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Physiological and Molecular Characterization of Zinc Uptake in Rice
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Zinc (Zn) is an essential micronutrient for plant growth and development. It plays structural and catalytic roles in
large number of proteins. However, the exact transporters involved in Zn uptake have not been identified. In the
present study, | functionally characterized two rice genes; OsZIP1 and OsZIP9, which belong to the Zn-regulated
transporter, iron-regulated transporter-like proteins (ZIP; ZRT-IRT-related protein). OsZIP1 is mainly expressed in
the roots through the whole growth period and its expression is not induced by Zn-deficiency. Furthermore, OsZIP1
is expressed in all root cells except epidermal cells of mature root region. The protein encoded by OsZIP1 is able to
transport Zn inthe yeast. On the other hand, OsZIP9 is also mainly expressed in the roots throughout all growth stages,
but the expression is greatly up-regulated by Zn-deficiency. OsZIP9 is specifically expressed in the exodermis and
endodermis of the root mature region. OsZIP9 is a plasma membrane-localized protein and shows transport activity of
Zn in yeast. Knockout of OsZIP9 significantly reduced plant growth, which was accompanied by decreased Zn
concentrations in both the root and shoot when grown at low Zn concentrations. When grown in soil, Zn concentrations
in the shoots and grains of knockout lines were decreased to half of wild-type rice. These results indicate that OsZIP1
is implicated in Zn uptake at wide range of Zn, while OsZIP9 contributes to Zn uptake only under Zn-limited conditions
in rice.

I also investigated the mechanism responsible for Si-induced effect on Zn uptake in rice by using a rice mutant (Isil)
defective in Si uptake and its wild-type rice. High Zn inhibited the root elongation of both WT and Isi1 mutant, but Si
did not alleviate this inhibition in both lines. By contrast, Si supply decreased Zn concentration in both the roots and
shoots of the wild-type rice, but not in the Isil mutant. A short-term (24 h) labeling experiment with stable isotope §7Zn
showed that Si decreased §7Zn uptake, but did not affect the root-to-shoot translocation and distribution ratio to different
organs of 6Zn in the wild-type rice. Furthermore, Si accumulated in the shoots, rather than Si in the external solution is
required for suppressing Zn uptake, but this was not caused by Si-decreased transpiration. A kinetic study showed that
Si did not affect K, value of root Zn uptake, but decreased Vmax Value in the wild-type rice. Analysis of genes related
with Zn transport showed that among ZIP family genes, the expression of only OsZIP1 implicated in Zn uptake, was
down-regulated by Si in the WT, but not in the Isil mutant. These results indicate that Si does not have direct alleviative
effect on Zn toxicity, but that the Si accumulated in the shoots suppresses Zn uptake through down-regulating transporter

gene involved in Zn uptake in rice.
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