ABSTRACT:

Background: The assimilation of nitrogen is an essential process in all prokaryotes, yet a relatively limited amount of information is available on nitrogen metabolism in the mycobacteria. The physiological role and pathogenic properties of glutamine synthetase (GS) has been extensively investigated in Mycobacterium tuberculosis, however, little is known about this enzyme or the role of an additional nitrogen assimilatory pathway via glutamate dehydrogenase (GDH), in the mycobacteria.  We investigated specific enzyme activity and transcription of GS and as well as both possible isoforms of GDH (NAD+- and NADP+-specific GDH) under varying conditions of nitrogen availability in Mycobacterium smegmatis as a model for the mycobacteria. 
Results: It was found that the specific activity of the aminating NADP+-GDH reaction and the deaminating NAD+-GDH reaction was not regulated in response to nitrogen availability. However, GS activity as well as the deaminating NADP+-GDH and aminating NAD+-GDH reactions were indeed regulated in response to exogenous nitrogen concentrations. Transcription of genes encoding for GS and the GDH isoforms was also regulated under our experimental conditions. 
Conclusions: The physiological role and regulation of GS in M. smegmatis was similar to that which has been described for other mycobacteria, however, in our study the regulation of both NADP+- and NAD+-GDH specific activity in M. smegmatis appeared to be different to that of other Actinomycetales. It was found that NAD+-GDH plays an important role in nitrogen assimilation rather than glutamate catabolism as was previously thought, and is regulated in response to nitrogen availability. NADP+-
GDH is also largely involved in nitrogen assimilation however, the deaminating reaction rather than the aminating reaction is regulated in response to nitrogen availability. The regulation of GDH activity was not reflected at the level of gene transcription thereby implicating post-translational modification as a regulatory mechanism in response to nitrogen availability. 

