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ABSTRACT

This paper describes the method of isolation of the metallothionein gene from white mustard also known
as Brassica rapa var parachinensis. White mustard is one of the main vegetables planted and consumed by
human beings worldwide. This vegetable is usually grown on a large scale and requires a good irrigation
system. Tolerance of the white mustard plant to heavy metal pollution has caught the interest of many
researchers motivating them to try to isolate the gene that is believed to be able to  detoxify  toxic elements 
in the soil. And this gene is known as metallothionein. In the current study, the DNA genome from the white
mustard was isolated, followed with the amplification process of the  the metallothionein gene with the
polymerase chain reaction (PCR) using a specific primer namely MTFS. The optimum annealing temperature
was 57oC and a bright 230 bp band was  seen on 1% agarose gel. The PCR product was then purified for
further use in sequencing and cloning activities. The sequencing results showed successful isolation of the 
metallothionein gene from the DNA genome with significant match of the nucleotide sequences to those from
other organisms which also carried the metallothionein gene. This is also proof that the white mustard plant
carries the class II metallothionein gene because its cystein residues were distributed all over its sequence. The
gene was successfully cloned using the pDrive cloning vector into the QIAGEN EZ competent cell be stored
in the glycerol stock for further use.
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Introduction

Heavy  metal pollution in  the biosphere has
increased rapidly since the onset of the industrial
revolution and heavy metal toxicity has contributed
to major environmental and health problems [8]. The
primary sources of heavy metal pollution are mining
and smelting of metalliferous ores, burning of leaded
gasoline, disposal of municipal sewage, and industrial
wastes [2]. To overcome these pollution problems,
the use of biological materials to cleanup heavy

metal contaminated soils has been focused on the
application of an efficient and affordable form of
bioremediation. Phytoremediation is an emerging
treatment of low cost technology that utilizes plants
to remove, transform, or stabilize contaminants in the
water, sediments or soils [2].

Plants which are ideal for phytoremediation
should be fast-growing, have high biomass, an
extensive root system, be easily harvested, and
capable of tolerating and accumulating a wide range
of heavy metals in their  harvestable parts [12]. The
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plants should also have the ability to accumulate
essential and nonessential elements from the soil
through their root system [11]. The plants that have
the ability to absorb heavy metals do so because of
the presence of the metallothionein gene in their
DNA genome.

Metallothionein belongs to a group of proteins,
encoded within the protein gene which is rich in
cystein residue [1,5]. MTs are low molecular mass
cytosolic proteins which are found in animals, higher
plants, eukaryotic organisms, and some prokaryotes
[4]. Metallothioneins have the capacity for a high-
affinity binding with metal ions, and play an
important role in their regulation e.g the ozone
treatment in the cell of Norway spruce [6]. The
function of animal MTs has been reported as being
a ‘storehouse’ for zinc, a free-radical scavenger, or
as a protector against Cd [8].

The Metallothionein gene has been identified as
able to detoxify metals that are present in the plant
by chelating the metals such as mercury, cadmium,
plumbum and zinc [3]. This gene has also been
identified to be involved in the homeostasis of
essential trace metals, zinc and copper or in the
sequestration of the environmentally toxic metals for
example cadmium and mercury [10]. The
metallothionein gene is also involved in the defense
response of the plant against pathogens, apoptosis,
plant growth and heavy metal metabolism in plants
[5]. The expression of the metallothionein gene in a
plant can be used as a biological sensor to detect the
metal pollution of the surrounding area. The
production of the metallothionein gene can be
stimulated by plant hormones, virus infections,
senescence [7] and heavy metal pressure [9]. 

The white mustard is a vegetable which is able
to grow on metal polluted soil. Therefore, the
objective of this study was to isolate the gene that is
believed to be able to detoxify toxic metals in the
soil.

Materials and Methods

Sources of Organism and Primer:

White mustard plants were randomly bought
from the wet market at Bandar Baru Bangi, Selangor,
Malaysia. The primers namely MTFS and MTRS
were obtained from the School of Bioscience and
Biotechnology, Universiti Kebangsaan Malaysia.

