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Abstract Nitrogen fixation involves formation of ammonium from N2, which needs a high 

input of energy. Biological nitrogen fixation utilizes the enzyme nitrogenase and ATP  

to fix nitrogen. Nitrogenase contains a Fe-protein and a Mo-Fe-protein and other  

metal cofactors. Soil diazotrophs possess the function of fixing atmospheric N2 into 

biologically available ammonium in ecosystems. In Aechaea, nitrogen fixation has been 

reported in some methanogens such as Methanobacteriales, Methanococcales, and 

Methanosarcinales. Community structure and diversity of diazotrophic are correlated 

with soil pH. All known organisms which involve in nitrogen-fixing which are called 

diazatrophs are prokaryotes, and both bacterial and archaeal domains are responsible for 

that. Diazotrophs are categorized into two main groups namely: root-nodule bacteria  

and plant growth-promoting rhizobacteria. Diazotrophs include free living bacteria,  

such as Azospirillum, Cupriavidus, and some sulfate reducing bacteria, and symbiotic 

diazotrophs such Rhizobium and Frankia. Two important parameters which may affect 

diazotroph communities are temperature and soil moisture in different seasons. To have 

sustainable agriculture, replacing expensive chemical nitrogen fertilizers with environ-

mentally friendly ways is the most accepted practice. 
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Introduction 

Nitrogen (N) is a vital parameter for crop produc-

tivity (BROUMAND et al, 2010; SOLEYMANI et al, 

2011a,b). Nitrogen is most important limiting nutrient for 

crop production and plant productivity in many part of  

the world (MITCHELL et al, 2018; SUN et al, 2019). It is 

also a manin part in chlorophyll as well as key parameter  

in amino acids and proteicn (DIXON et al, 1997; KUMAR 

et al, 2017; MAHATO and KAFLE, 2018). Bacteria and 

archaea inhabit the most inhospitable environments and 

have unique roles in metabolic pathways and genes to 

cope with different environmental conditions (SMITH-

MOORE and GRUNDEN, 2018). They are fund inha-

biting the rhizosphere with numerous interactions with 

the plant host (ODELADE and BABALOLA, 2019).  

The goal of this review is to survey on role of diazotrophs 

in nitrogen fixation. 
 

Nitrogen fixation 

Nitrogen fixation has also significant role in bio-

chemical pathways which play an important role in 

controlling oceanic nitrogen inventory (COTTA et al, 

2014). Without any doubt, nitrogen fixation is an ancient 

way which is essential for surviving life, and play a key 

role during the beginning of microbial life when abiotic 

nitrogen sources become scarce (GABY and BUCKLEY, 

2014). Nitrogenase plays an important part in global nitro-

gen cycle (SOLEYMANI et al, 2012; SHAHRAJABIAN 

and SOLEYMANI, 2017), and understanding of nitro-

genase expression and regulation is important to utilize 

potential diazotrophs under various ecological niches to 

gain agricultural and environmental sustainability at the 

same time (SUYAL et al, 2018). Nitrogen fixation is 

divided into two parts abiotic methods (lightning), and 

biotic (nitrogen fixers) to fix nitrogen to the ground.  

In the abiotic fixation, N2 would have been oxidized 

with CO2 by lightning, and then NO gets converted to 

soluble nitrosyl hydride (HNO) (NAVARRO-GONZALEZ 

et al, 2011). Certain bacteria and archaea are responsible  

for biological nitrogen fixation. Although, there is large 

atmospheric reservoir, bioavailability of nitrogen mostly 

relies on biological nitrogen fixation (BNF) (PRAYITNO 

and ROLFE, 2010). 

Two main drivers of universal nitrogen cycling are 

ammonia-oxidizing bacteria (AOB), and archaea (AOA) 

(LONG et al, 2012). Metabolic pathways usually are 

common between archaea and bacteria (ODELADE et al, 

2019), and almost all genes involved in this process are 

founder under these domains (TATUSOV et al, 2003).  

