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4.1). Introduction

GSH is required for normal plant growth and development as discussed in

section-3.1. The transport and compartmentalization of GSH is essential to

perform of its functions. The transporters that could transport peptides including

GSH and GSH conjugates have been placed in three groups (reviewed by Stacey

et al., 2002a). The ATP binding cassette (ABC family of transporters) uses ATP

hydrolysis for transport of small peptides. On the other hand, peptide transporters

(PTR) family uses the proton motif force to drive transport (Pallsen & Skurray,

1994). The third group, oligopeptide transporters (OPT) also exploit proton motive

force, however in contrast to PTR transporters which only recognize di-and

tripeptides, OPT transporters preferentially recognize tetra and pentapeptides

(reviewed by Stacey et al., 2002a). Members of OPT family were first characterized

in yeast (Lubkowitz et al., 1997; 1998). Although the uptake of GSH and specific

transport systems have been studied in different organisms, like bacteria (Sherrill

and Fahey, 1998), yeasts (Lubkowitz et al., 1998), and mammals (lantomasi et al.,

1997); the isolation and characterization of a GSH transporter from yeast

(Saccharomyces cerevisiae) (Bourbouloux et al., 2000) was a significant

advancement to understand GSH uptake. This transporter, called ScHGT1 exhibits

high affinity for GSH and GSH conjugates. ScHGT1 is a member of OPT family

hence also named OPT1 (Miyake et al., 2002). ScOPT2, a close homolog of HGT1

in yeast, did not show GSH transport activity (Lubkowitz et al., 1998). Arabidopsis

OPT family members were identified that share 49-53% sequence similarity to
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ScOPT1 (Koh et al., 2002). The plant OPTs form a distinct subfamily compared to

the fungal OPTs (Yen et al., 2001; Koh et al., 2002; Zhang et al., 2004). Recently

the functional GSH transporters were also cloned form Brassica juncea (BjGT1;

Bogs et al., 2003) and rice (OsGT1; Zhang et al., 2004). The expression of BjGT1

was regulated by heavy metal exposure (Bogs et al., 2003). On the other hand the

expression of OsGT1 was not detected under normal growth conditions and there is

no available information about the expression of OsGT1 in response to any

environmental stress. OsGT1 and BjGT1 also belong to OPT family which is well

characterized in Arabidopsis (Koh et al., 2002; Stacey et al., 2002a; Stacey et al.,

2002b; Stacey et al., 2006). On the other hand this family is poorly characterized in

rice with the exception of OsGT1 and yellow stripe like (YSL) transporters. In rice a

number of putative members of YSL family exist and some of them are regulated by

Fe. Koike et al., (2004) reported the existence of 18 putative YSL genes (OsYSLs)

in the rice genome that exhibited 36-76% sequence similarity to maize Fe(III)-MA

transporter YS1. Among these OsYSLs the OsYSL2 is a metal-nicotianamine

transporter responsible for the phloem transport of Fe and manganese (Koike et al.,

2004). However the YSL subfamily of OPT transporters is phylogenetically distinct

from AtOPT transporters (Yen et al., 2001) and the same seems true for rice. In the

present studies, a novel GSH transporter (OsGTL1) was cloned from rice, the

expression of which is strongly induced under Fe-deficient conditions in root and

shoots tissue. OsGTL1 is located on rice chromosome 3 and was predicted to

encode a polypeptide of 757 amino acids split in 12 transmembrane domains. In
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contrary to all characterized members of OPT family in plants the expression of

OsGTL1 is strongly induced in root tips and root hairs giving the clue that it may

have some role in uptake of nutrients from soil.
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4.2). Experimental procedures