Isolation of Genomic DNA:

The cells were first frozen and ground in the
presence of liquid nitrogen. The genomic DNA from
the white mustard samples was extracted using the
Doyle & Doyle method with the CTAB solution. The
extracted genomic DNA was then used as a template

in the Polymerase Chain Reaction (PCR) method.  

Polymerase Chain Reaction (PCR):

The Polymerase Chain Reaction (PCR) is a
technique normally used to amplify a certain gene in
the DNA genome. The components of the PCR are
presented in Table 1. A thermal cycle was used in
this process to amplify the gene. The thermal cycle
profile involved denaturing for 60 s at 94°C,
annealing the primers for 60 s at 57°C and extending
the primers for 45 s at 72°C. The cycle was repeated
30 times. The primers used were: 

F 5’ - ATGTCTTGCAGCTGCGCATCA -3’ (21
bases)
R 5’- TTAGCAGTTGCAGGGGTTGCA -3’ (21
bases)

Purification:

The PCR product from the amplification process
was run on agarose gel and the expected band of the
MT gene band was cut for purification using the
QIAquick Gel DNA Extraction Kit from Promega,
USA. The product (to be purified) was sent for
sequencing and later used for the cloning method.

Sequence Analysis:

The sequence should be analyzed to ensure the
type of the gene present. An analysis of the
sequencing result was carried out using specific
software such as Expasy, ClustalW and BLAST from
the NCBI GeneBank. The results of the analysis
would determine the gene that was amplified. 

Cloning:

The cloning method was performed using the
QIAGEN PCR Cloning Kit from Promega, USA. The
purified PCR product was ligated with the pDrive
cloning vector and then transformed into the
QIAGEN EZ competent cell. Then, the competent
cell was transferred to the LB medium that contained
kanamycin (antibiotic), X-gal and IPTG. These
components were used for blue-white selection. From
the blue and white colonies visible, only the white
colonies present were picked up and used for the
template for the PCR colony because the white
colony was the recombinant cell that survived when
the antibiotic was used. On the other hand, the
digestion of the plasmid using restriction enzymes
such as the EcoR1 and Xho1 was used to determine
the size of the inserted gene and to confirm that the
expected gene was inside the plasmid. The
recombinant cell was later stored in the glycerol
stock for future use.
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Table 1: Components of  the PCR
Component Concentration Volume (uL)
10X Extraction buffer 1/10 of final volume 2.50
dNTP 200 uM 0.50
Forward primer 1 uM 1.00
Reverse primer 1 uM 1.00
MgCl2 1.5 mM 1.00
Taq polymerase 2.5 unit 0.25
Template 1 ug 5.00
ddH2O 13.75
Final volume 25

Table 2: The PCR Cycle
Cycle Temperature (°C) Time
Pre-Heating 94 4 min
Heating 94 1 min
Annealing 57 1 min
Extension 72 45 s
Final Extension 72 5 min

Results and discussion

The DNA genome was extracted using the Doyle
& Doyle method with the CTAB solution. The
purpose of using the CTAB solution was to separate
the DNA from the protein or carbohydrate. The
extracted DNA genome was used as a template for
the PCR. The PCR method amplified specific genes
in the DNA genome. So, the primer MTFS was
designed to specifically amplify the metallothionein
gene in the DNA genome of white mustard. The
results from PCR showed a single band of 230 bp
(Fig. 1). However a dimmer primer was also found
at the bottom of the agarose gel. However, when the
results were compared to the metallothionein gene
from Ipomoea reptans (water spinach) (l.) Poir, the
amplification was more perfect without the dimmer
primer with the same cycle and annealing
temperature of 57°C.

