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SR F R BEITEMIE T/ME D EEK,
MRBEARMENRERZ T

AP S

(MBI A a2 24 B, AR R 273165)

FEE R HUEARE FR 0 WFSE T A A1 19 L-2F & B2 ( L-Cys) X 200 wmol/L 47 B T Wl T /N2 4 2k K 4 AR B | Mk
RGN, Z55REM, (1)200wmol /L FH R F AT MHI/NZ LA BRK AYE A E S Eil e T, TiEERA
FE B2 I H IR (GSH) & i, 8 S AL P12 AL il ( SOD ) FNHT IR I e AL il ( APX) 3 PEMS b T, P9 T8 (MDA ) &5 2 F1 41 i i
B 2T, (2) FME Cys 7€ 1.0—5. Ommol/L i, SZ 4R e () /NZE gh i A KB S 0 IRJG 25 53, 78 1.0 A1 2. Smmol/L T, 4R
K AYE HERa MBS ESESRILEEEZER, 5 Cu g 25 5.3 (P<0.01) , (3)E T 1. 0mmol/L fFME Cys AT
Wt A 8 R /N R FIAR R A AR AR R, (4) AMIR Cys BRI 3552 R T 4 A R /N2 4 i nT A PR A FURT GSH 5 4,
JEf SOD H1 APX TE M RF S 4R AE B K T MR Cys YRR T 2. Smmol/L B MDA & il B2 TR, K F 5. Ommol/L B, 4 ifg
JEC S AR 2 T 2 AL ( PPO) 16 56 B FHE T RE, 1% Cys 0 0. Smmol/L AbBEAN , HoE 4% AL BHIR] PPO FEMEH LB E £ R,
LR RTE W 1.0—2. Smmol/L HYAME Cys 7T 312 125 /INA2 )1 1 0] 4 30 A TR 32

SRR VMR 5 /N ZE A 5 E T 5 A D A P el g

Effects of exogenous cysteine on growth, copper accumulation and antioxidative

systems in wheat seedlings under Cu stress

PENG Xiangyong * , SONG Min
Life and Science College of Qufu Normal University, Qufu 273165, China

Abstract; Cysteine ( Cys) is one of the twenty basic amino acids and is converted to glutathione (GSH) , phytochelatins
(PCs) and other variety of metabolites in the body. GSH is an enzymatically synthesized tripeptide in which Cys is linked
via peptide bonds to the y-carboxyl group of glutamic acid (Glu) and the a-amino group of glycine (Gly) depending on
peptide bonds. GSH serves as the first line of the organism defense against the products of oxygen metabolism, reactive
oxygen species, and other electrophilic compounds such as toxins ( herbicides) , xenobiotics, and heavy metals. PCs are a
family of heavy metal-inducible peptides important in the detoxification of heavy metals and can chelate the metals, have
been identified in plants and some microorganisms. The inactive toxic metal ions of metal-PCs chelatins are subsequently
transported from cytosol to vacuole before they poison the enzymes of life-supporting metabolic routes, and transiently store
in vacuole to reduce the heavy metal concentration in cytosol. Thus, heavy metal detoxification is attained. When one
considers that Cys plays a central role, it is perhaps understandable that the effects of exogenous Cys have been less well
studied in higher plants. In this paper, the effects of exogenous Cys on growth, copper accumulation and antioxidative
systems in wheat seedlings under 200umol/L copper stress culture method. The results showed that the growth of wheat
seedlings were inhibited under 200 pwmol/L copper stress, and that the radical elongation, biomass and total chlorophyll
content decreased highly significantly, the contents of soluble protein and GSH, the activities of superoxidase dismutase

(SOD) and ascorbate peroxidase ( APX) increased slightly. Malondialdehyde ( MDA ) content and the membrane
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permeability enhanced significantly. At 1.0—5.0mmol/L exogenous Cys level, the seedling growth was similar to that of
the control ones, and at 1.0 and 2. Smmol/L exogenous Cys level, the radical elongation, biomass, chlorophyll a and total
chlorophyll content were no significantly different compared with those of the control ones, while significantly different from
those with Cu treatments (P<0.01). Above 1.0mmol/L exogenous Cys level, copper accumulation increased continuously
in wheat leaves and roots. Exogenous Cys significantly enhanced the contents of soluble protein and GSH, and maintained
the activities of SOD and APX at a low level continuously. In contrast, MDA content decreased significantly at the level of
less than 2. Smmol/L Cys, while the membrane permeability increased significantly. Polyphenol oxidase (PPO) activity
increased firstly and then decreased, showing no significant differences from control ones except with 0. Smmol/L treatment.

