species (ROS) played
in the defence responses for plants to cope with pathogenic infections. [ Method) With wheat variety
Lovrinl3 and three different clones of wheat stripe rust strains, namely CY23-2,CY25-8 and CY29-3, as
test strains,changes of ROS, activities of superoxide dismutase (SOD), peroxidase (POD) and catalase
(CAT),enzymes that are known to detoxify ROS in plant,and permeability of cell plasma membrane were
investigated in the process of hypersensitive response of wheat to stripe rust. [Result)] The time course of
ROS detected by ESR showed that avirulent or incompatible rust strains (CY23-2 and CY25-8) could cause
two peaks of ROS production in wheat leaves inoculated with the strains. The first peak occurred on the
second day after inoculation whereas the second peak happened on the sixth day after inoculation. Howev-
er,only one single peak of ROS production was observed on the sixth day after inoculation with virulent or

compatible strain,CY29-3. HR,occurred in the incompatible interaction system, associated only with the
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early oxidative burst of ROS. This implicated that early oxidative burst could mediate the occurrence of

HR. Accompanied with a big amount of ROS produced in the infected wheat leaves,cell plasma membrane

could be damaged, substances in cell leaked out and cell died soon. This indicated that strong ROS could

cause cell death. The activities of the three enzymes implied that H; O, ought to be the major component of

ROS two days after inoculation,and O, could be the major component of ROS six days after inoculation.

[ Conclusion) Our study results suggested that H, O, was the signaling substance in HR of wheat to incom-

patible rust strains and O, played a major role in the process of plant cell death.

Key words: wheat stripe rust;hypersensitive response; ROS; SOD; CAT; POD

AR A W) Al 2 E 3 2% WY L AR ) ao B SR B S
(Hypersensitive response, HR) 5|& ) 52 1% 40 g &
FEAR AT 2H U IR FE I 2 it B 42 2 38 0
B3 T2 A ) P9 7E B LR R B B R . FE
HR W30 7T LWL %€ 380 200 A% 19 e At R A% 2 i ) 93K
T VAWI7EAEY) HR h, 0058 T i B2 2 — Fh il e (9
AR PEBE T (Programmed cell death, PCD) &
FRt SEARR  ATTEO ) TSR ) BT AL K
FOR R O U 7 A R BE R, L R SR 3 T AR
(Reactive oxygen species, ROS) X ¥4 ¥ 14 P95 ' &H
EEAE . DA AR YL 0T B IR A AT AR O A
7 A 5T R 22 TR 3 AT A L T A )
BT O;) FEHREC OH) A& BA C O, flad
Ak & (HO,) %5 3% M A ) & (Oxidative
burs) . ROS 38 2of IF i {2 1 i 42 )7 2. B 82 00k
JEE 22 48 v I AN AR i U7 R B B0 R R AR A B kR
AV EE 11 TR) B 2R G o DT A IR A 0 200 S IS 1 45 4 5
Tyaet . i 4 i b i 48 4 Ak 9 B K il (Superoxide
dismutase, SOD) . i & 1k & i (Catalase, CAT) Fll i
S ALY Wi (Peroxidase, POD) 4 41 3 & ROS 1 {F
AT A ROS 4551 1E 5 K F- o B 1k H Xk 240 i [ 114 35
F IR A RN FR O 40 MR A . — 5 T L ROS
Ko HORH OG0 Tl T4 45 R 0 o Bk B B A G T
17 4% DA A S A 4 B B T 17 ) 4 A A 22—
73— 77 0, ROS VE R 5 5 ¥ 5T 2 5 4l W %8 s 18 A
N DA VAN I T A S 1 i P B < I
L A AEAEY) HR h, ROS R R {5 5 90 5 2
. HET ROS EZHA M O Ml H, O,
TEAEY) HR w535 B i /5 B ik A — A4~
WIS . TE/NAE BT 2% 65 0 3 B0k IR B8 B by v s A
FER R BRI HR A6 T, AR50 76 0 A58 1Y
Sl b N ROS FRUE | Ji AR o 8 1Y) o7 M 0 728 K AR 4
iy 9% PR A8 AL B A5 S5 07 I L AR 1 ROS (97 4= 28 4k Je
HA5 HR 456 T 89 5 5 (ROS 7= /4 (9 B AL 2L, 45
WI/NZZ 5 455 T HAE o HR 20 i 58 T (% 9 22 T

B LU R /N HR 40 S8 T2 1Y 28 B L 70 5 HL A
SR R N BT E T LA B AR R fE A EE e
WA .

