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Outline of the work:

Iron (Fe) is an essential element in most living organisms, including plants. Despite its abundance in the 
soil, Fe is only slightly soluble under aerobic conditions, especially in calcareous soils with high pH. In 1978, 
Dr. Takagi discovered the mugineic acid family phytosiderophores (MAs), which are Fe(III)-solubilizing 
molecules secreted from graminaceous plants to acquire Fe from the soil. Dr. Satoshi Mori and Dr. Naoko K. 
Nishizawa collaborated to clarify the molecular components underlying this unique Fe acquisition system in 
graminaceous plants. 

They first established the biosynthetic pathways of MAs beginning with methionine through a 
nicotianamine (NA) intermediate. Four sequential enzymatic reactions convert methionine to 
2′-deoxymugineic acid, which is further hydroxylated to form other MAs. The corresponding genes that 
encode each enzyme in the biosynthetic step were also identified in barley, wheat, rice, maize, and other 
graminaceous plants. 

Further, they identified the transporters responsible for secretion of MAs, TOM1 in rice, HvTOM1 in 
barley, and ZmTOM1 in maize. After Fe(III) is solubilized in the soil, the resulting Fe(III)-MA complexes are 
taken up into root cells by the YS1 and YSL transporters. Based on the identification of 18 YSL members in 
rice, they clarified that OsYSL15 is a major transporter of Fe(III)-MAs uptake in rice roots. Furthermore, they 
discovered that OsYSL2 transports Fe(II)-NA and Mn(II)-NA, but not Fe(III)-MAs, and is responsible for 
long-distance transport of NA-chelated Fe and Mn in the plant body. NA is not only a precursor of MA 
synthesis, but is also required for the internal transport of metals and has various roles for the development of 
reproductive organs, fertility, and the intracellular regulation of metal-binding proteins. Thus, they revealed 
all parts of the molecular machinery of Fe acquisition in graminaceous plants. Rice possesses a ferrous 
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transporter, OsIRT1, which allows to absorb Fe2+ in addition to Fe(III)-MA uptake, suggesting that rice has 
adapted to directly take up Fe2+, which is abundant in submerged and anaerobic conditions. They also 
identified the rice mitochondrial Fe transporter MIT for Fe transport into mitochondria within the cells.

A majority of genes encoding these components are transcriptionally regulated in response to Fe 
availability. They uncovered the central transcription factors, IDEF1 and IDEF2, the cis-acting elements, 
IDE1 and IDE2, and molecular mechanisms regulating Fe acquisition-related genes.

Finally, they applied these discoveries to develop crops tolerant to low Fe availability in calcareous soils, 
or with high levels of Fe in edible parts for improved nutritional quality. These crops will contribute to an 
increase in agricultural productivity and to human health.
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