4.2.1). Cloning of OsGTL1

Data obtained by a rice 22K microarray analysis performed to compare

expression of genes in response to Fe-deficiency (Ishimaru et al., 2005) was

explored to identify OsGTL1 as a putative member of OPT family upregulated

under Fe-deficient conditions. Full-length rice cDNA clone for OsGTL1 (AK102404)

was acquired from the Rice Full-Length cDNA Database (KOME;

http://cdna01.dna.affrc.go.jp/cDNA/). The information about genomic structure of

this clone was collected from TIGR rice genome database

(http://www.tigr.org/tdb/e2k1/osa1/index.shtml). The presence of NPG domain

(NPGPFxxKEH; Koh et al., 2002; Stacey et al., 2002a) and KP domain

(KLGHYMKIPPR; Stacey et al., 2002a) was confirmed. The predicted

membrane-spanning structure of OsGTL1 was generated by the computer topology

prediction program SOSUI (Hirokawa et al., 1998). The paralogs of OsGTL1 were

identified in rice through BLAST (http://www.ncbi.nlm.nih.gov/BLAST/), screened

for the presence of NPG and KP domains as described above and phylogenetic

tree was constructed using CLUSTAL W Neighbor-Joining method and the tree

was visualized with TreeView.

4.2.2). Subcellular localization of OsGTL1

In silico analysis were performed using computer program pSORT

(http://psort.ims.u-tokyo.ac.jp/) to determine the subcellular localization of OsGTL1.
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Moreover, the ORF of OsGTL1 was amplified with forward and reverse primers as

5'-ATGGCGTCGTTGAAGTCGCCGGTGGCG-3' and

5'-GAACACCGGGCATCCCTTGACGGCGCTC-3' respectively and the amplified

fragment containing the OsGTL1 coding sequence was subcloned into

pENTR/D-TOPO (Invitrogen, Carlsbad, CA). This pENTR/D-TOPO entry vector

containing the OsGTL1 coding sequence was designated pENTR-OsGTL1. The

plasmid pDEST35S-sGFP (Ishimaru et al., 2005) was used as destination vector. A

subsequent attL substrate and attR substrate recombination reaction (Invitrogen)

between the destination and pENTR-OsGTL1 entry vectors generated an

expression clone containing the gene encoding 35S-OsGTL1-sGFP. Onion

epidermal cells were transformed using the Biolistic PDS-1000/He Particle Delivery

System (Bio-Rad, Tokyo, Japan), and the subcellular localization of

35S-OsGTL-sGFP was visualized as described by Mizuno et al. (2003).

4.2.3). Transport assay

A 2274-bp fragment of OsGTL1 produced by digestion with EcoRl and Xbal was

inserted into the EcoRl, Xbal site of the pGEM-3zf(t) vector. The resulting plasmid,

pGEMOsGTL1T, was linearized by Xbal digestion. Capped complementary RNA

(cRNA) was synthesized in vitro with a MEGAscript SP6 kit (Ambion, Austin, TX,

USA). The oocytes were prepared as described (Igarashi et al., 2000), and injected

with 10 ng of OsGTL1 cRNA. The injected oocytes were incubated for 2 days and

subjected to electrophysiological measurements at pH 7.5. The oocytes were

positioned in a 1.0 ml recording chamber perfused with bath solution containing 96
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mM NaCl, 2 mM KCl, 5 mM HEPES-NaOH solution (pH 7.5). Membrane currents

were measured with the two-microelectrode voltage-clamp method by using an

automated Hitachi system containing TEV-200 system (Dagan, Minneapolis, MN,

USA). The oocytes were clamped at -80 mV, and the steady-state currents in

response to the addition of metal-chelate complex and GSH were obtained. The

currents were continuously monitored and analyzed with a Mac Lab system

(Adinstruments, Sydney, NSW, Australia). Three independent oocytes injected with

OsGTL1 were used to measure the currents. Substrate induced currents were also

measured in three independent water injected oocytes as controls. Transport

activity was measured at Hitachi, Ltd, Life Science Group.

