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Effects of Glutathione on Alleviation of Copper Toxicity and Its Correlation with Accumulation of Nitrogen,

Sulfur and Phosphorus in Wheat Seedlings
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Abstract; The effects of exogenous glutathione on alleviation of copper toxicity and its correlation with contents of nitrogen, sulfur and phos—
phorus in wheat seedlings stressed by copper sulfate were studied in a hydroponic culture. The results indicated that wheat seedlings growth,
stem and root length, biomass, chlorophyll and carotenoids contents, nitrogen accumulation were inhibited by CuSO,+7H,0 treatment at 150
mg- L concentration, whereas protein, endogenous GSH, sulfur and phosphorus contents were raised. The length of stem and root, biomass,
chlorophyll a, b, carotenoids and protein contents increased with the increase of exogenous GSH until the GSH was 2.5 mmol L7, and then
decreased. Meanwhile, endogenous GSH content as well as nitrogen, sulfur, phosphorus accumulation rised up. There was a significant differ—
ence between T2 and TO treatment, but there was no such difference with control. In general, exogenous GSH could promote absorbing, trans—
porting, and accumulating of copper in wheat seedlings. Exogenous and endogenous GSH remarkably improved accumulation of nitrogen,
sulfur, phosphorus under copper stress (P<0.01). T2 treatment exhibited the highest level of alleviation of copper toxicity in wheat seedlings.
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PREFECR A GSH & &, il A0k FUE Y 40 il H-S-S-
o, SRR B AR E T , SR L R R B
TR RN T, SR IT GSIL i RS 1
EIEP. HEASME GSH f& , W #E S e TR
HERE IR GSIL Ve & 8 DI RAT RS M, R
MDA EJHsREE, SRR E S, BKE A
AXt GSH SRt Yy i 5 by 3 RO 55 2 8 P A GSH
B R RS SRS RS T |, T
WA T GSH SR AR BT R R RM KRR
HROH . B, FATFIHSMNE GSH AP BhIE T /hE
4, B5T GSH XA T /b A R4S B AL TS
PRI RGBT R AR R IR, LIRS GSH 42
frEYI 2 R 0 LS R R R E SR TR R

| HRETE

1.1 #rEsE K AL 1E

i/ NN E REB/NE R IR 95497, ik
BRI S /N E B F ,25% IR AR AIEF 10
min, F RIKM3E,40 CIRUKRIE 2 h, FHIER G 2070
B EER, 25 CH R, EIERE 200 pmol »m?-s™, &
WA ITE] 12 /12 h, & B #MAZEK. 18R, 40
BRI, A Hoagland &8 F K PAREEETE 1 A,

BUER—B/ L AEI T 3R, A%
M4 (CK):Hoagland 2B 57 ; B, Cu 263 (iCfE
TO): &4 150 mg-L™" CuSO,+ THO( iy FAZ iR B4 AE )
) Hoagland 4 F5 ¥ ;C,GSH 4b¥E4H . &5 7F 150 mg-
L CuS0,* 7H,0 1] Hoagland 2& F51& , Br1 a1 B1E
HAE 1.0.2.5.5.0 mmol - L7 (43 HI184E T1.T2.T3) &Y
GSH ¥ (s i 2 kiR -20, DA ImE 5 /&
B A BE ) )2 min, B H 1 IR, AHRZEAN Cu 432

HUAZRIHARARS SR A, T d SR BN AR
EAEIR . BRI NER.
1.2 MEIBHR

(1)/NEAR ZE R Ay A BHER 12 #k4%)
oI, FEF Bskokptid, A LB PRk, 1T, 250
MWEZEHRFREK, ZFEFRE,95 CRT 15 min, 65
CHF W E, HHEAEYE.

QYNEYHMFRERMENE NREENINES
(YRS AN, F mg-g TR

(3)GSH kA GSH i3 & (M at A= Yo
BB IE , FH mg- g o,

(HBREMEARSE . SASTERAMEIR
EREY, A mg-g” R AR EENERAEL
W iR, B mg- g7 Fm o

(5) B B% 4 & & : /N 22 %) v IR & (HC10,:
HNO,=1:1)7H4k 24 h,0.45 pm JEBERT I8, K i &
R FARER YN B BE AT I ™, F mg- g™ FRow s B
GERAEHRNEY, H mg-g? R HEEHE
TRk (TAS-990, T Hrid AN AR A /D #EATIE
M wge g R,
1.3 8T\

SR FH Excel 2003 % SPSS13.0 %4 3 47 B4 b
505 2 001 LSD(0.05 7K ) £ Hed .