In order to discard this dimmer primer, the band
that existed on the agarose gel at size 230 bp was
cut for the purification. The purification step is very
important in order to prevent any problem in the
follow up processes of cloning and sequencing. The
cloning methods were separated into the ligation and
transformation processes. For the ligation, the
purified DNA was ligated with the pDrive cloning
vector. This vector was then transformed into the
QIAGEN EZ competent cell. The recombinant cell
was screened in the LB medium with the addition of
kanamycin, X-gal and IPTG. The blue colonies
formed were non-recombinant cells and the white
colonies were recombinant cells. The hydrolysis of
colourless X-gal by the β-galactosidase (in IPTG)
caused the characteristic blue colour in the colonies;
it showed that the colonies contained the vector
without insert. The white colonies indicated the
presence of foreign DNA and the loss of the cells
ability to hydrolyse the marker.

The molecular mechanism for blue/white
screening is based on genetic engineering of the lac
operon in the Escherichia coli laboratory strain

serving as a host cell, combined with a subunit
complementation achieved with the cloning vector.
The vector encodes the α subunit of LacZ protein
with an internal multiple cloning site (MCS), while
the chromosome of the host strain encodes the
remaining Ω subunit to form a functional β-
galactosidase enzyme. The MCS can be cleaved by
different restriction enzymes so that the foreign DNA
can be inserted within the lacZα gene, thus disrupting
the production of the functional β-galactosidase. The
chemical required for this screen is X-gal, a
colourless modified galactose sugar that is
metabolized by β-galactosidase to form an insoluble
product (5-bromo-4 chloroindole) which is bright
blue, and thus functions as an indicator. Isopropyl β-
D-1-thiogalactopyranoside (IPTG) functions as the
inducer of the Lac operon. The recombinant cells
were then used as a template for the PCR colony.
The PCR colony was performed to identify the gene
in the recombinant cell. The results of the PCR
colony from all the white colony recombinant cells
showed the amplification of 230 bp in size, which
meant that all the recombinant cells had the gene of
interest (Fig. 2).

To prove that the gene of interest was cloned,
the recombinant cell was digested in single and
double digestions. In the single digestion, the EcoR1
enzyme was used. Meanwhile, in the double
digestion, both the EcoR1 and Xho1 were used. The
results of the digestion process are shown in Fig. 3.
There was a band on the agarose gel at the size of
230 bp in the double digestion. The presence of this
band confirmed that the recombinant cell contained
the gene of interest with the size of 230 bp. The size
of the vector was 3.85 kb. The gene of interest was
reconfirmed by performing the sequencing process.
The sequence result would identify whether the gene
of interest was the metallothionein gene through the
sequence homology search.  

The sequencing result showed that there were
about 264 bp nucleotides consisting of the intron and
exon because there were only 60 amino acid that
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could be translated from the nucleotides. Therefore,
only 180 bp from the exon part could be translated
to later form the amino acid. The intron sequences
were

located before and after the exon sequences. The
translated amino acid started with the ATG codon
and stopped with the TAG codon. Fig. 4 shows the
nucleotide and amino acid sequences obtained using
the Expasy software for the metallothionein gene
from Brassica rapa var parachinensis. The sequence
homology search also revealed that this sequence had
a high sequence similarity with the members of the
metallothionein gene from other organisms.

Fig. 5 shows the nucleotide and amino acid
sequences obtained using the Expasy software for the
metallothionein gene from Ipomoea reptans (L.) Poir.
There were some differences in the amino acid
sequences between the two plants. The sequencing
result showed that there were about 199 bp
nucleotides consisting of the intron and exon but
there were only 48 amino acids that could be
translated from the nucleotides. Therefore, only 144
bp from the exon part could be translated to form the
amino acid. The intron sequences were located after
the exon sequences. The translated amino acid started
with AGA codon and stopped with TAG codon.