On the whole, spraying 1.0—2.5mmol/L exogenous Cys can enhance the tolerance of wheat seedlings to copper.
Key Words: cysteine ( Cys) ; wheat seedlings; copper stress; glutathione ( GSH) ; antioxidant enzyme

FERA™ 6 &ML T A Tk, K i 4 i i 2 2% AR AR i A 38 AR i AN [ B B Y A5 15 e 5
Hrb B 2EMAESHREES R RNFEITRZ —, SRR AFREYERETNLHWMETREZ —,
AR 20 B (0 2R AR (COX) 2 B S8 AL (PPO) (LI IR A ALl ( APX) it S84k W 57 AL 1 (SOD ) 45 Z Ff
RS S, Aok b 7= v B AR IR A L0 i BB A SO R UE R ) A SR AR R AR K
I SR ERY) SRR AE R T & RO A E R, R R g BT

L 2R (L-Cys ) 2R Y 20 FhIEAR IR Z —  TEAHY RN TR b, — 285 5 0 ot an C AL I
TR AR AL S T A Cys, IFTEAE IR Nt — 20 5 i e BAA FRok AR B RE ) S B A DL . Cys
EE R IR TR, B 5 OR M S S B R A  E ORI R B 8 0] 55 /RIS AR A
B Pk 2R 1T B R A B R R A AR A H 2R % — o F A S TR U A M H K (GSH) , B H 2
PIHTAE AL TN RS S i VR B GSH MRS U 2 G IR (PCs ) |, RAEY) A — S8 B T RE A 1 S R 25
JAKS!, &T Cys WITIREMIFE 24 RS b, I—E WY Cys 1T AR 5 34 00 S i Fnbi S Ak T g7 Jf:
HAMEIERMZE SOD 1591 1 Cys SHEYI AN EIENREM IR E D" 5T Cys ZEWUASH R A
HA YA S DR B, AR SCR AN Cys 54 Mra L RIVE A, BF gt HH an R /N2 4 A kK
H A B P AL R G, DARTHINIR Cys X8 48 s F R FE e,

1 #r5RH*
1.1 fEUp R R Ak 3

HER/NAZ BB R T 16, R AT

TR A B /N A AT T 5% YR A TR ENIZ IO FE 25 min , 28K sk 4 Wk, B 2848 /K 200 12h, 7E B AR
A 10em 57 L SR IR AR FR k5 3% | AN 3R 1L 80 ki1, REFRIRE 25°C , Y IAGR B 25001, 36 A 1 Ry ot
W8 13h, 2B 11h, B 24h HIZEIR/K ppEARTE 1 Ik, 1 S BEBUE KR —BUm 4 i iF a0 22

I3 A, 4L 7 AL A FEFR LA AR N CuSO,, Wit 25 18 7K i AL 1 X BR4H (CK) ;B 35 3R ML A
Sml ¥R A 200 wmol/L 1) CuSO, , FWiiE 221 K FIALBE R Cu ZLBRYL ; C, B5FZ ML SmL ¥ BE A 200 wmol/
L 1Y CuSO, , 343 HIMtti 0.5.1.0.2.5.5.0.10. Ommol/L Cys IF K5 TAEFR N Cys AbFRL . 5 T4:K 900
FHZEIR K MRS , 0] B .C IR SR INA SmL ¥ B4 200 wmol/L /) CuSO, , A 4 ASE & 2518 K ; B H
M558 B 1] Cys A FHZH 4% A4b BRIGEHE A [F) e B2 1) Cys VAW SmL, A B Wi 25 92808 K L Ab 3 7d, ARAE PR
3AER, T 8 K900 FF- Ui Bk Il e BALFE 4
1.2 {5k
1.2.1 MR SR FH 4 Gtk A AL BEBEAILE 10 ARAIH , 43 3 ARG | SRF 3958
1.2.2 AW pgieE " AR 10 MR, JeH ARk kg, FE 258 ok o, 821, 40 X i A RTAR Bk
B IRIGTE 95°C FAH 15min,65°C FHET FRE, iAW
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1.2.3 MR EHE MRS EAIE