4.2.4). Rice transformation and growth conditions

The 1.8 kb 5'-upstream region of the OsGTL1 gene was amplified by PCR

using genomic DNA as a template. The primers used were the forward primer 5'-

gagaaagcttTGGCACCACCACCTGCATGCCTCAG-3' and the reverse primer

5'-gagaaagcttCTCCCTAGCCTCGATCTCCTTCCTC-3', which contain Hind III

restriction site. The amplified fragment was fused into the pBluescript II SK+ vector,

and its sequence was confirmed. The OsGTL1 promoter was digested with Xhol

and BgIII and the digested 1.8 kb fragment was subcloned upstream of the uidA

ORF, which encodes β-glucuronidase (GUS), in the pIG121 Hm vector (Hiei et al.,

1994). An Agrobacterium tumefaciens strain C58, carrying the above construct was

used to transform rice (Oryza sativa L. cv. Tsukinohikari) as described (Higuchi et

al., 2001). Three transgenic rice lines carrying the OsGTL1 promoter-GUS fusion
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were obtained. T1 seeds were germinated on MS medium containing 50 mg L-1

hygromycin B. After four weeks, the plants were shifted to Fe-sufficient or

Fe-deficient medium for two weeks and three independent lines were analyzed

for GUS expression as described (Inoue et al., 2003).

4.2.5). Northern blot analysis

Seeds of rice (Oryza sativa L. cv. Nipponbare), barley (Hordeum vulgare L. cv.

Ehimehadaka no. 1), wheat (Triticum aestivum L. cv. Chinese spring) and maize

(Zea mays cv. Alice), were germinated on wet filter paper and cultured as described

(Kanazawa et al., 1994). For Fe-deficiency treatments, plants were transferred to

culture solution lacking Fe. For Cu, Mn and Zn deficiency treatments, rice plants

were transferred to culture solution lacking Cu, Mn and Zn respectively. Roots and

leaves were harvested after two weeks, frozen in liquid nitrogen, and stored at

-80℃  until use. Total RNA was extracted from roots and shoots, and 10  μg per lane

were electrophoresed in  1.2%  (w/v) agarose gels containing 0.66 M formaldehyde

and transferred to Hybond-N+ membrane (Amersham, USA). The OsGTL1 ORF

was labeled with digoxigenin (DIG) by PCR and incubated with the membrane at

68℃  and processed as described (Engler Blum et al., 1993; Yoshihara et al.,

2003).
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4.3). Results

4.3.1). Cloning of OsGTL1

The OsGTL1 was identified through microarray analysis as a putative OPT

whose expression is significantly upregulated in response to Fe-deficiency. The

expression of OsGTL1 was highly upregulated in response to Fe-deficiency in new

and old leaf, stem and root tissue (Table-5). OsGTL1 was cloned and further

characterized for substrate specificity and expression patterns. OsGTL1 is located

on rice chromosome 3 and split in 4 exons (Fig-4.1). The size of the gene is 4.12 kb

while ORF consists of 2.274 kb and was predicted to encode a polypeptide of 757

amino acids. Seven paralogs of OsGTL1 were identified through blast search

including previously identified GSH transporter OsGT1 (Zhang et al., 2004).

OsGTL1 has 50% homology to OsGT1 located on rice chromosome 6. On the other

hand OsGTL1 is highly homologous to AtOPT3 and BjGT1 (Fig-4.1b). The BjGT1

is a functional GSH transporter while the substrate specificity for AtOPT3 has to be

identified yet. The expression of none of the rice GTLs including the previously

identified OsGT1 is regulated by Fe with the exception of OsGTL1 (Data not

shown).

