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Abstract
Metallothioneins (MTs) are cysteine-rich proteins of low molecular weight with many attributed functions, such as providing
protection against metal toxicity, being involved in regulation of metal ions uptake that can impact plant physiology and
providing protection against oxidative stress. However, the precise function of the metallothionein-like proteins such as the
one coded for rgMT gene isolated from rice (Oryza sativa L.) is not completely understood. The whole genome analysis of
rice (O. sativa) showed that the rgMT gene is homologue to the Os11g47809 on chromosome 11 of O. sativa sp. japonica
genome. This study used the rgMT coding sequence to create transgenic lines to investigate the subcellular localization of the
protein, as well as the impact of gene expression in yeast (Saccharomyces cerevisiae) and Arabidopsis thaliana under heavy
metal ion, salt and oxidative stresses. The results indicate that the rgMT gene was expressed in the cytoplasm of transgenic
cells. Yeast cells transgenic for rgMT showed vigorous growth compared to the nontransgenic controls when exposed to 7 mM
CuCl2 , 10 mM FeCl2 , 1 M NaCl, 24 mM NaHCO3 and 3.2 mM H2 O2 , but there was no significant difference for other stresses
tested. Similarly, Arabidopsis transgenic for rgMT displayed significantly improved seed germination rates over that of the
control when the seeds were stressed with 100 µM CuCl2 or 1 mM H2 O2 . Increased biomass was observed in the presence of
100 µM CuCl2 , 220 µM FeCl2 , 3 mM Na2 CO3 , 5 mM NaHCO3 or 1 mM H2 O2 . These results indicate that the expression of
the rice rgMT gene in transgenic yeast and Arabidopsis is implicated in improving their tolerance for certain salt and peroxide
stressors.
[Jin S., Sun D., Wang J., Li Y., Wang X. and Liu S. 2014 Expression of the rgMT gene, encoding for a rice metallothionein-like protein in
Saccharomyces cerevisiae and Arabidopsis thaliana. J. Genet. 93, 709–718]

Introduction
Soil and water pollution resulting from toxic heavy metal
ions in the environment is a major problem worldwide. High
levels of heavy metal ions such as Cu, Cd and Zn can be quite
toxic to plant growth and development, and result in many
deleterious physiological problems (Hall 2002). High levels
of salinity (NaCl) and alkalinity (NaHCO3 and Na2 CO3 ) in
the soil dramatically affect osmotic pressure and soil pH readings, so that the productivity of land in cultivation or that used
as pasture for livestock is greatly restricted (Jixun et al. 1998).
∗ For correspondence. E-mail: Xinwang Wang, xw-wang@tamu.edu;

Shenkui Liu, shenkuiliu@nefu.edu.cn.

