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Introduction
Silicon (Si) is the second most prevalent element within the lithosphere (Exley 1998).
Silicon shows various beneficial effects on plant growth and productivity by alleviating
biotic and abiotic stresses (Ma and Yamaji 2006; 2008). These beneficial effects mostly
results from the deposition of Si in their tissues (Ma 2004). However Si concentration of
plant shoots varies widely (0.1% to 10% of Si in dry weight), depending on the plant
species (Epstein 1994; Ma and Takahashi 2002).
Recently three Si transporters (OsLsi1, OsLsi2, and OsLsi6) have been identified from
rice, which is a Si-accumulating species (Ma et al. 2006; Ma and Yamaji 2006; Ma et al.
2007; Yamaji et al. 2008). OsLsi1 and OsLsi2 are mainly expressed in roots and have Si
influx and efflux transport activity, respectively. In contrast, OsLsi6 is mainly localized at
distal side of xylem parenchyma cells in the rice leaf blade and showed Si influx
transport activity. From these results, OsLsi1 and OsLsi2 are involved in Si uptake from
roots, while OsLsi6 is responsible for the xylem loading (Yamaji et al. 2008).
In contrast to the progress that has been made in identification of Si transporters in rice,
little is known on Si uptake and accumulation mechanism in the other crops. In this study,
we identified three genes which are involved in Si uptake and xylem unloading in maize
(Zea mays L. cv B73).
Results and Discussion
Maize takes up Si actively from the roots (Liang et al. 2006; Tamai and Ma 2003). We
identified the Si transporter genes (ZmLsi1, ZmLsi2, and ZmLsi6) as homologues of rice
Si transporters (Mitani et al. 2009). Each transporter shared more than 80% between
maize and rice at amino acid level.
Similar to the rice silicon transporters, both Lsi1-like transporters ZmLsi1 and ZmLsi6
showed silicon influx transport activity (Fig. 1A), while ZmLsi2 showed only efflux
activity when they were expressed in Xenopus laevis oocyte (Fig. 1B). The mRNA of
ZmLsi1 and ZmLsi2 was expressed mainly in the roots, while ZmLsi6 was in both the
root and the shoots. The expression of ZmLsi1 and ZmLsi6 in the roots was constitutive
and was not affected by continuous supply of Si. In contrast, ZmLsi2 expression was
significantly decreased by Si supply. Immunostaining showed that ZmLsi1 was polarly
localized at the distal side of root epidermis, hypodermis and cortex cells, while ZmLsi2
was only at the endodermis without polarity. ZmLsi6 was localized at the xylem
parenchyma cells in the leaf blades. Taken together, our results indicate that ZmLsi1 and
ZmLsi2 are involved in the uptake of Si from the roots, while ZmLsi6 is mainly
responsible for the xylem unloading of Si in maize.
A previous study showed that the uptake capacity of Si by the roots is much higher in rice
than in maize (Tamai and Ma, 2003). This difference may result from different
localization and expression pattern of Si transporters between rice and maize although
further works are required.

Fig. 1 Transport activity of ZmLsi1, ZmLsi6 and ZmLsi2 in Xenopus laevis oocytes. (A)
Si influx transport activity of ZmLsi1 and ZmLsi6. (B) Si efflux transport activity of
ZmLsi2. Values are means ± SD of three replicates.
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