1 MRS 7

L1 # #

B /NEZ SRR T R AR 13, A 55 5 0 T ol B
E % CY23-2,.CY25-8,CY29-3, ¥4 iy 7S 52 46 = 42
ik, CY23-2 Fl CY25-8 5% R Ak 13 Z [ ¥ A B 1
JHEAS 3 M1 H A (incompatible interaction) , 3% J& bk
13 5 43 591 3% 30 5 88 Al Bt s T CY29-3 5 9% R bk
13 2 [A] ) AF A FH 2 5% A A (compatible interac-
tion) , 3% JE K 13 X H: 3R BB .

1.2 s

B R 13 B2 T TR L s i [ ok
KGR 24 ho bk s K 1~2 . fF+
¥ WOoKfE AR R T RIBAES 18 he T
PRI A — B R 7 T HAR 10 em BB T/
% B 20~30 KiFP T,

TEFE TP AT, W5 ¥ R AF 0 R B W i CY23-2,
CY25-8 F1 CY29-3.JH] 40 CIE/KIGAL 5 min J5 f T
HOLE T HIEAY B SR L AR IR AR F 0 i 2%
TBKJE . T 10 C BRI &M T R KAE 10 he T/
FE—M R PRI ORISR, THM S 0.1, 2,
3,4,5.6,7,F1 8 d HURE, Xf AL B LG B K AR 4%
B IR RN R A ERIE 3 AN A
BIHFE 5~6 it f
1.3 ROSHlE

WUNEZM R 0.25 g MA 1 mL pH 7.4 # 0. 1
mol/L PBS 2% # ¥ (& 0. 32 mol/L JE #. 10
mmol/L. HEPES, 0. 1 mmol/L EDTA.5 mmol/L
FiE B EVKI T EE .4 C .12 000 r/min B0
20 min, W B ¥ W 235 pL, A 0. 5 mol/L
Na;S,0,.0. 3 mol/L N-K T %t 7 fi fil (Phenyl N-
tert-Butylnitrone, PBN) fI 10 mmol/L CaCl, %& 5



11

T AL A /N S I RO IR B R T A A 4 AR 127

pL. 37 CRE N 1 hy 200 pL 1R R dh 42 . 78
BRUKE % ER200D-SRC i fZ ¥ (electron spin res-
onance, ESR) [l ROS, 8 45i % 100 kHz, # i
BRI 3.2 G, oG 3 385 G.HI5E 400 G, HHiIt
[A] 200 s, 3835 5X10°,

1.4 MR ENRNEFEENE

1.4.1 BeEeg3iB WL 0.5 g/NEmM R #&1:5
Gn/V) B LA A T4 1 S O [ 3 10 g/ L R &M
NS e B A0 15 mmol/L i £ £ B 50 mmol/L pH
6.0(SOD Hj pH 7. 8) MR #1 2 Wil 1, vk i BT 5 )
$,4°C 12 000 g FEL 15 min, b5 BNk R
TR FH 3 A G il 17 M B T

1.4.2 SOD &#egm g W SAEFCY 3 mL
(4 50 mmol/L pH 7. 8 #lg #42% r ¥ .13 mmol/L
B .75 pmol/L Z i 1 mg (NBT) .2 pmol/L #
#Z M 0.1 mmol/L EDTA), 4 Hik4%.2 ¥ H
XFHRAE . 5y Ah 2 3 R AE i A o im A 100 L
50 mmol/L pH 7. 8 B FR 44 2% vl ¥ » M 3k 45 v i A
100 L B . BT 25 C .4 000 Ix HOET .61k
SN 20 min, SR 5 ARG T4k OB . BLNBT 2B
Woh 2 A, F 560 nm A IOE BE (ODsg) o
SOD & PR B8 R g5 | 52 ) 3 B2 CHg AS i il
IR ) 2= 0 ) ) 7 g R A L 4% T A AR

