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nifDK/nifA/nifV/ NITROGEN FIXATION/SYMBIOSIS/FREE-LIVING STATE

Bradyrhizobium sp. DOA9 contained 2 replicons of a chromosome and mega-
plasmid. Genome analysis of DOA9 indicated that both chromosome (c) and mega-
plasmid (p) harbor a set of nitrogenase structural genes named nifDKc and nifDKp,
respectively. Similarly, a nifA regulatory gene was also found in one copy on both
chromosome (nifAc) and mega-plasmid (nifAp). DOA9 also contained a nifV gene
encoded homocitrate synthase suggesting that DOA9 may be able to fix nitrogen under
free-living condition. Thus, this thesis aimed at investigating the role of these genes on
the nitrogen fixing ability of DOA9 under symbiotic and free-living states.
Transcriptional analysis using gusA reporter strains showed that both nifDKc and
nifDKp were highly expressed under symbiosis, where nifDKc expressed more
predominantly under the free-living condition. The gene mutation indicated that both
nifDKc and nifDKp are required for fully function of nitrogenase activity during
symbiosis with the host plant Aeschynomene americana, while, nifDKc was the major
contributor for nitrogenase activity during the free-living state. However, the function
of NifDKp required the product of nifENX genes which are co-transcribed from the
nifDKc operon. In the case of NifAc and NifAp, both showed only 53% similarity in the
amino acid sequence due to the lack of the N-terminal domain in NifAp. Under the
symbiosis condition, both nifAc and nifAp genes expressed where nifAp expressed

slightly higher than nifAc. NifAc and NifAp could replace each other for symbiotic



IV

nitrogen fixing ability. However, only NifAc contributed to a free-living nitrogen
fixation. Obviously, the double nif4 mutation (Anifdp::Qnifdc) strain could not fix
nitrogen neither both symbiotic and free-living conditions. Complementation of the
AnifAc mutant with nif4c led to successful nitrogen fixation under free-living condition.
However, neither nifdp nor the chimeric nif4 hybrids could complement the nitrogenase
activity. The transcriptional profiles under three different backgrounds of wild-type,
Anifdc and AnifAp strains suggested that NifAc, but not NifAp regulated the expression
of other nitrogen fixing genes on both chromosome and mega-plasmid under the free-
living condition. Whereas, NifAc and NifAp could cross regulate the expression of
nitrogen fixing genes located along the chromosome and mega-plasmid during
symbiosis with 4. americana. To explore the role of nifV, two mutants of QnifV and
AnifV were constructed. The acetylene reduction activity of both mutant strains
decreased when compared to wild-type under the free-living condition. Supplementing
homocitrate into the culture of AnifV could restore the nitrogenase activity. Under the
symbiotic state, most plant species were not affect when inoculated with mutant strain.
However, the high content of dead bacteroids was observed inside the nodule of
Indigofera tinctoria and Stylosanthes hamata. It may be speculated that the lack of nifV
leads to early senese¢ence of nodules. Knowledge obtained from this study would

improve the efficiency of biofertilizer when applied in agriculture.
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