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Nitrogenase is the enzyme used by some organisms to fix atmospheric nitrogen gas . It is the only known
family of enzymes which accomplishes this process. Dinitrogen is relatively inert, this is because each atom
of nitrogen has three open orbitals in its outer electron shell to bond with another atom, and that means that if
two nitrogen atoms bond to each other, they do so in all three of these orbitals. To break a nitrogen atom
away from another means breaking all three of these chemical bonds. This is referred to as having a triple
bond.Nitrogenase is a catalyst for the reaction::N 2  + 6H + energy Ã¢â€ â€™ 2NH 3 Since this reaction does
not occur very often, and in fact goes the other way more easily, with ammonia breaking down into nitrogen
and hydrogen, without nitrogenase, there would be much less life than presently exists.Nitrogenase thus
breaks the triple bond by getting electron donors for each of the three bonds, and then bonds the nitrogen to
hydrogen atoms. The process is complex because each bond is broken individually, and is not completely
understood. Nitrogenase requires both the MoFe protein and ATP, which supplies the energy. Nitrogenase
bonds each atom of nitrogen to three atoms of hydrogen to form ammonia or NH 3 , and then ammonia is
bonded to glutamate and becomes glutamine. Nitrogenase associates with a second protein, and each cycle
transfers one electron from an electron donor which is enough to break one of the nitrogen chemical bonds.
However, it has not been proven that exactly three cycles are sufficient to fix an atom of nitrogen.The enzyme
therefore requires a great deal of chemical energy, released from the hydrolysis of ATP, and reducing agents,
such as dithionite in vitro or ferredoxin in vivo. The enzyme is composed of the heterotetrameric MoFe protein
that is transiently associated with the homodimeric Fe protein. Nitrogenase is supplied reducing power when
it associates with the reduced, nucleotide-bound homodimeric Fe protein. The heterocomplex undergoes
cycles of association and disassociation to transfer one electron, which is the limiting step in the process.
ATP supplies the reducing power.The exact mechanism of catalysis is unknown due to the difficulty in
obtaining crystals of nitrogen bound to nitrogenase. This is because the resting state of MoFe protein does
not bind nitrogen and also requires at least three electron transfers to perform catalysis. Nitrogenase is able
to bind acetylene and carbon monoxide, which are noncompetitive substrates and inhibitors, respectively.
Dinitrogen, however, is a competitive substrate for acetylene. This is because binding of dinitrogen prevents
acetylene binding, and acetylene requires only one electron to be reduced, and it does not inhibit.All
nitrogenases have an iron- and sulfur-containing cofactor that includes heterometal atom in the active site . In
most, this heterometal is molybdenum, though in some species it is replaced by vanadium or iron.Due to the
oxidiative properties of oxygen, most nitrogenases are irreversibly inhibited by dioxygen, which degradatively
oxidizes the Fe-S cofactors. This requires mechanisms for nitrogen fixers to avoid oxygen in vivo. Despite
this problem, many use oxygen as a terminal electron acceptor for respiration. One known exception, a
recently-discovered nitrogenase of Streptomyces thermoautotrophicus, is unaffected by the presence of
oxygen [http://www.jbc.org/cgi/reprint/272/42/26627.pdf]. The Azotobacteraceae are unique in their ability to
employ an oxygen-labile nitrogenase under aerobic conditions. This ability has been attributed to a high
metabolic rate allowing oxygen reduction at the membrane, but this idea has been shown to be unfounded
and impossible at oxygen concentrations above 70 uM , as well as during additional nutrient limitations.The
reaction that this enzyme performs is:: N 2  + 8H +  + 8e -  + 16 ATP Ã¢â€ â€™ 2NH 3  + H 2  + 16ADP + 16 Pi (
From the Wikpedia article Nitrogenase .)
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Recent Publications on Nitrogenase:  

                                       
 

 • Proteomic Analysis of the Effect of Cyanide on Klebsiella oxytoca. 
 Cyanide has been proved to be degraded by Klebsiella oxytoca. In order to...19th November, 2009 
 Bioinformatics Center, Chang Gung University, Taoyuan, Taiwan, ROC.- Curr Microbiol. 2009 Nov 17. (
DOI Direct Link) 

• Comparison of the bacterial community and characterization of plant growth-promoting rhizobacteria
from different genotypes of Chrysopogon zizanioides (L.) Roberty (vetiver) rhizospheres. 
 Molecular approaches [PCR-denaturing gradient gel electrophoresis (DGGE)]...18th November, 2009 
 Instituto de Microbiologia Prof. Paulo de Goes, Universidade Federal do- J Microbiol. 2009
Aug;47(4):363-70. Epub 2009 Sep 9. (DOI Direct Link) 

• Role of the siderophore azotobactin in the bacterial acquisition of nitrogenase metal cofactors. 
 Fixation of dinitrogen by soil bacteria is catalyzed by the enzyme...11th November, 2009 
 Institute for Inorganic and Analytical Chemistry, Friedrich Schiller- Environ Sci Technol. 2009 Oct
1;43(19):7218-24. 

