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Alleviation Effects of Exogenous Glutathione on Copper Toxicity during Soybean

Seeds Germination
CHEN Yu-sheng
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Abstract: The alleviation effects of exogenous GSH on copper toxicity during soybean seeds germination was studied in this
paper. The soybean seeds were soaked in solution with different copper concentrations of 0,0.5,1.0,2.0,4.0 mmol-L™" | sup-
plied with 0. 16 and 0.32 mmol-L ™' GSH , and then the seeds germination rate , relative permeability , proline content and activ-
ity of a-amylase were investigated. The results showed that the copper concentration of 1.0 mmol-L™" or above evidently de-
creased the activity index and radicle length, but the relative electrolyte permeability and proline content were enhanced re-
markably;2.0 mmol - L ™" or above copper concentration notably reduced the germination index and activity of q-amylase;
4.0 mmol-L™" copper observably restrained the germination rate. Under 1. 0 mmol « L™" or above copper stress,0. 16 and
0.32 mmol-L™" GSH markedly improved the activity of a-amylase and radicle length, but reduced proline content. Under
2.0 mmol-L™" or above copper stress,0. 16 and 0.32 mmol-L~" GSH evidently decreased the relative electrolyte permeabili-
ty. Under 4.0 mmol-L ™" copper stress,0.32 mmol-L " GSH remarkably enhanced the germination rate , germination and activ-
ity index. These results indicated that 0. 16 and 0. 32 mmol-L ™' GSH improved the ability of soybean seeds germination via en-
hancing the activity of a-amylase ,meanwhile, alleviated copper toxicity on soybean seeds in a certain extent to maintain the in-
tegrity of cell membrane.
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Table 1 The effect of GSH on germination rate of soybean seeds under Cu’* stress( % )
R S U 2 WeH Bk BE GSH concentration/mmol + L ™!
Cu®* concentration/mmol - I, ™! 0 0.16 0.32

0 97.73 £0.551 98.57 +£0.404 98.70 £0.700
0.5 98.00 +0. 361 98.90 +0.436 97.17 £0.850
1.0 97.87 +0.231 98.20 £0.721 95.03 +£0.950
2.0 95.23 +0.681 92.90 £0.361 93.00 +1.000
4.0 86.33 +0.577* 82.50 £0.500* 92.73 +0.643 "

FLETRNT T R IR — GSH YRR H B Tk B AR - X M OB U B D0 ) AR LU AR 2 S S B K, i) g P <0.05,P <0.01 Fl P <
0.001; * I ™ * 23 /R [l — 4 i e P2 T R [l GSH b3 55563 IE ( GSH #eJ3 %) M EL Y 7 22 22 53 B354k, 43514 P <0.05 Fil P <0.01; R[],

*(P<0.05),""(P<0.01) and " ** (P <0.001) separately denote the level of significant difference under different copper concentration stress com-

pared with the control ( no copper stress) at the same GSH concentration; * (P <0.05) and * * (P <0.01) separately denote the level of significant differ-

ence under different GSH concentration treatments compared with the control( no GSH adding) at the same copper concentration stress ; the same below.
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Table 2 The effect of GSH on germination index of soybean seeds under Cu’" stress( %)

=3 AW H Bk B GSH concentration/mmol + L™
Cu®* concentration/mmol - L ~! 0 0.16 0.32
0 34.33 £0.577 34.83 +£1.041 35.53 £0.303
0.5 35.83 +0.289 36.53 £0.451 36.77 £0.493
1.0 40.17 £0.289 * 34.10 £0.173 30.37 £0.551
2.0 29.67 £0.577* 24.43 £0.513* 26.57 £0.313*
4.0 21.47 £0.251** 20.87 £0.231** 26.90 0. 161 * "

2.1.3 FAh45s K3 RWIE TR T
RO, L A B v R 1 38 i T ARG, 1. 0
mmol - L ™" #i B 1 2 R B . 3 A 28 (P < 0.
01) , 44 B Tk BE ik F] 2.0 mmol - L™ J L LA, 41
I8N M 2 (P < 0..001) , ¥4 0. 16 1 0. 32

mmol - L' GSH. &4 = K 5 R 1 1Y% 148 %k, 1H0. 16
mmol - L.™" GSH X4 B 1 Wit T K R AY 76 J1 48
BG83 I B R0, 17 0. 32 mmol - L™" GSH B
FHE 1.0 X 4.0 mmol « L™ 4 85 7 i B K E A
TG SR 5

%3 GSH Xf$ERME TAEMFREAEHNZ N
Table 3 The effect of GSH on activity index of soybean seeds under Cu’" stress( %)

W K B GSH. concentration/mmol + L ™!

