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Differential Responses of GSH and GST in Two Rice Cultivars Under Cd Stress
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Abstract: Reduced glutathione(GSH) and glutathione S—transferase (GST )are important components in the defence system of plants. The
conjugation of GSH to a variety of cytotoxic substances is catalyzed by GST. However, the function of GST in the detoxification of heavy metal
stress is not well understood. In this study, two rice cultivars (Teyou 559 and Kyou 818 )with different Cd tolerance were hydroponically cul—
tured to study the variation of GSH and GST under different Cd treatments(0, 5 and 20 mg+L™"). It was shown that Cd treatment reduced the
biomass and increased Cd uptake and accumulation of two rice cultivars. Cadmium content and accumulation in rice roots were higher than
those in shoots. However, Cd translocation from roots to shoots differed significantly between the two cultivars. The ratio of Cd concentration in
shoots over roots (S/R )increased for the less tolerant Teyou 559 but decreased for the more tolerant Kyou 818 when more Cd was added in the
solutions. The variation of GSH content and GST activity also differed for the two cultivars. Cadmium stress significantly promoted GSH and
GST in Teyou 559. However, the GSH content of Kyou 818 slightly declined under the low Cd treatment. Nevertheless, its GST activity
changed with the similar trend with Teyou 559, and it increased more significantly in roots. The above results revealed that rice GSH and GST
play important roles in Cd detoxification and immobilization, and their response mechanisms also exhibited genotypic differences, which may
be related to the difference in composition, expression and function of GST isoenzymes in the two rice cultivars.
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%

IKFERER Y GSH ., 2 1 3 5t Al GST I 1 Hh il s
{X(TECAN Infinite M200)Jll5E .
L4 BIEGIT O
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R 1 CdxtkFE EAREMERIRI(g-15 #)
Table 1 Effects of Cd on rice shoot hiomass(g«15 plant™)

Ca AL gL fiif /g +Hilg
0(CK) 5 20 0(CK) 5 20
Bt 559 6.55+0.01a  4.68+0.55h(-28.55) 3.42+0.42¢(-47.79)  1.11+0.04a  0.92+0.12b(-17.11)  0.76+0.10b(-31.53)
K fI;; 818 5.20+0.54a 4.48+0.53ab(-13.85)  3.87+0.19b(-25.58)  0.90+0.07a  0.86+0.09a(-4.44) 0.85+0.05a(-5.56)
Fiba] 242 % * ns ns ns ns ns

TE « 7] — il o e 5 AN [l P 3R 22 57 .3 (P<0.05, LSD 46245, R Il
Different letters after the data of fresh/dry weight of the same cultivar express significant difference(P<0.05, LSD test ).The same below.
* FORNAHRIAR PR R i Fh 25 53 .35 (P<0.05, Paried—Samples T Test) ;ns /R 225 AN B3, T .

* significant difference between two cultivars in the same treatment( P<0.05 ) ; ns—no significant difference. The same blow.

55 A RS 27 5 %0 IR (CROAR LE B4 T 43 K

Data in parentheses express increase/decrease percentage compared with control(CK).

IKFE Cd R (Ml LB AIARR Cd W L, SIR)ZEAR
] Cd AbFE RSB (B 1),24 Cd RN 5mg-L?
B, REDE 559 Hi B3R Cd i BRI S/R (AR T
K {818,124 Cd AbHLAF] 20 mg- L i, K¢ 559 b
R Cd i B B T KA 818, S/R H K
29.1%, b K )i 818 75 9.82% (& 1), X PEHATE Cd il
HEFEER K G 818 HUARIL 559 A Ak Cd #lifk
PR, LLIA B 2 ARSI L2 10 H i .
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Cd e 5 d J5, HEE 559 AR N GSH & bl
Cd e 3 1a T B S 34 hn (3% 3), A% Cd JBhae AR &8
GSH & X B E T 59.58%, i Cd i ffifs
GSH M4 T 3 4%, b B ] 22 53 0 3% (35 3); b 3B
GSH 230 AH [ R34, (H 3G I AS BARS , 1X 5 AR

Cd & 0 2 B e B e —30 . G Cd fika
LK A 818 ARk N GSH & 55 i TR 559,18
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05 mg-L'Cd W 20 mg-L'Cd
AR TR 225 1.3 (P<0.05)

Different letters express significant difference

1 KR Cd &b IBTR/KFEMERR Cd BB E(SR)

Figure 1 Cd translocation ratio(S/R )under different Cd treatments

2 kTEEK Cd ZES5RRE

Table 2 Cd content(mg-kg™ DW )and accumulation( wg-plant™ )in rice seedlings

A HEAI 559 K )t 818 A FE S
Cd A- PRy JE /mg - L

Cd Fi/mg-kg ' DW
Shoot 0(CK) 0C 0C ns
5 105.28+ 9.42 B 134.60+ 2.98 B *
20 291.23+ 31.51 A 191.30+ 25.18 A *
Root 0(CK) 0.97+ 0.01 C 0.97+ 0.01 C ns
5 461.69+ 46.69 B 462.61+2.73 B ns
20 1073.55+ 91.63 A 995.60+ 32.33 A ns