There are two well-characterized heavy metal-binding
ligands in plant cells: (i) phytochelatins (PCs), a family
of enzymatically active cysteine-rich peptides and (ii)
metallothioneins (MTs) (Rauser 1999; Clemens 2001). MTs
are comprised of a super family of evolutionarily conserved,
low molecular mass (4–10 kDa), cysteine-rich proteins that
act to chelate heavy metals by virtue of their high affinity
for the thiol group of the cysteine (Cys) residues, and
thereby protect plants from heavy metal toxicity (Hamer
1986; Thirumoorthy et al. 2007). MTs were first isolated as
Cd-binding proteins from horse kidney in 1957 (Margoshes
and Vallee 1957). Based on the arrangement of Cys residues
within the polypeptide, MTs were classified into three distinct categories (Robinson et al. 1993). The MTs found in
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higher plants belong to the type II class of proteins, which
contain two Cys-rich clusters separated by a spacer region,
and can be further categorized into four subcategories based
on the distribution patterns of Cys residues at the amino (N)terminals and carboxy (C)-terminals of the protein (Robinson
et al. 1993).
In plants, wheat germ protein, Ec, was the first plant MT
identified due to its ability to bind with zinc in wheat (Lane
et al. 1987). Since then, multiple MT isoforms have been
reported in plants; examples can be found in rice (Zhou et al.
2006), a wild relative Porteresia coarctata (Usha et al. 2011),
Arabidopsis (Zhou and Goldsbrough 1994), Elsholtzia
haichowensis (Xia et al. 2012), feather fingergrass (Chloris
virgata Swartz) (Nishiuchi et al. 2007), cork oak (Quercus
suber) (Mir et al. 2004) and cotton (Xue et al. 2009). Two
Arabidopsis MT genes were used to transform MT-deficient
yeast and showed functional complementation by providing tolerance to Cu and Cd (Zhou and Goldsbrough 1994).
Thus, the function of the MT family of genes has been
demonstrated as providing protection against metal toxicity or oxidative stress and being involved in regulation of
intracellular metals (Kumari et al. 1998; Krezel and Maret
2007). The mechanism for metal tolerance in plants is most
likely the result of MTs ability to maintain the homeostasis
of essential metal ions, detoxifying heavy metals or scavenging reactive oxygen species (ROS) (Nishiuchi et al. 2007;
Guo et al. 2008; Xue et al. 2009). Additionally, plant MTs are
also involved in some important developmental processes,
such as fruit ripening, root development and suberization
(Mir et al. 2004; Moyle et al. 2005).
A MT-like gene, rgMT, was first isolated from rice
(Oryza sativa) genomic DNA which plays important roles
in alleviating both heavy metal (Cu) stress and heat shock
(Hsieh et al. 1995). So far, 11 MT isoforms have been discovered and characterized in rice (Cobbett and Goldsbrough
2002). Type I MT gene OsMT-I-1a (Os12g38270) e.g., has
been characterized to play a pivotal role in Zn homeostasis
and drought tolerance (Yang et al. 2009). Another type I MT
isoform OsMT-I-1b (Os03g17870) from rice has been characterized for its ability to bind Ni2+ , Cd2+ and Zn2+ ions
in vitro, but does not bind Cu2+ ion (Nezhad et al. 2013).
Rice MT isoform, OsMT2b (Os01g74300), was reported to
express in immature rice panicles, scutellum of germinating embryos and primordium of lateral roots (Yuan et al.
2008). Dong et al. (2010) reported a novel rice MT isoform OsMT-I-4b (Os12g38051) in roots and buds with a
promoter whose activity was highly upregulated by abscisic
acid (ABA), drought, dark and heavy metals. The expression
patterns of these MT isoforms have been characterized at the
mRNA level but no work has been carried out on the corresponding protein expression levels. The rgMT gene from
root tissue of rice was isolated in the laboratory and analysed to describe its effectiveness in imparting tolerance to
salts as well as metal ions (Zn2+ , Cu2+ and Cd2+ ) in the
transgenic prokaryote model system, Escherichia coli (Jin
et al. 2006). Although previous studies have indicated that
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plant MT genes play an important role in alleviating Zn2+ ,
Cu2+ and Cd2+ stresses, the effectiveness of the rgMT gene
in response to Fe2+ and Na+ stresses are unknown. Thus,
the objective of this research was to study the expression of
the rgMT gene in transgenic eukaryotic model system yeast
(Saccharomyces cerevisiae) and higher plant, A. thaliana,
when challenged with heavy metal ions, salts and oxidative stresses. The subcellular localization of the rgMT gene
product was also investigated.

Materials and methods
Construction of expression vectors and yeast transformation

