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The Strategy:

The Chinese brake fern (Pteris vittata) exhibits exceptional arsenic tolerance, capable of
absorbing and accumulating high concentrations of the toxic metalloid arsenic. It takes up
arsenic from the soil and transports it to its leaves. Once arsenic enters the plant through the
roots, arsenate is reduced to arsenite during transport to the leaf tissues and is stored in cells in
its free arsenite form. This fern contains two genes, ACR3 and ACR3;1, whose encoded
proteins share similarities with the ACR3 arsenite efflux protein found in yeast.

ACR3 plays a crucial role in arsenic tolerance in P. vittata, as it can restore the arsenic-sensitive
phenotype of ACR3-deficient yeast, highlighting its importance in arsenic resistance.
Additionally, ACR3 transcription is upregulated in the roots of the sporophyte and in the
gametophyte when exposed to arsenic, as these tissues are in direct contact with the soil. In
contrast, ACR3;1 expression remains unaffected by arsenic. When ACR3 expression is
suppressed in the gametophyte, the plant exhibits increased sensitivity to arsenite, whereas
inhibiting ACR3;1 does not have the same effect. This suggests that ACR3 is a key factor in
arsenic tolerance in the gametophyte. Further research has revealed that ACR3 is localized to
the vacuolar membrane in the gametophyte, where it likely sequesters arsenite by transporting it
into vacuoles, thereby reducing cellular arsenic toxicity.

The Potential:

This discovery has promising applications in phytoremediation of arsenic-contaminated soil.
For instance, genetically modifying rice to accumulate arsenic in its roots rather than in the
grains could help reduce arsenic exposure through food consumption. Furthermore, the ACR3
gene is present in mosses, lycophytes, other ferns, and gymnosperms but is completely absent in
angiosperms. To explore whether this gene can confer arsenic tolerance to other plants,
researchers plan to introduce the P. vittata arsenic-resistance gene into Arabidopsis thaliana,
providing new possibilities for environmental remediation.
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“ ACR3 is necessary for arsenic tolerance in P. vittata. ACR3 likely functions as an arsenite
effluxer based upon its ability to suppress the arsenite sensitivity and arsenic
hyperaccumulation phenotypes of Aacr3 yeast, which lack an endogenous arsenite effluxer.
Furthermore, the abundance of the ACR3 transcripts in P. vittata increases in response to
arsenic in gametophytes and the roots of sporophytes, organs, and structures that naturally
come in direct contact with arsenic in the soil. Finally, reduction in ACRS transcript levels in
gametophytes by RNAi results in an arsenite sensitive phenotype, clearly establishing the role
of this protein in arsenic tolerance in P. vittata. (Emily Indriolo, GunNam Na, Danielle Ellis,
David E. Salt, Jo Ann Banks. 2010)
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Single ACR3 genes were found in bacteria, fungi, in the whole-genome sequences of the moss
Physcomitrella patens and the lycophyte Selaginella moellendorffii, and in EST collections
from the fern Ceratopteris richardii and the gymnosperms Welwitschia milabilis and Picea
sitchensis. Interestingly, ACR3 genes were not found in angiosperms, including Arabidopsis,
rice, black cottonwood (Populus trichocarpa), maize (Zea mays), grape (Vitis vinifera), and
Sorghum bicolor (sorghum for which whole-genome sequences exist). (Emily Indriolo,
GunNam Na, Danielle Ellis, David E. Salt, Jo Ann Banks. 2010)
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