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ABSTRACT

The mRNA of OsGSTL1 was detected in the rootsemve$ of rice plants at seedling and tillering stagand their
roots, leaves and panicles at the heading stage.fiilrlength open reading frame of OsGSTL1 cDNA @2 bp
and encoded a putative polypeptide of 243 amindsawiith a calculated molecular mass of 27.30 kDd an
theoretical pl of 5.50. The protein sequences dE®BL1 exhibited typical feature of the lambda classr, which
contained the conserved domain “GST_C_Lambda” itef@ainal alpha helical domain and a highly consetve
Cys42 in active center. In silico predictions shdwbat the OsGSTL1 protein was strongly hydrophilibe
phylogenetic analysis revealed OsGSTL1 belongedadocots subgroup and was closer to IN2-Z ofmay. The
OsGSTL1 gene was cloned into pYTV vector and wasdirced into yeast strain PEP4. Western blot asialy
showed that the exogenous OsGSTL1 was exprestetiansformed yeast. The GST activity of the erxtracts
of yeast showed that the OsGSTL1 transgenic yeabthigher levels of GST activities than the contreasts.
These findings suggested that the OsGSTL1 was athlghrnie S-transferase and could play an importasier
during the growth and development processes in rice

Key words. glutathione S-transferase, GST activity, silico, Oryza sativalL., recombinant expression, semi-
quantitative RT-PCR

INTRODUCTION animals, plants and fungi (Wilce and Parker 1994,
Sheehan et al. 2001).
Glutathione S-transferases (GSTs, EC 2.5.1.18)he GST proteins have evolved by gene
play a significant role in the detoxification andduplication to perform a range of functional roles
metabolism of cellular xenobiotics and toxins byinvolved in diverse intracellular events such as
catalyzing the conjugation of these substrates witrimary and secondary metabolisms, stress
a tripeptide glutathione y{glutamyl-cysteinyl- metabolism, herbicide detoxification and plant
glycine; GSH). In the plant, the first discoveredprotection against xenobiotics, heavy metals and
GST was from maize in 1970 and its GST activityozone damages (Lan et al. 2009; Jain et al. 2010;
was responsible for conjugating the chloro-SMohsenzadeh et al. 2011). Classically, GSTs
triazine atrazine with GSH (Shimabukuro et alcatalyze the transfer of the GSH to a co-substrate
1970). The GST activities, corresponding enzymefR-X) containing a reactive electrophilic center to
and gene sequences have been identified in tfierm a polar S-glutathionylated reaction product
(R-SG) (Dixon et al. 2002b). Some GSTs have
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been shown to have glutathione peroxidasbeoth the primers OsGSTL1 f (5-CACCACAAA
activity, with the GSTs using glutathione to reducAATGGCCGCAGCTGCAGCA) and OsGSTL1 r
the organic hydroperoxides of fatty acids and5-GGCAACCTTAAGATGCGT) were designed.
nucleic acids to the correspondingA CACCACAAA sequence was introduced to the
monohydroxyalcohols (Cummins et al. 1999;5-end.of forward primer OsGSTL1 f. The
Dixon et al. 2002a). The GSTs catalyze thé@sGSTL1 sequence was amplified by reverse
isomerization of maleylacetoacetate totranscriptase-PCR using Taq DNA polymerase and
fumarylacetoacetatéDixon et al. 2000). Some 35 cycles of 94°C for 30 s, 58°C for 45 s, and
GSTs have ligand functions (Edwards et al. 2000§2°C for 90 s. This PCR product was cloned into
and they have been implicated as stress signalipENTR/D-TOPO vector (Invitrogen, USA) and
proteins of some cell signaling pathways (Loyall esequenced.
al. 2000). GSTs also have function in the cellulaGemi-quantitative RT-PCR was used to detect the
redox homeostasis, or regulate apoptosiexpression ofOsGSTL1gene in rice. A pair of
(Kampranis et al. 2000; Loyall et al. 2000; Dixonprimers OsGSTL1 sf (5-CGCTTGGATTATCA
et al. 2002a; Kunieda et al. 2005). TheGGAACT) and OsGSTL1 sr (5-GCTTTGGA
dehydroascorbic acid is reduced to ascorbic aciBATTAAGGGTGA) was used to produce a 300
by DHAR in a reaction requiring glutathione bp amplification product. The relative expression
(Yang et al. 2009). Microsomal-class GSTs are thkevel of OsGSTL1 in different tissues was
members of the MAPEG (membrane-associatedalibrated against the expression level of therinne
proteins in eicosanoid and glutathione metabolismousekeeping ger®CTIN1(McElroy et al. 1990).
superfamily (Basantani and Srivastava 2007). The primers ACTIN1 f (5'-
In this work, OsGSTL1a member of the lambda TCCGTGACATCAAGGAAAAG) and ACTIN1 r
class GST from rice, was isolated, molecularly5’-GATATCAACATCGCACTTCATG) were
characterized and functionally analyzed. In ordedesigned to get a 242 bp product. The gene
to find the defined functions of this protein ireth fragments of OsGSTL1 and ACTIN1 were
living cell, expression and activity of OsGSTL1 inamplified using the two pairs of primers
yeast strain PEP4 was studied. (OsGSTL1 sf/lOsGSTL1 sr and ACTIN1
fIACTINL r) in the PCR reaction. The
amplification was carried out by the initial