Previously the metallothionein-like (designed as rgMT, GenBank number U46159) was isolated from rice (O. sativa L.
Nipponbare) root cDNA library under NaHCO3 stress. This
gene is located on chromosome 11 of O. sativa sp. japonica
genome. The whole genome analysis of rice (O. sativa) was
conducted to compare the rgMT gene amino acid sequence
with 11 published rice metallothionein amino acid sequences
that were retrieved from the O. sativa TIGR database
(http://rice.plantbiology.msu.edu/index.shtml). The multiple
sequence alignment of these rice MT protein sequences was
performed using ClustalX and later it was manually edited in
MEGA ver. 4 (Tamura et al. 2007).
In this study, the coding region of the rgMT gene was
amplified from pMD18T-rgMT plasmid DNA with BamHI
sense primer 5 GGATCCATGTCTTGCAGG-3 (restriction
site underlined for all restriction enzymes) and XhoII antisense primer 5 CTCGAGTTAACAGTTGCA-3. The PCR
amplified fragments were digested with BamHI and XhoII
and then subcloned to the same site of the pYES2
expression vector (Clontech, Tokyo, Japan) resulting in
pYES2-rgMT. Green fluorescent protein (GFP) fragment
was obtained from the plasmid pEGFP DNA (Clontech)
with BamHI and NotI digestion, and then subcloned to
the same site of pYES2 to construct the control vector
(pYES2-GFP). To construct the pYES2-rgMT-GFP expression vector, the coding region of rgMT gene was amplified from pMD18T-rgMT plasmid DNA with HindIII sense
primer 5 AAGCTTATGTCTTGCAGG-3 and BamHI antisense primer 5 GGATCCCGACAGTTGCAAGG-3, and the
fragments were digested with HindIII and BamHI and then
subcloned to the same site of pYES2-GFP.
The plasmid DNAs of pYES2-rgMT, pYES2-GFP and
pYES2-rgMT-GFP were, respectively transformed into the
competent yeast strain INVSc1 (S. cerevisiae) (Clontech)
using the electric impulse method following the manufacturer’s instructions for protein expression.
Construction of expression vectors and Arabidopsis
transformation

The rgMT gene coding region was amplified from pMD18TrgMT plasmid DNA with the previously described BamHI
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sense primer and SacI antisense primer 5 GAGCTCTTAAC
AGTTGCA-3 . The PCR fragments were digested with
BamH1 and SacI enzymes and then subcloned to the
same site of pBI121 binary vector (Clontech) resulting in
pBI121-rgMT. The above pYES2-rgMT-GFP plasmid DNA
was amplified using the same BamHI sense primer and
SacI antisense primer 5 GAGCTCTTACTTGTACAGCTC3 . The corresponding fragment (containing both rgMT and
GFP genes) was ligated into the same site of pBI121
to construct the pBI121-rgMT-GFP expression vector. A
control vector pBI121-GFP was constructed by the ligation of pBI121 and the coding region of GFP gene
from the plasmid pEGFP DNA (Clontech) (SmaI, sense
primer 5 CCCGGGATGGTGAGCAAGGGC-3 and aforementioned SacI antisense primer).
The plasmid DNAs of pBI121-rgMT, pBI121-rgMTGFP and pBI121-GFP were respectively cloned into the
binary vector of Agrobacterium tumefaciens strain EHA105
(Clontech) and used to transform A. thaliana using the
floral dip method (Clough and Bent 1998) for protein
expression.

Subcellular localization of rgMT gene in transgenic yeast
and Arabidopsis

The subcellular localization of the gene product resulting from the expression of the rgMT transgene was made
possible by the use of a microscope with UV optics that
enable the visualization of the green florescence produced
by rgMT/GFP fusion protein. Transformed yeast cells were
precultured in liquid YPD medium (1% yeast extract + 2%
peptone + 2% D-glucose) at 30◦ C overnight. The cultured
cells were collected and washed thrice with liquid YPG (1%
yeast extract + 2% peptone + 2% galactose). These cells
were cultured in a liquid YPG medium at 30◦ C for 8 h
to induce the rgMT gene and the GFP gene as well. The
seeds of the T0 transgenic Arabidopsis lines were sown on
the half-strength MS medium supplemented with 50 mg L−1
kanamycin.
GFP fluorescence was detected in both transgenic yeast
and Arabidopsis lines (Sheen 2001) using FluoView FV500
confocal laser scanning microscope (Olympus, Tokyo,
Japan).
Stress tolerances of the transgenic yeast and Arabidopsis