It has been found that a lone bilayer lipid which makes 

the cell structural formation of archaea is very close to the 

bacterial cell which is gram-positive within prokaryota 

(MAKAROVA et al, 2001). One of the most important 

proteins which are common to both archaea and gram-

positive bacteria are glutamine synthetase I and Hsp70 

(MAKAROVA et al, 2001; KOCH, 2003). Nitrogen 

fixation is energetically expensive because it consumes  

16 moles of ATP per mole of N fixed (AISALBIE and 

DESLIPPE, 2013). Nitrogen fixation also has been con-

sidered as the limiting factor for both crop and natural 

ecosystem productivity which has shown scholars the 

importance of this process in agricultural system (DIXON 

and KAHN, 2004; WANG et al, 2013). Relying on 

chemical fertilizer, especially nitrogen may lead to  

both serious health issues and environmental concern 

(SHAHRAJABIAN et al, 2011; SHAHRAJABIAN et al, 

2019), and it is the barrier for the goal of having sus-

tainable agriculture and organic life (SOLEYMANI and 

SHAHRAJABIAN, 2012a,b). Nitrogenase is an ATP-

hydrolyzing, redox-active complex of two component 

proteins, the dinitrogenase reductase γ2 homodimer (NifH 

protein), and the dinitroenase α2β2 heterotetramer, where α 

is NifD, and β is NifK proteins (RAYMOND et al, 2004; 

CHENG et al, 2005; ZHAN et al, 2016). 

The molybdenum nitrogenase is an oxygen sensitive 

complex dinitrogenase (NifDK heterotetramer), and dini-

trogenase reductase (NifH homodimer) (ORTIZ-MARQUEZ 

et al, 2014). MoFe7S9 metal cluster is the active site for 

dinitrogen reduction for α, however, is some organisms Mo 

is replaced by either Fe or V, which is called Anf and 

Vnf, respectively instead of Nif (RAYMOND et al, 2004). 

It has been reported that FeMo nitrogenase has been 

recognized to be more efficient in binding dinitrogen 

and reducing it to ammonia compare with alternative 

nitrogenase (Nif > Vnf > Anf) (MILLER and RADY, 

1988). Via the enzyme nitrogenase, microorganisms 

catalyze nitrogen fixation, which has been highly con-

served throughout evolution (HRYNKIEWICZ et al, 

2019). All N2 fixers carry the nif (nitrogen fixation) genes, 

which encoded the nitrogenase complex (ARGANDONA 

et al, 2005; CHENG, 2008; SUN and CHENG, 2018). 

Nitrogenase is definitely sensitive to oxygen, which is 

why a specific oxygen barrier is formed around the infected 

cells by a cell layer which may reduce oxygen level in 

nodule cortex (RIBEIRO et al, 2015; ZHAN et al, 2019). 

KESHRI et al. (2013) also reported that the key functional 

genes namely cbbL, nifH, amoA, and apsA involced in 

various nutrient cycling. 

The genes which encoding of enzymes in nitrifi-

cation process are ammonium monooxygenase (amo), 

hydroxylamine oxidoreductase (hao), and nitrite oxido-

reducatse (nxr), whereas those that conduct denitrification 

consist of nitrite reductases (nirK, nirS), nitric oxide 

reductase (norB), and nitrous oxide reductase (nosZ) 

(BRAUMAN et al, 2015). The genes which are most 

commonly used as functional markers to assess both the 

nitrification and denitrification processes are amo, nirK, 

nirS and nosZ (LEVY-BOOTH et al, 2014). The nif operon 

includes the nitrogenase structural gene nifH, which has 

been sequenced to provide a large database from different 

environments (ARGANDONA et al, 2005). The additional 

of external organic matter provides a good source of 

energy and nutrients to support growth, because many  
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of the microorganisms participating in N2 fixation are 

heterotrophic or mixotrophic (RAHAV et al, 2016; TANG 

et al, 2017). Also, nifH has been used as a molecular marker 

to determine diazotroph indices, which encodes a nitro-

genase iron protein (CHEN et al, 2019). 

The characterization of diazotroph communities by 

nifH genes could be a potential indirect approach to the 

assessment of levels of biological N fixation in soils 

(REARDON et al, 2014). TSOY et al. (2016) stated that in 

most nitrogen-fixing bacteria NifA is the master regulator 

of nitrogen fixation as it works in relationship with the 

RNA-plymerase sigma factor RpoN (SCIOTTI et al, 

2003). Both phosphorus (P) deficiency and potassium (K) 

deficiency resulted in significant decreases in nifH gene 

expression and N2-fixation activity, and P deficiency 

exhibited more restricted impacts (TANG et al, 2017). 