SOD %t/ (U/g) =

1.4.3 CAT #Fwegmle  RMWRAEEN 3 mL(F
50 mmol/L pH 7. 0 A B2 44 2% b Al 15 mmol/L
H,0,), 7825 C FHIA 150 pL BEWIR A1, 0 2
min J5, T 240 nm il %€ % 5% B (OD,y) . EL 1 min
TR 14 ODyy iy CAT JEMERAAL .
1.4.4 POD &Hegm e RMEAEBN 3 mLGF
10 mmol/L pH 6. 0 B R B0 2% wh ik AR B 43440, 25 %
AR A 100 mmol/L H,0,) . filA 60 pL B IR
51,25 CF &N 5 min J§F 470 nm I & WG B
(ODy70) o BL 1 min 841 1 4~ OD,, y POD 3 4 B
.
1.5 2 A@ Jo B 48 X i 1 B T =

FRICO. 2 g BFAE, IR 77K th sk 3 Wk, B9 1 7k
AR 2R M A 10 mL B T K. fint B 52 4
BT, WS s TSN, e 1
FAM AU E 10 min, SR 5 B A = AR E F %,
K35 A AN 1] B L A T 40 M 8 F A s . B
M EE R N 30 min HEZWEG. H
DDS-307 A S AU i 1148 AN B W L & R
E R EHRE B T K% 5 10 min, ¥ H) 50 E
WS SR E ; T F/KB RN E, . 40085
AR X 33 Pk (PO R R

E —F
e —

E.—E,
2 AR5

WRZE K B AN ZERVE AR /N2 M R AR 3RS 24 h
FE4G 3 HR AREREE.96~120 h HR BE 1 5 i A
BN, LR BE AR B TR SEBE L T L B A Y
HR KR, CY23-2 fE/NE W Fe bk 13 F = tE i 4R

X100% .,

ODsoot — ODsaoesn o o it B B8 A 5
50 % ODssoxm )

B il JoT o
/NE) HR BE, A 276 A4 K5 Wk 2 IE % . HR BE 1R
PR AT HE CY25-8 FE/NZ I R AR 13 b= A
Z 1) HR BE AR ™= A 5 7 HE . SRR B AR /N
MR AR CY29-3 J5 , AN BRAR SR BE, & 96 h
S BB SR B, b A K K A o (H
SR S B TC A BE B
2.1 INEMESHFTHIEIRIE RN F ROS # B 8
brig ]
ROS Jz Jwi P4 1 5 o B A7 1 5 09 4801 308 D5t 3 7k
AE 15 20 I v AR 22 R W) 43 F kAR RO TR AR IR N A
FERT A A g . R ESR A e $2 £ AR 0T g e 4 3
ROS 777 . JH PBN #i#2 ROS 1 Hy 3% 14 45 1 €]
FEILE 1, B 1 AT 2.009~1. 990 (1Y = 5 I =
JE A ED Sk ROS [ A X v gt

2.009 1.990

[

Pl 1 R ] ESR $ ARG i PBN i #i2 i /22
R ROS (b o P %
Spectrum of ROS spin trapped by PBN in wheat
leaves detected with ESR
AN R AR 13 R 3 FOR [W BO 1 2% 5
o TR B T AR L 5 | R B T P SR ) R AR LI 2,

