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A new strain of Rhodopseudomonas sps with partial 16s rRNA sequence was performed previously
using sequencing methods and further analysed using Bioinformatics tools which is being reported
in the present paper. GC profile content of the sequence, phylogenetic tree analysis and functional
analysis of 16s TRNA sequence was performed using various tools like RDP classifier, BLAST,
FASTA, Expasy-Translate, ORF Finder, EMBOSS Seqret, CLUSTALW, Addgene, InterPro scan
and CLUSTAL Omega. The insilico studies have revealed its close relation to Rhodopseudomonas
faecalis and also supporting evidences that the strain has genes for photosynthetic activity and
consists of nif genes for Nitrogenase activity. Several researchers reported the presence of nitrogen
rich biomass as raw material and have yielded high methane production. This shows the presence
of nif genes in Rhodopseudomonas faecalis increases the efficiency of biogas production and the
insilico research work proposes to utilise the bacterium as a potential candidate.

Keywords: Insilico, rRNA, Rhodopseudomonas sps, Biogas, Nitroginase, nif genes, BLAST,
FASTA, CLUSTALW.

1. Introduction

The microbiome structure in the Biogas production through Anaerobic Digestion (AD) process
is having more scope to analyse and understand. The increase in organic waste have opened
avenues for this process to explore and deploy technologies for efficient Biogas production.
A complex consortium of bacteria and archaea performs 4 reactions viz., hydrolysis,
acidogenesis, acetogenesis, and methanogenesis in an AD process (Angenent LT et al., 2004

Nanotechnology Perceptions 20 No. 86 (2024) 960-976



961 Aysha Sherieff et al. 165 rRNA Sequence Analysis and Identification...

& Hassa J et al., 2018). The microbial communities in AD are extremely complex and the
microbial compositions, their interactions among microbes remain largely unclear (Narihiro T
et al., 2015).

Purple non-sulfur phototrophic bacteria grow in wide range of environmental
conditions and most of the genus belong to Rhodopseudomonas. They are able to grow
anaerobically in the light or aerobically in the dark with different carbon sources and
electron donors. In Bergey’s Manual of Systematic Bacteriology, the genus
Rhodopseudomonas included seven species: Rhodopseudomonas palustris,
Rhodopseudomonas  blastica, Rhodopseudomonas viridis, Rhodopseudomonas
sulfoviridis, Rhodopseudomonas acidophila, Rhodopseudomonas  rutila and
Rhodopseudomonas marina (Imhoff & Trusper, 1989).Later Rhodopseudomonas
faecalis was isolated and characterised from anaerobic reactor that digests chicken
faeces (Demin Zhang et al., 2002).

Based on high-throughput sequencing of culture-independent technologies have enabled the
deep investigation of microbial compositions and functions. The taxonomic profile of AD
microbial communities was analysed frequently using high-throughput 16S ribosomal RNA
gene sequencing (De Vrieze J et al.,2018 & Mei R et al.,2017). Metagenomic approaches alone
or besides with meta-proteomics, metabolomics and meta-transcriptomics are applied to
decipher the gene functions, enzyme profiles, and metabolic processes of microbial
communities in AD (Jia Y et al.,2018 and Treu L et al., 2016).

Previously, a new strain of Rhodopseudomonas sps was isolated that is responsible for
producing maximum biogas in a digester. In this study, the sequence analysis using
bioinformatics tools of the 16s rRNA of the bacterial organism was found to reveal that the it
is is closely related to Rhodopseudomonas faecalis and have characteristics compatible with
respect to parameters of the biogas digester thereby proving it as a potential candidate for
increased biogas production.

2. Methodology
Source of the sequence

The organism was isolated from the samples of the Sewage Treatment Plant (STP) of
Association of Lady Entrepreneurs of India (ALEAP) Industrial Park in Hyderabad of
Telangana State, India and the pure cultures were screened and identified as
Rhodopseuodmonas sps based upon the morphological and biochemical methods at Centre for
Environment, Institute of Science and Technology (IST), Jawaharlal Nehru Technological
University(JNTU), Hyderabad, Telangana State, India. The organism was sequenced by 16s
rRNA methodology , partial sequence was obtained in FASTA format.

GC profile and Classification of the Strain

The GC percentage of the 16s rRNA sequence was known using the tool GC profile (Feng
Gao and Chun-Ting Zhang, 2006), a web-based tool for visualizing and analyzing the variation
of GC content in genomic sequences. The classification of the sequence was obtained by
Ribosomal Database Project (RDP) Classifier (Cole JR et al., 2014). It provides quality-
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controlled, aligned and annotated bacterial and archaeal 16S rRNA sequences. A nearest
neighbor sequence matching based upon the most number of shared k-mers between a query
and reference sequence was analysed using Sequence Match RDP tool ( cole JR et al., 2005).

Phylogenetic Tree Analysis

BLAST was run (McGinnis S and Madden TL, 2004) for both nucleotide and protein
sequences of Rhodopseudomonas sps. The same tool was also used for generating
phylogenetic tree. The protein sequence was obtained from the Expasy-Translate tool
(Gasteiger E et al.,2003) that performs translation of a nucleotide sequence in to a protein
sequence. The protein sequence was converted in to FASTA format using the EMBOSS Seqret
(Hamish McWilliam et al.,2013). Using ORF Viewer (Wheeler DL et al.,2003), ORF’s will
be determined, it finds Open Reading Frames (ORFs) from the query nucleotide sequence.
The program returns the range of each ORF along with its protein translation. The ORF finder
searches newly sequenced nucleotide for potential protein encoding segments. A CLUSTALW
(Thompson et al.,1994) program was run to know the multiple sequence alignment and
analysis of the similarity of the 16S rRNA gene.

