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The Function of Ascorbate-Glutathione Cycle in Salt Tolerance of Alfalfa Mutant
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Abstract: Among the different antioxidant pathways, the ascorbate-glutathione (AsA-GSH) cycle has been re-
garded as the most important one in order to the function of AsA-GSH cycle in salt tolerance of alfalfa. In the
study, millennium (WT) and a salt tolerant alfalfa mutant (MT) were exposed to 200 mmol-L™ NaCl to reactive
oxygen species (ROS) metabolism and dynamic change of AsA-GSH cycle. The results indicated that H,O,
content, O, evolution rate, MDA content, GSSG and DHA contents of the leaves were higher in the wild type
than in the mutant; both the ratio of GSH to GSSG and the ratio of AsA to DHA were higher in the mutant than
in the wild type. The content of H,O, was significantly positively correlated to H,0, and DHA content in the
leaves of mutant alfalfa plants under NaCl stress, but negatively correlated to the rate of ASA/DHA and GSH/
GSSG ratio. Compared with wild type, mutant could maintain higher activity of APX, DHAR, MDHAR and
GR. These concluded that mutant alfalfa had efficient metabolism of ASA-GSH cycle, which scavenged the
H,0, rapidly to alleviate the oxidative damage of NaCl stress. The results showed the efficiency of ASA-GSH
cycle are the physiological foundation for alfalfa to withstand salt stress tolerance.
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(reduced ascorbic acid, ASA)TEFUIA MR i AL 4
lif(ascorbate peroxidase, APX)[I{EH F 5H,0,x
M, HyO, %52 18 JZ BUSHEFIL (triphosphopyridine nu-
cleotide, NADPH) H1 738 J ik, AT B 32 3|
W 5 5 7 A A BEE (Smirnoff T Wheeler
2000). ASATE]H FRH,O, ) [F] I 4 S8 A0 7 B i L
PR MR (monodehydroascorbate, MDHA) A1 Jiit &
PUIR R (dehydroascorbate, DHA), MDHAFIDHA
TE i S PU IR I ik 7 B (dehydroascorbate redu-
etase, DHAR)FI 5L it & TR I BRI 5 i (monode-
hydroascorbate reductase, MDHAR){EH T 3§ i8
JARAsA, XFfigit 25 AsAZKCF iR, IFA
FoAh AsA S A — kD, £ A0 10 5 1) i 9 A i
J87 R AR F (Yin%52010).  BLAE, B R ALAS
Jit H ik (reduced glutathione, GSH)F%Z 5 AsA-GSH
TEA AN E Y] B4 S H R B, I I JEAGSH
FA A A I H Bk (oxidized glutathione, GSSG);
A W IR 5 B (glutathione reductase, GR) & 4ERF
UK IR -5 e H A 734 (ascorbate-glutathione, AsA-
GSH)EI A i 47 Xl <« —, HAEHZHH
NADPH¥ HL 744 GSSGIE JE NGSH, A i {5 48 ffd
AR H IR PR OR 5 A 38 JEUIR A5 (Jin%52003; Smirn-
off FfTWheeler 2000).
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B TR 2 —, I & E TR A & SR
WAL T HAR IR, MO B SR RAEH
1 AE X R R BE 3R o BB B A, Tt ER e T A TR,
PR 7 78 Shitt EMpAE . A A QTR A6 H 15 i) £
A H 2 AR R 1125 1 5 (Bhsanpour fllFatahian
2003). fENa’fig J7(BoughanmiZ$2005). HiAfLAE
73(WangF1Han 2009)F15% & 75 TH (Y5 77 %%62013), 1H
AsA-GSHYEH 5 5548 1 45 i 261 1 OC FR e R WAR
18 . GSHAIASAPERIK/NCL R EATEREY) I ia &
i} P o Dy e PR AN A TP A B R, DA N

dar 2011; GrilletZ:2014). W 7728, ASEI RS A
WU % [ 4 P A [0 it oot 5 J 3 Py e M L
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JRT A B o A E ATk 9878 A Ay A A
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A, DB R AsA-GSHAE AL 5K AE & i 1848 £ 38
AR A EAE

MR57EE

1 IR 54018
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P S AT FE, 1% it 1.2% NaCli¥ i £5 410
R, G AR BRSO A A4 41 B TE 1 AR 948 Ak (mutant,
MT) (ZiE252011), 230 H S, AT Hishit %
1%, KA IAR AR 5 14 AT LAAR E 38, DLIZ R
AR T AP RAT I TE o 5 AR 44 R B A 7Y
Py B PRI, F20 CEKBH LG . 545,
W Fh 7 NI RERS 2 YR B S VD R Bk
(3:1), FE K El/2Hogland & F# K . 35 dJ5, K%
%100 mL 200 mmol-L' NaCI#: &, 4LFH0. 2.
4. 618 dJF, HUEALE 75 1 58 42 J 1 -0 78 AH ¢
FEH5 o
2 MEFE