Southern blot analysis

Genomic DNA of transgenic Arabidopsis was isolated from
two-week-old plants using the standard CTAB method
(Murray and Thompson 1980). Approximately 6 µg DNA
per lane was digested with BamHI and separated on
1% (w/v) agarose gel. The fragments were transferred
to the Hybond-N+ nylon membrane (Amersham Pharmacia, Shanghai, China) and hybridized with a digoxigenin (DIG)-labelled full-length cDNA containing rgMT
gene at 50◦ C overnight. The probe was the production
of full-length rgMT gene amplified with forward primer
(5 -ATGTCTGCAGCTGGTGG-3) and a reverse primer
(5 -TTAACAGTTGCAAGGG-3) using PCR digoxigenin
(DIG) Labelling Mix (Roche, Basel, Switzerland). The signals were detected with CDP-Star detection reagent (Tropix,
Foster City, USA) using Amersham Pharmacia Biotech
Imagemaster VDS-CL Multi Function Bio-imaging Station
(Amersham Pharmacia).

Transgenic yeast cells containing pYES2-rgMT and pYES2
(control) were, respectively incubated in the YPD medium
overnight at 30◦ C. The concentration of overnight culture
was adjusted to OD600 = 0.5. Culture solutions with serial
dilutions (10, 10−1 , 10−2 , 10−3 and 10−4 ) were spotted onto
YPD agar plates supplemented with 160 µM CdCl2 , 7 mM
CuCl2 , 10 mM FeCl2 , 10 mM ZnCl2 , 1 M NaCl, 10 mM
Na2 CO3 , 24 mM NaHCO3 or 3.2 mM H2 O2 , respectively.
The seeds of wild type (WT) and the third generation
transgenic Arabidopsis lines were surfaced-sterilized with
70% ethanol for 1 min followed by 1% NaClO solution for
3 min. The seeds were then rinsed in sterile water thrice, and
sowed on agar solidified half-strength MS medium containing 1% (w/v) sucrose, supplemented with 100 µM CdCl2 ,
100 µM CuCl2 , 220 µM FeCl2 , 300 µM ZnCl2 , 150 mM
NaCl, 3 mM Na2 CO3 , 5 mM NaHCO3 or 1 mM H2 O2 ,
respectively. Seeds were also germinated on the regular
MS medium as a control. Root length and fresh weight
were recorded after 14-d stresses applied. The plates were
positioned vertically on shelves to measure the roots.

Northern blot analysis

The expression level of rgMT gene in transgenic yeast
and Arabidopsis plants was shown by Northern blot. Total
RNAs from transgenic yeast and Arabidopsis were extracted
using the RNeasy Mini Kit (Qiagen, Düesseldorf, Germany)
according to the manufacturer’s instructions. RNAs were
fractionated on 1% agarose–formaldehyde gel and transferred onto Hybond N+ membranes (Amersham Pharmacia), they were then hybridized with a DIG-labelled fulllength rgMT gene at 50◦ C overnight. The signal detection in
Northern blot followed the same procedures as in Southern
blot.

Results
Comparison of rgMT gene protein sequences and other rice MT
protein sequences

Eleven MT gene amino acid sequences in O. sativa were
retrieved from Rice Genome Annotation Project database
(http://rice.plantbiology.msu.edu/index.shtml), namely, Os01
g05585.1 (Chr. 1), Os01g05650.1 (Chr. 1), Os01g74300.1
(Chr. 1), Os03g17870.1 (Chr. 3), Os05g11320.1 (Chr. 5),
Os11g47809.1 (Chr. 11), Os12g38010.1 (Chr. 12), Os12g
38051.1 (Chr. 12), Os12g38270.1 (Chr. 12), Os12g38290.1
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rgMT-transgenic lines grew better than the control in the
presence of 7 mM CuCl2 and 10 mM FeCl2 . There was no
significant difference in growth between the rgMT-transgenic
line and control under 160 µM CdCl2 , 10 mM ZnCl2 or
10 mM Na2 CO3 stress and also there was no significant difference in growth of the rgMT-transgenic line versus the control in the presence of 1 M NaCl but the former showed better growth than the latter. Overall, the rgMT-transgenic line
grew better in the presence of 24 mM NaHCO3 or 3.2 mM
H2 O2 than the control (figure 3).