MATERIALSAND METHODS denaturation at 94°C for 2 min, followed by 28
' - cycles of 94°C denaturation for 30 s, 58°C
Plant materials and culture conditions annealing for 30 s, and 72°C elongation for 30 s.

The seeds oDryza sativa cvZhonghua 11 were The PCR products were separated in a 2.5%

soaked in water for 2 days, and then grown aiv/V) agarose gel. Reactions were repeated two
28°C under a 16/8 h light/dark photoperiod at afimes for three biological replicates.

intensity of approximately 250 pE?fa. The roots
and leaves of seedling stage and tillering stagen silico analysis of protein sequences
and the roots, leaves and panicles of heading stagenino acid comparison and multiple alignments
from rice plants were collected and stored at were analyzed using the Clustalw2.0 and
80°C. GeneDoc software
(http://www.ebi.ac.uk/Tools/msa/clustalw2/). The
Cloning and expression analysis of OsGSTL1  molecular mass, isoelectric point, grand average of
gene hydropathy (GRAVY) and instability index were
According to the manufacturer’s protocols, totalpredicted using the ProtParam
RNA was extracted from the collected rice(http://au.expasy.org/tools/protparam.html).
materials using Trizol reagent (Gibco-BRL, USA).Sequence identities and similarities  were
Total RNA (1 pg) was used for reverse determined using the BLAST program with the
transcriptions, which was performed to producesenBank database on the NCBI web-server
the first-strand cDNA with the Superscript Il pre- (http://www.ncbi.nim.nih.gov/Blast). Motif
amplification kit (Invitrogen, USA) and the primer analysis was performed using the Pfam program
Olig(dT)18 in conditions recommended by the(http://www.ebi.ac.uk/Tools/InterProScan/). The
manufacturer. Based on the putative GSTnalysis of the signal peptide, subcellular
sequence (GenBank accession no. AF237487hcalization and protein hydropathy was done by
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constructing the hydropathy plots with Kyte andquantitative RT-PCR was performed with the two
Doolittle algorithm (http://ipsort.hgc.jp/) (Kyte pairs of primers (OsGSTL1 sf-OsGSTL1 sr and
and Dolittle 1982). Phylogenetic tree wasACTIN1 f-ACTIN1 r) in a PCR reaction. Both, the
constructed with the Neighbor Joining method300-bp OsGSTL1fragment and 242-bACTIN1
using the MEGAA4.0 program (Saitu and Neifragment were amplified. The mRNA @fsGSTL
1987). was detected in the roots and leaves of rice plants
at seedling and tillering stages, and their roots,
Expression and detection of OsGSTL1 gene in  |eaves and panicles at the heading stage, which
yeast suggested thadsGSTLI1played an important role
The OsGSTL1gene was cloned into pYTV vector during the growth and development processes in
(Invitrogen, USA) by the LR reaction, transformedthe rice (Fig. 1).
into E.coli. DH5¢, and then the correct expression
vector were transformed into yeast strain PEP p, M1 2 3 4 5 6 7
The OsGSTL1 protein was expressed in PEP4 ce i —
after 19 h incubation with SC-Ura medium, qp — —0sGSTL
including 2% glucose and 4 h induction with 2% 200 — - ACTIMG
galactose. Western blot was used to detect tt
expression of OsGSTL1. The crude protein
extracts were prepared from the yeast. The yeasigure 1 - The expression analysis 6fsGSTL1 The

was homogenized in the lysis buffer (50 mM Tris expression analysis dsGSTL1by semi-

pH 7.5, 1 mM EDTA, 100 mM NaCl, 0.1% quantitative RT-PCR in rice plants. M is
TritonX-100, 1 mM DTT, 1 mM PMSF) and DNA marker, Ia}ne 1 and 2 are the roots and
centrifuged at 4°C. The supernatant was extracted leaves of seedling stage, lane 3 and 4 are the

roots and leaves of tillering stage, lane 5, 6
and 7 are the roots, leaves and panicles of
heading stage, respectively.

