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Abstract - Development of prediction tools for computational identification of nitrogen fixation (nif) genes and
categorization of potential diazotrophs using high throughput sequence data has accelerated the research in the area of
biological nitrogen fixation. The computational tools are recently being used for the annotation and phylogenetic analysis
of nifH gene or NifH protein sequences in nitrogen-fixing bacteria. In this study, phylogenetic analysis of NifH protein
using Maximum Likelihood method showed that amino acid sequences of Azospirillum brasilense showed more
relatedness to Rhodospirillum rubrum and Rhodobacter capsulatus. Further, the amino acid sequences also showed
similarity to nodule-forming bacteria Rhizobium etli, Rhizobium leguminosarum bv. trifolii and Sinorhizobium meliloti.
Azospirillum brasilense was placed on the same clade along with Rhodopseudomonas palustris, Methylobacterium
nodulans, Gluconoacetobacter diazotrophicus and Zymomonas mobilis based on NifH aminoacid sequences. On another
branch, NifH amino acid sequences of Azospirillum brasilense showed relatedness to Bradyrhizobium diazoefficiens,
Azorhizobium claudinodans and Acidothiobacillus ferrooxidans. However, amino acid sequences of free-living nitrogen-
fixing bacteria Klebsiella pneumoniae, Azotobacter vinelanii and Azotobacter chroococcum were also placed separately on
other branch. Interestingly, sequences of anaerobic bacteria Clostridium pasteurianum, Desulfatomaculum reducens and
Chlorobium limicola were placed far apart. Besides this, NifH amino acid sequences of Azospirillum brasilense showed
quite divergence from the sequences observed in Paenibacillus durus and Roseiflexus castenholzii. Thus, NifH amino acid
sequences classified various nitrogen-fixing bacteria into different phylogenetic clusters.
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I. INTRODUCTION

Biological nitrogen fixation (BNF) is one of the most
ancient enzyme-catalyzed reactions [1], in which inert
atmospheric nitrogen (N,) is reduced to ammonical form in
the soil using the nitrogenase enzyme [2]. This process of
N, fixation is unique to certain bacteria, cyanobacteria,
Frankia and archaea [3]. Biological nitrogen fixation is
estimated to contribute for 90 x 10" - 140 x 10" g of fixed
nitrogen annually into the biosphere [4]. The unpredictable
occurrence of this trait across taxonomic groups in natural
ecosystems [5], combined with the challenge of
experimental detection of nitrogen fixation in agricultural
systems [6], makes it difficult to obtain a comprehensive
census of microorganisms with the capacity for nitrogen
fixation (diazotrophy). The use of such nitrogen-fixing
bacteria as biofertilizers is an environmental friendly
technology for achieving sustainable restoration of soil
fertility [7].

All nitrogen-fixing microorganisms rely on the nitrogenase
enzyme for nitrogen reduction, which consists of as many
as 20 nif genes [8, 9]. The nitrogenase enzyme complex
consists of main structural genes nifH, nifD and nifK,
which code for two metallo-proteins viz., iron (Fe) protein
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and iron-molybdenum (FeMo) protein [10, 11]. The nifH
gene, which codes for dinitrogenase reductase, plays
critical role in transfer of electrons during nitrogen fixation
process and therefore, has been used as a molecular
marker for identification of highly diversified nitrogen-
fixing microbes from diverse environments [1, 12].

For improving biological nitrogen fixation, computational
and bioinformatics tools are being applied for the
annotation and phylogenetic analysis of nifH gene and
NifH protein sequences [13, 14]. Besides identification of
various nif genes using biotechnological techniques,
computational tools are also used to identify and
categorize novel potential diazotrophs [15]. In view of
above prospects, biological data mining of NifH protein
sequences was made from NCBI GenBank using BLAST
and FASTA, and its phylogenetic analysis was carried out
to find its relatedness in different diazotrophic
microorganisms [16]. Better understanding about the
functioning of nitrogenase enzyme using computational
approach will supplement the existing biotechnological
efforts to improve nitrogen fixation process for sustainable
agriculture.
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1. RELATED WORK

Most of the earlier studies have focussed either on the
annotation of nifH sequences or on the phylogenetic
distribution of diazotrophs by using nifH sequences as
markers [13]. The diversity of nitrogen-fixing
microorganisms was reported to vary dramatically with
different habitats selecting for different groups of nitrogen-
fixing organisms [17, 18, 19]. Frank [11] presented a novel
approach to classify NifH protein sequences into well-
defined phylogenetic clusters that provide a common
platform for cross-ecosystem comparative analysis. The
utility of this novel sequence binning approach revealed a
marine — terrestrial distinction in the community
composition. Frank et al. [12] developed computational
method based on classification and regression trees
(CART) for the annotation of nifH gene sequences, where
the nifH protein sequences were classified into different
phylogenetic clusters.

