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Nitrogen metabolism in Lotus japonicus and the relationship
with drought stress
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In our laboratories we carry out research on nitrogen assimilation in Lotus plants and the
possible relationships with drought stress situations that become a likely cause of the loss of
these forage plants when they are cultivated (Diaz et al., 2005a; 2005b). Some of our
research has been conducted with the model legume Lotus japonicus, while other research
was done on cultivated species. Lotus japonicus plants are able to use both nitrate and
ammonium as inorganic nitrogen sources for ulterior assimilation, or, alternatively, they can
also use atmospheric dinitrogen through Mesorhizobium loti symbiosis. Primary nitrate
assimilation takes place predominantly in the roots of the plant, being strongly dependent on
the age and limitation of space for root growth (Orea et al., 2001; Pajuelo et al., 2002).
Attempts of genetic manipulation of root-shoot partitioning of nitrate assimilation, either by
increasing external nitrogen availability (Orea et al., 2005a), or using a transgenic approach
(Orea et al., 2005b), were not able to shift this partitioning to the aerial part of the plant, thus
suggesting the existence of ecophysiological adaptations for a preferential use of external
nitrogen in the root (Marquez et al., 2005). This situation makes crucially important the
mobilization of nitrogen from roots to shoots of the plant, particularly with regard to
asparagine metabolism. On the other hand, in our laboratory we have also recently shown
the importance for this plant of other forms of secondary nitrogen assimilation such as
reassimilation of ammonium released by photorespiration. We have used a mutagenesis
approach to demonstrate the essentiality of plastidic glutamine synthetase in this process.
However, this was not the case for primary ammonium assimilation, a process which can
rely basically on cytosolic glutamine synthetase (Orea et al., 2002; Betti et al; 2006). The
use of these mutants enabled to show that there is also some influence of photorespiration on
the level of different ammonium transporters (D'Apuzzo et al., 2004) as well as nodule
development and starch metabolism (Garcia-Calderon et al., 2007). Nitrogen metabolism in
Lotus plants shows also a strong connection with drought stress situations, mainly through
the biosynthesis of proline, which becomes a very nice marker of osmotic stress situations in
this plant (Diaz et al., 2005 b,c). Proline metabolism is greatly influenced by the type of
nitrogen nutrition provided to the plant (Diaz et al., 2005c). At present we are also
investigating the possible interconnection between photorespiration and drought stress
situations in these plants.
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