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Abstract

In current decades arsenic contamination in soil and water has become a serious global concern.
Phytoremediation is a promising green method for alleviating the arsenic contamination in soil. Pteris
vittata is the first identified arsenic hyperaccumulator. This review presents the biochemical and molecular
mechanisms involved in hyperaccumulation and phytoremediation of arsenic in P. vittata.

1. Introduction

Environmental pollution by toxic heavy metals and metalloids has become a serious problem in
the twenty-first century. Increased industrialization and urbanization are making this problem
more serious. Among toxic heavy metal(loid), arsenic (As) is widely distributed in nature with low
crustal abundance (0.0001%). Anthropogenic point sources such as slag, mine tailings, and wood
treatment can further contribute to As found in the environment. Naturally occurring As is broadly
distributed among subsurface areas used for drinking water around the globe [1]. As can be
bioaccumulated and biomagnified through the food chain/web, and ultimately causes carcinogenic
and neurotoxic effects on humans creating serious health hazards [2, 3]. There are several physical
and chemical remediation methods for As removal from contaminated areas but most of them have
limitations i.e. higher cost, intensive labor, irreversible in physical and chemical properties of soil,
and hampering the life processes of soil microflora [4]. Phytoremediation is one such novel
remediation method, considered as green alternative solution to the problem of toxic metal(loid)
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pollution. The term “phytoremediation” can be defined as “the use of green plants and their
associated microorganisms, soil amendments, and agronomic techniques to remove, contain, or
render harmless environmental contaminants”[5]. Mainly hyperaccumulator plants are used as a
phytoremediating agent which can be grown in toxic heavy metal(loid) contaminated sites to clean
up the toxicants [6]. Typically the hyperaccumulator plants have the TF (translocation factor) and
BCF (bio-concentration factor) values of more than 1, which sometimes reach50-100 [7, 8].
Chinese brake fern (Pteris vittata) can effectively hyper-accumulate the As present in the
environment in its above-ground biomass [9]. P. vittata has drawn extensive attention from
researchers since the discovery of its bioremediation potential in 2001 [9]. This review is focused
on recent molecular and biochemical studies related to the hyperaccumulation of As by P. vittata.

2. Arsenic hyperaccumulation by P. vittata

P. vittata has earned recognition in the scientific world as an As hyperaccumulator in 2001[9].
This plant is an excellent phytoextractor of As from soil, and can efficiently transport As through
xylem to its above ground parts [9, 10]. Oldfrond of this plant can accumulate up to 13.8 g As Kg
"I dry weight, which is 142 and 25 times higher than As in soil [11,] and its root [12]; respectively.
Normal frond contains up to 93% of the total As content in the plant [9, 10]. Recent studies indicate
that the basal and stalk cells of trichomes on the frond contain the highest levels of As compared
to other frond tissues[13]. As plays a dual role in influencing the growth of P. vittata depending
on its concentrations. Low levels of As in soil can stimulate the growth of P. vittata. For example,
100 ppm of As in the growth medium can increase by 40% in biomass compared to the control [9].
Beyond the threshold concentration of As in the growth medium growth is inhibited [14, 15].

3. Arsenic uptake, transport, detoxification and tolerance in P.vittata

Arsenate [As(V)] is the predominant form of As in aerobic soil over arsenite [As(II)], although
they are interconvertible depending on the redox regime of the environment. As is taken up by the
root system of P. vittata as form a of As(V) via phosphate transporter [16, 17, 18] because arsenate
is a chemical analog of phosphate [16], whereas arsenite is mostly found in the frond suggesting
that arsenate is reduced to arsenite in the plant body. Glutathione-dependent arsenate reductase is
responsible for the reduction of arsenate to arsenite is only detected in the root of P. vittata
indicting that arsenate reduction occurs mainly in the root [19]. Arsenite is translocated from root
to shoots through the xylem in both hyperaccumulators and non-hyperaccumulators [20, 21].
Recent studies show three possibilities deal with arsenite transport in P. vittata: (1) Efficient
Arsenite loading in the xylem is a key factor. (2) A higher degree of Arsenite complexation by
thiol-containing compounds [17, 21]. (3) Lack of arsenite efflux from cells to the external
environment of P. vittata helps inefficient translocation of arsenite from the roots to fronds. But
for As non-hyperaccumulators rapid arsenite extrusion from root cells is observed [18]. Plant cells
exhibit different strategies for As detoxification, like chelation by glutathione (GSH), vacuolar
sequestration, synthesis of heat shock proteins (HSPs), and secondary metabolites productions. As
in plant cells also enhances the production of GSH and phytochelatin (PC) biosyntheses. The key
process in As detoxification is the formation of As-PC complexes [22]. Bleeker et al., [23] reported
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an ABC-transporter involved in As-PC and As-GSH complexes to gets sequestered in vacuoles.
However, the plant produces stress proteins (SPs) and metallothioneins (MTs), constitutively
expressed SPs have participated in protein folding. MTs act as a toxicant chelating agent and ROS
scavenger [24]. The oxidative stress induced in plants by As accumulation within the cells causes
rapid increase in ROS production. In As hyperaccumulators and tolerant plants, excessive ROS is
scavenged by different antioxidants (e.g. lignin, flavonoids, glutathione, guaiacol, ascorbate, etc.).
Cellular antioxidative pathways play a key role in maintaining ROS titer within As
hyperaccumulators and tolerant plants [25].

4. Molecular mechanisms of Ashyperaccumulation in P. vittata

Identification of genes and molecular mechanisms of stress tolerance has been studied for last two
decades mainly on the model plant Arabidopsis thaliana [26], or crop models like rice [27]. But
A. thaliana and rice plants are not natural As hyperaccumulators, thus they are not suitable for
molecular genetics study of As phytoremediation. Therefore, to unveil the molecular genetics
behind the As hyperaccumulation functional cloning and analysis methods using P. vittata are
profoundly required. P. vittata has a large genome size approximately 4834 Mb [28], which is 11
and 40 times those of rice and A4. thaliana; respectively.

Recent molecular studies reveal that phosphate transporter in A. thaliana consists of nine members
(PHT1;1 through PHT1;9). PHT1 a phosphate-H'symporter forms 12 transmembrane helices [29].
PvPhtl;3 and PvPhtl;5 show a similar affinity for phosphate but a higher affinity for As(V) in
hyperacuumulator P. vittata. A low level of phosphate enhances the rate of arsenate uptake by root
upregulating the transcript’s expression of PvPht1;3 [30]. Arsenite is taken up by nodulin-26-like
intrinsic proteins (NIPs), tonoplast intrinsic protein (TIP), inositol transporters (INT), and Si
transporters [31, 32, 33, 34, 35]. However, NIP3;1 is involved in both arsenite translocation and
uptake in A. thaliana. He et al. reported that PvTIP4;1 helps in arsenite transport in P. vittata [34].

Conclusion

Phytoremediation is an eco-friendly, solar-driven technology with moderate public acceptance. It
is a relatively recent technology and is mostly in the research stage. In last decades, intensive
research has been conducted by scientists to identify contaminants hyperaccumulators and
characterization mechanisms of hyperaccumulation. Further studies should explore the role of
rhizospheric microbes in promoting the phytoremediation efficiency of the hyperaccumulators.
Studies on P. vittata-microbe symbiosis will provide insight into the mechanisms of microbe-
assisted phytoremediation. Proper disposal of hyperaccumulators within the bio-ore after
extraction of contaminants is urgently required. Finally, integrative approaches need to be adopted
for the promotion of this green technology in environmental clean-up and enhancement of its social
acceptability.
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