B A FRAE AR F 0. 5, IS 2) 0K, 80% TN FERHL , I 663 645 440nm WOGEIF IR M43 K b
o, mg/g FR,

1.2.4 HgEmmE"

1. 2.2 ek EE R F HNO,-HCI0, AR A TR W IH % 8h,0. 45 wm B i€, FH TAS-990 J& -+ K i 43
FECEEHFEDE K 324, 8nm BREEFERE 1. 3nm , LB 2. OL/min KT HLIR 7. SmA S8 I E 4 & 0, H ne/g
FIR,

1.2.5 GSH &8l R 76 ek

W 0. 5g /NI R Je A SRk Be , R 25 85 7K op ik 4821, Nty (9 EDTA S HCLO, L TE , Fi-
PR R ) R TR, R I 340nm, BT 420nm I E DGR, F pmol/g AR,

1.2.6 HeAmAbIgbragm &

B AL BRAR AR B 0. 5g, SeH A SRR Pk, FEH 258 Kbk, 88, M2 T 34645

AR R 1B B SR % ST 006 me/ g 0 5 SOD TR HI NBT St Bk | LA
NBT JeAbif 5 50% Fr s B 1 ANE S 1% 807, F U« min~'- g7 2675 ; PPO AT APX 3 M1 7 2R FH Tl 9 3 2
U LU e e A VR AL Tmg HUIRIER N 1 NS F1 8007, Uemin ™ g7 3R R DDS-307 RUHL T
ASCI 52 R S ST E TR A SR X L O BRAR L EL R (TBA ) 35 MDA i nmol/g /R,

1.3 $dEabr

RIEE RN 3 WHEE N FEE R ERZE . R Excel2003 K SPSS10. 0 FAFHEAT 50808 kb 31 5 43 A, 7 1F

77253 FT A1 LSR(0.01 /KF) 2 L,

2 HBREHM
2.1 Cys MHRBHNE T /N A ETE A ARAAA: Y48 1520
XFHRZH (CK) /INAE A A 3o, | I (8 o ARLRR A

s Cu AERA /N Dyl AR K 5 55, S AR AT T, HLAE
FRIE/N FGG, MRk ok s B Cys WRIERITHE N4
KBB4 T Cu AEFRLL,1.0.2.5 F1'5. Ommol/L ¥k J&
NG AR A, S5 R A LG22 55 2 Cys
WeREIA ) 10. Ommol/L B, A AR A A 4 4 AR 55, 33X Ui
B 1.0—5. Ommol/L 4 Cys F|F/INAZ Gy 9% fft i i 1 Cys S§AME T/hNES &£ KHOEM

FE 1 AT, Cys W FEAE 1.0 A1 2. Smmol/L R, #HAK  Fig. 1  Effects of Cys on growth of wheat seedlings under
MR ST TC W 22 5%, 5 Cu Kb P4 25 0 [ 35 (P< copper stress
0.01) ;75T 5. Ommol/L I, 5% M2 54 B2 . 5 Cu ZEBNAR YR WL, Cu AbBREAH | Cys ZbHE4H(0.5.1.0.2.5,
AEBRLE H 25 (P<0.01) . SuFRRRbK leke, B 1.0 fn OO
2. 5mmol/L b, HiE Cys AbPREA UM A= W) m 25 S (B 3
(P<0.01) ;5 Cu ZbFEZHAH L, Cys W EEAL T 2. Smmol/L i, iR A= 12 22 Tt i 2 (P<0.01) . Fifi Cys W EEHY)
T R A e S TR, Cys WREEFE 1.0 A1 2. Smmol/L T, 5XFHRIC . EH 25,5 Cu AP £ T
#(P<0.01) , W/NEL R FIAE AR A= W) BT , Cys RO BESZ I 1 4 1038 T /N EZ AR KB iR R
1. 0—2. 5mmol/L ¥y Cys FI|F/NAz 4y iy G2 f i oy,
2.2 Cys XTHIMME T /ANEL GRS E R 552