with trichloroacetic acid and centrifuged at 4°C
and then the precipitate was washed two times
with ethanol. Protein concentration in the crude
extracts was determined with the BioRad Protein
Assay Kit (Bradford 1976). The crude proteinMolecular characterization of OsGSTL1

extracts (15 pg) were separated in the SDS-PAGEhe sequence analysis indicated that the full-
and transferred onto Immobilon membrandength open reading frame (ORF) QfsGSTL1
(Millipore, USA) with a semi-dry transfer cell CONA was 732 bp and encoded a putative
(Millipore, USA). The recombinant OsGSTL1 polypeptide of 243 amino acids with a calculated
polypeptides expressed in the yeast strain PEPgolecular mass of 27.30 kDa and a theoretical pl
was detected with an antibody raised against Hi®f 5.50. The predicted proteins ddsGSTL1

tag (Novagen, USA). showed preponderance of Ala and Leu that
constituted 11.5 and 10.7%, respectively, but low
Activity assay of OsGSTL 1 content of Cys, Trp and Met residues that

Protein concentration in the crude extracts wasonstituted 0.8% only. The alignment of the
adjusted to 0.5 mg/mL. The GST activity waspeptide sequences showed that the OsGSTL1 were
measured spectrophotometrically (Habig et ala glutathione S-transferase, lambda class from
1974; Takesawa et al. 2002). One unit of activityOryza sativa(OsGSTL). The significant primer
was defined as the amount of enzyme requirestructural feature for all the members of the
forming 1 uM product per minute at 30°C. lambda class GST have a cysteine residue in active
center, which distinguishes them from other class
members, which have a serine residue in same site

RESULTS (Dixon et al. 2002a). The OsGSTL1 protein
showed a highly conserved Cys42 (Fig. 2). The
Expression charactersof OsGSTL1inrice motif search analysis using InterProScan revealed

The total RNA isolated from rice plant samplesthat the OsGSTL1 contained a N-terminal
was used as the template to synthesize the firgtioredoxin-fold domain (G3DSA:3.40.30.10) and
strand cDNA through the reverse transcriptiora C-terminal alpha helical domain

polymerase chain reaction with primer olig(dT)18.(G3DSA:1.20.1050.10) (Fig. 2). Protein blast
Using the first strand cDNA as the template, semianalysis with the GenBank database on the NCBI
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web-server showed that the conserved domaifihe hydropathy plot revealed that the OsGSTL1
“GST_C_Lambda” was in position 117 to 237.protein was strongly hydrophilic with the grand
The OsGSTL1 protein was predicted to beaverage of hydropathy (GRAVY) value of -0.182
cytoplasmic due to the absence of N-termina(Fig. 3). The instability index was computed to be
signal peptides and transmembrane domains. 40.13 (Kyte and Doolittle 1982).
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Figure 2 - Multiple sequence alignment of lambda class GS@mfrarious higher plants. Asterisk, identical
residues; colon, highly conserved residues; dogklyeconserved residues; dash, gaps introducedgamal
alignment. In N-terminal region, amino acids shapestlicted to adopt N-terminal thioredoxin-fold dains. C-
terminal alpha helical domains were boxed in C-teahiregion. A indicates the position of the active site
cystein residues. The GenBank accession numbersotéips used for analysis from various higher @ant
XP_002312053 Ropulus trichocarpa POPTRDRAFT_873617); XP_00287801Argbidopsislyrata subsp.
lyrata, ARALYDRAFT_906920); CBI16230\(itis vinifera, VIT_00025083001); ADB85103J&tropha curcaks
XP_002525204Ricinus communjsRCOM_0819940); ACH6321ZRheum australe NP_195899 Arabidopsis
thaliana GSTL3); ACJ84312 Medicago truncatulg AAG34872 Glycine max In2-1); BAC81649 Risum
sativum GST); NP_00110543Z¢éa mayIN2-1); XP_0024654423orghum bicolarSb01g038900); CAY97113
(Alopecurus myosuroidegstll); CAA76758 Triticum aestivumcla30); AAF70831 Qryza sativa OsGSTL1);
BAJ86721 Hordeum vulgare subsp. Vulgare
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Hydrophobicity el e L Expressionof OsGSTL 1 transgenein yeast

| | The OsGSTLI1gene was cloned into pYTV vector
(Invitrogen, USA) and was transformed into the
yeast strain PEP4 to investigate the function of
OsGSTL1. The results of Western blot showed a
novel polypeptide that contained OsGSTL1
protein. The pYTV Tag fusion protein was
expressed in the transformed yeast, whereas no
| | exogenous OsGSTL1 was detected in the non-
g | Hydrophilicity OsGSTL transformed yeast (Fig 5).