Dos Santos et al. [15] identified 149 diazotrophic species
from fully sequenced genomes, including 82 known
diazotrophs and 67 species not known to fix nitrogen.
Computational prediction of nitrogen fixation was reported
by using a new criterion with minimum set of six genes,
coding for structural and biosynthetic components of
nitrogenase namely nifHDK and nifENB. Gaby and
Buckley [20] designed a database that contains 32954
aligned nitrogenase nifH sequences that facilitated
phylogenetic and evolutionary studies of nitrogen-fixing
microorganism. Further, a software pipeline ARBitrator,
was developed for retrieving autocurated nifH sequences
from GenBank [21]. Similarly, Lau et al. [22] carried out
studies on community phylogenetics and phylogeography
of microorganisms living in extreme environments. The
taxonomic assignments or patterns may give limited
inference on how microbial functions are affected by
historical, geographical and environmental factors.

I11. MATERIALS AND METHODS

Data mining of the availabile microbial genome and
protein sequences affords novel opportunities to provide
the analysts with novel and efficient computational tools
that overcome the constraints posed by the traditional
statistical methods. Likewise, bioinformatics has evolved
tremendously in recent years due to the explosive growth
of biological information generated by the scientific
community [16]. Phylogeny and phylogenetic trees give a
picture of the evolutionary history among species,
individuals or genes [23]. The need to query biological
data using sets of evolutionary related taxa has spawned
the need to create databases than can serve as repositories
of phylogenetic trees.

3.1. Retrieval of NifH protein sequences in different
nitrogen-fixing bacteria

Phylogenetic trees were built by character based methods
using Maximum Likelihood (ML) method [24] that derives
trees to optimize the distribution of the actual data pattern
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for each character. The ML method uses standard
statistical techniques for inferring probability
distributions to particular possible phylogenetic trees and
allows additional statistical flexibility by permitting
varying rates of evolution across both lineages and sites.
Thus, Maximum Likelihood is well suited to the analysis
of distantly related sequences [25].

FASTA was the first database similarity search tool that
work on heuristic method of database searching. It uses a
“hashing” submission of a query sequence and performed
sequence to sequence pairwise comparison of the query
sequence with all individual sequences available in that
database. BLAST was used for searching of GenBank and
other sequence databases for sequence similarity and
homology among different nitrogen-fixing bacteria [26].
To access GenBank and its related retrieval and analysis
services, the NCBI homepage: www.ncbi.nlm.nih.gov.
was used as the search point [27].

In the present study, amino acid sequences of NifH protein
from 97 different nitrogen-fixing and nodule-forming
bacterial strains were retrieved from NCBI GenBank
(Figure 1). Phylogenetic analysis, with other nitrogen-
fixing bacteria and nodule-forming rhizobial species, was
done by taking NifH protein sequences of Azospirillum
brasilense, which fixes nitrogen as associative symbiont in
cereal crops.

3.2. Phylogenetic analysis of NifH protein among
different nitrogen-fixing bacteria using
computational software

Amino acid sequences of NifH protein were searched for

different nitrogen-fixing and nodule-forming rhizobia from

NCBI GenBank and UniprotKB databases. Partial

sequences for protein were removed from retrieved

sequence datasets. The filtered sequences for proteins were
aligned and conserved region and region of dissimilarity
were identified from multiple sequence alignment using
iterative and HMM algorithms of CLUSTALWI/

CLUSTAL Omega program and MEGA software.

Molecular  Evolutionary Genetics  Analysis (MEGA)

computer software (i.e., MEGA-X) was used for

statistical analysis ~ of molecular  evolutionand  for
constructing phylogenetic trees. Alignment of sequences
was carried out using CLUSTALW. Based on the
nucleotide sequence database similarity, the relatedness of
different amino acid sequences of NifH protein were
compared by making the phylogenetic trees. Consensus
trees were constructed for all sequences by bootstrapped
method using both softwares and the number of
replications (iterations) used to construct the phylogenetic
tree were taken as 1000. Phylogenetic trees were generated
graphically by using FigTree program, which is designed
to display summarized and annotated files generated from

a variety of  programs, particularly  those

from BLAST output files. Generated trees were viewed

using TREE VIEW and best fit tree was selected out of all
trees.
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IV. RESULTS