2 #R

2.1 AFERIME GSH ITNELEE KM
1% H B A IMSNIR GSH Ja /MRS A K
TEOLRTTE (B 1R T 150 mg- L GiAREAH L
B, AR/ N S I e W i e , PR R DR R
T AHAR R B R4, AR BT HAgH: 5 150 mg- L7 B
MRAH T FART 46 H B SR  T, ZE R/ A

BRI (M A %24 ):0,25.50.100,150,300 mg- L™
Concentration of copper sulfate(left to right):0,25,50,100, 150,300 mg-L™

B 1 REENNEGHEERKIFN

Figure 1 Effects of copper toxicity on the growth in wheat seedlings
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B AR EFMHIIS 300 mg- g VR  FEKE
KE U FAGFETS, ik, %8 150 mg- L7 BRERSR
HREENEERE,

FE 2 AT AE S, St FANE GSH — &S, /)
FOTM B AE 2.5 mmol <L F1 5.0 mmol - L 3R EFE Tk
BB R, Ao R R K, BT Cu
ARFRLA T 1.0 mmol - L7 ¥R EF R R E5E , AR 2
BT HAB B GSH Yk BEALTH
2.2 4ME GSH WAFE/NMEZEWE R EH KM
A

ISR E I ASINSNGR GSH J5/hE A
B RK ZENRAE (R DRW, Cu £FE(TO)AH
INEGTEAYR ., bR, RKYEEMTXRA
(CK), Ut 150 mg- L™ B FR4m 3 E/E A .. GSH 4b
AR P, BAMNE GSH ¥R T8, /N S AR i 2R
HRARKH G AR TR, 2450 EER>
15295%,5 CK X T3 TR FHF£R, SHMAER
BE(P<0.05); 3K %3 13.144 cm, 5 CK L E#=
5, 5HhA 25 B 2 (P<0.05) ; 251Ky 24.030 cm,
SHAhAbBRA 25 5 8 35 (P<0.05) . Z55RFRH, GSH 7]
BRE Ca R T/NESTAYE . EHKAREK, A
P T2 4H(2.5 mmol - L7 ) BUR e,

F 1 SNE GSH EIHAFENEEYE RICREMHHR N
Table 1 Effects of exogenous GSH on stem length , root length and

biomass of wheat seedlings with copper toxicity

WwE EmR% 0K 2 Ko
Treatment Biomass Stem length Root length
CK 14.535+0.117ab ~ 18.437+0.281b 11.994+0.245a
TO 12.813+0.372¢ 13.694+0.640¢ 7.744+0.600¢
T1 13.723£0.637bc ~ 15.961£0.464bc  8.828+0.762hc
T2 15.295+0.878a 24.030+£0.629a 13.144£1.268a
T3 14.506+£0.431ab ~ 17.220+0.365b 9.100+0.394b

1E:P<0.05 BFKF, TER,
Note : Significant difference at P<0.05, the flowing tables are same.

2.3 4ME GSH MWAFENMEHEHMFEMEHE |
ESENKNE

IS X R E IS INSNR GSH J5 /22 4 i
FMEHAE PR BNV (R 2)FRY,T0 /L)
HifteRE a IKKHE PEF RS CK X GSH 4b3
HEFBE MIGEED FTELEEZST(P<0.05),
GSH AL P, BEAME GSH ¥R IETHES , 44K a b DL
KW E P REGEWEL LTHE TREE T2 4ot
4% a.b SEAHIAT 1.203.0.411 mg-g?, KEAE B
EEHEEN0.645 mg g, HFEEMBEIREMET /NE
HIEHSER b o', A 5HMSHA I RAT B E

(B ZEZEA ) CKOH ) Cu 403 GSH 403#(1.0.2.5.5.0 mmol - 1)
From left to right : CK (control ), Cu treatment, GSH treatment (1.0,2.5,5.0 mmol -L?)