Os05g11320.1

100

Expression of rgMT gene in transgenic Arabidopsis in response
to stresses

0.1

Figure 1. The phylogenetic tree of MTs reported from rice (O.
sativa) based on their amino acid sequences. The scale bar represents 0.1 changes per nucleotide. Boost values are from 1000 replicates. Solid lozenge indicates that the rgMT amino acid sequence
was clustered together with Os11g47809.1.

(Chr. 12) and Os12g38300.1 (Chr. 12), respectively. ClustalX
results revealed that rgMT gene amino acid sequence
has 100% identity with Os11g47809 in O. sativa sp.
japonica and both of them were on chromosome 11 clustered
with other type I members (Kumar et al. 2012). The rooted
phylogenetic tree of the OsMT genomic sequences (Yang
et al. 2009) showed a very close relationship between them
(figure 1).

Three transgenic Arabidopsis lines (T1 , T2 and T3 ) were
selected for Northern blot analysis (figure 4). The overexpression of the rgMT gene in transgenic Arabidopsis
was enabled by the constitutive expression provided by the
CaMV35S promoter. The results showed that each transgenic
line had a high level of rgMT gene expression as demonstrated by a strong hybridization signal (figure 4). No transcript signal corresponding to the size of rgMT transcript
was detected in WT plants, indicating that there is no MT
sequence homology between rice and Arabidopsis genomes
(figure 4). Southern blot data showed only one copy of the
transgene in each of the three transgenic Arabidopsis lines
(figure 5).

Expression of rgMT gene in transgenic yeast in response
to stresses

Subcellular localization of rgMT gene product/protein
in transgenic yeast

Abiotic stress factors that induced the expression of the
rgMT transgene in yeast were investigated. Two transgenic
yeast lines were obtained: one contained empty pYES2
(control) and another contained rgMT gene. Northern blot
analysis showed a strong signal of total RNA hybridizing
with a DIG-labelled rgMT probe (figure 2), indicating the
rgMT gene expression in the transgenic yeast. Significant
differences were observed in the growth rate of transgenic
yeast cells under various abiotic stresses studied (figure 3).
No difference between rgMT-transgenic line and control
was found when there was no stress applied. However, the

The pYES2-GFP (control) and pYES2-rgMT-GFP vectors
were successfully transformed into the cells of yeast strain
INVISc1 (figure 6). The green fluorescence of pYES2-GFP
(figure 6a) and pYES2-rgMT-GFP (figure 6b) fusion proteins
were observed inside the cytoplasm, indicating that the rgMT
gene was localized peripherally into the yeast cytoplasm.

pYES2

pYES2-rgMT

Subcellular localization of rgMT gene in Arabidopsis

Agrobacterium binary vectors containing either pBI121GFP (control) or pBI121-rgMT-GFP were transformed into
Arabidopsis to obtain transgenic plants carrying rgMT
and GFP transcriptional fusion proteins. The results indicated that both pBI121-GFP (figure 6c) and pBI121-rgMTGFP (figure 6d) were detected by green fluorescence
appearing in the cytosol of the transgenic Arabidopsis
leaves.

Stress tolerance of the transgenic Arabidopsis

Figure 2. The expression of rgMT gene in transgenic yeast
detected by Northern blot. The upper band indicates the Northern
blot and the lower bands indicate the PCR detection on agarose gel.
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The seed germination rates of the Arabidopsis transgenic
line and WT were investigated by measuring the root
length (table 1) and fresh weight (table 2) of 15 plants of
each genotype under different stresses. When tested on a
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Figure 3. Cell growth of rgMT-transgenic yeast in the presence of various stresses. Serial 10-fold dilutions of yeast
cells containing pYES2-rgMT and pYES2 (control) were grown onto solid YPD media supplemented with the indicated
stress for 3–7 days at 30◦ C.

