The Nitrogen Cycle

As presented by Seth Book

-Nitrogen is a majority of the air we breathe (78% N2).

-The triple bond that holds N2 together requires a lot of energy to break and thus  

  is very stable.

-Organic nitrogen is a major constituent of proteins, amino acids, DNA, RNA

-Found in inorganic forms N2, NO (nitric oxide), N2O (Nitrous oxide) and various   

  NOX.

-Inorganic forms concerning agriculture: NH4+(Ammonium), NH3 (Ammonia), 

  NO2- (Nitrite), NO3- (Nitrate)

Human health issues:
-NO3- converts to NO2- in the anoxic gut of animals and can then be transported 

  into the bloodstream to bind to hemoglobin and cause Methemoglobinemia (blue 

  baby syndrome)
-NO2- can also bind to amino acids to form highly carcinogenic Nitrosamines

Environmental issues:

-NOX pollution from combustion of fossil fuels and biomass burning form HNO3- 

 (Nitric Acid) with moisture in the atmosphere and causes acid precipitation 

 which changes the pH of freshwater ecosystems and can be add significant 

 amounts of Nitrogen to terrestrial ecosystems.

-Nitrogen pollution (mainly NO3-) causes eutrophication of water bodies.  Eutrophication is the significant growth of algae (from the addition of excess Nitrogen) and their sequential death and decay dropping dissolved oxygen to very low levels, which causes death of many aerobic organisms in aquatic systems.

Biological Nitrogen Fixation: 

-Performed by nitrogenase enzyme complex 

-Anaerobic (nitrogenase enzyme inactivated by Oxygen)


-High metabolic cost (only performed if Nitrogen is limited)


-140 X 106 tons year -1 globally  


-N2 + 8 H+           NH3 + H2


Free living N2 fixing organisms


-Bacillus, Klebsiella, Clostridium


-Live in anaerobic environments to protect nitrogenase enzyme from O2


Free living near rhizosphere


-Azotobacter


  -Highest known respiratory metabolism rate of any organism to limit O2


  -Used as a fertilizer alternative in Cuban agriculture because of embargo



-Azospirillium


  -Use a thick polysaccharide slime to protect nitrogenase enzyme from O2


Cyanobacteria


-Photosynthetic (autotrophic)



-Nostoc, Anabaena, Azolla


-Found in cryptobiotic crusts in desserts, Lichens, and free living



  -Source of Nitrogen for desserts and old growth forests



-Thick gas-proof cells called heterocysts protect nitrogenase enzyme 



-Fix N2 at night so to limit O2 from photosynthesis during day


Actinomycetes 


-Frankia
-Found in root-nodules of Alnus rubra (red alder) and non-legumous     

  angiosperms


Bacteria- Legumous plants 



-Rhizobium, Bradyrhizobium


-Found in root nodules of Clover, beans and about 18,000 other plants 



-Legumous bacteria do not fix N2 when free living



-High Nitrogen concentrations produce less nodule formation by plant

Roots nodules use leghemoglobin to protect the nitrogenase enzyme


-Leghaemoglobin is similar to animal hemoglobin (acts as O2 carrier)


-Pink color in nodule


-Neither organism can fix alone


-Globin is found in plant genome


-Heme is found in bacterial genome

Human N2 fixation:

-Haber-Bosch process


-N2 + high heat and high pressure       NH3

-Invented for production of explosives for WWI


-Globally twice biological nitrogen fixation

Assimilation:
-NH4+ and NO3- uptake by heterotrophic microorganisms to form C-NH2 (Protein)   

 and immobilized in their bodies

Ammonification:

-Decomposition of C-NH2 by enzymes, microorganims, soil fauna


-Released as NH4+, NH3 (reduced molecule-source of energy in oxic 

  environments)


-NH4+ can be adsorbed to the outside of negatively charged sites on clays, or 

  can become bound internally in the crystalline lattice of clays 


-Can be lost to the atmosphere by volatilization of NH4+ to NH3 gas in high pH 


  environments 


-C:N ratio > 20:1 = Assimilation


-C:N ratio < 20:1 = Ammonification

Nitrification:
-Chemolithotrophic bacteria mediated (2 step process)

   NH4+        NO2-   Nitrosomanas, Nitrococcus, Nitrospira

   NO2-         NO3-   Nitrobacter, Nitrospina, Nitrococcus (some)

-Too much NH4+ suppresses Nitrobacter and causes a build up of

  NO2- in soils which is toxic to plants.

-Organic matter and a healthy “bioherd” that cycle nutrients are key to 

 “Organic agriculture” by providing a slow release of nitrogen.

Denitrification:

-Anoxic environments (wetlands, saturated soils, anaerobic digesters in sewage 


  treatment plants)


-Very important process reducing Nitrogen pollution 


-Produce NO, N2O, but mostly N2 


-N2O moves to stratosphere to be destroyed by UV light but destroys O3 in the 


  process


-Mostly facultative anaerobes


-Pseudomonas, Bacillus, Micrococcus, Achromobacter


-Heterotrophic



-Use NO3-   as terminal electron acceptor 



-Dissimulative respiration

NO3-             NO2-         NO          N2O            N2

                         nitrate           nitrite

                       reductase     reductase

-Thiobacillus denitrificans



-Autotroph



-Oxidizes reduced sulfur compounds to SO42-
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