MDA &=l € 2 & DraperflHadley (1990) /7
2 H,0,5 &l 52 5 [ Patterson25 (1984) /5 2:;
O; 77 A 3 3 5 2 8 Verma 1M ishra (2005) 5 2;
GSH. GSSGHIGSH/GSSGl 5 £ & Griffiths
(1980) 75 i%; AsAFIDHAN & Z I Law25(1983) 5
#; APX. MDHRHIDHARJE P 5 2 Nakano Hll
Asada (1981)77v%; GRiEMEN 2 2 FosterfllHess
(1980) /7%
3 HIELLIE
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a2, 4. 6F18 dJ5, ZEASRIM Fr A O5 77 AR R 4y
A ELEF A G 11.31% 12.37%. 8.77%H114.98%,
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Fig.1 Effects of NaCl stress on the H,0,and MDA content
and O; generation rate in the leaves of wild type (WT) and
mutant (MT) alfalfa
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RARM . B FE o, RAR 4 FIGSH
SEHEFSTHAR. NaClihd)s, ¥4 AR
RAFRHGSSGH I Lk T . NaClfh
82, 4. 618 djF, AR i FIGSSGH &4
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T AER(P<0.01) (K2).
3 BMENETEETFERMRT AN SR
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Fig.3 Effects of NaCl stress on the activities of ASA and
DHA content and ASA/DHA ratio in the leaves of
wild type (WT) and mutant (MT) alfalfa
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o WA T, 7R AL R4 dJE ik B i oK, B S
TRE(E4). NaClihia 4 dfia, T8 7R A EY A 7Y
DHARPGE P 75 5 70 7 LA EEO dff) F151201.14%
H145.41%. {H BEFE Whas i 8] i e K, SRAR AT B
A RADHARPBGE 14 & 8 28 T %, HENaClPiE T 6
dF18 dJ, RAMADHARBEE & &M & T 5
A 7(P<0.01). SDHARKASAL AL, 538 44 Al
A RIMHARBEGEPE S B3 25 TG TR,
NaClfihiti6 dji, T84k AE A4 RIMDHAREE & 1
e L AHIE R R KME, 5 B0 diF R
112.06%149.40% . NaClhi8 dJF, Ak
MDHAR g 7% 11 & 5 22 1% T B, 10 3 A2 A Sk R 1%
(K4).
5 NaCIp8 R R AREIBIEIRIE R M ST

HE 1A LLE H, H,0,% & 5DHA S & 2 3%
1E M6 22 7 B 2% (P<0.05), 5 AsA/DHA. GSH/
GSSGE & MM, O; P4 i# X 5AsA/DHAFI
GSH/GSSG 2 i . 3 i AH G (P<0.01). ASATTES
DHA AR, AsALE NAsA-GSHEPA ) # 2 i
SUAT LAY B NaCLPME 5] &2 g 5

IS I

EYER AT, SERBEMIE. 815
T OEFRREFELZITMGE, FRAEN 24K
=S PEE B, Mﬁﬁ%liﬂ%fﬁﬁ’]ﬁﬂc%%
VFZ W Fiuk s, i ia nr Bl F H,0, MDA F;
4N (FatehiZ%2012; Sorkheh%52012). Zliﬁﬁjhiifjﬁl,
NaClphit a] 5 8 g AR 44 F1 B A Rk B ip KA &
H,O, & &, MntkO; P4 . B4 H,0, 7% &M
O F= AR R R 3 5 T AR (), AR F
MDA & 83K, Wi B RAS A A B A = R0 v 1
ATERR RS0, XSNaCUbE H A B 1 v

G SH 2 A8 P A P 35 3t 17 75 1) F B 510804,
1] 2 5 AsA-GSHTE G [ H,0, (PastorifliIFoyer
2002). Y40 P GSH/GSSHELH AIGSH & & &
P AsA-GSHIE IR BT R AR EZE R F . A
W55 260, #5200 mmol-L™ NaClipif J5, A4 F
B AE R A I GSH S =38 BB TH R 5 R BRI
s, (HRB RS EIRA m T B AR, [F 72 e
Ja A, BF AR B A GSH R P8R R T SR AR A
(K2), XK IAGSHE & 1T+ ] fg & 8 ik GSHI
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1 NaClfpift & AL R %5 B AR IO AR A

Table 1 Correlation among several physiological indexes of mutant (MT) under NaCl stress

Bhbr MDA 0; GSH GSSG GSH/GSSG AsA DHA AsA/DHA
H,0, 0.63 0.73 —0.14 0.29 -0.53 —0.04 0.82 -0.59
MDA 0.91° —0.66 0.10 -0.87 —0.61 0.95" -0.95"
0; -0.72 ~0.04 -0.95" -0.69 0.95” -0.97"
GSH 0.64 0.90" 0.96" -0.52 0.75
GSSG 0.32 0.52 0.22 -0.01
GSH/GSSG 0.86" -0.83" 0.94”
AsA —0.48 0.76
DHA -0.93"

Ferrries oy IR 2 7 i 3 (P<0.05) M1 22 57 A i 2 (P<0.01).