• Characterization of plant growth-promoting traits of free-living diazotrophic bacteria and their inoculation
effects on growth and nitrogen uptake of crop plants. 
 The search for diverse plant growth-promoting (PGP) diazotrophic bacteria...4th November, 2009 
 Department of Agricultural Chemistry, Chungbuk National University,- J Microbiol Biotechnol. 2009
Oct;19(10):1213-22. 

• Molybdenum trafficking for nitrogen fixation. 
 The molybdenum nitrogenase is responsible for most biological nitrogen...3rd November, 2009 
 Department of Biochemistry, Midwestern University, Glendale, Arizona- Biochemistry. 2009 Oct
20;48(41):9711-21. (DOI Direct Link) 

• Acclimation of Trichodesmium erythraeum ISM101 to high and low irradiance analysed on the
physiological, biophysical and biochemical level. 
 New Phytologist (2009)Summary *As the nonheterocystous diazotrophic...30th October, 2009 
 Universitat Konstanz, Mathematisch-Naturwissenschaftliche Sektion,- New Phytol. 2009 Oct 26. (DOI
Direct Link) 

• Deep-sea archaea fix and share nitrogen in methane-consuming microbial consortia. 
 Nitrogen-fixing (diazotrophic) microorganisms regulate productivity in...27th October, 2009 
 Division of Geological and Planetary Sciences, California Institute of- Science. 2009 Oct
16;326(5951):422-6. (DOI Direct Link) 

• Diel rhythm of nitrogen and carbon metabolism in the unicellular, diazotrophic cyanobacterium
Crocosphaera watsonii WH8501. 
 Summary We examined the diel variation in nitrogen and carbon metabolism...21st October, 2009 
 Leibniz Institute of Marine Sciences (IFM-GEOMAR), Department of Marine- Environ Microbiol. 2009
Oct 16. (DOI Direct Link) 

• Stepwise formation of P-cluster in nitrogenase MoFe protein. 
 The P-cluster of nitrogenase is one of the most complex biological...16th October, 2009 
 Department of Molecular Biology and Biochemistry, University of- Proc Natl Acad Sci U S A. 2009 Nov
3;106(44):18474-8. Epub 2009 Oct 14. (DOI Direct Link) 

• Evidence for Nitrogen Fixation by "Dehalococcoides ethenogenes" Strain 195. 
 Genome annotation of the chlorinated ethene-respiring "Dehalococcoides...13th October, 2009 
 726 Davis Hall, Department of Civil and Environmental Engineering,- Appl Environ Microbiol. 2009
Dec;75(23):7551-7555. Epub 2009 Oct 9. (DOI Direct Link) 

• Catalytic activities of NifEN: implications for nitrogenase evolution and mechanism. 
 NifEN is a key player in the biosynthesis of nitrogenase MoFe protein. It...7th October, 2009 
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 Department of Molecular Biology & Biochemistry, University of California,- Proc Natl Acad Sci U S A.
2009 Oct 6;106(40):16962-6. Epub 2009 Sep 23. (DOI Direct Link) 

• [Effects of low molecular organic acids on nitrogen accumulation, nodulation, and nitrogen fixation of
soybean (Glycine max L.) under phosphorus deficiency stress] 
 A greenhouse sand culture experiment was conducted to study the effects of...7th October, 2009 
 Northeast Institute of Geography and Agricultural Ecology, Chinese Academy- Ying Yong Sheng Tai
Xue Bao. 2009 May;20(5):1079-84. 

• Distribution of heterocyst glycolipids in cyanobacteria. 
 Thirty-four axenic strains of cyanobacteria were analysed for their...24th September, 2009 
 NIOZ Royal Netherlands Institute for Sea Research, Department of Marine- Phytochemistry. 2009 Sep
19. (DOI Direct Link) 

• Effect of glyphosate-boron application on seed composition and nitrogen metabolism in
glyphosate-resistant soybean. 
 The objective of this study was to evaluate the effects of foliar...23rd September, 2009 
 Crop Genetics and Production Research Unit, United States Department of- J Agric Food Chem. 2009
Oct 14;57(19):9050-6. (DOI Direct Link) 