control medium without stress treatments, there were no significant differences observed for root length and fresh weight
between WT and transgenic lines. However, when the germination medium was supplemented with various free radical
ion concentrations, both root length and fresh weight of the
WT plant were significantly lower than the control (without
stress treatment), indicating that the seed germination rate
of the WT was inhibited in the presence of certain abiotic
stresses. In contrast, the root and fresh weight of Arabidopsis line showed no significant difference when compared

to the control under most of the stress treatments, except
for 100 µM CdCl2 and 150 µM NaCl. When compared to
the WT, the roots of T plants were longer when stressed
by 100 µM CuCl2 and 1 mM H2 O2 (table 1), and more
fresh weight under the stresses of 100 µM CuCl2 , 220 µM
FeCl2 , 3 mM Na2 CO3 , 5 mM NaHCO3 and 1 mM H2 O2
(table 2).

WT

WT

T1

T2

T1

T2

T3

T3

Figure 4. The expression of rgMT gene in transgenic Arabidopsis detected by Northern blot. The upper band indicates the Northern blot and the lower bands indicate the PCR detection on agarose
gel. WT, wild type plant; T1 , T2 and T3 are the third generation
transgenic lines harbouring the rgMT gene.

Figure 5. The expression of rgMT gene in transgenic Arabidopsis detected by Southern blot. WT, wild type plant. T1 , T2 and T3
are the third generation transgenic lines harbouring the rgMT gene.
Southern blot shows the copies of the rgMT gene in T1 , T2 and T3
transgenic lines.
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GFP + bright

Bright

pBI121-rgMT-GFP

GFP

pBI121-GFP

(a)

(b)

GFP+chlorophyll

DIC

pYES2-rgMT-GFP

GFP

pYES2-GFP

(c)

(d)
Figure 6. Laser scanning confocal images of rgMT-transgenic yeast INVISC1 (S. cerevisiae) (a and b) and A. thaliana (c and d) cells
which were captured by the FluoView FV500 confocal laser scanning microscope (Olympus, Japan) at 488 nm. Imaging was, respectively
visualized under green fluorescent protein channel (GFP), merged GFP and bright light channel (GFP + bright) and bright channel (Bright)
for yeast cells and under green fluorescent protein channel (GFP), merged green fluorescent protein (green) and chlorophyII autofluorescent
(red) channel (GFP + chlorophy) and transmission light channel with differential interference contrast (DIC) for Arabidopsis cells. (a)
Expression of the GFP protein in yeast; (b) expression of the rgMT-GFP fusion protein in yeast; (c) expression of the GFP protein in
Arabidopsis; (d) expression of the rgMT-GFP fusion protein in Arabidopsis.
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Table 1. Comparison of root length between Arabidopsis wild type (WT) and transgenic line (T) under different abiotic
stresses. Values are means ± SD of 15 plants of each genotype.

Mean (cm)

WT
Compared
to control

Compared
to WT

2.75± 0.17
0.00± 0.00
1.57± 0.15
1.32± 0.09
2.05± 0.06
1.56± 0.08
1.22± 0.09
1.81± 0.15
0.15± 0.03

aA
bB
bB
bB
bA
bB
bB
bB
bB

aA
aA
aA
aA
aA
aA
aA
aA
aA

Stress

Control
100 µM CdCl2
100 µM CuCl2
220 µM FeCl2
300 µM ZnCl2
150 µM NaCl
3 mM Na2 CO3
5 mM NaHCO3
1 mM H2 O2

Mean (cm)

T
Compared
to control

Compared
to WT

2.71± 0.14
0.05± 0.00
2.25± 0.05
1.47± 0.00
2.18± 0.12
1.82± 0.13
1.28± 0.08
2.00± 0.06
0.99± 0.08

aA
bB
bA
bB
bA
bB
bB
bA
bB

aA
aA
bA
aA
aA
aA
aA
aA
bB

Lower and upper case letters indicate 5 and 1% significant levels, respectively. Control without any treatments.
Table 2. Comparison of fresh weight between Arabidopsis wild type and transgenic line under different abiotic stresses. Values
are means ± SD of 15 plants of each genotype.