Among the nitrogen-fixing bacteria, Azospirillum species
possess ‘associative’ lifestyle and these diazotrophs
colonize the inner tissues of plants inter-cellularly. The
plant growth stimulatory effect exerted by application of
Azospirillum has been attributed to several mechanisms,
including biological N, fixation [28]. Thus, understanding
and optimizing these N,-fixing plant-bacteria associations
have promising prospective for sustainable agriculture
[29]. Their application as biofertilizer for cereals will
reduce the energy and pollution cost of the industrial
reduction of N, from fertilizer industry. Besides this, the
ecological impact and extent of N, fixation activity by
making use of genetic engineering, biotechnological
approaches, bioinformatics and computation modeling of
proteins involved in nitrogen fixation is an interesting
route for future investigations [12, 30, 31].

4.1. Sequence retrieval of amino acid sequences of NifH
protein in nitrogen-fixing bacteria

In the present studies, NifH protein sequences from ninety
seven different nitrogen-fixing bacterial strains and
nodule-forming Rhizobium strains were retrieved from
Uniprot KB Database (Figure 1). Amino acid sequences of
NifH protein were further filtered out by ignoring partial,
putative, hypothetical and uncharacterized sequences. The
amino acid sequences for NifH protein was retrieved from NCBI
GenBank with accession number P17303.1 in FASTA
format. BLAST was used for searching of GenBank and
other sequence databases for sequence similarity and
homology among different nitrogen-fixing bacterial
strains.

>Azospirillum brasilense
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Twenty distinct amino acids are used by living cells for
biosynthesis of various proteins. Amino acids combine to
form long chains through formation of peptide bonds. The
amino acid sequence makes up the primary structure of the
protein. However, chemical/ biological properties of the
protein are reliant on the 3 D or tertiary structure of the
protein. Every amino acid has both a one-letter and three-
letter abbreviation. Different amino acids are abbreviated
as follows: Alanine (A), Arginine (R), Asparagine (N),
Aspartic acid (D), Cysteine (C), Glutamine (Q), Glutamic
acid (E), Glycine (G), Histidine (H), Isoleucine (1),
Leucine (L), Lysine (K), Methionine (M), Phenylalanine
(F), Proline (P), Serine (S), Threonine (T), Tryptophan
(W), Tyrosine (Y) and Valine (V).

The amino acid sequences of NifH protein in different
nitrogen-fixing organisms in FASTA format are provided.
Although amino acid sequences of NifH protein were
obtained from 97 nitrogen-fixing bacteria, the amino acid
sequences of only eight microorganisms have been

provided below. Following bacteria were included:
Azospirillum  brasilense, Rhodobacter  capsulatus,
Sinorhizobium  meliloti, Azotobacter  chroococcum,

Rhodobacter sphaeroides, Clostridium pasteurianum and
Azorhizobium caulinodans. These bacteria were isolated
from differentat habitats and range from aerobic to
anaerobic life style, free-living to nodule-forming
symbiotic bacteria.

MSLROIAFYGKGGIGKSTTSONTLAALVELDQKILIVGCDPKADSTRLILHAKAQDTVLHLAAEAGSVEDLELEDVLKIGYK
GIKCVESGGPEPGVGCAGRGVITSINFLEENGAYDDVDYVSYDVLGDVVCGGFAMPIRENKAQETIYIVMSGEMMALYAANNI
AKGILKYAHSGGVRLGGLICNERQTDKEIDLASALAARLGTQLIHFVPRDNIVQHAELRRMTVIEYAPDSQQOAQEYRQLANK
VHANKGKGTIPTPITMEELEEMLMDEFGIMKSEEQQLAELQAKEAAKA

>Rhodobacter capsulatus SB 1003

MGKLRQIAFYGKGGIGKSTTSONTLAALVEMGOKILIVGCDPKADSTRLILNTKLODTVLHLAAEAGSVEDLEVEDVVKIGY
KGIKCTEAGGPEPGVGCAGRGVITAINFLEENGAYDDVDYVSYDVLGDVVCGGFAMPIRENKAQETYIVMSGEMMALYAANN
IAKGILKYANSGGVRLGGLICNERKTDRELELAEALAAKLGCKMIHEFVPRNNVVQHAELRRETVIQYDPTCSQAQEYRELAR
KIHENSGKGVIPTPITMEELEEMLMDFGIMQOSEEDREKQIAEMEAAMKA

