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GST CS , GST CS Opticon™2 PCR RT-PCR 20
GST+CS , n. PCR 3nm cDNA 10
(CAT SOD GPX) m SYBR Premix Ex Tag"™(@2x) 1 mL GST-S(

CYC-S)(10 pmol) 1 mL GST-A( CYC-A)(10

, GST pmol) 5nL PCR 94°C 30
Cs , 94°C 12 ,58°C 30 , 72°C40 , 45
81°C 2- €t (Livak and
1 Schmittgen, 2001)
1.1 1.3
(Polygonum sibiricum Laxm.) Top10
, INVScl pYES2 Invitrogen
(v:v=3:1) , 1 PCR
10-15cm , 0.36 mol-L™* NaHCO4 T4DNA
, 3 YNB Bebco
01 2 3 OXOID YPD
. -70°C sc-u
Invitrogen
1.2 RNA GST CS PCR
1.4
SDS/ ( , 2003) GST(GenBank: EU597480) CS(GenBank:
RNA EU597481) cDNA
NaHCO;3 GST CS , GST GST-S GST-A CYC-S CYC-A ( 2)
CS cDNA , 18S rRNA-1 PCR Kpnl  Hindlll
( 1), GST pYES2
GST CS DNA Engine : Top10 :
1 RT-PCR
Table 1 Primers used for RT-PCR
Gene Primer sequences (5'-3")
Forw ard primer Reverse primer
18S rRNA-1 GTATGGTCGCAAGGTGAAAC TTAGCAGGCTGA GGTCTCGT
GST AGTAATGTTGTATGGAATGTGGGC TTCGGCTATGGGTTTGTCGT
Ccs GTCGGGTCCTCTTCGCTCAC GCA GCAGGGCTCCATAATCT
18S rRNA-2 AGGAATTGACGGAAGGGCAC GCACATCTAAGGGCATCACA
SoD1 ATCCGAGCCAACCACTGTC CGACGCTTCTGCCTACAAC
SOD2 CGAGCAGTTTGGCAGTCTG GTGTTCCCAGGCGTCAATG
CTAl ATCTGCGGGTCTGCTATG GTTGGTTTGTGGGTTTCTC
GPX1 ATCCATTCCCCTTCAACTCC TCCAGACTTCCCGCTTAC
GPX3 TAAAGGGAAAAGTGGTGC TTCATAATGGGGAAAGTCA




2

Table 2 Primers used for construction of yeast expression vector

689

Gene Names Primer sequences (5'-3") Restriction enzy me cutting site
GST GST-S CCAAGCTTACCATGGCAACCACCATAGACAGAG Hindll
GST-A GGGGTACCTCACTTCTTCCCGAAGGCCTTGAAG Kpnl
Cs CcYC-S CATGCATGCACAATGGCGTCTCTGGTCAACTTC Sphl
CYC-A CCGGAATTCTCAAACCTCGGGTTGCATTITTITCG EcORI
PGAL1 PGAL1-S1 ACGGA TTA GAA GCCGCCGA GCGGGTGACAG
PGAL1-Al CCGGAATTCGGTTTTITTCTCCTTGACGTTAA EcORI
cyc1 CYC1-s1 CGCGGATCCATCATGTAATTAGTTATGTCACG BamHI
CYC1-Al TGCTCTAGAAGCTTGCAAATTAAAGCCTTCG Xbal
PCR , pYES2- ty-gst ty-cs ty-gc wy ,
GST( Sphl  EcoRlI 30°C
PYES2
, Top10 , 1.6 RT-
, pYES2-CS PCR
( 1B) PYES2 , PGAL1-S1 3 SC-U ;
PGAL1-A1 CYC1-S1 CYC1-Al ( 2 30°C .
PCR PGAL1 CYC1 , 0.4 30°C
T4,DNA pMD18-T , pMD18-T- 48 , 2,1 , 1
PC EcoRl pMD18-T-PC 0.4 mol-L™! NaCl 30
pYES2, , 5 000 xg 4°C
pYES2-PC( 1C) Sphl EcoRI pYES2- RNA, (SOD1
PC , SOD2 CTAl1l GPX1 GPX3) RT-PCR
pYES2-PC-CS Kpnl pYES2-PC-CS GST, ( 1), 18S rRNA-2 ,
PYES2-GST-CS ( 1D) 1.2 ; 50 mmol-L-?
(pH7.4) , 15000 xg 4°C 20 ,
1.5
PYES2-GST pYES2-CS PpYES2-GST-CS Bradford(1976) SOD
, ty-gst ty-cs ty-gc (nitro blue tetrazolium, NBT)
ty-gst ty-cs ty-gc wy (Stewart and Bewley, 1980) CAT
( SC-U , 30°C, Ahmad (2000) GPX Rong
24 ODgoo (1994)
., 20mL :
ODeoo 0.4, 30°C 30 100 ni 2
10 , . 1
mL 1 mol-L"* Na,CO3; 5 mol-L"* NaCl 2.1 GST CS RT-PCR
30°C ) GST CS
Sc-uU ( ) . 0.36 mol-Lt NaHCO4 3
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1 PYES2-GST pYES2-CS pYES2-GST-CS
(A) pYES2-GST; (B) pY ES2-CS;
(C) pYES2-PC; (D) pYES2-GST-
cs