1021 41 €1 81 101 121 141 161 181 201 221
Window Start Position

Average Value (Window Size: 10)
o

_ o _ kD3 M 1 2 3 4
Figure 3 - Hydropathic index plot of the predicted 83 — D

OsGSTL1 amino acid sequence analyzed. 62 —

Amino acid position is plotted on the x- 49 — ! T

axis beginning with the N-terminus. ' -
Regions under a hydropathy score of zer

are hydrophilic. qzlgure 5 - Western-blot analysis of crude protein

extract from OsGSTL1transgenic yeast.
M, protein marker; 1. OsGSTL1

Phylogenetic relationship between related transgenic yeast induced by galatose; 2.
OsGSTLs untreatedOsGSTL1transgenic yeast; 3.
The phylogenetic relationship between the related non-transgenic yeast induced by galatose;
lambda class GSTs from different plants was 4. untreated non-transgenic yeast.

analyzed. A dendrogram showing the clustering OIS
OsGSTL1 with other lambda class GSTs wa:
constructed. The distances from the nodes, i.e., t
branch lengths denoted in the tree corresponded
the sequence divergence. The lambda class GS
was separated into two distinct subgroups, th
dicots subgroup and monocots subgroup. Th
phylogenetic analysis revealed that the OsGSTL
was closer to IN2-1 ofZ. may followed by
Sb01g038900 db. bicolor(Fig. 4).

etermination of GST activity of recombinant
OsGSTL1
he GST activity of the crude extracts of yeast
as measured with CDNB as the substrate. The
ta represent GST activity = standard deviations
D) with three replicates. TheOsGSTL1
ansgenic yeast that was induced with 2%
alactose, had higher levels of the GST activities
than the control yeasts, which had seven more
times higher GSH conjugating activity than the
4]00‘1"!“5 \ non-transgenic strain (Fig. 6). There was very
. Fcomniiie significant difference in the GST activity between
the transgenic yeast and non-transformed yeast

7L R. australe

%6 A. thaliana

o (p<0.001). The findings in this study supported the
& 5 M. truncatula ekt conclusion that OsGSTL1 was a member of plant
] G max glutathione S-transferase family.
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5 700 r
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Figure 4 - Phylogenetic tree of GSTLs from plants. The 0 |_7—-
lambda class GSTs was easily separated two bondrsoiiment  (OebSTLA

distinct subgroups that is dicots subgroupgigyre 6 - Specific activities of GST in protein extracts
and monocots subgroup. TH@sGSTL1of from theOsGSTLltransgenic yeast. The data

rice. (arrowhead) belong to monocots are means of three independent experiments
subgroup. This phylogenetic tree was created +SD.

using the sequences listed in Figure 2.
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DISCUSSION values of GSH conjugating activity towards the
CDNB for OsGSTL1 were evidently higher than
The plant GST gene super-families are large anthat of OsGSTF5, AtGSTU26 and AtGSTF9
highly diverse. Cloning of the plant GSTs to-datgNutricati et al. 2006; Cho et al. 2007). But the
has predominantly been achieved through thealues of GSH conjugating activity for these GSTs
large-scale mutagenesis experiments, EST amdere obtained by the prokaryotic expression
differential display approaches, and genome@roteins, which were different from the results
sequencing projects such as wittabidopsisrice, from eukaryotic system. The result that
and maize (McGonigle et al. 2000; Alonso et alArabidopsis lambda GSTs, maize IN 2-1 and
2003). Currently, large numbers of GST genesoybean Gmin2-1 lacked GSH conjugating activity
have been identified, or annotated from at least 1also was from the prokaryotic expression system.
plant species (Basantani and Srivastava 200The OsGSTL1 was also expressed in the
Conn et al. 2008; Chronopoulou and Labrowrokaryotic expression system, but the GSH
2009). There are 53 membersArabidopsis over conjugating activity was not fond (data not
25 in soybeanGlysine max..), 42 in maize Lea shown). The finding demonstrated that there were
maysL.), 59 in rice Qryza sativalL.) and 81 GST some differences between the prokaryotic
genes have been genome-widely identified iexpression system and eukaryotic system for the
Populus trichocarpa (McGonigle et al. 2000; lambda class GSTs. Probably the activities of
Dixon et al. 2002b; Wagner et al. 2002; Soranzo €6STs might be affected by the posttranslational
al. 2004; Chi Y et al. 2011). Based on proteirmodification, which lacked in the prokaryotic
homology and gene organization, plants GSTsystem.
have been categorized into eight classes: plm summary, theOsGSTL1 was isolated and
(GSTF), zeta (GSTZ), tau (GSTU), theta (GSTT)characterized from the rice and analyzed for its
lambda (GSTL), dehydroascorbate reductasactivity in the yeast strain PEP4. The protein
(DHAR), tetrachlorohydroquinone dehalogenasesequences dDsGSTLlexhibited typical feature of
(TCHQD) and Microsomal-class GSTs the lambda class GST. The eukaryotic expression
(Mohsenzadeh et al. 2011; Que et al. 2011). and activity assay of the OsGSTL1 also
In the present study, a lambda class GST suburdemonstrated th®sGSTL1as a member of plant
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