>Sinorhizobium meliloti 1021

MAALRQIAFYGKGGIGKSTTSONTLAALVDLGOKILIVGCDPKADSTRLILNAKAQDTVLHLAATEGSVEDLELEDVLKVGY
RGIKCVESGGPEPGVGCAGRGVITSINFLEENGAYNDVDYVSYDVLGDVVCGGFAMPIRENKAQEIYIVMSGEMMALYAANN
IAKGILKYAHAGGVRLGGLICNERQTDRELDLAEALAARLNSKLIHEFVPRDNIVQHAELRKMTVIQYAPNSKQOAGEYRALAE
KIHANSGRGTVPTPITMEELEDMLLDFGIMKSDEQMLAELHAKEAKVIAPH

>Azotobacter chroococcum (strain med 1)

MAMRQCATIYGKGGIGKSTTTONLVAALAEMGKKVMIVGCDPKADSTRLILHSKAQNT IMEMAAEAGTVEDLELEDVLKVGYG
GVKCVESGGPEPGVGCAGRGVITAINFLEEEGAYEDDLDFVEYDVLGDVVCGGFAMPIRENKAQEIYIVCSGEMMAMYAANN
ISKGIVKYANSGSVRLGGLCNSRNTDREDELITALAAKLGTOMIHEVPRDNVVQRAEIRRMTVIEYDPTAKQADEYRTLARK
VVENKMLIIPNPITMDELEALLMEFGVMEEEDESIVGKAAAAEE
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>Rhodobacter sphaeroides
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MGKLRQIAFYGKGGIGKSTTSONTLAALVEMGOKILIVGCDPKADSTRLILNTKLODTVLHLAAEAGSVEDLELEDVVKIGY
KGIKCTEAGGPEPGVGCAGRGVITAINFLEENGAYDDVDYVSYDVLGDVVCGGFAMPIRENKAQEIYIVMSGEMMALYAANN
IAKGILKYANSGGVRLGGLICNERKTDRELELAEALAARLGCKMIHEFVPRDNIVQHAELRRETVIQYAPESKQAQEYRELAR
KIHENSGKGVIPTPITMEELEEMLMDFGIMQSEEDRLAATIAAAEA

>Clostridium pasteurianum

MROLATIYGKGGIAKSTTTONLTAGLVERGNKIMVVGCDPKADSTRLLLGGLAQKTVLDTLREEGEDVELDSILKTGYAGIRC
VESGGPEPGVGCAGRGIITSINMLEQLGAYTDDLDEVEYDVLGDVVCGGFAMPIREGKAQEIYIVASGEMMALYAANNISKG
IQKYAKSGGVRLGGIICNSRKVANEYELLDAFAKELGSQLIHFVPRSPSVTKAEINKKTVIEYDPTCEQANEYRELARKVEE

NDMFVIPKPMTQERLEQILMEHGLID

>Azorhizobium caulinodans ORS 571

MSSLROIAFYGKGGIGKSTTSONTLAALAEMGHRILIVGCDPKADSTRLILHAKAQDTILSLAAAAGSVEDLELEEVMKIGY
RDIRCVESGGPEPGVGCAGRGVITSINFLEENGAYEDIDYVSYDVLGDVVCGGFAMPIRENKAQETYIVMSGEMMAMYAANN
ISKGILKYANSGGVRLGGLVCNERQTDKELELAENLAKKLGTQLIYEFVPRDNIVQHAELRRMTIVIEYAPDSVOANHYRNLAE
RVHNNGGKGIIPTPITMDELEDMLMEHGIMKTVDETQVGKTAAELAALSA

4.2. Construction of phylogenetic trees based on
sequence similarity index of NifH protein
sequences

Phylogenetic trees are being used to navigate the

sequences and to explore phylogenetic patterns found in

associated metadata. The filtered amino acid sequences for

NifH proteins, retrieved from UniprotKB databases, were

aligned using CLUSTALW [32]. The amino acid

sequences of NifH protein in different nitrogen-fixing
bacteria was opened using MX: Alignment Explorer

(Protein FASTA). The conserved regions and regions of

dissimilarity were identified from multiple sequence

alignment using iterative algorithms of CLUSTALW and

MEGA software. Different amino acids showed consensus

in different nitrogen-fixing bacteria. Conserved regions

were found during the alignment at different positions of

amino acids (Figure 2).