Fig. 1



128 P JE AR MBI A2 4R (A SRR 2 B

537 &

—_

]

f=1
1

= CY29-3;
160k —e=.CY25-8;
- CY23-2;
-+ CK

140

120

100

[l
f=1
T

(=N
f=1

0 1 2 3 4 5 6 7 8
B S T Rl/d

Days after inoculation
2 HERW 3 B[R SR BB T R /N A2 I B A I A AR AR AL

Fig.2 Time course of ROS in wheat leaves inoculated

ESR= H I i & 5 {f/mm
Height of tripletsignals of ESR spectrum

with three different rust strains

M 2 ] LR L 7E 3 AN S A AR
RZEP L HEME 8 d N ROS 175 4k #3158 4 A [d
KREMEAE CY25-8 il CY23-2 k& H ROS H B 2
AW TR M B AE CY29-3 R & AT 1 AN, A
FEMEAE CY25-8 f1 CY23-2 fK & ROS TEH: N S
T T8 2 RIBBNEH 1 A WE(E ; 2% M E AR
CY29-3 /A& ROS # A5 2 d AR KL 3 K
Ja W LI, T 5~6 d ik B IEME, KM EE
CY25-8 il CY23-2 {k & 1) ROS W4 {8 i /N T 3£ F1 H
1ECY29-3 R &R . BIR 2 DPAEMEAERRIELS
W R YR - ROS # O BT 2 ANk, HAE bl
IR, SRR B r) CY23-2 R AJE.5 14
W v T 5 2 A0 T A R R B S L CY25-8 {2 YL
Jo 55 1 ANE(R TS 2 A0, HILES 2 06 B B
T CY23-2,

XFAEMBEAERRM S EMES 2 RIEE
HEL HR R RS 55 5 K56 6 RIERIEBEA

= CY29-3;
" -e-.CY25-8;
| A CY23-2;
-+ CK

—_ =
(o N

—_ =
N

Relative activity of SOD

SODBFIEH(U * g7

0 1 2 3 4 5 6 71 8
B bt Al/d

Days after inoculation
3 HEROR IR B RS /N E R SOD i M AE 4k
Fig. 3 Activity of SOD in wheat leaves inoculated

with three different rust strains
HIE 4 AL EREAE CY29-3 fK & ) CAT 3%
PEFE SR G M A5 JF T58 2 Rk — 1 IEfE, Z
Ji CAT iE M E T R, 7255 5 Kk B R AR E )5 2 W

RGN B R X TR AR R R F L5 5~6 K

D295 BE 7= A= i i) . AT AL, ROS FH B e i) 5/ &

R 20 R A 2 [ 26 1

2.2 INEMEZFEHREHEIREREFE ROS Hx
RN

SOD,CAT F1 POD #B & 4 ¥ B B & 4 Ak 1 £

BiiAH 2R 40 vh B R B . SOD 78 40 i O 3 il =
G R R BR O, 458 15 M4, [\ I ™ A= i Ak ™
Y H, O, ; CAT F1 POD 7E R 3 i R Go b 3 2 2 E 3
il £ B A HL O, BIFER .
2.2.1 SOD & mE 300, M &FwwiE,
/NZE I e SOD T MEAE A [F] B AR R & A N [\ Y
A, SR EAE CY29-3 (K FR iy SOD ¥ 1,
RS 1 R T+ J5 B A N R OF DR 4 A, 3156 4
R TREH 6 RSB —DBE, IR T, Z
Ji SOD JE 2 I+ . 5 ROS (A8 b He % nT I,
TEE M E AR Z i SOD & M8k 5 ROS 2 41
K. REMBEAE CY25-8 F1 CY23-2 K & H iy SOD
G PETE RN 5 B W A IR IS 4 R E AR —A4
VAR, 2 J5 T R a3 I AE SR 5.6 R IA B R ARE
ZJE N TR . 5 ROS 12846 A nl W, A 25
HAEK R ROS 7E ) 845 — > W {E B, SOD
PR G858 g o 3% B O P EL AT A 3 M Y SOD, I 1%
H# ROS R E,

M3 R AT LR AR R A 1 R E RN
YEAR Z B SOD G PR E M EAR KR R 1 A5LL L.
2.2.2 CAT &K HFHEFFEWEIE./NEMH
CAT T PEAEAR R BAER & i B A N [F] (9 728 4 3
SR ILE 4,

