K % ¥ 5% (Hengliang HUANG)

RELEZE & +

BRSHOEM & P

FuR5ES  HHE 7152 =2

ZRBEOARFF 20244 9H 250

FAREOEYG  BREEMPEITER A AR

Wi

(AR 4 1 7% 1)

R
&

Identification of transporters involved in uptake of non-essential microelements in rice
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Due to anthropogenic activities, some agricultural soil has been contaminated by non-essential microelements such
as antimony (Sb) and cobalt (Co), which are usually present in trace amounts in natural soils. High concentration of
these elements in soil negatively affects plant growth and human health through food chain. Rice as a staple food of half
world’s population, is a major dietary source of these element intake, but little is known about the molecular mechanisms
underlying their uptake. In this study, I identified transporters involved in uptake of Sb and Co in rice.

Sb is a metalloid and does not have essential or beneficial roles in plants. Physiological characterization of Sb
accumulation showed that Sb(III), rather than Sb(V) is the preferential form for Sb uptake. Furthermore, most Sb is
accumulated in the roots, resulting in a very low translocation of Sb from the roots to the shoots. Analysis of Sb
deposition pattern in the roots showed that Sb is highly deposited at the exodermis of the roots. Sb in the root cell sap is
mainly present in the form of Sb(III) after exposure to Sb(III). Since Sb shows similar chemical properties with other
metalloids including silicon (Si) and arsenic (As), I investigated whether they share the same transporters for the uptake.
Results showed that knockout of Lsi/, a gene encoding Si influx transporter significantly decreased Sb(III) uptake,
whereas knockout of Lsi2 and Lsi3, genes encoding Si efflux transporters did not affect Sb(III) uptake. Lsil also showed
transport activity for Sb(IIl) in the yeast. Defect of Lsil enhanced tolerance to Sb toxicity due to decreased Sb(III)
uptake. Collectively, these results reveal that Sb(III) is taken up by Lsil localized at the root exodermis, indicating that
Sb(III) shares the same transporter with Si and As(III) for entering the roots from soil. However, unlike Si and As(III),
there is no efflux transporter for Sb(III), resulting in its high deposition at the exodermis.

On the other hand, Co is not an essential element for plants, but shows beneficial effects in some legumes. The
major form of Co in soil solution is Co(II). Co is highly accumulated in rice roots after exposure to Co(II) and deposited
in most tissues of the roots. Analysis of various mutants defective in uptake of divalent cations showed that knockout of
OsNramp) significantly decreased Co accumulation in the roots and shoots and enhanced the tolerance to Co toxicity.
However, knockout of OsIRT] and OsZIP9 did not affect Co accumulation in both the roots and shoots. OsNramp5 is
known as a Mn(II)/Cd(II) transporter, while OsIRT1 and OsZIP9 are transporters for Fe(Il) and Zn(II), respectively.
These results indicate that Co(II) shares the same transporter with Mn(II)/Cd(II) for the uptake. Heterologous expression
in yeast showed that OsNramp5 has transport activity for Co(II). Furthermore, Co(II) uptake was inhibited by either
Mn(II) or Cd(II) supply due to competition for the OsNramp5. At the reproductive stage, the Co concentration in the
straw and grain of the osnramp5 knockout lines was decreased by 41-48% and 28-36%, respectively, compared with
that of the wild-type rice. Taken together, these results indicate that OsNramp5 is a major transporter for Co(II) uptake

in rice, which ultimately mediates Co accumulation in the grains.
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