The predicted membrane-spanning structure of OsGTL1 was generated by

the computer topology prediction program SOSUI (Fig-4.2). OsGTL1 was predicted

to be composed of 12 transmembrane domains. Other members of OPT family are

predicted to have 12-14 transmembrane domain (Koh et al., 2002).
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Table-5: Microarray Analysis of OsGTL1

Expression ratios (-Fe/+Fe)
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Fig-4.1: Structural and Phylogenetic Characterization of OsGTL1

a) Genomic structure of OsGTL1. OsGTL1 is composed of four exons (boxes) and
three introns. Black boxes indicate 5'- and 3'-UTRs.

b) Unrooted phylogenetic tree of the OPT family. The accession numbers of

paralogs of OsGTL1 are

OsGTL1: AK102404; OsGTL2: AK072617; OsGTL3: AK070801; OsGTL4: DAB08158;

OsGTL5: BAB89477; OsGTL6: AK100814; OsGTL7: AK072608; OsGT1: AK067671.
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Fig-4.2: Predicted Membrane Spanning Structure of OsGTL1

Predicted membrane-spanning structure of OsGTL1 generated by the
computer topology prediction program SOSUI (Hirokawa et al., 1998).
Each solid circle indicates one amino acid residue.
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4.3.2). Substrate specificity

OsGTL1, when expressed in Xenopus leivis oocytes transported GSH

confirming that OsGTL1 is a functional GSH transporter (Fig-4.3). As OsGTL1 is a

member of OPT family so at first it seemed that OsGTL1 could also transport

MA-Fe or NA-Fe but in Xenopus leivis oocytes OsGTL1 did not transport MA or NA

bound with Fe or other metals (data not shown).

4.3.3). Northern blot analysis

Northern blot analysis was performed using Full length ORF of OsGTL1 as a

probe. Under normal growth conditions the expression of OsGTL1 was not

observed in root and shoot tissue, and the expression of OsGTL1 was observed

only under Fe-deficient conditions in root and shoot tissue. The expression is

stronger in shoot tissue as compared with root tissue. Northern blot analysis was

also done to confirm the presence of OsGTL1 orthologs in barley, wheat and maize

and it was revealed that OsGTL1 orthologs exist in all crops examined. The same

pattern of expression was observed in OsGTL1 orthologs in barley, wheat and

maize where expression was induced under Fe-deficiency (Fig-4.4). The

expression of AtOPT3, a homolog of OsGTL1 in Arabidopsis, is also regulated by

Fe-deficiency.

Northern blot analysis was also performed to check whether the expression of

OsGTL1 is also regulated by the Zn, Mn or Cu deficiency. Northern blot analysis
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Fig-4.3: GSH Transport Activity of OsGTL1 Analyzed in Xenopus laevis

Oocytes

The transport activity for GSH was measured using the two electrode

voltage-clamp method. The oocytes were clamped at -80 mV, and the
steady-state current in response to the addition of GSH was obtained. The

datarepresentsmean± SD of three independent oocytes injected with
OsGTL1. The same number of water-injected oocytes was used as a
control.
N.D.: Not detected.
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Fig-4.4: Northern Blot Analysis of OsGTL1 in Response

to Fe-deficiency

Full length of OsGTL1 was used as probe.
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revealed that the expression of OsGTL1 is specifically induced in response to

Fe-deficiency and only slight induction was observed in response to Zn, Mn and Cu

deficiency (Fig-4.5).

4.3.4). Subcellular localization of OsGTL1

In silico analysis predicted that OsGTL1 may localize to chloroplast membrane.

On the other hand OsGTL1: sGFP fusion protein was transiently expressed in onion

epidermal cells and was localized to the cell membrane (Fig-4.6). Although in silico

analysis indicated that OsGTL1 localizes to the chloroplast membrane in plant cells,

at least in onion epidermal OsGTL1 did not localized to plastids after transient

expression.