& 2 5ME GSH IHABE T/ MNEYHERKBHZIT
Figure 2 Effects of exogenous GSH on the growth of wheat seedlings with Cu toxicity

® 2 5NE GSH MAB/ENELEMH R FMENE MRS EHRT

Table 2 Effects of exogenous GSH on chlorophyl and carotenoid contents of wheat seedlings with copper toxicity

VA smgeg (FW) GO bimgeg (FW) it wit b SB[ lmgg (FW)
AL Treatment Chla content Chlb content Chla/Chlb Carotenoid
CK 1.187+0.0424 0.386+0.008 3.075 0.645+0.008a
TO 0.941+0.088b 0.345+0.115 2727 0.483+0.032b
T1 1.169+0.074a 0.399+0.104 2.930 0.600+0.048a
T2 1.203+0.064a 0.411x0.051 2.927 0.64520.035a
T3 1.166+0.080a 0.401x0.109 2.908 0.620+0.033a
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LK, R o/b HLEE TG LS. 4
REH, HSME GSH XWHFE T /NELHHSE a fil
KAE PR EHITSE b K,
2.4 5MR GSH HRABEE/NELHEERAR. WK GSH
IES 2RI

R R E I INSMNE GSH 5/ ES &l
J& IR GSH A & BB (3R 3)R M, BR TO 4
FEHFM GSH & B2 E4 RBIA %SG RN EF,
{B5 CK TtiB#& %5 ; CK [k Hoagland 355585351,
RIS BT, B AR PR A 20Uk 2.796 ng g,
FIAH R A KRB FERMEITE . GSH A3
W, BEARSEELARTR 2H4EAREER
4 9.075 mg-g”, % GSH AbHRk A LB &2 57,8
5 CK M TO HERE2E; WK GSH & &kt sMNE
GSH YRR msest A, #aFASMNE GSH FyAb 3
5 CK f1 TO HEFHRB T BEKFE, M T3 45
T1.T2 20 #4922 Fdik 2] B E /KT (P<0.05) . 45 57%H,
150 mg- L™ Hr R4 3% Al 5/ NE 4B B 1 B A TR
GSH W& ., MEFRISMNE GSH Rl g/ G it i
e, I B ERAEEATMNIE GSH # &, TO 4/hNEL)
B R EIXF] T 870.285 ng-g”, it SN GSH /5,
R R R EAME GSH ¥R B B FHE 3G in , & GSH 4k
PR 5 Cu AbFRLA 279383 T B E/KFE (P<0.05),
UL E T, /NS T R 2 4 B+, i
AMIE GSH MIBE 12 T4 B F iR i s M B &
2.5 5N GSH MAHZH/NER M B ERRIT

X B E IR A AME GSH R /NE RN A .

BB BT (R 4) R, T0 HELEFH ERMK
F CK, HERBE mABHRZENET CK,(HLE
F25, Ui 150 mg- L7 B BRI HIAE MR ROT R 9
WAL, T 3G I B R T 2R AR, BERE AR GSH
WEF S, /NEGEERA TR EES
Fo FESTEN, & CSH AR TERERS
CK HZRFAEE, 5 TO HE R 8% ;4% GSH AbH4
MFTTEMERS CK fl TO HEFH KT B EK
i & GSH AN TERPEERELEEESR .Y
GSH Y& EE T 2.5 mmol - L7 B}, 5 CK # TO 4H 2% 5
B, M GSHAE 1.0 mmol-L! LI F 5 CK 1 TO 257G
BEZF(P<0.05), ZREHW, SMNE GSH 0 T 5
FNEZH R L BEE FEITR BRI &
2.6 SMEFIAIRE GSH 5 N.S.P RFEMBE XS
WL XFAMEA AR GSH 5 N.S.P BRI
Ktkartr (B 2 fizk 5)F M, SMEFI A TR GSH 5/h
ZHH P NS PHHEEYWERBFEMRX (P<
0.01).4MJ§ GSH 5 N.S.P FH 2B MM X R L 3K
0.698(y=1.496 3x+24.701,r40=0.532 , ro=0.661,n=12,
TIA).0.851(y=0.413 5x+2.01 ) F 0.848(y=0.703 5x+
5.022 5),N¥H GSH 5N.S.P FLEBEAIH X R E 05
$ 0.774 (y=2.680 1x+16.212) .0.881 (y=0.742 2x -
0.342 7)#1 0.878(y=1.261 2x+1.026 2),