G, WSRPTITPE, B M i (A ) K, A e
IR, B SN K EGSHA T % F i 5 i
o WM EAEBE R LAY FIGSHAAsA ] 2 51
WAk N5 BRH,0, (Sorkheh®$2012), Ferreira-Silva
(201 2)HF 5 R B £8 38 B SR (Anacardium occi-
dentale) T Fr HGSH/GSSGHAE b TF. AHIF 5T &
Pl, /ENaCIa Y I AE R GSHE 2R A
ft E7F, (HGSSG & & 1 b 78 & # ik GSH, GSH/
GSSGUAZARFE T Fiash, MRLIRGSSGH EN
HEWEL T B A A, GSH/GSSG B T M1 (-
2), Bk, o] DA AR 4 i o 5 R GSHY
GSSGEUAE, FT-4EHF4H M N 138 SR IR B 92 1525
JOEH EIEER (1 280
E*E#@émﬂ@WﬁﬁASA‘GSHﬂEﬂ:ﬁ%%HZOD
AsATE N APXIF HL T AR TE FRH,0,, I3 4k ik
DHA, DHAZ:DHAR/# {414 J5i(DrazkiewiczZ52003)..
EASA-GSHEH F1, AsAS & . BMNHIEFERAS
(AsA/DHA) LUAE 5 Pidi v &2 1E #H ¢(Gallie 2013).,
LRI 5E R B, R ia v] S SASAE & 1) k>
(Mittova%$2003; ShalataflINeumann 2001), iX 7] {&
BT Eh e T~ AsA B AEA 2 B ASA-GSHE AR
xﬁﬂ(Amor 2006)11 5%, Shalata’:(2001)HF 7T
S5, T ia N A i (Solanum lycopersi-
cum)iR A H I AsA S £ BTt 5, DHA S & 103 %
IS, 4048405 1 (AsA/DHA) ELAR T, I
ORI R PE o AHIEFE R I, TR AR BT AR AL
Fr i DHA & B NaClUh 8 2 5 g 2 TH s i
fath, HEF AR B DHA S B R E KT RAR
A(E3). @it 5t ASA/DHA 1) LR 2 B, 76 AH [5]
JEL I TE] T, SRAR A AsA/DHA LB 1Y B35 & T B

ARI(E3), XS AR B A& R 1)
AsA J& ¥ FUF A e 7 LK PTNaCLis S 1) Ak i)
il

TR INE S AN, MK E T
— RINVH KRB BREEAN RS, K AsA-GSH
T8 PR AR TS B PR AR R B RN, S T
APX. GR. DHARFAIMDHAR/UFH {54 7F. APX
B2 51EKH,0,M10;, (Maruta?:2010). Ferreira-
Silva®§(2012) 8 7 & 306 i ae S R ity 25 FAIK
APXGE o AHHFUACIN, ER B Ab PR 5 AR R A
Ay R APXTEPESE R RS S, IF BAE
HH ] BT 8] T Y 2 22 e A 4 35 (P<0.01), JRAZAA
B e T AR AL (114, 1 B AR AR 2 AR TE 22 APXO:
PE, RIS AN 2 7E S . MDHARZ
AsA-GSHTE IR FF AR OS AL B 457 1) — Fh B 480
fig, ‘& A FINADPHF 4EASA . DHARH J2 AsA-
GSHE A A HEAH ) — AN B ZE/ . AT 7 R I
DHARFIMDHAR [{1EH 22 5 AsAR A, 3
IH Y] IDHARFIMDHARYG P _E T, 1M Bl & 36 i
i) ZE K., DHARFIMDHARYE - /i . DHARJE %
AR B ATAPXYE B0 Ok, BL A APXAETE R
H,O, i F2 i T 5 I AsA F2E, (H R AR Frrp
DHARFIMDHAR 4 Eb B A 71 2 = (1 4), HE) 58
BAREEASAR A RE ) B, O UEIE R,
GRIE 7 11 405 b 2 40 I BRI, BB45 GSSGH:
1 NGSH, GRIE P12 = g 4E R FEH 4 1k 9 85 1)
GSH% &8 Hlid & i GSH/GSSG H 48 (Moradi FlTs-
mail 2007). B 5T, Ui ko E YT GRIG
4 E1(Sekmen%5:2007; Aghaei®2009), A<k 56 45 1
K fENaClipE4. 6f18 dfi, RASAM F GR
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