4.3.5). Promoter GUS analysis

Oryza sativa cultivar Tsukinohikari was transformed with 1.8kb promoter region

of OsGTL1 fused with GUS gene. The GUS staining was not observed in

Fe-sufficient roots (Fig-4.6a-b). Similarly no GUS staining was observed in

longitudinal section of the roots harvested from plants grown under Fe-sufficient

conditions (Data not shown). On the other hand strong GUS staining was observed

in Fe-deficient roots confirming that expression of OsGTL1 is induced under

Fe-deficient conditions (Fig-4.7c-h). Strong GUS staining was observed near root

tips including root hairs (Fig-4.7c, d-e). The GUS staining became weak as the

distance from the root tip increased (Fig-4.7c, f-h). Near root tips the GUS staining

was observed in all tissue with particularly strong staining in epidermis and vascular
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Fig-4.5: Northern Blot Analysis of OsGTL1

Full length of OsGTL1 was used as probe.
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Fig-4.6: Subcellular Localization of OsGTL1 in Onion Epidermal Cells

a) Localization of 35S-OsGTL1-sGFP.
b) Localization of 35S-sGFP
Scale: 100μm
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tissue, and the expression decreased as the distance from root tip increased. At a

distance of～1cm from root tip (Fig4.7g), the staining was observed in epidemis,

part of cortex and vascular bundle. As the distance further increased, GUS

expression was only observed in epidermis and vascular tissue (Fig-4.7h).

In contrast to Northern blot analysis slight GUS expression was observed in

Fe-sufficient leaves. The expression was weak and was only observed in part of

vascular tissue (Fig-4.8). However, under Fe-deficient conditions GUS expression

was observed in all parts of leaf with strong staining in vascular tissue.
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Fig-4.7: Histochemical Localization of OsGTL1 Promoter Activity
in Roots of Promoter-GUS Transgenic Plants Cultured
Hydroponically Under Fe-sufficient (+Fe) or Fe-deficient (-Fe)
Conditions.

a (+Fe), d, f-h (-Fe): root transverse section; b (+Fe),
d (-Fe): enlarged part of stele; c) (-Fe): root longitudinal section.
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Fig-4.8: Histochemical Localization of OsGTL1 Promoter
Activity in Shoots of Promoter-GUS Transgenic Plants
Cultured Hydroponically Under Fe-sufficient (+Fe)
or Fe-deficient (-Fe) Conditions.

96



4.4). Discussion

Among the three protein families, transporting small peptides including GSH

(Stacey et al., 2002a), PTR and OPT transporters are proton symporter, although

no significant sequence similarity is found between the two families (Koh et al.,

2002). The OPT family of transporters is a large and diverse family of transporters.

It also contains the YSL subfamily of transporters, for example ZmYS1, an Fe-MA

transporter is a member of OPT family (Yen et al., 2001), functions as proton

coupled symporter and transports MAs and NA chelated metals (Schaaf et al.,

2004). YS1 orthologs YSLs (YS like) identified in Arabidopsis (Didonato et al.,

2004), rice (Koike et al., 2004), and barley (Murata et al., 2006) are supposed to be

members of OPT family. Previously, 18 putative YSLs were reported in rice (Koike

et al., 2004; Gross et al., 2003). Recently, 11 new members of OPT family were

reported in rice (Wiles et al., 2006). However in the present studies, only eight

members of OPT family were identified in rice excluding previously reported YSLs.

There are eight full length YSLs (AtYSLs) genes in the Arabidopsis genome

(DiDonato et al. 2004), forming a cluster phylogenetically distinct from the AtOPTs.

On the other hand, nine OPT members (AtOPT1-9) were reported in Arabidopsis

(Koh et al., 2002; Stacey et al., 2002a; Stacey et al., 2006). Although YSLs are

member of OPT family they are phylogenetically different from other OPT members.

Moreover, in YSLs the OPT motif LNPGP {F/W/Y} {N/S/T} XKE {H/Q} is replaced by

X4PFTRQEX (Wiles et al., 2006). Another line of conflict lies in substrate specificity

for YSLs and OPTs. OPT proteins can transport diverse substrates of
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peptide-containing compounds or peptide derivatives (Bourbouloux et al., 2000;

Hauser et al., 2000; Hauser et al., 2001; Lubkowitz et al., 1997; Lubkowitz et al.,

1998; Osawa et al., 2006) while the YSLs are only reported to transport tripeptides

(MAs or NA) bound to different metals. The nomenclature used in this thesis is GT

like genes (OsGT1 and OsGTL1-7) instead of OPTs, as in the present studies

originally the homologs of OsGTL1 were searched.