• Global changes in the transcript and metabolic profiles during symbiotic nitrogen fixation in
phosphorus-stressed common bean plants. 
 Phosphorus (P) deficiency is widespread in regions where the common bean...17th September, 2009 
 Centro de Ciencias Genomicas-Universidad Nacional Autonoma de Mexico,- Plant Physiol. 2009
Nov;151(3):1221-38. Epub 2009 Sep 15. (DOI Direct Link) 

Nitrogenase Patents:

                        

• 7109020- Leguminous bacterium having potentiated nitrogen fixation ability
• 7232880- Mutant IGFBP-3 molecules that do not bind to IGFS, but retain their ability to functionally bind

IGFBP-3 receptor
• 7273614- Nucleic acids encoding DP-178 and other viral fusion inhibitor peptides useful for treating aids
• 7285635- Modified proteins, designer toxins, and methods of making thereof
• 7297514- Method for preventing superoxide damage to cells and oxygen-labile proteins
• 7323440- De-immunized MOG (poly)peptide constructs
• 7332168- Composition for the elimination of autoreactive B-cells
• 7332310- Mutant of homoserine dehydrogenase from Corynebacterium and DNA encoding thereof
• 7338590- Water-splitting using photocatalytic porphyrin-nanotube composite devices
• 7371723- Therapeutic agents comprising pro-apoptotic proteins
• 7393678- Klebsiella pneumoniae inoculants for enhancing plant growth
• 7232673- Antimicrobial protein from Lyophyllum shimeji
• 7226761- Manufacture of five-carbon sugars and sugar alcohols
• 7223713- Molybdenum sulfide/carbide catalysts
• 7122190- Fusion proteins comprising DP-178 and other viral fusion inhibitor peptides useful for treating

aids
• 7132386- Preparation of amorphous sulfide sieves
• 7141418- Streptococcus pneumoniae polynucleotides and sequences
• 7162834- Methods for enhancing plant growth using hydrogen gas
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• 7169902- Collagen-binding proteins from Streptococcus pyogenes
• 7176005- Modulation of sulfate permease for photosynthetic hydrogen production
• 7179601- Methods of identifying plant disease-resistance genes
• 7196170- Aiolos, Helios, Daedalos and Ikaros: genes, polypeptides, regulatory elements and uses

thereof
• 7205450- DMI1 gene encodes a protein that is required for the early steps of bacterial and fungal

symbioses
• 7213367- Slow release nitrogen seed coat
• 7427690- Multifunction "crown complexes" from amino acids and peptides for skin and hair restoration
• 7438931- Methods and compositions for the treatment of angiogenic diseases
• 7537923- Compositions of prokaryotic phenylalanine ammonia-lyase and methods of treating cancer

using compositions thereof
• 7541139- Tryptophan as a functional replacement for ADP-ribose-arginine in recombinant proteins
• 7544782- Tumour necrosis factor binding ligands
• 7553641- Tumour necrosis factor binding ligands
• 7553653- Variants and chemically-modified variants of phenylalanine ammonia-lyase
• 7560263- Compositions of prokaryotic phenylalanine ammonia-lyase and methods of treating cancer

using compositions thereof
• 7572933- Skin and hair restoration by natural amino acid peptide complexes
• 7588767- Microorganisms for therapy
• 7588771- Microorganisms for therapy
• 7605233- Tumour necrosis factor binding ligands
• 7534595- Compositions of prokaryotic phenylalanine ammonia-lyase and methods of using

compositions thereof
• 7531341- Compositions of prokaryotic phenylalanine ammonia-lyase and methods of using

compositions thereof
• 7528237- Tumour necrosis factor binding ligands
• 7439050- Corynebacterium glutamicum genes encoding diaminopimelate epimerase
• 7445894- Compositions and methods for detection and isolation of phosphorylated molecules
• 7449178- Attenuated gram negative bacteria
• 7465560- System and method for rapid detection and characterization of bacterial colonies using

forward light scattering
• 7470427- Systemic non-nodular endosymbiotic nitrogen fixation in plants
• 7497901- Tungstate and molybate wood preservatives
• 7504095- Method for obtaining precursor Z and use thereof for the production of a means for therapy of

human molybdenum cofactor deficiency
• 7510854- Corynebacterium glutamicum genes encoding metabolic pathway proteins
• 7514397- Methods for inhibition of membrane-fusion-associated events, including Hepatitis B virus

transmission
• 7517963- Tumour necrosis factor binding ligands
• 7608450- Nucleic acid and amino acid sequences relating to Staphylococcus epidermidis for

diagnostics and therapeutics

***

Resources from the NCBI used in this document, NCBI's standard disclaimer applies.

Nothing in this document should be used in place of personal medical advice from your own qualified medical
practitioner. See BioPortfolio.com User Agreement 
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