3 it
WEAELEN—FMMETE, DROMEX
YR B FARIER . BHEPHSELSE, SER

3 SME GSH MMB/E/NMZLHEM FEBR.WIE GSH M & EHFM

Table 3 Effects of exogenous GSH on protein, endogenous GSH and Cu contents of wheat seedlings with copper toxicity

AbFH Treatment 75 & & Protein content/mg-g” (FW) H¥# GSH % Endogenous GSH content/mg-g™ (FW) 4% & Cu content/pg-g” (DW)
CK 6.516+0.335b 3.312+0.465¢ 2.796+0.236d
TO 7.045+0.950b 3.747+0.779¢ 870.285+81.016¢
T1 8.119+1.121a 4.479+0.403b 2048.930+234.466b
T2 9.075+1.027a 4.586+0.348b 2102.345+84.552b
T3 8.946+0.315a 5.417+1.006a 2859.327+304.380a
4 SME GSH A EIAHEE/NZHER HABE S EHM
Table 4 Effects of exogenous GSH on N, S and P accumulation of wheat seedlings with copper toxicity
b Treatment A& N content/ mg-g™ (DW) & & S content/mg g (DW) Bi& & P content/mg-g™ (DW)
CK 30.857+1.142a 2.024+0.134b 5.263+0.722b
TO 25.042+1.036b 2.263+0.122b 5.448+1.056b
T1 28.88310.933a 2.983+0.287a 6.681+0.950ab
T2 30.277£1.075a 3.440+£0.177a 7.464+0.844a
T3 30.565+1.324a 3.489+0.197a 7.532+1.062a
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yv=1.496 3x+24.701
¥=0.703 5x+5.023
¥s=0.413 52+2.01

Nutrients accumulation
=
=8
)
S

4N GSH & & /mmol - L™

Exogenous GSH concentration

B 3 SMEFRIR GSH 5 N.S.P ARSHXESH

Figure 3 Correlation of exogenous and endogenous GSH with N, S, P accumulation

x5 SMRFIRIR GSH 5 N.S.P AREMHEX R

Table 5 Correlation coefficient between exogenous and endogenous

GSH and the accumulation of N, S, P

SMRGSH  RAMREEN HRRES PFRAEP
Exogenous GSH accumulation accumulation accumulation

N 0.698%*

S 0.851** 0.968**

P 0.848** 0.969** 0.999**

AR GSH
Endogenous 0.964** 0.774%* 0.881** 0.878**
GSH

%% P<0.01 # BFE/KF, Significant difference at P<0.01.

TEYIRIAEAL, A2 K], FRARRMK, SR K E
WARFET S, AW ST AT B A 38 S R B, TE
Hoagland 2 FF ¥ PRI 150 mg- g™ ROBRERER , 7] &
EMHNEGEER, R (A 1), RE B
G5, P 150 mg- L OBRIRIAVE N3 FH R .

Tt N AR 5 RE 8 i R A M X 0 45 38 FR T 32
P, AnAMIEES W] SR AR 8 X A 4 v B AR
LI M AR B2 Ry b 38 T K22 R N TR M SR TE R RE
30 2 P E R R R A/ N2 &)y v e A O o R R
A EARKIERY, BELEMET , R EE A S
GSH R EH iy ik LAY, AR Hh A,
XF 150 mg - L™ (51 BR 4 B 35 1 /)N 22 4 IR i P U5
GSH J5,T2 2H(2.5 mmol - L) %1 T3 £H (5.0 mmol -L™)
NG IR ST, B BT TO 41 (Cu 234 )
(B 2); it GSH ¥k R, /N E Wi T AR
i MK ZEHKEEAE TR, B, T2 45K,
JE5RMEA GSH Y CK 257353 B EKF, KI5
U5 GSH W] G2 2 4 J& 4 S AR A W TR 3R X AL i ALY
WA . GSH =AY A HLER ) 2z i At

K ok H OE OB ¥ ¥ M 871
351
N
g ) 30 /0/’
K 58225' »=2.680 1x+16.212 ¢
g =
S i 20p #1261 2041026
5 BR sl 5=0.74225-0.3427
g8
£
Z R 10
= s A
mm—HS
0 .
0 2 4 6

A GSH #&/mg g™

Endogenous GSH concentration

Kz — A R4 EE A K (PCs) Y E BRI,
) A — S EL A AR N 9 2 B KB B (PCS) R £k
GSH R MEMA R 3T 821 PCs™,PCs Al 5 E 4
JBIY A Yt 2 B R ™, i & 358 PCs
AREHERSESE Cd W22, AR5 h/hE
RN R B RE GSH Jiti F 23 i & b7k, T
RS GSH MR B3, ml LASRMLLAH Y 95 B AT 1A
A1 PCs,PCs 5 AN ESBESGHFHE
RGP, BR T B RESHEYNEE.