Figure 1 Construction of three rec ombinant plas mids pYES2-
GST, pYES2-CS and pYES2-GST-CS

(A) Plasmid pY ES2-GST; (B) Plasmid pY ES2-CS; (C) Interme-
diate plasmid pYES2-PC; (D) Plasmid pYES2-GST-CS
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Figure 2 Analysis of the expression of GST and CS gene in
leaf, stem and underground stemof Polygonum sibiricum un-
der 0.36 mol-L-* NaHCO, stress

RT-PCR , GST CS
( 2) GST Cs
2 CS
2 , GST
3 Barroso (1999)

( GSH)
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Na* GST
GSH, GSH GST
, GSH ’ 2.3
, GST CsS 4 , , (ty-gst ty-cs
ty-gc) (wy) , 1 mol-L™*
Na,CO3 4 : (wy)
2.2 pYES2-GST-CS (ty-gst ty-cs ty-gc) 1 mol-L-1
CYC-S CYC-A GST-S GST-A Na,CO3 12 , (wy)
PYES2-GST-CS PCR , GST 0,
cs , ( 3) 24 , ,
Sphl  EcoRl pYES2-GST-CS, 5 mol-L™! NaCl 24 , (wy)
CS; Kpnl pYES2-GST-CS, (ty-gst ty-cs  ty-gc) NaCl
GST( 3) 48 (wy) 0,

pYES2-GST-CS ,
PpYES2-PC 2
( 10),

4 Na,CO; NadCl
3 pY ES2-GST-CS PCR (A) :(B)1 mol-L-1 Na,CO, 4
M: DL2000 ; 1: Sphl  EcoRI ;2 Kpnl ;3 (C) 1 mol-L~* Na,CO4 12 ; (D) 1 mol-L~* Na,CO4
CYC-S CYC-A pY ES2-GST-CS PCR 24 ; (E) 5 mol-L~! NaCl 24 ; (F) 5 mol-
;4 GST-S GST-A pY ES2-GST-CS PCR L-INaCl 48

Figure 4 Phenomenon of yeast cells transformed w ith GST
Figure 3 Enzyme digestion and PCR products of plasmid and CS under Na,CO;and NaCl stresses

PYES2-GST-CS (A) Yeast cells withoutstress treatment; (B) Y east cells incu-

M: DL2000 marker; 1: Sphland EcoRI double digestion; 2: Kpnl bated in 1 mol-L=* Na,CO5 for4 h; (C) Yeastcells incubated in

single digestion; 3: PCR by primers CYC-S and CYC-A; 4: PCR 1 mol-L=* Na,CO; for 12 h; (D) Yeast cells incubated in 1 mol-L-?