Dinitrogenase reductase (azoferredoxin), and dinitrogenase 

(molybdoferredoxin) are two principal subunits of the 

nitrogenase complex, and Nif (nitrogen fixing) proteins 

NifH (γ2 homodimeric azoerredoxin), and NifD/K (α2β2 

heterotetrameric molybdoferredoxin) are the structural 

components of these subunits (KNEIP et al, 2007). Three 

types of nitrogenase are iron and molybdenum (Fe/Mo), 

iron and vanadium (Fe/V) or iron only (Fe) (BISHOP  

et al, 1986; CHISNELL et al, 1988; BISHOP and 

PREMAKUMAR, 1992). The Mo-nitrogenase has a 

higher specific activity which is expreseed better when 

Mo is available (BETANCOURT et al, 2008). Although, 

all bacteria which have role in nitrogen fixation possess 

the Mo-nitrogenase, but just some of them have the genes 

for the V- and Fe-nitrogenase or both (BELLENGER et al, 

2014). TSOY et al. (2016) noted that all known nitro-

genases need a FeS-cluster and some other metal-

dependent cofactors for transduction. The most common 

metal-dependent cofactor is the molybdenum-dependent 

nitrogenase which is encoded by the nifHDK genes 

(BOYD and PETERS, 2013). 

Other notable nitrogenases are vanadium- and iron-

dependent nitrogenases encoded by the vnfHDGK and 

anfHDGK genes, respectively (SEEFELDT et al, 2009; 

HARTMANN and BARNUM, 2010). Different ways  

of nitrogen fixing from unavailable gaseous forms are 

divided into 4 parts which is shown in Table 1. Biological 

nitrogen fixation is divided into two parts, 1) agricultural 

systems, 2) natural systems, both agricultural systems and 

natural systems are included plant associated and free 

living nitrogen fixation. Biological nitrogen fixing agents 

in both agricultural and terrestrial natural systems is 

presented in Figure 1. Global nitrogen fixation is divided 

into biological and non-biological nitrogen fixation, 

biological fixation consists of symbiotic, associative, and 

free-living nitrogen fixation, and non-biological fixation 

consists of natural and chemical fertilizers. Main sources  

of biologically available nitrogen is indicated in Figure 2. 

 
 

Table 1. Different ways of nitrogen fixing from unavailable gaseous forms in the atmosphere to usable forms  

for plants and other organisms (NH4
+ or NO3

-) (TIMOTHY, 1999) 

Bacteria in symbiotic relationships with vascular plants 

Symbioses between cyanobacteria and fungi (lichens) or plants  

Free living heterotrophic or autotrophic bacteria which are typically related to soil or detritus  

Abiotic reactions occur without microbes in the atmosphere related to lightening 
 

 

 

Figure 1. Biological nitrogen fixing agents in both agricultural and terrestrial natural systems (HERRIDGE et al, 2008) 
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Figure 2. Main sources of biologically available nitrogen 

 

 

Diazotrophs are categorized into two main groups 

namely: root-nodule bacteria and plant growth-promoting 

rhizobacteria (PGPR). Root-noduce bacteria cosnsit of 

rhizobia and Frankia. Rhizobia which include alpha-and 

betaproteobacteria enter into a symbiotic association 

with legumes and Frankia with actinorhizal plants. Some 

other palnts develop endosymbiotic interactions with 

nitrogen-fixing cyanobacteria (Nostoc). PGPRs consist of 

proteobacteria (alpha-, beta-, and gammaproteobacteria), 

actnobacteria, bacilli, and cyanobacteria (MUS et al, 

2016). The oxidation of ammonia is done by ammonia 

oxidizers (both archaea and bacteria), and the nitrite 

produced is finally oxidized by nitrite-oxidising bacteria.  

In bacteria, ammonia is oxidized to nitrite via the inter-

mediate hydroxylamine and the enzyme hydroxylamine 

oxidoreductase (HAO). Aerobic ammonia-oxidizing bacte-

ria are known to have an important function in the marine 

nitrogen cycle. Anaerobic ammonium oxidation (anammox) 

carried out by some members of Planctomycetales which  

is also an important process in marine ecosystems. Aerobic 

ammonia oxidation during nitrification in presented in 

Figure 3. The nitrogen cycle is the set of biogeochemical 

processes, and it has changed thorugh Earth,s history. It has 

been reported that there was no denitrification during the 

Archean, and after this period, nitrogen cycle and other 

biochemical cycles started. A simplified modern nitrogen 

cycle with known fractionimpacts for the nitrogenous 

reaction product (Left) and the proposed nitrogen cycle 

operating during the Archean (Right) are presented in 

Figure 4. Functional characterization of upregulated and 

downregulated selected proteins during low temperature N 

depletion condition is presented in Table 2. Homologs of 

the nifH gene can divided into five main phylogenetic 

clusters which are cluser I contains a diverse group of nifH, 

cluser II contains anfH, cluster III contain nifH, and cluster 

IV and V contain paralogous. Homologs of the nifH gene 

can be divided into five main phylogenetic clusters is 

indicated in Table 3. 
 