4.3. Phylogenetic tree construction

Multiple  sequence  alignments  generated  from
CLUSTALW and MEGA software were used for
generation of phylogenetic tree using MEGA-X software.
Alignment of all retrieved sequences were done using
CLUSTALW program. Consensus trees were constructed
for all sequences by maximum likelihood method using
MEGA-X. Generated trees were viewed using Figtree and
best fit tree was selected out of all trees. Evolutionary
analyses were conducted in MEGA-X. The tree is drawn
to scale, with branch lengths measured in the number of
substitutions per site.

Amino acid sequences relatedness of NifH protein using
Maximum Likelihood method showed that sequences
Azospirillum brasilense showed amino acid similarity
Rhodospirillum rubrum and Rhodobacter capsulatus
(Figure 3). Further, the sequences also showed relatedness
to nodule-forming bacteria i.e., Rhizobium etli (bean
nodulating), Rhizobium leguminosarum bv. trifolii (clover
nodulating bacteria) and Sinorhizobium meliloti (alfalafa
nodulating). NifH aminoacid sequences were placed on the
same clade along with Rhodopseudomonas palustris,
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Methylobacterium nodulans, Gloconoacetobacter
diazotrophicus and Zymomonas mobilis. On the another
branch, NifH amino acid sequences of Azospirillum
brasilense showed relatedness to Acidothiobacillus
ferrooxidans,  Bradyrhizobium  diazoefficiens  and
Azorhizobium claudinodans. The amino acid sequences of
free-living nitrogen-fixing bacteria Klebsiella pneumoniae,
Azotobacter vinelanii and Azotobacter chroococcum were
also placed separately on other branch. Interestingly,
sequences  of  anaerobic bacteria ~ Clostridium
pasteurianum, Desulfatomaculum reducens and
Chlorobium limicola were placed far apart. NifH amino
acid sequences of Azospirillum brasilense showed quite
divergence from the amino acid sequences observed in
Paenibacillus durus and Roseiflexus castenholzii.

Using the bootstrapping values in the Maximum
Likelihood method, the phylogenetic reconstruction on a
re-sampled set of data was performed. Amino acid
sequences relatedness of NifH protein using Maximum
Likelihood method showed that sequences Azospirillum
brasilense showed amino acid similarity to Rhodobacter
spaeroids, Rhodobacter capsulatus and Rhodospirillum
rubrum (Figure 4). Further, the sequences also showed
relatedness to nodule-forming bacteria i.e., Azorhizobium
caulinodans (Sesbania nodulating), Bradyrhizobium
diazoefficiens, Herbaspirillum  seropodicae  and
Acidothiobacillus ferrooxidans. NifH aminoacid sequences
were placed on another clade with Rhodopseudomonas
palustris, Zymomonas mobilis, Gloconoacetobacter
diazotrophicus and Methylobacterium nodulans. The
amino acid sequences of free-living nitrogen-fixing
bacteria Klebsiella pneumoniae, Azotobacter vinelanii and
Azotobacter chroococcum were also placed separately on
other branch. Sequences of anaerobic bacteria Clostridium
pasteurianum, Desulfatomaculum reducens,
Chlorobaculum sp. and Chlorobium limicola were placed
far apart quite divergence from the NifH amino acid
sequences of Azospirillum brasilense.
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Figure 1. Sequence retrieval of NifH protein using query in
NCBI GenBank

V. DISCUSSION

The free-living nitrogen-fixing organisms, containing
nitrogenase enzyme complex, belong to the kingdoms
eubacteria and archaebacteria. These bacteria supply fixed
nitrogen to the global nitrogen cycle and therefore,
diazotrophs are present in virtually all ecosystems, with
representatives in environments as varied as aerobic soils
(e.g., Azotobacter species), the ocean surface layer
(Trichodesmium) and specialized nodules in legume roots
(Rhizobium).  The application of nitrogen-fixing
Azospirillum strains as biofertilizers has been reported to
enhance plant biomass and crop yield in a variety of crops
worldwide [28, 29, 33, 34]. Considering the importance
and application of nitrogenase enzyme in agricultural field,
the present study was undertaken for phylogenetic analysis
of NifH protein sequences in Azospirillum brasilense,
which fixes nitrogen in association or within plant tissues.
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Figure 2. Interface of alignment of amino acid sequences of NifH
protein in different nitrogen-fixing organisms using MEGA-X
software