Cd ZPUR/ g+ plant™
Shoot 0(CK) 0C 0C ns
5 6.39+ 0.27 B 7.76x 0.99 B ns
20 1458+ 1.41 A 10.75+ 1.23 A wok
Root 0(CK) 0.02+ 0.00 C 0.02+ 0.00 C ns
5 1031+ 222 B 9.33+ 0.95 B ns
20 17.29+ 147 A 18.53+ 1.62 A ns




308 BHAEFS A5 Faaa R iR K RS GSH Al GST [ 2 2 J AT

2009 4£2 H

FEAG Cd A3 N BT FRE, 4820 mg- L Cd 435
GSH & it i iy T BB LA O 559 AIR(5R 3),ixX AT
REFIERIL 559 19 Cd STRCEZA 6,
2.4 JKFE GST &S

MR 4 BT LIE 1, Jie ) R 2 A B, 7K
HRHR GST JEPEAR B3 5 T EF (3 4) , X & AR
#h Cd F A B R S (R 2), FFERILTZL GST
NG aE . Cd BHa MR 559 KA A N i i 2 1
GST {54 1, (HAS [ A AL A — A, IR
Cd Wit )5 R0 559 M 138 GST 3G PE4R & 17103.5%,
5 Cd AT H X R T 133.2% , THZ AR FRGST
TE A FEX BRI 12.269%F1 47.76% %t FRL R
559 1 K 1 818 AR Cd &H#44 0.97 mg-kg (£ 2),
{HFTHE GST IR GEMMAEZ . 55 559 #
o, K A 818 Hb_[ 35 GST 3% i 18 Jin e 558 /0, 1 AR
GST E MM ZEAIL Cd AbHF 2il BT, 24 Cd i it
— S HATR  SCA IR R (R X GRS 74.57 % LA L2
UL, Cd WA T PIASKFE fb AP GST fhma W ASIA] , 77
TEA bl 25 5
2.5 k%8 GSH .GST 5 Cd #8X35trHIE X D

FHOC A BT (3R 5) 3R B, JCie 2 i b il J2 AR
TR 559 HEFE GSH & & Al GST 7% M 5 Hofl A= 2 45
PRl Cd & it | 5 R 8 AT AR 4 (R A OGPk, Horp
5 Cd &2 R 0 sl B 3 B A G 1 S AR
I 0 O R Y A G o X R IR VTR Cd VR
Hahn R 559 MRk Cd F & B TE, Cd WA e, KRS
AR Z I T AE K RE R AL ] ke 2 A Y
GSH &t A1 GST iG PR Z 38 i, LA % . 1 K

F 5 K% GSH .GST 5 R AEEIBRMEX R
Table 5 Correlation coefficients of GSH and GST with the

physiological parameters of rice

S Fefh 559 K ff 818
b3 RS Hb 35 FR
Cd vs GSH 0.946™ 0.922 0.282 0.156
Cd vs GST 0.835" 0.715° 0.757" 0.449
T vs GSH -0.891" — 0.253 —
F vs GST -0.790° — -0.394
T vs GSH -0.929" — 0.049 —
T vs GST -0.894" — -0.719% —

DL 818 HIAT 2 AL Y 3 Ao Y S ) 70 0 O A%, B
T H b ER GST A TG MMM 38 Cd & J fif i 2%
FHSCH, Hpdabn 5 GSH Fl GST (AHSCHES A B35
A, SHEL 559 AL, K L 818 AA H R ARk , Al
W GSH #1 GST RIVE B A, ATREAAE A
TR o

3 e

ARG K FH T PR AS ] (R 7 KRR S ol B9 T
Cd MWt iz 57k F5 GSH & M1 GST IR LR,
IS GSH Al GST 7Efifag Al AL FE i EH . A
M BT EHBOE (K 1)RE , Cd Mria T 4R 559 1Y
R MR A 2 T K L 818, 1 K It 818 HAT S i (¥ if
PE. MY Cd ALHI SRS Cd Al 2 Edtea
e B S5 Cd 2SS A IX R ALV HI S5 LA 7
721, 78 Cd AbFET , AR FEARER Cd Mo AR
TEWIR AR (3% 2), 10 Cd [y b1 8 1 5 3 A7 76 ) i

% 3 Cd BMaxIkFE GSH HISM(pg g FW)
Table 3 Effect of Cd exposure on GSH content( pg+g™ FW )in rice seedlings