 

 
Figure 3. Aerobic ammonia oxidation during nitrification 
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Table 2. Functional characterization of upregulated and downregulated selected proteins during low temperature N 

depletion condition by Pseudomonas palleroniana N26 as revealed by LC-MS/MS analysis (SUYAL et al, 2018) 

Genes Proteins Biological functions 

Upregulated proteins 

(BM) 

  

nifH Nitrogenase iron protein Nitrogen fixation 

nifA nif-specific regulatory protein Activation of most nif operons 

nifL Nitrogen fixation regulatory protein Regulation of nitrogen fixation 

nifB FeMo cofactor biosynthesis protein Biosynthesis of the iron-

molybdenum cofactor 

nifD Nitrogenase molybdenum-iron protein Nitrogen fixation 

nifK Nitrogenase molybdenum-iron protein Nitrogen fixation 

nirS Nitrite reductase Nitrite reduction 

hemE Uroporphyrinogen decarboxylase Porphyrin biosynthesis 

guaA GMP synthase Purine biosynthesis 

pyrG CTP synthase Glutamine metabolic process 

polA DNA polymerase I DNA replication 

pheT Phenylalanine-tRNA ligase beta 

subunit 

Phenylalanyl-tRNA aminoacylation 

groEL 60 kDa chperonin Protein refolding 

gyrB DNA gyrase subunit B DNA topological change 

rplE 50S ribosomal protein L1 Ribosomal large subunit assembly 

rplA 50S ribosomal protein L1 Translation regulation 

murD UDP-N-acetylmuramoylalanine-D-

glutamate ligase 

Cell division 

uvrB UvrABC system protein B DNA damage 

glmS Glutamine-fructose-6-phosphate 

aminotransderase 

Glutamine metabolic process 

alaS Alanine-tRNA ligase Alanyl-tRNA aminoacylation 

rpsF 30S ribosomal protein S6 Translation 

tig Trigger factor Cell division 

truB tRNA pseudouridine synthase B tRNA processing 

truA tRNA pseudouridine synthase A tRNA processing 

proS Proline-tRNA ligase Prolul-tRNA aminoacylation 

glnS Glutamine-tRNA ligase Glutamyl-tRNA aminoacylation 

hisS Histidine-tRNA ligase Protein biosynthesis 

secA Protein translocase subunit SecA Protein transport 

glyA Serine hydroxymethyltransderase Amino-acid biosynthesis 

atpG ATP synthase gamma chain ATP synthesis 

trmD tRNA (guanine-N91)-)-

methyltransderase 

tRNA processin 

mfd Transcription-repair-coupling factor DNA repair 

leuC2 3-isopropylmalate dehydratase large 

subunit 2 

Amino-acid biosynthesis 

sdhA Succinate dehydrogenase flavoprotein 

subunit 

Electron transport 

yacG DNA gyrase inhibitor Stress control 

cowN N(2)-fixation sustaining protein CowN Protecting nitrogenase from CO 

cooA Carbon monoxide oxidation 

transcription regulator 

CO regulator 

 

  



Nitrogen Fixation and Diazotrophs – A Review 

 

 2839 

 

 
Figure 4. A simplified modern nitrogen cycle with known fractionimpacts for the nitrogenous reaction product (Left).  

The proposed nitrogen cycle operating during the Archean (Right) (PAPINEAU et al, 2005) 
 
 

Table 3. Homologs of the nifH gene can be divided into five main phylogenetic clusters  

Cluster I contains a diverse group of nifH genes primarily from aerobic and facultatively anaerobic organisms which 

belong to phyla including Proeobacteria, Cyanobacteria, Firmicutes and Actinobacteria (CHIEN and ZINDER, 1994). 

Cluster II contains anfH, alternative nitrogenase which are paralogs of nifH and use an Fe-Fe cofactor in place of  

the Fe-Mo cofactor used by nifH (MASEPOHL et al, 2002). There also exist V-Fe alternative nitrogenases encoded  

by vnfH, and the alternative nitrogenases appear to be found only in the genomes of organisms which also contain  

nif genes (MASEPOHL et al, 2002). 