F2 AU AR E a ARG R S RIIME Cys YR T & 28 LIS T KT Smmol/L B 5%} fR L2 5
5 Cu Wb PR 25 5 B3 (P<0.01) s N BRRIF4 3 b SRS S MR8k BIHE TR, E
& 10mmol/L #}, 4% Cys AbFEAEAK K Cu ALEEL] 5 X IR LB TE i 3 25 57 (P<0.01) . F LR WL, —E W BE Y
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Cys AT LIS AR M0 T /N Sl M 7 2R 3K a & i XIS ER b FI2EIIE N RS B mEU,

F1 Cys MEIME T/MELHHRKFEYENHIT

Table 1 Effects of Cys on radical elongation and biomass of wheat seedlings under copper stress

JOEL] L/ em AW % AR %

Treatment Radical elongation Root biomass Leaf biomass

X8 Control (CK) 4.899+0.245B 18.437+0.281A 14.535+0. 117A
200pwmol/L Cu AbFHZ treatment 3.224+0.317C 15.907+0.058C 10.356+0. 109D
0. 5mmol/L Cys+200pmol/L Cu 5.395+0.330A 17.135+0. 146B 12.942+0. 157B
1.0 mmol/L Cys+200pumol/L Cu 4.219+0.263B 18.307+0. 131A 14.609+0. 098 A
2.5 mmol/L Cys+200umol/L Cu 4.924+0.186B 17.359+0.083AB 14.902+0. 150A
5.0 mmol/L Cys+200pumol/L Cu 3.138+0.192C 15.570+0. 182C 11.496+0.381C
10. 0 mmol/L Cys+200pmol/L Cu 3.714+0.288C 16.121+0. 137C 11.425+0.187C

ANEFIEARERACFEA] 28 LSR 4347 , 22 540 8. 35 (P<0.01)

R2 Cys SHAMETI/NEGHMEZEMEPRE PR SENZM

Table 2 Effects of Cys on chlorophyll and carotenoid contents of wheat seedlings under copper stress

Ab B 2R E o/ (mg/g) M43 b/ (mg/g) B/ (mg/g) FKHE ME/ (mg/g)
Treatment Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
X H& Control (CK) 0.981+0.014AB 0.243+0.008B 1.223+0.020A 0.339+0.031AB

200 pmol/LL Cu AEFEZH treatment
0. 5mmol/L Cys+200pumol/L Cu
1.0 mmol/L Cys+200puwmol/L Cu
2.5 mmol/L Cys+200pmol/L Cu
5.0 mmol/L Cys+200uwmol/L Cu
10.0 mmol/L Cys+200 pmol/L Cu

0.672+0.005D
0.936+0.022B
1.087+0.042A
1.027+0.029AB
0.868+0.048BC
0.798+0.019C

0.273+0.002AB
0.326+0.008 A
0.242+0.007 B
0.278+0.005 B
0.243+0.011AB
0.194+0.012 B

0.945+0.007B
1.261+0.030A
1.328+0.038A
1.305+0.075A
1.111+0.043A
0.993+0. 134B

0.294+0. 030AB
0.345+0. 008 A
0.312+0.013AB
0.353+0.016A
0.264+0.014BC
0.220+0.021C

2.3 Cys WPHlBA T /N 2y A R B2

F 3 ATLIE W IR R FAR R Cu 80510 2.337pe/g F12. 796 pe/g, W Cu AP ERK A
AYLTE TCER 5 T 200 umol/ L 4 1 A T | /N2 &)y B AR 3R i i I 3 ?XT,\‘\,Hﬁﬁéﬁf\%Ei@%E%?
MR, BEMEH Cys WREEAOF &, M A AR rh i AL R 2 82 F TS, 2 Cys W ST 1. Ommol/L B, 5 Cu Ab
PREH A 22 S 3 (P<0.01) o S5 5R UL, /NFE A bR AT RSO AR S48 1, it Cys AT 3G I JBir38 7 /s i%ﬁ
BRI R o A - R SCRI AR R

£3 Cys WEMME T/MEFRREEHHN

Table 3 Effects of Cys on copper accumulation of wheat seedlings under copper stress
LS R B (pg/g) L &
Treatment Leaf Cu content

X Control ( CK)

R/ (pe/g)