In similar phylogenetic studies, Choo et al. [35]
demonstrated clustering of Paenibacillus azotofixans
NifH1 and NifH2 proteins within the Cyanobacteriaceae
grouping. The NifH protein from a marine
cyanobacterium, Trichodesmium sp. strain 1MS101
showed the highest degrees of identity with P. azotofixans
NifH1 (80%) and NifH2 (79%), respectively. The third
putative nifH gene product of P. azotofixans (NifH3)
clustered with NifH proteins of members of the Archaea
domain, Methanothermococcus thermolithotrophicus and
Methanothermobacter thermoautotrophicus. These
phylogenetic analyses demonstrated that NifH1 and NifH2
form a monophyletic group among cyanobacterial NifH
proteins, where as NifH3 sequences showed similarity
with NifH proteins of the highly divergent methanogenic
archaea.
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Figure 3. Phylogenetic tree of NifH protein by Maximum Likelihood method (without bootstrap) using MEGA-X

© 2021, 1JCSE All Rights Reserved

Vol.9 (1), Jan 2021, E-ISSN: 2347-2693

Zymomonas mobilis subsp. mobilis ZM4 ATCC 31821

uconacetobacter diazofrophicus
Methylobacterium sp. 4-46
Methylobacterium nodulans ORS 2060
Rhod monas palustris BisBS

p monas palustris HaA2
Sinorhzobium meliloti 1021

Rhizobium leguminosarum byv. trifolii
Sinorhizobjum fredii NGR234
Mesorhizobium japonicum MAFF 303099
Rhizobium etli

3 L

R pirilhom rubnum

R cter capsulatus SB 1003

R cter capsulatus

R cter sphaeroides 2.4.1

cter sphaeroides

bacter sphaeroides ATCC 17029
Agzospirillum brasilense

Acidithiobacillus ferrooxidans ATCC 53993
Acidithiobacillus ferrooxidans ATCC 23270
Acidithiobacillus ferrooxidans
Hel'basriri]]mn seropedicae
Bradyrhizobimm diazoefficiens USDA 110
Bradyrhizobium sp. ANU 289
Azorhizobium cadlinedans ORS 571
Azorhizobium caulinodans ORS 571(2)
Wolinella succinogenes DSM 1740
Trichodesmiwm thiebautii
Trichodesmimme rythraeum IM$101
Paenibacillus durus

Frankia sp. FaC1

Frankia casuarinae

Frankia sp. EulK1

Frankia sp. EAN1pec

Frankia alni

Gloeothece citriformis PCC 7424
Rippkaea orientalis PCC 8801
Crocosphaera subtropica ATCC 51142
Synechococcus sp. JA-3-3

Synechococcus sp. JA-2-3Ba(2-13)
Leptolyngbya boryana

Trichoimus variabilis ATCC 29413(2)
Cyanothece sp. PCC 7425

Nostoc commune

Mastigocladus laminosus(2)

Nostoc sp. PCC 7120(2)

Mastigocladus laminosus

Nostoc sp. PCC 7120

Anabaena slk) L-31

Nostoc sp. PCC 6720

Trichormus variabilis ATCC 29413
Trichormus azollae

Dechloromonas aromatica RCB

Azotobacter chroococcum (strain med 1)(2)
Azotobacter vinelandii(2

Magnetococcus marinus MC-1

Klebsiella pneumoniae

Klebsiella pneumoniae 342

Pectobacterimm atrosepticum S CRI1043
Tolumonas auensis DSM 9187

Azotobacter chroococcum (strain med 1)(1)
Arzotobacter vinelandii

Teredinibacter turmerae T7901

Alcaligenes faecalis

Psendomonas stutzeri A1501

Candidatus Desulforudis audaxviator MP104C
Clostridium pasteuriamm(S
Clostridium pasteurianum(4
Clostridium pasteurianum(6
Clostridium pasteurianum
Clostridium pasteuriamum
Clostridimm pasteurianum(2)
Clostridium acetobutylicum ATCC 824
Desulfotomaculum reducens MI-1
Alkaliphilus metalliredigens QYMF
Ruminiclostridimm cellobioparum
Desulfovibrio salexigens DSM 2638
Dehalococcoides mecartyi 195

Candidatus Azobacteroides psendotrichonymphae genomovar. CFP2

Desulfatibacillum aliphaticivorans
Syntrophobacter fumaroxidans MPOB
Desulfobacterium autotrophicam HRM2
Desulfovibrio gigas

Desulfovibrio magneticus RS-1
Chlorobium phaeobacteroides BS1
Prosthecochloris aestuarii DSM 271
Chlorobaculmmn tepidum TLS
Chlorobaculum parvum NCIB 8327
Chlorobium limicola DSM 245
Pelodictyon luteolum DSM 273
Chlorobium phaeobacteroides DSM 266
Chlorobium phaeovibrioides DSM 265
Pelodictyon phaeoclathratiforme BU-1
Chlorobium chlorochromatii CaD3
Paenibacillus durus(2)

Roseiflexus sp. RS-

Roseiflexns castenholzii DSM 13941




International Journal of Computer Sciences and Engineering

0.464

0973

0.983
— 1.