Cluster III contains nifH genes that are almost exclusively found in obligate anaerobes including methanogenic Archaea, 

Treponema, Clostridium and sulfate-reducing and sulfur-reducing species of Deltaproteobacteria (CHIEN and 

ZINDER, 1994). 

Cluster IV and V contain paralogous genes which do not participate in nitrogen fixation (RAYMOND et al, 2004; 

NOMATA et al, 2006; STAPLES et al, 2007). 
 

 

Diazotrophs 

Diazotrophs have a vital role in fixing atmospheric 

nitrogen (N) in terrestrial ecosystems (XIAO et al, 2020). 

The estimate areas of biological nitrogen fixation and 
related factors controlling BNF is done by diazotroph 

distribution (LIN et al, 2018; YANG et al, 2019), which 

contributes to the sustainability of agricultural ecosystems 
(REED et al, 2011). Diazotrophic community structure and 

diversity also mostly correlated with soil pH (FENG et al, 
2018). MOSIANDER et al. (2012) showed that the free-

living diazotrophs contributing to nitrogen fixation changes 

considerably and is mostly dependent on the soil nitrogen 
content. Diazotrophs are highly diverse an include members 

of α-, β-, and δ-Proteobacteria, Firmicutes, Cyanobacteria, 

and Archaea (ROSCH et al, 2002; REARDON et al, 
2014). 

Diazotrophs include free living bacteria, such as 
Azospirillum, Cupriavidus, and some sulfate reducing 
bacteria, and symbiotic diazotrophs such Rhizobium and 
Frankia (SELLSTEDT and RICHAU, 2013; YIN et al, 
2018). DIXON and KAHN (2004) found that diazotrophs 
are found in a broad diversity of habitats: free-living in 
water and soil, symbiotic association in termite guts, asso-
ciative symbioses with grasses, cyanobacterial symbioses 

with different plants, actinorhizal relationship with woody 
plants, and root-nodule symbioses with legumes. Biological 
nitrogen fixation by diaotophic bacteria in seagrass 
rhisozphere and leaf epiphytic community is also another 
considerable source of this process (LEE et al, 2007; 
GARCIAS-BONET et al, 2016). Nitrogen fixing plants 
can provide diverse impacts on diazotrophs under both 
nitrogen limitation or saturation (BISWAS and GRESS-
HOFF, 2014; XIAO et al, 2020). A range of diazotrophic 
plant growth-promoting rhizobacteria which meaningfully 
boost the vegetative growth and final grain yield, 
participate in interactions with C3 and C4 crop plants such 
as rice, wheat, maize, sugarcane and cotton (KENNEDY et 
al, 2004). 

The combination of intracellular symbiotic nitrogen 

fixation, may lead to increase rates of photosynthesis and 

presence of supplementary plant growh factors in cereals 

and other non-legumes (MOMOSE et al, 2013; DENT 

and COCKING, 2017). XIAO et al. (2020) concluded 

that diazotroph abundance may respond to differences in 

the density with leguminous plants. KE et al. (2019) 

revealed that soil compartment and different inoculation 

treatments were the main factors affecting the distribution 

of the diazotrophic community. PEREIRA et al. (2013) 

noted that two important parameters which may affect 
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diazotroph communities are temperature and soil moisture 

in different seasons. CHE et al. (2018) also noted that 

among all environmental factors, the soil moisture, 

organic carbon, available phosphorus, and inorganic 

nitrogen contents could be the main drivers of diazotroph 

distribution. Agronomic practices may also have impact on 

soil diazotrophs, such as application of nitrogen fertilizer 

which may reduce the diversity of diazotrophs (TAN et al, 

2003). It has been reported that nitrogen supply is closely 

connected to soil diazotrophs, which shows the nitrogen 

supply capacity of soil (REED et al, 2011). CHEN et al. 