Cd b e i /mg- L

i H Shoot Root
0(CK) 5 20 0(CK) 5 20
R 559 28.78+ 1.36¢ 41.04+ 5.66h(42.60)  54.86x 7.39a(90.62) 15.09+ 1.60b 24.08+ 4.95h(59.58)  61.30+ 7.94a(306.2)
K1 818 38.94+ 10.89a  36.77+ 5.79a(-5.57) 4532+ 9.00a(16.38)  47.14+ 25.71a 34.45+ 9.79a(-26.92)  52.26+ 3.64a(10.86)
Fopa) 22 55 ns ns ns ns ns ns
x4 Cd BmEXTKEE GST iE MR B0 (U-mg ™ prot)
Table 4 Effect of Cd exposure on the activity of GST(U+mg™ prot )in rice seedlings
Cd AZbFY 4 /mg - L
it H Shoot Root
0 5 20 0 5 20
Ft 559 51.58+7.80b  104.96+20.88a(103.5) 120.26+4.59a(133.2) 380.99+146.52b  427.70+£21.32ab(12.26) 562.96+8.02a(47.76)
K1 818 71.91£0.24b 81.34+2.59b(13.11)  149.41£33.58a(107.8)  185.49+44.74b 446.90+90.26a(140.9)  323.81+42.72a(74.57)
] 22 53 * ns ns ns ns ok
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My FP2E S, M HX A2 R0 S Cd AR EA G,
2 Cd AbFRMR LR 5 mg- L B, FEOL 559 Fi K 1818
1) Cd ¥R 300 51k 23.19%H1 29.1% ,(HEF A B3
2 Cd e T2 20 mg- L™ B, AN SRR R 2K 55
HIA 27.1%F 19.3%, 2= 5 8.3 (E 1), F#0E 559 &N
) GSH F1 GST 5 Cd & . TR 2 bl
WEEAHCHE, T K AL 818 HA Hl AT GST 15 14
1 Cd 758 S fif 7 I A G 1 B IH AE AN R R
) Cd e T, it s 4 K A 818 AT BEAFAE 25 AN [l
HIffEEHLE] . GSH Z AN & &3 2 By L],
RERT 9/ D iE A T, NREEE G A A Cd B 5-0;
GST NIJH#E GSH 54 # B gs &, fEE i Cd
H X Ffbad 2, R Cd Brid ™ GSH Fil GST A8k
HE—ERRRE L e B KRG P A Al e 22 57

ARG o, PRI KRS GSH & iy 728 (b HoAT A
IR RLEE . Bil4n, Cd e 5 SHEIE 559 #ikk GSH &
sETFE L K PG 818 7EAIL Cd BN 14 I T [, 4R
PREE D T 26.92% (5% 4) , UL HHIX 4> i AP Y GSH
NAHLRIA—EL, 1R K A 818 FEAk GSH /b iy mf
REJR KA LR JLA: —&&85 GSH #45 1ih PCLiX
FE Yan Z5PVHT Aina SRR SE AR B THIESE ; — %
GSH 7F GST ¥ T 5 Cd 454, JE i GS-Cd %4 &
W R e 121 = 2R N JF R YA B T Uik m
R, AR Cd Zb# T K 5818 19 GSH & = i
BT REARET  , (H 2 At 3B Ed D A
559 /N(F 1), ZWABR T GSH #b, 3% 5 Fh K Fe ik A7 7
HoAl R Cd #EBIHLH

GST TEAE Pyt b HoA s AR, AT 2 A
A AR A a5 0F T H0A S ik GSH 5/ %
YIRS E It ATP-45 SFEs Ve B B4
Yrict 2, Mk 2IfFEE Y H M, BRIk Ak, B
45 GST [Al D) EEEA GPOX 1& 1, REdVE R AOS
SIURMERG L A AL ™, W E A e 51 145
i WHFEM,Cd A R GST 11 i - mplea» A&
REARATR] TR EE R IR Cd Ja T GST I
PERG SR ARFICE AR . A SRS GST TG M &
T 3R (B AE Cd 52 m T B AL LA AN ], 78 A
Z 3] Cd Eny, FEE 559 IR ER GST i PR K A
818 11 2 f%, BN [F] 3 K ALK R GSTIR] T i) 41
BRI IR AT BEA AN, XA HAA 5T oA fir A
I[jy 14,20,36] o

AIXTREPE 559 M5, K £ 818 [ GST X} Cd rif
AU, E S mg- L' Cd 43R GST 1G4 1

140.9% , FL [ Ab BE R RF 0 559 1) GST 3% Pk 2 5,
XARATBE GSH [ TR (3 3)AH K. e Cd i
T, K 818 AR#EB GST I 1k Fu Ak Cd AbBEBS A T [,
EATS L 5 T % B L 5 0[] N, 3% AR 38 GSH &
M FE,Cd R (SIR) R R, bR vk B T 4
559 MRS AR 9.82% (&l 1), IE N Foyer S48
M RPU ALY RO AR, HA A R R R
2 Ja 3, T 25 40 B4 1E IR S o DR e mT DA
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AP TR

4 g
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