Root Cu content

2.337+0.377D 2.796+0.236E

200pmol/L Cu ZLEEZH treatment
0. 5mmol/L Cys+200umol/L Cu
1.0 mmol/L Cys+200umol/L Cu
2.5 mmol/L Cys+200umol/L Cu
5.0 mmol/L Cys+200wmol/L Cu
10.0 mmol/L Cys+200pmol/L Cu

94.364+3.836C
79.859+4.702C
111.411+3.686B
150.364+2.693A
126.807+5.903B
165.413+3.923A

445.677+21.923D
481.412+20.259D
804.360+24.008C
1182.902+50.245B
1334.642+24.415A
1396.452+20.010A

2.4 Cys XTHBE T /NG & H SO GSH 5 i 1Y 521

Cys J&5

o EES i Cys J5

H1 4 W J, Cu AbFRE/INAZ it - rp 8 1 o

FEON 6. 834mg/ /g, W R X IR, A LA 22 5 i FHAME

NAER I B RS S X IR K Cu AR MU B IR B TR 3 25 57K (P<0. 01) |, B Cu iy
30 AT 5 EAR AR SRR, B SN Cys FIE S EA TR RIL, Cu A /NE GSH T X (3

http ; //www. ecologica. cn
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Cu W AT AR GSH 2R3k AR Cys AT $2 4B /NGB b GSH & i

£4 Cys  HEBME T/MEHEEER GSH 2EHNH M
Table 4 Effects of Cys on protein and GSH contents of wheat seedlings under copper stress

b g EAREE/ (ng/g) GSH %/ (umol/g)

Treatment

Protein content

GSH content

X H8 Control (CK)

200 wmol/L Cu AbFHZH treatment
0. 5mmol/L Cys+200pmol/L Cu
1.0 mmol/L Cys+200umol/L Cu
2.5 mmol/L Cys+200umol/L Cu
5.0 mmol/L Cys+200wmol/L Cu
10. 0 mmol/L Cys+200pwmol/L Cu

6.516+0.336C
6.834+0. 146C
7.138+0.420B
8.681+0.317A
7.367+0.313AB
7.710+0.217AB
7.793+0.469AB

9.556=+1.104C
10.312+0.972C
12.355+1.355B
15.012£1.462A
14.494+1.479A
14.798+2.272A
14.921+1.342A

2.5 Cys XTHiE T /NEZ S SOD \PPO Fil APX I AU 52 1R

5 WoR, Cu AbFRZLAEAR SOD A1 APX JE PEYH &7 Wit Cys J& ,/NEZ I 7 SOD Fil PPO & M T B IF 4R
TEARAK: X PR S M S X I E R E 22 57, 5 Cu Auiéﬂ%#ﬁ%uko 01) ., B Cys HBEERY T, PPO 1
PEESRFR I A G LG TRt (BRRIVREE Cys AbFR/NEZ 2T PPO TEYE SRR K Cu AbFRZ 4525 5 0K i 2%
(P<0.01) . VLEAHAPNAE S T HIRE SOD A1 APX 3 M THE , SN Cys FTFEAIE Cu Wi 512 BT A fL G SOD |
APX 5T

&5 Cys xHEME T/ELE SOD,PPO 1 APX EIEHIH
Table 5 Effects of Cys on SOD, PPO and APX activties of wheat seedlings under copper stress

peL] SOD {fith/(U-minlg™") APX {FPE/(Usmin~" g™") PPO 1%/ (U min~!-g™")
Treatment SOD activity APX activity PPO activity

X} Control ( CK) 37.945+1.051BC 1.301+0. 104B 0.345+0.004AB
200 wmol/L Cu ZbFELH treatment 47.933+0.982A 1.663+0.098A 0.330+0.004AB