2.6
E - CY29-3;
O 24 - .CY25-8;
g2 - (CY23-2
8 = 22F =+ CK
#HE 201
a1
° 1.8}
B
3= 16
S} 6
~
14}

0 1 2 3 4 5 6 7T 8
B JE BT Rl/d

Days after inoculation
K4 HRMOREFSBREE/NEZH R CAT G2k
Fig. 4 Activity of CAT in wheat leaves inoculated

with three different rust strains
P52 3 56 BAHIE I KF . 5 ROS 7284k T e 78
FMEAERZR S CAT G2 S ROS BB R A
. ANEMEAECY25-8 fl CY23-2 K& CAT i



511

T AL A /N S I RO IR B R T A A 4 AR 129

P 7 3R S O BEGZE W R AR 3k 38 W A8 AN S R AR
RO R WK N B A% HLO, BIBE S T B, A M T
H,O, MR ZJ5 2 MAEMEER R D CAT %
PEARL RO R] . FE/NZZ SRR AR 13 R A
PEW) CY23-2, AE4 R 55 3 R, CAT §if Ml i I 7+
FEFE 4 RILB|—ANEE IR SR 5 28 T R 78
555 ORIk B ARMA 5 MK & 2 5 6 BRI 04 K F 5 7E
ANFE SRR R AR 13 R PLA CY25-8, 7F B il
JE 5 2 K,CAT [ TG BT T4 3 Riks —14
AR I W (B IS T B L R 5F 4 K R A 31 5 0 BE A 3
17K

2.2.3 POD &#& M ESBWREIG . /NEm R h
POD I M A6 A R BAER R v & A A ) 9 28 Ak 3
GERULIE 5, M S R LLE H AR BORE B ) P S R
HAE CY29-3 fR R ) POD 3§ ¥ 8L 2 AW fH L 1A
R EAERR A 1AW fg , B H W (4 0 & TR f
HAERR . 5 ROS WARIL H A, Toig 2 3 f B 7R IR
Fib B FEME AR ZPOD W& M 72846 5 H ROS

= .CY29-3;
| —e-.CY258;
- CY23-2;
- CK

95 95
[\S) N

PODE§ % (0D,
N4

Relative activity of POD

N
=
T

N
=}

01 2 3 4 5 6 7 8
oG I iEl/d

Days after inoculation
Bl 5 HRORE SRR AN EM R
POD {fi P 92 1k
Fig.5 Activity of POD in wheat leaves inoculated

with three different rust strains
30 o’

AT /N ZE R e bk 13 5 B R [ 3K
I 11 4 T TS CY29-3.CY25-8 F1 CY23-2
Z IR N ) B AR B, NS 850 R e /N 2 ot s
51 B I P AR 2R DR P e RO M B A AR AR R R AR
Jo ) 375 P AR S O TS AR T T M AR AR AR Ak
KHE HR AT R, BREH AR HAE
KRG ARG T 06 v AR R &R 0
A A B A B AR T M A RN . (D)
REMEERE CY23-2 il CY25-8 R Ye 5] /N
RN EREEMNBEAR 2 A~ miEl, X5 Lamb
SFUU MBS R ML, R 1 s M R R R
BAEREMENE 2 K, 5iearnt /=4 HR B0

B A A B A X I K AR

2.2.4 mRBRBANER BEMAEWREG . NE
240 6 5 A XoF 37 P 1 AR A DL 1L 6. MUIRT 6 1T LA
FE il R EAE CY29-3 K &R /INZZ 0 Fr 40 M 5 A 1
AR B FE RIS 5 2 KAFLEIE i, T4 6 Kik3
100% . X 5/NZ #4550 AR UL Ja K 2 40 i
BEREIR MWD A o AE R SR B AR R &R B, CY25-8 Al
CY23-2 2 MK R 1y /122 W v 20 J 5 A6E A % 325 1
T ARFERS AL, AR 2 AN Z /N 40 i
FEEAE X 35 1 B8 A e P s T R R AR SR 2 Rk B] — A0
1B Cr T S NE 1) W {1 v 1 B 988 S 1) » HL I I 1 A5 Ak
AR 2R/ CY23-2 /INZE I R 1) 240 M 5T JE A
75 PR 2 VR O T B R T BRD 5 i 4 Ah CY25-8
JINZE I R 1 A0 I AR R 3 1 A 3 KT R EI B AIX
B 54 RXFHTHRIFTH 5 REEE 0 A
Ao 3K 5 Bl AR TR AR Y S A R IS 1 T B
BEAWIG .