(2014) showed that the unicellular diazotrophs are 

important N2 fixers and contributed significantly to N2 

fixation in the tropical marginal seas. CHEN et al. (2019) 

also confirmed that diazotrophic activity of heterotrophic 

Proteobacteria should be considered as an important part of 

nitrogen cycle in oceanic systems. Trichodesmium spp. and 

diatom-symbiotic Calothrix rhizosoleniae and Richelia 

intracellularis are important marine diazotrophs (GOMEZ 

et al, 2005), and it is believed that most of the biological 

nitrogen fixation in the ocean is performed by them 

(FOSTER et al, 2007; SHIOZAKI et al, 2014). The best 

hosts for Rhizobium legumiosarum are pisum, vicia, 

lathyrus and lens; Trifolium for R. trifolii; Phaseolous 

vulgaris, P. angustifolia for R. phaseoli; Medicago, 

Melilotus and Trigonella for R. meliloti; Lupinus and 

Ornithopus for Lupini, and Glycine max for R. japonicum. 

LAROCHE and BREITBARTH (2005) found that 

Trichosemium is one of the superior marine diazotrophs. 

Nitrogen is the basic component of aminoacids and 

nucleobases which has shown its importance for all living 

organisms on the Earth. Phylogenetic tree of the three 

domains of life is shown in Figure 5. DNA sequence 

comparisons and structural and biochemical comparisons 

consistently caregorize all living organisms into three 

primary domains, namely, Bacteria, Archaea and Eukarya. 

Bacteria and archaea are the smallest independently-living, 

single-celled organisms on earth. Most lack a true 

membrane-bound nucleus, so their DNA lies free in the 

cell cytoplasm, and their genome typically consists of a 

single circular molecule of double-stranded DNA. A cell 

membrane made of phospholipids surrounds the cell and 

outside is the cell wall, usually made up proteins, 

carbohydrates and lipids. Both bacteria and archaea 

require carbon to provide the building blocks for cell 

materials, and energy to drive the reactions involved in cell 

synthesis and metabolism. Archaea were originally thought 

to exist only in harsh environments and Archaea belon-

ging to Crenarchaeota have been implicated in nitrogen 

cycling in soils. Fungi are eukarya and more closely 

related to plants and animals than to bacteria and archaea. 

Fungal cell contain membrane-bound nuclei with chromo-

somes which contain DNA. Fungi and archaea are closely 

associated with plant health and have significant biodi-

versity in the rhizosphere. The archaea possess the follo-

wing characteristics: archaea are prokaryotic cells, they 

have membranes composed of branched hydrocarbon 

chains attached to glycerol by ether linkages, the cell 

walls of Archaea contain to peptidoglycan, Archaea are 

not sensitive to some antibiotics which affect the bacteria, 

but are sensitive to some antibiotics which influence  

the Eukaya, Archaea contain rRNA that is unique to  

the Archaea. The bacteria re prokaryotic cells, like the 

Eukarya, they have membranes composed of unbranched 

fatty chains attached to glycerol by ester linkages, the cell 

walls of Bacteria, unlike the Archaea and the Eukarya, 

contain peptidoglycan, Bacteria are sensitive to tradi-

tional antibacterial antibiotics but are resistant to most 

antibiotics which affect Eukarya, Bacteria contain rRNA 

which is unique to the Bacteria as showed by the presence 

molecular regions distinctly different from the rRNA of 

Archaea and Eukarya. The Eukarya have eukaryotic cells 

and their membranes composed of unbranched fatty  

acid chains attached to glycerol by ester linkages, some of 

them have a cell wall, and that wall contains no pepti-

doglycan, Eukarya are resistant to traditional antibacterial 

antibiotics but are sensitive to most antibiotics which 

influence eukaryotic cells, Eukarya contains rRNA which 

is unique to the Eukarya. Microbial domains comparisons 

are indicated in Table 4. 
 
 

Table 4. Microbial domains comparisons (WANG et al, 2007) 

Property Bacteria Archaea Fungi 

Cell Membrane Made up of peptidoglycan 
and lipids are linked via ester 

molecule 

Made up of pseudo-peptido-
glycan and lipids are linked via 

ether molecule 

Made up of different  
structures and lipids are linked 

via ester molecule 
Gene Structure 

and 
Configuration 

Chromosomes are circular, 
translation and transcription 

are unique 

Chromosomes are circular, 
translation and transcription are 

similar to eukaryotes (fungi) 