Mean (cm)

WT
Compared
to control

Compared
to WT

5.12± 0.11
1.64± 0.02
3.36± 0.14
3.27± 0.12
4.44± 0.12
2.78± 0.19
1.75± 0.08
3.31± 0.10
303± 0.07

aA
bB
bA
bA
bA
bA
bB
bA
bB

aA
aA
bA
aA
aA
aA
aA
aA
bB

Stress

Control
100 µM CdCl2
100 µM CuCl2
220 µM FeCl2
300 µM ZnCl2
150 µM NaCl
3 mM Na2 CO3
5 mM NaHCO3
1 mM H2 O2

Mean (cm)

T
Compare
to control

Compared
to WT

5.07± 0.07
1.84± 0.02
4.73± 0.08
4.33± 0.04
4.61± 0.16
2.85± 0.03
3.31± 0.10
4.64± 0.15
4.44± 0.05

aA
bB
aA
aA
aA
bB
bB
aA
aA

aA
aA
bA
bA
aA
aA
bB
bA
bA

WT, wild type; T, transgenic line.
Lower and upper case letters indicate 5 and 1% significant levels, respectively. Control without any treatments.

Discussion
A MT-like gene, rgMT was first isolated from rice genomic
DNA (Hsieh et al. 1995) and differential expression of
this gene in rice roots, leaves and sheaths was confirmed,
when exposed to heavy metals and heat shock stresses. To
date, there are 13 MT genes and 15 protein products in
O. sativa sp. japonica genome (Kumar et al. 2012). The
MT gene family plays an important role in plant reaction
to heavy metal toxicity (Kumari et al. 1998; Guo et al.
2003; Brkljacic et al. 2004; Lee et al. 2004; Wu and Chen
2005; Zhigang et al. 2006) and oxidative stresses. (Krezel
and Maret 2007; Zhu et al. 2009; Samardzic et al. 2010), as
well as increasing seed germination and seedling vigour
(Zhou et al. 2012). A homologue of MT gene was obtained
from rice root cDNA library and its overexpression in
Escherichia coli under metal, salt and drought stresses
was studied (Jin et al. 2006). This gene protein product
showed 100% similarity with Os11g47809.1 in O. sativa
sp. japonica on chromosome 11 (Yang et al. 2009; Kumar
et al. 2012). The function of the homologue in other O.