Here the cloning of a functional GSH transporter from rice is reported. OsGTL1

is located on rice chromosome 3 and split in 4 exons. The size of the gene is 4.12

kb while ORF consists of 2.274 kb and predicted to encode a poly peptide of 757

a.a. OsGTL1 was predicted to be composed of 12 transmembrane domains. The

AtOPTs were predicted to encode 12-14 transmembrane domains (Koh et al.,

2002). Seven paralogs of OsGTL1 were identified in rice including previously

characterized OsGT1 (Zhang et al., 2004). Although in Pfam database

(http://www.sanger.ac.uk/Software/Pfam/) 45 members of OPT family are reported,

most of them belong to YSL family, are too short (Less than 500 a.a) or seems

truncations of the same loci. The designed criteria to screen the members of OPT

family in rice is that is the clone is at least 600 a.a. and contain NPG and KP

domains previously reported in AtOPTs. The OsGTL1 showed high homology with

AtOPT3 and BjGT1. BjGT1 is a functional GSH transporter while the substrate for

AtOPT3 has not been reported yet (Stacey et al., 2006). OsGTL1 showed 50%

homology to OsGT1, a functional GSH transporter (Zhang et al., 2004). OsGT1

transports GSH, GSSG, GS conjugates and other peptides with wide substrate

peptide-containing compounds or peptide derivatives (Bourbouloux et al., 2000;

Hauser et al., 2000; Hauser et al., 2001; Lubkowitz et al., 1997; Lubkowitz et al.,

1998; Osawa et al., 2006) while the YSLs are only reported to transport tripeptides

 (MAs or NA) bound to different metals. The nomenclature used in this thesis is GT

like genes (OsGT1 and OsGTL1-7) instead of OPTs, as in the present studies

originally the homologs of OsGTL1 were searched.

Here the cloning of a functional GSH transporter from rice is reported. OsGTL1

is located on rice chromosome 3 and split in 4 exons. The size of the gene is 4.12

kb while ORF consists of 2.274 kb and predicted to encode a poly peptide of 757

a.a. OsGTL1 was predicted to be composed of 12 transmembrane domains. The

AtOPTs were predicted to encode 12-14 transmembrane domains (Koh et al.,

2002). Seven paralogs of OsGTL1 were identified in rice including previously

characterized OsGT1 (Zhang et al., 2004). Although in Pfam database

(http://www.sanger.ac.uk/Software/Pfam/) 45 members of OPT family are reported,

most of them belong to YSL family, are too short (Less than 500 a.a) or seems

truncations of the same loci. The designed criteria to screen the members of OPT

family in rice is that is the clone is at least 600 a.a. and contain NPG and KP

domains previously reported in AtOPTs. The OsGTL1 showed high homology with

AtOPT3 and BjGT1. BjGT1 is a functional GSH transporter while the substrate for

AtOPT3 has not been reported yet (Stacey et al., 2006). OsGTL1 showed 50%

homology to OsGT1, a functional GSH transporter (Zhang et al., 2004). OsGT1

transports GSH, GSSG, GS conjugates and other peptides with wide substrate
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specificity. However its expression was not observed under normal growth

conditions (Zhang et al., 2004) and no information about its expression in rice is

available to date in response to any environmental stress. Micro array analysis

showed that expression of this gene is not regulated by Fe (Data not shown). In fact

in Arabidopsis and rice only the expression of AtOPT3 (Stacey et al., 2006) and

OsGTL1 is regulated by Fe. Like OsGT1, the expression of OsGTL1 was not

observed under normal growth conditions (+Fe); however expression was

observed under Fe-deficient conditions (Fig-4.4). Although OsGTL1 orthologs were

not found through blast in barely, wheat or maize, Northern blot analysis showed

that its orthologs exist in all crops examined and that its expression is also

regulated by Fe-deficiency in these crops.