Chromosomes are multiple and 
linear, translation and trans-

cription are similar to archaea 
Structure of 
Internal Cell 

The nucleus or organelles 
has no membrane bound 

The nucleus or organelles  
has no membrane bound 

There is membrane bound 
nucleus and organelles 

Metabolic 
Reaction 

There are several, including 
aerobic and anaerobic 

respiration, photosynthetic, 
autotrophic reactions and 

fermentation 

There are several with 
methanogenic reaction 
specifically unique to  

this domain 

Cellular respiration, fermen-
tation and photosynthetic 

reaction 

Reproduction Reproduction is asexual and 
transfer of genes is 

horizontal 

Reproduction is asexual and 
transfer of genes is horizontal 

Reproduction is sexual and 
asexual 
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Figure 5. Phylogenetic tree of the three domains of life (Bacteria, Archaea and Eucarya) (BARNS et al, 1996) 

 

 
Free-living and symbiotic nitrogen fixing bacteria are 

a) archeae which have two divisions, methanosarcinales, 

and methanobacteriales, b) bacteria which consists of 

divisions namely cyanobacteria, actinobacteria, proteobac-

teria, firmicutes (Clostridia), bacteroidetes/chlorobiales, 

spirochaetales and chloroflexi (KNEIP et al, 2007). 

Phylogenetic affinities of symbiotic and non-symbiotic 

nitrogen fixing bacteria. Azotobacter species (Azotobacter 

vinelandii and A. chroococcum) are free-living, aerobic 

heterotrophic diazotrophs that rely on an adequate 

supply of reduced C compounds like sugars for energy 

(KENNEDY et al, 2004). Azospirillum species aerobic 

heterotrophs that fix N2 under microaerobic conditions 

(ROPER and LADHA, 1995), which grow widely in  

the rhizosphere of gramineous plants (KENNEDY and 

TCHAN, 1992). Acetobacter (Gluconacetobacter) diazo-

trophicus is an acid-tolerant endophyte which grows 

best on sucrose-rich medium (JAMES et al, 1994). 

Azorhizobium caulinodans increased the dry weight and  

N content of wheat plants in a green house experiment 

(MATTHEWS et al, 2001). Herbaspirillum is an endo-

phyte which colonises sugarcane, rice, maize, sorghum  

and other cereals (JAMES et al, 2000). 

Conclusion 

Nitrogen availability often restricts biological pro-

ductivity in ecosystems. Certain bacteria and archaea are 

responsible for biological nitrogen fixation. Metabolic 

pathways usually are common between archaea and 

bacteria. Nitrogen fixation is energetically expensive 

because it consumes 16 moles of ATP per mole of N fixed. 

Paying more attention on biological nitrogen fixation 

(BNF) has increased by growing concern about sustaina-

bility of agricultural production by considering population 

growth, environment and energy. Biological nitrogen 

fixation carried out by diazotrophs converts atmos-

pheric N2 to plant available ammonium. 

Community structure and diversity of diazotrophic 

are correlated with soil pH. All known organisms which 

involve in nitrogen-fixing which are called diazatrophs  

are prokaryotes, and both bacterial and archaeal domains 

are responsible for that. DNA sequenc comparisons and 

structural and biochemical comparions consistenly cate-

gorize all living organisms into three primary domains, 

such as Bacteria, Archaea and Eukarya. Archaea and 

Bacteria are unicellular organisms, their cells lack 

organelles or other internal membrane-bound structures, 
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they have a single circular chromosome, they reproduce 

through fission and almost all prokaryotes have a cell 

wall, and the prokaryotes especially Archaea can survive  

in extreme environments which are inhospitable for  

most living things. Archaea are more closely related to 

eukaryotes than to bacteria, although superficially archaea 

appear to be much more similar to bacteria than eukar-

yotes. Diazotrophs are categorized into two main groups 

namely: root-nodule bacteria and plant growth-promoting 

rhizobacteria. Diazotrophs include free living bacteria, 

such as Azospirillum, Cupriavidus, and some sulfate 

reducing bacteria, and symbiotic diazotrophs such 

Rhizobium and Frankia. 

Two important parameters which may affect diazo-

troph communities are temperature and soil moisture in 

different seasons. Nitrogenase is an ATP-hydrolyzing, 

redox-active complex of two component proteins, the 

dinitrogenase reductase γ2 homodimer (NifH protein), and 

the dinitroenase α2β2 heterotetramer, where α is NifD, 

and β is NifK proteins. Three types of nitrogenase are 

iron and molybdenum (Fe/Mo), iron and vanadium (Fe/V) 

or iron only (Fe). The Mo-nitrogenase has a higher 

specific activity which is expreseed better when Mo is 

available. Biological nitrogen fixation is the most 

important element in sustainable plants production and 

surviving life. 
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