sativa sp. japonica cultivars has been analysed under NaCl,
CuSO4 and ZnSO4 stresses (Kumar et al. 2012). The rgMT
gene expression in yeast and Arabidopsis when exposed
to various metal ions, salts and oxidative stresses were
studied. Since, plant MT genes do not in general contain
transit peptides (Zhou et al. 2012), it was predicted that
these proteins would be localized in the central vacuole
(Vögeli-Lange and Wagner 1990). Subcellular fractionation
of extracts from S. pombe which were engineered to contain
an HMT1-lacZ fusion protein demonstrated that the vacuolar
membrane fraction contained the fusion protein (Ortiz et al.
1992). The results indicate that the fusion protein (rgMTGFP) was located in the cytoplasm of the transgenic cells
which was also in agreement with the other published studies (Lee et al. 2004; Wong et al. 2004; Zhigang et al. 2006).
These results indicate that MT is a cytoplasmic protein rather
than a structural membrane protein, with the rgMT gene
product residing predominantly in the cytoplasm protecting
cells from the extreme damaging environmental conditions.
Previous studies have shown that yeast share similar
metabolic pathways with plants and its functional protein
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operating system is relatively simple (Holdsworth et al.
2008). It was hypothesized that the rgMT-transgene when
introduced into yeast has the ability to increase its tolerance to stress. We also explored whether the rgMT rice
gene could function to protect against metal ions, salts
and oxidative stressors in transgenic yeast and Arabidopsis.
The cells of the transgenic lines harbouring the rgMT gene
were found to be protected, when exposed to various abiotic stresses. The rgMT transgene provided no significant
improvement in response to CdCl2 stress, in agreement with
the observations by Hsieh et al. (1995). The results indicated that the rgMT gene plays an important role in protection from metal, salt and oxidative stressors in both yeast and
Arabidopsis.
Seed germination resulting in seedling vigour is an important step for plant establishment. However, seedling can be
depleted when certain environmental stressors are encountered (McDonald 1999; Holdsworth et al. 2008). Overexpression of the rgMT gene can serve to stimulate the plant’s
ability to grow even when certain stress conditions exist.
The results show that transgenic lines have the potential to
have higher seed germination rates and improved seedling
vigour when challenged with diverse environmental conditions (Dickson 1980). These improvements can be explained
by the protective effects of the rgMT gene product when
challenged with environmental stressors (Zhou et al. 2012).
This study shows that rgMT-transgenic Arabidopsis plants
demonstrated increased salt or oxidative tolerances during
early developmental stages of seedling growth. The growth
of both root radical and rapidly expanding young leaves
were less affected by the stress threat in the rgMT transgenic lines, compared to the WT plants. These functions
have been demonstrated in rice in response to heavy metal
(Dong et al. 2010) and drought stresses (Yang et al. 2009).
It has been previously demonstrated that plant MTs can have
an impact on plant growth and development processes by
remediating the negative effects of abiotic stressors
(Bhalerao et al. 2003). One of the mechanisms by which the
stress can affect the plant cell is by inducing the generation
of reactive oxygen species (ROS) (Menezes-Benavente et al.
2004; Huang et al. 2005). Under these conditions, the plant
MTs may serve to protect and function as ROS scavengers
that are produced in response to oxidative stresses imposed
by an adverse environment (Navabpour et al. 2003; Akashi
et al. 2004; Mir et al. 2004; Wong et al. 2004; Xue et al.
2009; Samardzic et al. 2010). For example, the Cd detoxification mechanism of AtMT2a and AtMT3 may not include
sequestration of Cd into vacuoles or other organelles, but
rather serve to reduce ROS in Cd-treated cells (Zhu et al.
2009). The Arabidopsis T-DNA insertion mutant, mt2a, had
higher H2 O2 levels than WT plants under cold stress
(Zhu et al. 2009). The elevated expressions of MT
genes in buckwheat (Fagopyrum esculentum Moench)
and Quercus suber cork were found under exogenous
H2 O2 treatment (Mir et al. 2004; Brkljacic et al. 2004).
Recently, a type-2 MT gene in rice, OsMT2b, was demonstrated to be involved in ROS scavenging and signalling
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(Wong et al. 2004). Another type-2 MT gene, OsMT1e-P,
overexpressed in tobacco resulted in lower amounts of ROS
(H2 O2 ) accumulation under salinity stress. In this study, the
rgMT-transgenic Arabidopsis had higher tolerance levels
than the nontransgenic lines, indicating that the rgMT gene
enhanced their tolerance to salt stress by serving as ROS
scavengers. The antioxidative properties of the rgMT gene
might be a function of the sulfhydryl complex in the protein. However, the elevated gene expression in Arabidopsis
and yeast under abiotic stresses requires further research in
transgenic rice.

Conclusion
By searching the whole rice genome sequences, the rice metallothionein (rgMT) gene was found to be a homologue to
the other type 1 members in the chromosome 11 in O. sativa
sp. japonica genome. The expression of rgMT gene was verified as being located in the cytoplasm of the cells of transgenic yeast and Arabidopsis under certain concentrations
of salt, metal and oxidant stresses. Transgenic yeasts and
Arabidopsis plants presented vigourous cell growth or
increased seed germination rate and biomass yield when
compared to nontransgenic yeast or Arabidopsis under various stresses. Thus, the rgMT gene plays an important role in
alleviating the toxic effects of metal ions (CuCl2 and FeCl2 ),
salts (Na2 CO3 and NaHCO3 ) and oxidative (H2 O2 ) stresses
that the rice plants may encounter in soil. These elevated
gene expressions are yet to be further confirmed in transgenic
rice genome under various abiotic stresses.
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