Genetic and Molecular Dissection of Arsenic Hyperaccumulation in the fern Pteris vittata.

The fern Pteris vittata (Pteridaceae) is extraordinary, as it and its close relatives are the only
known organisms to tolerate and accumulate up to 2% of their tissue dry weight as arsenic,
which is 100 to 1000-times more arsenic than other organisms are able to tolerate. This trait
makes it an excellent model system among plants, animal and microbes for the study of arsenic
metabolism, accumulation and resistance mechanisms. The goals of the proposed research were
to identify genes involved in arsenic metabolism and resistance in this fern. We succeeded in
cloning two genes from P. vittata, named PvACR2 and PvACR3, that encode an arsenate
reductase and a putative arsenite effluxer protein, respectively. PvACR2 has arsenate reductase
activity in vitro and complements the arsenate reductase activity of ACR2 in a yeast dacr3
mutant (Ellis et al., 2006). The P. vittata PvACR3 gene complements the arsenite efflux function
of ACR3 in a yeast dacr3 mutant, and although its function in P. vittata is currently unknown,
we believe that it is involved in sequestering arsenite within the vacuole following the reduction
of arsenate to arsenite by PvACR2.

Another goal of the proposed research was to study the physiology of arsenic uptake and
hyperaccumulation in the P. vitfata sporophyte. In comparing arsenic content in different parts of
P. vittata plants grown in the presence of arsenic, our lab plus other labs demonstrated that the
highest levels of arsenic occur in the fronds (Ma et al., 2001; Chen et al., 2002; Lombi et al.,
2002; Tu et al., 2002; Tu and Ma, 2002) with up to 25 times more arsenic in the fronds than in
the roots (Tu and Ma, 2002). These studies have also shown that the sporophyte efficiently takes
up arsenate As(V) from the soil and rapidly transports it to the shoot in the xylem, mainly as
arsenate (Chen et al., 2005), where it arrives in the petiole and midrib of the frond as arsenate
(Hokura et al., 2006; Pickering, 2006). Within the frond, arsenic is localized to upper and lower
epidermal cells and trichomes where it is likely stored in the vacuoles of these cells (Lombi et
al., 2002; Li et al., 2005). Over 95% of arsenic is stored in the fronds as free arsenite As(III), as
determined by X-ray absorption spectroscopy (XAS) (Lombi et al., 2002; Webb et al., 2003; Ze-
Chun et al., 2004; Pickering, 2006) and high pressure liquid chromatography-inductively coupled
plasma mass spectrometry (HPLC-ICP-MS) (Wang et al., 2002; Zhao et al., 2003). These results
suggest that the arsenate that is taken up by the root is transported by the vascular tissue to the
frond, and reduced to arsenite as it is compartmentalized for storage in the lamina of the frond.

Although the majority of arsenic in the fronds accumulates as arsenite (As(I11)), only a very
minor portion (<5%) of As(IIl) is coordinated by thiol groups in P. vittata (Lombi et al., 2002;
Wang et al., 2002; Zhang et al., 2002; Webb et al., 2003; Zhao et al., 2003; Pickering, 2006;
Singh and Ma, 2006) and in P. cretica (Raab et al., 2004). By directly visualizing arsenic in the
sporophyte, we found that this minor thiolate coordination of As(IIl) in the P. vittata sporophyte
is limited to a cylindrical sheath, 40-50 pm thick, immediately surrounding arsenate in the veins
of the vascular tissue of the fronds (Pickering, 2006). This observation indicates that thiolate
coordination may be involved in the reduction of arsenate as arsenic is transported from the
vascular tissue of the frond and ultimately stored in cells of the lamina. If this thiol coordination
is a necessary step in the reduction of arsenate, arsenite quickly loses its thiol coordination as it is
transported to and stored in cells of the lamina of the frond.



The data generated from this research will be used to test whether other plants can be genetically
modified to tolerate and hyperaccumulate arsenic. If this trait can be transferred to other plants,
they can then be used as an effective and efficient means to remove arsenic from comtaminated
soils.
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