0.16 0.32

178.00 +2.031 179.53 +0.203 "

157.00 £5.351 * 156.77 £0.593 *

i B TR
Cu®* concentration/mmol - L ™! 0
0 161.33 +1.528
0.5 155.00 +2.000
1.0 121.67 +1.162*%*
2.0 99.67 £1.567***
4.0 81.17 £1.551+*+*

124.10 £1.143 7+
98.43 +1.503 " **

90.87 +0.531 " **

136.37 £0.551 %"~
100.57 +0.813 * * *

93.90 +0.661 * **~

2.1.4 ik Fd R, REFF IR 4 2
T P AR, 1.0 mmol - L1 Az DL | v B4 B 1 fig
i 53 Z AR G AR K, ¥ hn 0. 16 J% 0. 32 mmol - L™!

GSH R {2 22 1.0 mmol - ™" e LA [ vk B2 4 25+
X AR A
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Table 4 The effect of GSH on radicle length of soybean seeds under Cu’* stress(cm)

735 A e H BK¥& E GSH concentration/mmol + L~
Cu®* concentration/mmol - I ™! 0 0.16 0.32
0 4.27 £0.028 5.90 +0.141* 4.90 +0.103
0.5 4.17 £0.055 4.13 £0.151 " 3.37 £0.113*
1.0 2.830.022* 3.67+0.173** 4.37 +£0.151*
2.0 3.13%0.177* 3.93£0.113** 3.93+0.103* "
4.0 2.170.051** 3.430.131+** 3.30 £0.261*
2.2 GSH XABpBE TRKEMF o-iE HHEEE R WEPEREA T Cu® YR RS TATFAAIE,2. 0 mmol - L™
A FeVh 1 v BE 1) Cu®™ i b 35 100 1 oV ) il 035

S AT B A R R A1 - 3

JCIEAEM B W30 ab S o Wl 25 8 8, 0. 16 i
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Table 5 The effect of GSH on o-amylase activity of soybean seeds under Cu’*stress(mg - g~' - min~')

A S T A e H BKH¢ EF GSH concentration/mmol + L1
Cu’?* concentration/mmol -, ™! 0 0.16 0.32

0 2.44 £0.018 4.60£0.132** 4.90 £0.234 % *

0.5 2.17 £0.025 3.7320.112* 4.37 £0.156 % *

1.0 2.03 £0.022 3.67+£0.234% 3.37£0.213%*

2.0 1.43 £0.017* 2.43£0.221*" 2.43£0.543% "

4.0 1.17 £0.011** 2.130.109*** 2.30£0.531+**
2.3 GSHEMEBETAXEMFEBREEEN GSH i, HLfif B2 7 58 0 25 T e, 9 X IEAH L, 2301
A THET 9.0% (P <0.05)#119.0% (P <0.01) ., 7F

M6 T, 7E 1.0 mmol - L ™" S LA ¥k Cu®*
e, REMFr BB EREE LI 7E2.0
mmol-L ™" Cu®* 58 T, %1 0. 16 #10. 32 mmol - L™

4.0 mmol - L™" Fj ¥k BE Cu™* Wi T, ¥ hm 0. 16 1
0.32 mmol - L™ GSH [a] £ g . 2 M A% b f# I B

6 GSHX{AME TAEMFRFERZERENIZIT

Table 6 The effect of GSH on relative permeability of soybean seeds under Cu

2+ stress( %)

Bl g vk AW H Bk He B GSH concentration/mmol « 17!
Cu’?* concentration/mmol -, ™! 0 0.16 0.32
0 32.44 £1.043 34.60 £0.132 34.90 £0. 103
0.5 32.17 £1.134 33.73 £0. 144 34.37 £0.113
1.0 42.03 £2.011* 43.67 £0.166 * 33.97 £0.151
2.0 51.43+1.018 7 * 42.43 £0.121 "~ 32.43 +0.181 "
4.0 51.17 £2.112* % 42.13£0.108 " * 42.30 £0.261 "

2.4 GSH 3t$AME FAEMFHEBSEN N
7 FEW,ZE 1.0 mmol - L' LI I Cu** il
T A REFFHIER S &R &S, B

0. 16710. 32 mmol - L ™' GSH i . 2 [ 1% Il & e %
o IR R4 T a8 A5 PR T, GSH G2 AR A
2%

%7 GSHIEAME TAEMFHER 2NN
Table 7 The effect of GSH on proline content of soybean seeds under Cu’* stress(pg - g 'FW)

] B R AWt ik BE GSH concentration/mmol + L~
Cu’* concentration/mmol - 1.~ 0 0.16 0.32

0 52.44 +£2.017 51.60 +0. 132 51.10 +0. 201

0.5 52.16 +1.034 51.63 £0.251 50.36 0. 104

1.0 69.04 £2.011* 58.66 £0.133 " 57.45+0.162*

2.0 71.45+1.017* 61.43 £0.158 " 61.43 +0.191**
4.0 79.27 £2.011** 62.13 +0.163** 62.30 +0.299 * *

FOR SR R R PR TR IR B AR
3o #

Mol R RIS A W 2R I Y S R 4D, ol
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KRR o= R R R 1 O B AR S e, DA TG 2
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