by primers GST-S and GST-A Na,CO; for24 h; (E) Y east cells incubated in 5 mol-L~*NaCl for
24 h; (F) Yeastcells incubated in 5 mol-L-* NaCl for 48 h
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Figure 5 RT-PCR quantitative analysis of relative expression of yeast antioxidative enzyme genes SOD1 (A), GPX1 (B), SOD2
(C), GPX3 (D) and CTAL1 (E) and detection activity of SOD (F), GPX (G) and CAT (H) in transgenic yeast under 0.4 mol-L~! NaCl

stress
, GST CS (ty-gst ty-cs
ty-gc) Na,CO; NacCl
2.4 RT-
PCR

ROS),

(CAT)
SOD CAT
SOD

(SOD)
(GPX

2 SObD: Cu/

Zn-SOD(SOD1) Mn-SOD(SOD2) GPX



3 ,  GPX1 GPX2 GPX3,
GPX3
(Delaunay et al., 2002) GPX1 GPX2

(Avery et al., 2004; Basu
et al., 2004) 5 , 0.4 mol-L™! NaCl
, SOD1 SOD2 GPX1 GPX3

, SOD1 SOD2 GPX1

GPX3 ty-cs>wy>ty-gc>ty-gst,
0.4 mol-L~1 NaCl 30 ,
wy>ty-gst>ty-cs>ty-gc SOD GPX
ty-cs>wy>ty-gc>ty-gst,
ty-cs>ty-gst>wy>ty-gc
2 (CAT),
CTAl CTT1 CTAl
(Hiltunen et al., 2003) 0.4 mol-L7?!
NaCl (ty-gst ty-cs  ty-gc)
(wy) CTA1 ( 5) ty-
cs>ty-gc>ty-gst>wy, CAT
, CTA1l
SOD
SOD1 ROS ( HO, )
SOD2
(Jamieson, 1998) (ty-gst
ty-cs ty-gc) SOD1 SOD2
GST CS
SOD , (ty-gst ty-
cs ty-gc)
2
(H202) 2
(CAT)
; (GPX)
, 2 (GSH)
(GSSG),
, GSH/GSSG

693

( :

1999) GPX1 GPX3 PCR

, NacCl , (ty-gst ty-
cs ty-gc) GPX1 GPX3 ,

CTAl ; CAT

(H202) (CAT)

, , (2003). RNA

. 31, 99-100.

(1999). : : - Pp.

1-20.

Ahmad I, Hamid T, Fatima M, Chand HS, Jain SK, Athar M,
Raisuddin S (2000). Induction of hepatic antioxidants in fresh-
w ater catfish (Channa punctatus Bloch) is a biomarker of
paper milleffluent exposure. Biochim Biophys Acta 1523,37-
48.

Avery AM, Willetts SA, Avery SV (2004). Genetic dissection of
the phospholipid hy droperoxidase activity of yeast GPX3 re-
veals its functional importance. J Biol Chem 279, 46652-
46658.

Barroso C, Romero LC, Cejudo FJ, VegaJM, Gotor C (1999).
Salt-specific regulation of the cytosolic O-acetylserine (thiol)
lyase gene from Arabidopsis thaliana is dependent on absci-
sic acid. Plant Mol Biol 40, 729-736.

Basu U, Southron JL, Stephens JL, Taylor GJ (2004). Re-
verse genetic analysis of the glutathione metabolic pathw ay
suggests a novel role of PHGPX and URE2 genes in alu-
minium resistance in Sacc haromyces cerevisiae. Mol Genet
Genomics 271, 627-637.

Bradford MM (1976). A rapid and sensitive method for the
guantitation of microgram quantities of protein utilizing the prin-
ciple of protein-dye binding. Anal Biochem 72, 248-254.

Cozatl DM, TaveraHL, Navarro AH, Sanche z RM (2005). Sul-
fur assimilation and glutathione metabolism under cadmium
stress in yeast, protists and plants. FEMS Microbiol Rev 29,
653-671.