0. 5mmol/L Cys+200wmol/L Cu 34.653+1.315C 1.294+0.088B 0.297+0.003B

1.0 mmol/L Cys+200pmol/L Cu 39.286+1.160BC 1.320+0.095B 0.408+0.004A

2.5 mmol/L Cys+200pmol/L Cu 40.946+1.800B 1.263+0. 135B 0.416+0.002A

5.0 mmol/L Cys+200pumol/L Cu 36.798+0.644BC 1.148+0.065B 0.376+0.002A

10. 0 mmol/L Cys+200pumol/L Cu 36.921+0.349BC 1.264+0.086B 0.311+0.003AB

2. 5Smmol/L I} ,MDA %

2.6 Cys MHRBHE T /N B MDA & FUEEE 15200

H1% 6 ﬂ’ﬁl,ﬁﬁﬁ/l N A R MDA AR G B PR B, T Cu Ab BRI AR &, Cys WREZAR T

EEIRTC I F SR, 5 Cu Ab B KL

EWEE R L FH (P<0.01), Cys WEFMT
5. Ommol/L B, #5 Ab FRAN it a5 1 5 % B34 T B 25 25 5, (H 5 Cu AbHRIAH 25 il 0 35 (P<0.01) , UiBH— ik
FER Cys AT LAREAIRER 38 T /N Ll MDA (YRS BRI % 1

6 Cys X§AMME T/ EM F MDA & EMRE MM

PR T 4 R I X AR i L PR 4

Table 6 Effects of Cys on MDAcontent and membrane permeability of wheat seedlings under copper stress

LbFR MDA & &/ (nmol/g) Y15 551/ %
Treatment MDA content Membrane permeability
X HE Control (CK) 1.357+0.034B 72.829+2.086B
200 umol/L Cu AL ¥ treatment 2.099+0. 150A 81.046+2.430A

0. 5mmol/L Cys+200pmol/L Cu 1.324+0.149B 74.263+3.596B
1.0 mmol/L Cys+200nmol/L Cu 1.417+0.128B 68.875+2.381BC
2.5 mmol/L Cys+200pmol/L Cu 1.426+0.051B 70.781+2.659B
5.0 mmol/L Cys+200umol/L Cu 1.898+0.115 A 78.638+1.313AB
10.0 mmol/L Cys+200pwmol/L Cu 2.020+0. 106A 84.839x1.417A
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3 itig

eV A B B AR, B AR 2 BB, MRS AL, A K S A A 2z 20 ], AR AR A
Al S SRR R (D RE S A -SH 254 s R IL R 1Y Fe™ Zn® Mg™ S8 T it R ZE AL E T
MR AT, R R SRR ARG 45 R BRSOl F 200 wmol/L Cu Ab R ZH /N 4 i AR
K BAZ BN ARKAR G, B R R A N RS IR, BT A A MDA B R 20 i B X
B, X AT ALE R A R Y A e A T R4 (ROS) | M T it — R B BT
S fL M (SOD CAT . PPO APX %) AR L2 AL (GSH  Cys 4E/E E C %) BR ROS ™22 Ktk — H %
FFHEEWE , GSH 1Y & B ICIERAER AL FE R SCE AN R T AR BT ARG 45 R0, Cu AbH4]
INEZ Y R GSH DU AL TG (SOD \PPO ) 3455 T IR URBH =5 v BE Y Cu RIS B (R 52, 3
6 TAERRIT R A TE R EE BR R A IFB IR T — SRR b AR S T