Fig. 1: (A) The PCR product on agarose gel with band size of 230 bp from Brassica rapa  var parachinensis.
1: 100 bp marker; 2: positive control; 3: PCR product (B) The PCR product on the agarose gel with
band size of 230 bp from Ipomoea reptans (L.) Poir 1: PCR product; 2: 100 bp marker

Fig. 2: The colony PCR product on agarose gel. The size of the band is 230 bp. 1: 100 bp marker; 2: PCR
product of colony 1; 3: PCR product of colony 2; 4: PCR product of colony 3; 5: PCR product of
colony 4

Fig. 3: The result of the digestion process on agarose gel. 1: 1 kb marker; 2: undigested vector; 3: single
digestion; 4: double digestion; 5: 100 bp marker. There is a single band at 230 bp in the double
digestion. This single band shows that the gene of interest has been separated from the vector
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Fig. 4: The nucleotides and deduced amino acid sequence of the Metallothionein gene from White mustard
(Brassica rapa var parachinensis)

Fig. 5: The nucleotides and deduced amino acid sequence of the metallothionein gene from water spinach
(Ipomoea reptans (L.) Poir)

Table 3: Similarity percentage of nucleotide sequences of the metallothionein gene from B.rapa var parachinensis to those from other
species using BLASTn

Similarity % Identity Organism Accession No. GenBank
mRNA MT 99 Eleusine indica DQ082855.1
mRNA Protein like MT 93 Cynodon dactylon AY601868.1
mRNA MT 92 Cynodon dactylon AY148157.1
mRNA Protein MT1 92 Allium sativum AY050510.1
OsMT-1 86 Oryza sativa U43529.1

Table 4: Similarity percentage of amino acid sequence of the metallothionein gene from B.rapa var parachinensis to other species using
BLASTx

Similarity % Identity Organism Accession No.  GenBank
Protein MT 99 Eleusine indica AAY85354.1  
Protein like MT 89 Cynodon dactylon AAT11797.1  
Fragment MT 87 Cynodon dactylon AAO18336.1  
Fragment MT1 87 Allium sativum AAL13057.1

BLAST is a software provided by the NCBI
(National Center for Biotechnology Information) that
can find the similarity of the nucleotide and protein
sequences with the GeneBank data. In the current
study, the BLASTn was used for the nucleotide
sequences and the BLASTx for the protein
sequences. The BLASTn analysis showed that the
nucleotide sequence of the gene of interest from B.
rapa var parachinensis had similarity with the
metallothionein gene from other species. Some of 
them were mRNA metallothionein from Eleusine
indica, mRNA metallothionein like protein from
Cynodon dactylon, mRNA metallothionein like
protein from Allium sativum and mRNA
metallothionein from Cynodon dactylon. The closest
similarity and equivalent to 99% identity of
nucleotide sequences was mRNA metallothionein
from Eleusine indica (DQ082855.1). Table 3 shows
the similarity percentage of the  nucleotide sequence

of the metallothionein gene from B. rapa var
parachinensis to those from other species using
BLASTn. 

The BLASTx analysis showed that the protein
sequence of the gene of interest from B. rapa var
parachinensis had similarity to the metallothionein
gene from other species. Some of  them were the
protein from Eleusine indica, the metallothionein like
protein from Cynodon dactylon, the metallothionein
fragment from Cynodon dactylon and the
metallothionein fragment from Allium sativum. The
closest similarity, equivalent to 99% identity of
nucleotide sequences was the protein from Eleusine
indica (AAY85354.1). Table 4 shows the similarity
percentages of the protein sequence of the 
metallothionein gene from B. rapa var parachinensis
to those from other species using BLASTx. 

Extraction of the DNA genome of
metallothionein had been performed and the size of
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the metallothionein gene, amplified using the PCR
method from agarose gel, was about 230 bp. The
annealing temperature used in the PCR was 57oC.
The alignment that was carried out showed that the
closest similarity of 99% was to metallothionein from
Eleusine indica. The two restriction enzymes used
namely EcoR1 and Xho1 were found to be suitable
for cutting the gene from the recombinant cell. The
cloning method was carried out to keep the gene in
the EZ competent cell for future research use.  
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