P/%

0 1 2 3 4 5 6 7 8

e KA/

Days after inoculation
Bl 6 MR SRR N A
4 A JoT R A %o 37 P A AR £k

Fig. 6 Relative permeability of cell plasma membrane in

wheat leaves inoculated with three different rust strains
N [] — 305 26 2 RAGPE A R 1t M AE A 5 26 5~6
KoARGE HR W B 2% FE AR R F o 78 s i
BT IEPESARN . ARCERIEAESS 1 RIS A R B
SREAE AR LSBT H R A A fE
A HRL S 1 UOE T A8 28 3G W i 2 E N R 5
SFHES TR BERKERE, X5 Lamb %Y,
Levine %17 Jabs'"" $ H (14 3 ¥ & AE R 555 40 F 8

Bl TR BT SN —EL

(2) TCit /N2 IR Ay g T Pt 1 O B2 A e
o I 77 2B R HIR BRE, #1045 50 2 A0 i 1) 9% A 4 58 3
PR PEBE A /N I e i R R O T A 5
B8 o 2 AR TR T RSO L 0 M P B Ak 2
MMAATET: . XKW E ok IR E R RN, & &
HY AL T-, X5 Tiwari 45" Suharsono M7 |



130 P BB 3R AR

537 &

Kawasaki 2% 1 Bethke 250 (458 — 3K,

(3) R SOD,CAT #1 POD #3E 5 % ROS 1y

Tt AEAEAS 6] 1) ELAE 1A 28 RS [a] 4 15 Ji) L G4 FH

IR AFRE . EAEMEAEZERER]NE G
AT, SOD IE M i CAT 36 14 T B, A B 2
F O S AR Ho O, 0 Ho O, RBEREf . 781
HT@@P’E?‘”F H, O, ZihHA MR RN EZIE .

Wt — P UE S R Z B 5 & N H, O, AV
ﬁﬁ%%ﬁﬁﬁ/nlﬁmm TE S5 A H AR 55 5500 T 1=
/N TR B TR SOD A1 CAT 16 M 2 8, Jo 1k M 4]
AR, HIIEETE CY25-8 5l i A 25 f 1 1E,
e CY29-3 51 iy 2% A B AE 09 J5 3 . SOD I 4%
IREAR  SHe I FE TG PR S R . O B o5 /4 L 9] 4 4K
B o DCHEERN I R i RE AR AT D L 0 e AR R A T
JE s Fy SR AT A B A B T O RN SE TR
KHEVE . P R SR BN 5 28 1 R R RN EAE
(1) SOD J&PE LA R M AR R 1A% 22 7] LU RE R
R H AR H W SOD §F M &, OF 4 8w Ak
Hz()z(ZER?ﬁ%‘?ﬁ'@E‘J CAT &) i Fr b

s ORI e S 2 A0 AT T 5 T AR S S A
Ef’ﬁﬁﬁ%ﬁ SOD {f AR M A O FLR L 4l
SFETD. TR HR REFEHEM S 24 h TP, X5
Jabs S5 FE I SR 5 5 400 R T 8 AR A Isd 1 B AR
PEYH I FE T (runaway cell death)fK#fi T O; BI45i8
Epl.