Cys A YHE FRAB P AURAKAL, & AE 40 P B R ARAIS, (R AR & A L Cys A, & A2 B
HEE YRR Y0 GSH MG I (PCs) B EIR (Met) S-IRTFEZER (SAM) &R E M
(MTs) %, B 3256 2 SR 300358 Wt R VR A0 7= 5 0 00 A R AR, i 4600 28 1) S8 22 Al ok v A ) L 8
BAEHE N, X S VR AR P & A B A 4R B A IR K B A 6 s it Rk GSHI MMt THE 48 cd™ [
i} 52y d 2 T A R R e T A R e S SR BRI IR A 2R Cys S T, IR GSH i gAY
TR T AN Cys BEREHR = K22 M A AL 1 i AR T SR Ak, 2R SO, 1 A 11 4t
5 s /MR GSH MIBEE R R > T RM K AR EED A4 R B8, Cys £ 1. 0—5. Ommol/L
I, B2 5 30 /N S P AR KA S R IR TG 25 5, 76 1.0 12, Smmol/L T AR B 3% o FLMS RS
MBI EELR 5 Cu A 2T BE (P<0.01) 35X SHYETE Cys X IF | FISM T L FFTas 35—
OV ARIRIE KB, SN Cys AT HE R H Wl R /N2 Al TR R A A B H K (GSH) & &, £l SOD
1 APX 5 MRS R R R/ | FAIE MDA S BRI X AR, R R AT Ay AR JLAS 7, 158, Cys &
HARE =40 GSH PCs 255 545 R i MR &ML %A, NI R &9, FRAR T 40 P i B A0
&R B TWRIE B 1k 4 m B T U A M O T | X e I A W Bl 2 2 B, O B e B VR R R A
A, T T 3 4 d X B AR L AR, Cys B ASIIEAE TS PESE AT, L GSH 4 = 1938 Ji
HLOT , B2 5 B Ak, I AREARIR G 1T B2 S0 S (A S H B B2 4 1) S8 26 1 R IR Bt B Ak R 52
i, 55—, Cys A MY RN EZHUE Y GSH W EAZIEY , th CSH S 519484 5 C-A M H K-l ( AsA-
GSH-NADPH) fE¥F, A A 2 H 2 A S AL & (H, 0, ) AEBRE 5 bR iG M Ea 2 et B R g S A AR
FEAYHLA 3B IR R Cys RIEHEE T/NEZ 4 GSH By 2 &A% T SOD  PPO %5470 S (L i M, nl fEJ2
Cys TEA DR H R G A A/ T F K5 GSH AR A DR I AE Az 6 B 2 AU T — S 5 M AT B g A
T FR ROS TIfE, AR T HU AL BIG E

Lee 25408 it FH 3 5 19 Cys F, 0] 456 A AtPC1 5E R B9 100 JF 3 78 120, A I o &k B, W it
10mmol/ L I SV E I Cys T I8 55 REAR 1 25 R34 BRAI AR A ok S 2 3R 4 8, B2 80 MDA 5 i R 40 A o) 585
PE, B APCL SEPR I HRE T R LB A AR ELAG B S 1 PCs 7t (EG R 200 8 JE URK  PCs S22 8 7% Cys 19k
G, L Lee Z5INN , BSR PCs nI B G AR N 1) &8 I A ZME SR HNOEM  (BAULUE PCs 1 7 A il
AR LA R R B | i HE B PCs S B 0] RE XA B 7= A 35 3V 1, 8 3% ) I 2% p& 40 i rh 5 4% Cd
A RIS R RN PMEY, W PC-Cd™ B AR 2 e %4 i Cys #25 THIER PCs BA K
i A AR T (R R T PCs MfRAE A T PC-Cd™ B AR Im i %2 e 1, Bk, b
Cys WREER T /N2 it FUR R A AR R et it BT, oo, A0SR FH B oK 855 5 5K MR iy Sl 2 ke
B H 4 |, A 20 M BE b AR B R R A a5 AT A B [ o 4 i B, AR R A A Y — LE A ML Bt T DL
B 45 AT RS ML AL A4, DT BEL L T 4 J8 B [m) 2R3z f , S0 R AR AR SR AN SR B i T

Cys A TEPESIE  ANGRES IS il , 77 2 — Lo s 2R N SIS T Cys 7RI AR ATE  BUN i
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PALEE R Y 124 B0 T 20 RIS R EE RS 12 AR (LATL) ™Y 72K A |
S SURE AN T 4 KRR v T 2R LR A B B i = AR WA X THYIER N & —1 Cys
BB For B GENMIRGE . A IRIETEKFE A —A GSH A48 8 I 5, I & BLX 25538 F AU AT LAY
S GSH E5 1, i LA REASHE B — 2L 5 S A S IR AN AR B AR ) BRI, AR50 FR it A Cys W] BE R ABE R
PR TR 2 /N 22 A i i TR S 0 0 M RS, T3 # i Cys F T LB TR Y i, X8 A R iE— 25

25 LT , 200 wmol /L FA)HR 5 ik D55 /N 22 4l v A9 AR R 3 BRI AR W e T2 2 i, IR T GSH
i .SOD APX il TR, B2 15 MDA % f FHZH BLAR X RSS2 P T 1. 0—2. Smmol/L 14N Cys REHE SR ria T
INEN AR R E YRR SR BT T GSH I REFRIE KT SOD APX J% ¥ MDA & & Al
YRR AR X A | A SO 8 i /N2 4l B R VR
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