0.948

0.743
— L

0.449

20

Chlorobium_limicola_DSM_245
Pelodictyon_luteolum_DSM._273
Chlorobium_phaecbacteroides_DSM_266
Chlorobium_phaeovibricides_DSM_265
Pelodictyon_phaeoclathratiforme_BU-1
Chlorobium_chlorochromatii_CaD3
Chlorobaculum_parvum_NCIB_8327
Chlorobaculum_tepidum_TLS
Chlorobium_phaeobacteroides_BS1
Prosthecochloris_aestuarii_ DSM_271
Desulfovibrio_magneticus_RS-1

Desulfovibrio_gigas
Desulfobacterium_autotrophicum HRM2
Desulfatibacillum_aliphaticivorans
Syntrophobacter_fumaroxidans_MPOB

C ;. oides_pseudotri
Desulfovibrio_salexigens_DSM_2638
Dehalococcoides_mccartyi_195
Ruminiclostridium_cellobioparum
Desulfotomaculum_reducens_MI-1
Alkaliphilus_metalliredigens_QYMF
Clostridium_acetobutylicum_ATCC_824
Clostridium_pasteurianum
Clostridium_pasteurianum(2)
Clostridium_pasteurianum(3)
Clostridium_pasteurianum()
Clostridium_pasteurianum(6)

Candidatus_D: i iator_MP104C

Clostridium_pasteurianum(s)
Paenibacillus_durus(2)
Roseiflexus_sp._RS-1
Roseiflexus_castenholzii DSM_13941
Dechloromonas_aromatica_RCB
Magnetococcus_marinus_MC-1
Azotobacter_chroococcum_(strain_med_1)(2)
Azotobacter_vinelandii(2)
Klebsiella_pneumoniae
Klebsiella_pneumoniae_342
Pectobacterium_atrosepticum_SCRI1043
Tolumonas_auensis_DSM_9187
Azotobacter_chroococcum_(strain_med_1)(1)
Azotobacter_vinelandii
Teredinibacter_turnerae_T7901
Alcaligenes_faecalis
Pseudomonas_stutzeri_A1501
Frankia_sp._EuIK1

Frankia_sp. EANlpec

Frankia_alni

Frankia_sp._FaCl

Frankia_casuarinae

Paenibacillus_durus
Trichodesmium_thiebautii
Trichodesmium_erythraeum_IMS101
Gloeothece_citriformis_PCC_7424
Rippkaea_orientalis_PCC_8801
Crocosphaera_subtropica_ATCC_51142
Leptolyngbya_boryana
Trichormus_variabilis_ATCC_29413(2)

Cyanothece_sp. PCC_7425

Synechococcus_sp._JA-3-3Ab
Synechococcus_sp._JA-2-3Ba(2-13)
Nostoc_commune

Nostoc_sp._PCC_7120(2)
Mastigocladus_laminosus(2)
Mastigocladus_laminosus
Nostoc_sp._PCC_7120

Anabaena_sp._L-31

Trichormus_azollae

Nostoc_sp._PCC_6720
Trichormus_variabilis_ATCC_29413
Wolinella_succinogenes_DSM._1740
Acidithiobacillus_ferrooxidans_ATCC_53993
Acidithiobacillus_ferrooxidans_ATCC_23270
Acidithiobacillus_ferrooxidans
Herbaspirillum_seropedicae
Bradyrhizobium_diazoefficiens_USDA_110
Bradyrhizobium_sp. ANU_289
Azorhizobium_caulinodans_ORS_571
Azorhizobium_caulinodans_ORS_571(2)
Rhodospirillum_rubrum
Rhodobacter_capsulatus_SB_1003
Rhodobacter_capsulatus
Rhodobacter_sphaeroides_2.4.1
Rhodobacter_sphaeroides
Rhodobacter_sphaeroides_ATCC_17029
Azospirillum_brasilense
Rhodopseudomonas_palustris_BisBS