(DAEWIFE K, POD G S5IG AR EA

B HASE & L. POD X /h# HR i ROS 1

KRR, §Q|3%J: POD 7% 28 4k 5 /N4
HR BEOAR 2 (1 5% BB A B VIR 64
‘J%?’ilﬁ‘]?%ﬁ?’i?Hblﬁ%éﬂiﬂﬁﬁfﬂiﬁﬁ%[mo 20 i BE AR
Jo Ak AT BH 1E 5 U AR

AR SEUE TS, H, O, 15/ 85 18 51 1 i
B SR BE SN PR AR 5 A AR T AH A G H 7 A A
B AEFHERAL 3z i 7 XL 52 A KT Wi N A5 HR AT
Tt

(&% k]

[1] Lam E,Kato N, Lawton M. Programmed cell death, mitochon-
dria and the plant hypersensitive response [ ]J]. Nature, 2001,
411.848-853.

[2] Danon A,Delorme V., Mailhac N, et al. Plant programmed cell
death: A common way to die [J]. Plant Physiol Biochem,2000,
38(9) :647-655

[3] John]J G.Gary J L. Role of reactive oxygen intermediates and

cognate redox signaling in disease resistance [ J]. Plant Physi-

[4]

(5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

0l,2000,124(1):21-29.

Van Camp W, Van Montagu M, Inze D. H,O; and NO: redox
signals in disease resistance [ J]. Trends Plant sci, 1998,3(9)
330-334.

Elstner E F. Oxygen activation and oxygen toxicity [J]. Annu
Rev Plant Physiol,1982,33.73-96.

Jabs T, Dietrich R A, Dangl J L. Initiation of runaway cell
death in an Arabidopsis mutant by extracellular superoxide
[J]. Science,1996,273:1853-1856.

Levine A, Tenhaken R,Dixon R,et al. H; O, from the oxidative
burst orchestrates the plant hypersensitive disease resistance
response [ J]. Cell,1994,79(4) :583-593.

Vranova E,Inzé D,Breusegem F V. Signal transduction during
oxidative stress [ J]. Journal of Experimental Botany,2002,53;
1227-1236.

Chamnongpol S, Willekens H,Moeder W, et al. Defense activa-
tion and enhanced pathogen tolerance induced by H;O; in
transgenic tobacco [ J]. Proc Natl Acad Sci USA, 1998, 95;
5818-5823.

Delledonne M, Zeier J, Marocco A, et al. Signal interactions

between nitric oxide and reactive oxygen intermediates in the

plant hypersensitive disease resistance response [ J]. Proc

Natl Acad Sci USA, 2001, 98:3454-3459.

De Pinto M C, Tommasi F.De Gara L. Changes in the antioxi-
dant systems as part of the signalling pathway responsible for
the programmed cell death activated by nitric oxide and reac-
tive oxygen species in tobacco Bright-Yellow 2 cells [J].
Plant Physiol. ,2002,130:698-708.

Cao Y L,Guo P.Xu Y C.et al. Simutaneous detection of NO
and ROS by ESR in biological system [ ]J]. Methods in Enzy-
molgy,2005,396.77-83.

RAOR B S E LR R R BT AL
2002:35-49.

A IMIL JE 5T B2 At

Zhao B L. Oxygen free radicals and natural antioxidants
[ M]. Beijing : Science Press,2002:35-49. (in Chinese)

Lamb C J,Dixon R A. The oxidative burst in plant disease re-
sistance [ J]. Annu Rev Plant Physiol Plant Mol Biol, 1997,
48:251-275.

Jabs T. Reactive oxygen intermediates as mediators of pro-
grammed cell death in plants and animals [ ]]. Biochemical
Pharmacology,1999,57(3) :231-245.

Tiwari B S, Belenghi B, Levine A. Oxidative stress increased
respiration and generation of reactive oxygen species, resul-
ting in ATP depletion, opening of mitochondrial permeability
transition, and programmed cell death [ J]. Plant Physiol,
2002,128(4) .1271-1281.
Suharsono U, Fujisawa Y,Kawasaki T,et al. The heterotrim-
eric G protein alpha subunit acts upstream of the small GT-
Pase Rac in disease resistance of rice [ J]. Proc Natl Acad Sci

USA,2002,99(20) :13307-13312.

(T4 137 70