In onion epidermal cells the OsGTL1 localized to cell membrane; however the in

silico analysis did not confirm these results and raised the possibility that OsGTL1

may localize to chloroplastic membrane. The subcellular localization of close

homologs of OsGTL1, AtOPT3 and BjGT1 has not been reported. Further

experiments may clarify the situation. OsGTL1 driven promoter GUS expression

was upregulated in response to Fe-deficiency and was observed in roots tips and in

Fe-deficient leaves. Although expression of AtOPT3, a close orthologs of OsGTL1

is also up- regulated by Fe-deficiency (Stacey et al., 2006) no expression was

observed in root tips. Previously, characterization of AtOPT3 knock out plant

revealed that AtOPT3 is crucial for normal embryogenesis, as indicated by the

embryo-lethal phenotype of plants homozygous for the opt3 mutant allele.
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Consistent with the embryo-lethal phenotype associated with opt3, AtOPT3

expression was localized in the endosperm tissues, integuments and, most notably,

in the embryos of developing seeds (Stacey et al., 2002b). OPTs are redundant in

function and to date, only two plant OPT members have been reported to show a

mutant phenotype, AtOPT3 and the maize ZmYS1, where mutants exhibited a

chlorotic phenotype due to a defect in Fe uptake (Curie et al. 2001; Stacey et al.,

2002b; von Wirdn et al., 1994). It is important to mention that the expression of both

these genes is regulated by Fe-deficiency. The lack of observable phenotypes in

loss of function mutants of other AtOPTs may be the result of functional redundancy

among the family members. Among all OPTs in rice, only the expression of

OsGTL1 is regulated by Fe raising the possibility for a phenotype for OsGTL1

mutant making the functional characterization of OsGTL1 mutant essential to

understand its role.

These results raised the possibility that OsGTL1 has a role in Fe-deficiency

induced stress; however it is difficult to predict the exact role it plays under

Fe-deficiency stress. As GSH is required for cell division, the expression of

OsGTL1 in root tips may be essential to maintain the cell division in roots. It is

important to mention that number of root hair increase in response to Fe-deficiency

showing that mitotic activity increases in Fe-deficient root tips. GSH is also a part of

systematic signal transduction system sensing the sulfur status of plants and

mediating inter-organ regulation of sulfur nutrition (Lappartient and Touraine, 1996)

the possibility that increased transport of GSH to root tips as a source of reduced
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sulfur for MAs biosynthesis cannot be ruled out. It is already reported that

Fe-deficiency modulates redistribution of sulphur in barley suggesting that

Fe-deficiency affects the portioning of reduced sulphur pool from the shoot to root

with in plants (Astolfi et al., 2006b), and that sulfur deficiency affects the MAs

secretion (Astolfi et al., 2006a). The expression in root tips also raised the

possibility that OsGTL1 may be involved in absorption of small peptides from soil. If

it is true then it makes the OsGTL1 more important as previously, none of AtOPTs

expresses in roots tips (Stacey et al., 2006) and one difference between the PTR

family and OPT was thought to be that PTR express in root tips and involved in

acquisition of small peptides from soil. It is still difficult to predict the role of OsGTL1

in shoot tissue. In shoot it may be involved in Fe-homeostasis under Fe-deficiency.

The possible role of GSH in Fe homeostasis is already discussed in section-3.4.

In conclusion, OsGTL1 is a functional GSH transporter regulated by

Fe-deficiency and may have a role in mitigating Fe-deficiency stress in plants. The

exact role for OsGTL1 is difficult to predict without experimental evidence and

characterization of plants lacking/overexpressing OsGTL1 may help to understand

its role.
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