. HaA2

Rhodopseudomonas_palustri

Zymomonas_mobilis_subsp._mobilis_ZM4___ATCC_31821

Gluconacetobacter_diazotrophicus_PA1_S
Methylobacterium_sp._4-46
Methylobacterium_nodulans_ORS_2060
Sinorhizobium_fredii NGR234
Sinorhizobium_meliloti_1021
Rhizobium_leguminosarum_bv._trifolii
Mesorhizobium_japonicum_MAFF_303099
Rhizobium_etli

Vol.9 (1), Jan 2021, E-ISSN: 2347-2693

._CFP2

Figure 4. Phylogenetic tree of NifH protein uéing bootstrap method (Number of iterations = 1000) by Maximum Likelihood method in

© 2021, 1JCSE All Rights Reserved

MEGA-X



International Journal of Computer Sciences and Engineering

Dos Santos et al. [15] suggested that nitrogenase emerged
in anaerobes and later diversified into facultative
anaerobes and aerobes. The transition of nitrogenase from
anaerobic to facultative anaerobic and aerobic organisms
was accompanied by a substantial increase in the number
of nif genes i.e.,, from a minimum of 7 genes in the
mesophilic archaeon Methanocaldococcus sp. strain
FS406-22 to a nif gene cluster composed of 9-10 genes in
facultative Paenibacillus species, with further increase to a
maximum of 20 genes in obligate aerobes Azotobacter
vinelandii [36]. Different diazotrophs were organized in
the a-subgroup (species of e.g. Gluconacetobacter,
Azospirillum), B-subgroup (species of e.g. Derxia,
Azoarcus, Burkholderia, Herbasprillum), as well as in the
y-subgroup (species of e.g. Azotobacter, Serratia,
Klebsiella, Pseudomonas, Pantoea). Rhizosphere
inhabiting and nitrogen-fixing Paenibacillus species have
been reported as exceptions that belong to the Firmicutes.
On the other hand, Azospirillum species have a more

‘associative’ or ‘facultative endophytic’ lifestyle.
Epiphytic  diazotrophic  bacteria like  Beijerinckia
fluminensis and Azorhizophilus paspali (Azotobacter

paspali) are mainly isolated from rhizoplane [37, 38].

Due to increasing yield of nifH sequences from high-
throughput technologies and increasing size of
environmental sequence libraries, phylogenetic
classification of nifH gene sequences requires a fast
automated solution [12]. Gaby et al. [31] developed a
computational pipeline to improve nifH sequence analysis,
which infers taxonomy and optionally filters out paralog
sequences. In addition, an empirical model was employed
to derive optimal operational taxonomic unit (OTU)
cutoffs for the nifH gene at the species, genus and family
levels.

VII. CONCLUSION

Biological nitrogen fixation has significant impact on
nitrogen cycles in diverse ecosystems and this process
accounts for the majority of nitrogen transferred from the
atmospheric reservoir into the biosphere. The distribution
pattern of microbial communities suggests that nitrogen-
fixing ability is evolutionary and mainly transmitted
vertically with the widespread loss of function [39].
Besides use of nitrogen-fixing bacteria as biofertilizers to
increase crop yield, image processing technology is also
being applied for early detection and control of plant
diseases leading to improved agricultural productivity
[40]. In the present study, phylogeny of NifH protein of
nitrogen-fixing bacteria Azospirillum brasilense was
carried out. Ninety seven sequences of NifH protein
sequences from different bacterial species were retrieved
from NCBI for phylogenetic analysis. Amino acid
sequences relatedness of NifH protein using Maximum
Likelihood method showed that sequences of A. brasilense
showed amino acid similarity with Rhodospirillum rubrum
and Rhodobacter capsulatus. Further, the sequences also
showed relatedness to Rhizobium etli, Rhizobium
leguminosarum bv. trifolii and Sinorhizobium meliloti. On
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the another branch, NifH amino acid sequences of
Azospirillum  brasilense  showed relatedness to
Acidothiobacillus ferrooxidans, Bradyrhizobium
diazoefficiens and Azorhizobium claudinodans.
Interestingly, sequences of anaerobic bacteria Clostridium
pasteurianum, Desulfatomaculum reducens  and
Chlorobium limicola were placed far apart. NifH amino
acid sequences of Azospirillum brasilense showed quite
divergence from the amino acid sequences of
Paenibacillus durus and Roseiflexus castenholzii. The
results obtained in the present studies demonstrate about
the structural annotation of NifH protein sequences. In
addition, this study would be very helpful to identify,
verify and classify various type of NifH proteins found in
nodulating and free-living nitrogen-fixing bacteria.
Moreover, the correlation or phylogenetic relatedness
could be assessed among the NifH protein sequences
obtained from different taxa.
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