MR REYI TR SR Y R AR, EE)R
JiiriE AT S BUEYI AR A OB FA SR AR,
MER RS BREC, YL A ERRE S TR, TH R
RREKEARES R, EHE(ROS) REFER,
Noctor PR T, AN EEZ WL ALA
(H,0,) EEHETHRR ROS 122 GSH 2 544 &
C-# Mt H k-4 (AsA-GSH-NADPH)fE3F . %2
XoHE PR B A P A RTE M, B E SR
BEZEEAD, AR AEERIKT /N EZEnT
E a/b, BN E a LIEE b X4 E F UK,
Jiti MR GSH I 2.3 42 W A 3 T /N 4 i -
HRa KE PEMEARSE, TRERZH T GSH
FEAR T Cu Sitsikrh B E AT REZL I -SH 254 5k
XIS PO E T REUR, BRIE T XA BT et
HR R T T R I S AR £ 3R Y A BT R R T R AR Y O
HRESTS

FEYI R B B A B LAt T 2R A IR SR A B
R, RRSA T LB T, RO R &S
e SR 4 NRREBRIE R ) A5 1 T B2, iR &R
BRI KO RT AR 28 B e 932 a2 210 BH S8 400 120, 17
AR A & A REBX B, TAIESR 72h MM
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I APR(S' iR WA R A AR I ) 15 4 T B, Bl
SRR AT PR HAE ) A8, 150 mg L BOBRAR
WAL, DEMEN A TR SR’ TR, XMFZE
ARBTFR—B, —J7H, B TEY RN AE SR
TLER B GE AR % R AR 72/, T E )R
PHET , EEEE TS UFE TR EFRE LRSS
A5, R T BICR RN 75— I T, B R A
SMY EREE IR R A B RE, R E0E
Yixsa RTT R BRI IZ BE T T o ARBIFSEIE &
B, SRR, WE T /N S A & &
B, INERFEPRIBTREE R B FRE AT fE gk Cd
TR P H XS S P AR, T X Cd BUBE H WOV AR
TP AR 5 B 3SR B, A aE T I e B AR B
REONCE S B IRIUR o IXLELE R, A T
Yo%t S P IR MRS, AT RE AR AR AE KRR
Wr BRI o 73 5, B A W T A5 A, T
1 7 A B R R S A RS | R R B A, S ]
AMETERE SCT. HERME A RE S RIBE Y X BT
R, AR SR, AT, BRI AL/ A
5 o AL B M SO B 5 A R AR A5 T B PR
RGN R THRAR A& B, BiAR AT ATE—RE TR
JE_EACEEBENE™, GERr A A B L. BESNIR GSH
WETHE, BB B REB R ER T Cu B4,
—J7 i, GSH RAH YA AL A £ 2852 fa A A7 X
Z— WEHSMNR GSH BN FE T HUARILR , TiF £
BT R A G 8] 7= 4 3 S A PSS A O, GSH
A NEE IR b ks LA, i g s 55—,
BB B A B A TR B TR AR RE R S A
AR R KRB R T FAZMAP, SME GSH & 7]
SRR TIRIE R B E, RERAKRE,
BE R B IR LR B, Rt TR E T A
HAtTT R R AT

4 it

BEIR T BB A B B 150 mg- L B, B EE A
Hil TANEGERAERET, SEURK ZEHK T
JRARR SRR KUY PREBURRTRERRER
TR, THERER NI GSH & & LKA 8%
TLRRBR BT MmAMNE GSH J5 , 2t T X/
R E R TERRK K TR
R VSR KU E PR KNI GSH &, 3N
TR BEEITR SR, Rt e T AR X R
BT R ez AR R, He 2.5 mmol - L AYSHIR

GSH X7 E RIS R B . 73 5h, NIEFISMNR
GSH 5H#F/NEMEMKA Hi BEEFR TR RER
BFIEMRK,
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