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Functional characterization of transporter genes involved in aluminum tolerance in buckwheat
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Buckwheat (Fagopyrum esculentum) is known as an aluminum (Al)-tolerant and accumulating species, however,
the molecular mechanisms underlying the high Al tolerance and accumulation are poorly understood. In this study, |
functionally characterized four genes including two MATE transporters genes (FeEMATE1 and FeMATE?2) and two half-
size ABC transporters genes (FeALS1.1 and FeALS1.2) in terms of their expression patterns, subcellular localization
and Al tolerance.

Both FeEMATE1 and FeMATE?2 showed efflux transport activity for citrate when expressed in Xenopus oocytes. The
expression of FeMATEL was induced by Al only in the roots, but that of FeMATE2 was up-regulated in both the roots
and leaves. A transient assay with buckwheat leaf protoplasts using GFP fusion showed that FEMATE1 was mainly
localized to the plasma membrane, whereas FEMATE2 was localized to the trans-Golgi and Golgi. Heterologous
expression of FeMATEL or FeMATE2 in Arabidopsis mutant atmate partially rescued its Al tolerance. Expression of
FeMATEL1 also partially recovered the Al-induced secretion of citrate in the transgenic lines, whereas expression of
FeMATE?2 did not complement the citrate secretion. Further physiological analysis showed that buckwheat roots also
secreted citrate in addition to oxalate in response to Al. Taken together, these results indicate that FeMATEL is involved
in the Al-activated citrate secretion in the roots for external Al detoxification, while FeMATE2 is probably responsible
for the internal detoxification of Al by transporting citrate into Golgi system in the roots and leaves of buckwheat.

Proteomic analysis with purified tonoplast fraction led to identification of two half-size ABC transporters; FeALS1.1
and FeALS1.2. FeALS1.1-GFP and FeALS1.2-GFP fusion were localized to the tonoplast when transiently expressed
in the buckwheat leaf protoplast. In the presence of Al, FeALS1.1 was mainly expressed in the roots and its expression
level was six times higher than its homologous gene (AtALS1) of Arabidopsis, but FeALS1.2 was constitutively highly
expressed in the leaves and showed 39 times higher expression level than AtALS1. When FeALS1.1 or FeALS1.2 was
expressed in Arabidopsis atals1 mutant under the control of AtALS1 promoter, both of them recovered its Al tolerance.
There was no difference in Al concentration of whole roots or root cell sap among WT, atals1 and complementation
lines of FeALS1.1 or FeALS1.2. However, the Al signal intensity in the cytosol in the complementation lines was much
weaker than the atals1 mutant. Taking together, these results indicate that FeALS1.1 and FeALS1.2 are involved in the
internal detoxification of Al in the roots and leaves, respectively, by sequestering Al into the vacuoles. Their high

expression is probably required for high Al tolerance in buckwheat.
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