Delaunay A, Pflieger D, Barrault MB, Vinh J, Toledano MB
(2002). A thiol peroxidase is an H,0, receptor and redox-
transducer in gene activation. Cell 111, 471-481.

Hiltunen JK, Mursula AM, Rottensteiner H, Wierenga RK,



694 25(6) 2008

Kastaniotis AJ, Gurvitz A (2003). The bioc hemistry of per-
oxisomal beta-oxidation in the yeast Saccharomyces
cerevisiae. FEMS Microbiol Rev 27, 35-64.

Jaleel CA, Gopi R, Manivannan P, Panneerselvam R (2007).
Antioxidative potentials as a protective mechanism in
Catharanthus roseus (L.) G. Don. plants under salinity stress.
Turk J Bot 31, 245-251.

Jamieson DJ (1998). Oxidative stress responses of the yeast
Saccharomyces cerevisiae. Yeast 14, 1511-1527.

Kanpranis SC, Damianova R, Atallah M (2000). A novel plant
glutathione S-transferase/peroxidase suppresses Bax lethal-
ity in yeast. J Biol Chem 275, 29207-29216.

Livak KJ, Schmittgen TD (2001). Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 2= ¢
method. Methods 25, 402-408.

Noji M, Saito M, NakamuraM, Aono M, Saji H, Saito K (2001).
Cysteine synthase overexpression in tobacco confers toler-

ance to sulfur-containing environment pollutants. PlantPhysiol
126, 973-980.

Romero LC, Dominguez-Solis JR, Gutierrez-Alcala G, Gotor
C (2001). Salt regulation of O-acetylserine(thiol)lyase in
Arabidopsis thaliana and increased tolerance in yeast. Plant
Physiol Biochem 39, 643-647.

Rong ZX, Liu HZ, Bao JQ, Cheng HZ, Sun YY, Sun T (1994).
Meas urement of glutathione peroxidase activity in the w hole
blood of mice. Prog Biochem Biophys 21, 362-366.

Stew art RC, Bewley JD (1980). Lipid peroxidation associated
with accelerated aging of soybean axes. Plant Physiol 65,
245-248.

Strohm M, Jouanin L, Kunert KJ, Pruvost C, Polle A, Foyer
CH, Rennenber g H (1995). Regulation of glutathione synthe-
sis in leaves of transgenic poplar (Populus tremula x P. alba)
overexpressing glutathione synthetase. PlantJ 7, 141-
145.

Co-expression of Polygonum sibiricum Glutathione Transferase and
Cysteine Synthase Genes in Saccharomyces cerevisiae

Mingkun Liu, Guanjun Liu*, Xufeng Yan

The Laboratory of Forest Genetics and Breeding and Biotechnology of Ministry of Education, Northeast Forestry University,
Harbin 150040, China

Abstract Glutathione transferase (GST) and cysteine synthase (CS) play an important role in plant elimination of active oxygen
(reactive oxygen species, ROS). RT-PCR analysis of GST and CS in Polygonum sibiricum Laxm. show ed remarkable change in
expression induced by 3% NaHCO; stress. We transformed GST, CS and the GST+CS combination into yeast cells
(Saccharomyces cerevisiae), designated transgenic yeast (ty) ty-gst, ty-cs and ty-gc. The survival rate of ty-gst, ty-cs and ty-gc
was higher than that of wild-type yeast (wy) under 1 mol-L™* Na,CO; and 5 mol-L™! NaCl stress, with essentially no difference in
rate betw een the three tys. With 0.4 mol-L™* NaCl, the activity of superoxide dismutase 1 (SOD1), SOD2, glutathione peroxidase 1
(GPX1) and GPX3 w ere low er and that of catalase 1 (CTA1) higher in ty than in wy. How ever, the activity of the ty-cs SOD, CAT

and GPX show ed the highestw ith 0.4 mol-L™* NaCl stress.
Keywords cysteine synthase, glutathione transferase, reactive oxygen species, Saccharomyces cerevisiae, salt stress
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