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            Abstract
Most land plants are symbiotic with arbuscular mycorrhizal fungi (AMF), which take up mineral nutrients from the soil and exchange them with plants for photosynthetically fixed carbon. This exchange is a significant factor in global nutrient cycles1 as well as in the ecology2, evolution3 and physiology4 of plants. Despite its importance as a nutrient, very little is known about how AMF take up nitrogen and transfer it to their host plants5. Here we report the results of stable isotope labelling experiments showing that inorganic nitrogen taken up by the fungus outside the roots is incorporated into amino acids, translocated from the extraradical to the intraradical mycelium as arginine, but transferred to the plant without carbon. Consistent with this mechanism, the genes of primary nitrogen assimilation are preferentially expressed in the extraradical tissues, whereas genes associated with arginine breakdown are more highly expressed in the intraradical mycelium. Strong changes in the expression of these genes in response to nitrogen availability and form also support the operation of this novel metabolic pathway in the arbuscular mycorrhizal symbiosis.
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                    Figure 1: 
                        Labelling of amino acids after supplying labelled nitrate or acetate to the extraradical mycelium.
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Figure 2: 
                        Labelled arginine after addition of 2 mM 
                        13
                        C
                        
                        U6
                         arginine to the ERM compartment for 6 weeks.
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Figure 3: 
                        Model of nitrogen movement in the arbuscular mycorrhizal symbiosis.
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Figure 4: 
                        Expression of primary nitrogen metabolic genes.
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        Editorial Summary
Indirect root for nitrogen
The discovery of a previously unknown mechanism of nitrogen transfer from the arbuscular mycorrhizal fungi found on the roots of most land plants, to the host plants suggests that this symbiotic relationship may be a much more important factor in the global nitrogen cycle than was thought. The mechanism involves uptake of inorganic nitrogen by the fungus outside the roots, conversion to amino acids within the fungus, then transfer as ammonium ions from the fungal mycelium into the plant.
The first event in host recognition by arbuscular mycorrhizal fungi is thought to be hyphal branching. A strigolactone, 5-deoxy-strigol, isolated from Lotus japonicus has now been identified as an inducer of branching. Strigolactones are root metabolites, previously isolated as seed germination stimulants for root parasitic weeds. This finding highlights the close relationship between plant and fungus, and may provide a new strategy for the control of both beneficial fungal symbionts and destructive parasitic weeds in agriculture and natural ecosystems.
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