Functional analysis of the 16s rRNA sequence

The Circular and Linear structures of the nucleotide along with features and restriction sites
containing restriction enzyme sites were obtained using Addgene (Kamens J , 2015). It
analyses the sequence with maps, features and translate the nucleotide sequence in to an
aminoacid sequence. The InterPro Scan (Quevillon E et al.,2005) provides functional analysis
of proteins by classifying them into families and predicting domains and important sites.
CLUSTAL Omega was run (Sievers F et al.,2007) to generate fast, scalable and high quality
protein multiple sequence alignments.

3. Discussion and Results

The FASTA sequence of the Anaerobic bacteria, a Purple Non Sulphur Bacteria (PNSB) was

named with genus Rhodopseudomonas sps based upon morphological and biochemical
studies. The sequence was published for first time in this Journal (Fig 1).

>PNSB
TAACGCGTGGGAACGTACCTTTTGGTTCGGAACAACTGAGGGAAACTTCAGCTAATACCGGATAAGCCCTTACGGGGAAAGATTTATCGC
CGAAAGATCGGCCCGCGTCTGATTAGCTAGTTGGTGGGGTAATGGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGC
CACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATCCAGCCATGCC
GCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTTGTGCGGGAAGATAATGACGGTACCGCAAGAATAAGCCCCGGCTAACTTCGT
GCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGCTCGGAATCACTGGGCGTAAAGGGTGCGTAGGCGGGTTTCTAAGTCAGAGGTG
AAAGCCTGGAGCTCAACTCCAGAACTGCCTTTGATACTGGAAGTCTTGAGTATGGCAGAGGTGAGTGGAACTGCGAGTGTAGAGGTGAAA
TTCGTAGATATTCGCAAGAACACCAGTGGCGAAGGCGGCTCACTGGGCCATTACTGACGCTGAGGCACGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCCAGCCGTTAGTGGGTTTACTCACTAGTGGCGCAGCTAACGCTTTAAGCAT
TCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGE
AACGCGCAGAACCTTACCAGCCCTTGACATGTCCAGGACCGGTCGCAGAGATGTGACCTTCTCTTCGGAGCCTGGAGCACAGGTGCTGCA
TGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCCGTCCTTAGTTGCTACCATTTAGTTGAGCACTCTAAGGAGACTGCCGGTGA

Fig 1 : 16s rRNA sequence of the Purple Non Sulphur Bacteria (PNSB),Rhodopseudomonas
Sps
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Fig 2 : GC profile of the sequence of Rhodopseudomonas sps
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Fig2 specifies the GC content in the sequence with 1011 bp and with 54.40% in total. The GC
content of a gene region can impact its coverage, with regions having 50-60% GC content
receiving the highest coverage while regions with high (70-80% ) or low (30—40% ) GC content
having significantly decreased coverage. Yet, adequate coverage of GC-rich regions (which
are commonly present in the promoter and first exon of many genes) is necessary for a high
analytical sensitivity of a targeted gene panel (Sami S. Amr and Birgit Funke, 2015). Evidence
of GC ratio with that of length of the coding region of a gene has shown that the length of the
coding sequence is directly proportional to higher G+C content (Pozzoli U et al.,2008).

The RDP Classifier shows that the sequence belongs to the following classification ( Fig 3)
Domain : Bacteria

Phylum : Proteobacteria

Class : Alphaproteobacteria

Order: Rhizobiales

Family : Bradyrhizobiaceae

Genus : Rhodopseudomonas

It reveals that the organism belongs to Rhodopseudomonas sps.

o0

Classifier :: Hierarchy View

T art over | assignmant detail | help ]
Classifier:  RDP Maive Bayesian rRNA Classifier Version 2.11, September 2015
Taxonomical Hierarchy: =~ RDP 165 rRNA training setNo 18 07/2020

Query File: classifier_seq_upload4228294937201559338.FASTA
Query Submit Date:  Sun Apr 02 09:07:51 EDT 2023

Display depth: [Auto ~| Confidence threshold: [80% +| CopyNumber Adjusted: [No  ~
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« « order Rhizobiales (1)
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Fig 3 : RDP Classifier showing the classification (Hierarchy view) of the query sequence

Further RDP is performed with Seq Match to find out the nearest neighbors of the query
sequence by picking up the database sequences that have the highest numbers of shared 7-
mers ("word") with the specific query sequence. A S_ab score that is the percentage of shared
words between compared sequences were obtained in the results (Fig 4).

Out of total 20 sequences ,8 sequences were belongs to Rhodopseudomonas sps and 12 are
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Non Purple Sulphur Bacteria. A maximum of 1.000 S_ab score was obtained for 6
Rhodopseudomonas faecalis and minimum of 0.976 S_ab score was obtained for
Rhodopseudomonas palustris, where in it can be conferred that the query sequence is closet to
Rhodopseudomonas faecalis.

S.NO Name of the Organism Short ID of RDP S_ab Score

1 Rhodopseudomonas faecalis; HR; HQ154127 | S002233990 1.000

2 Rhodopseudomonas  faecalis; DBNR4-1; | S004056606 1.000
KF668620

3 Rhodopseudomonas  faecalis;, DBNR4-2; [ S004056607 1.000
KF668621

4 Rhodopseudomonas  faecalis; DBNR4-3; | S004056608 1.000
KF668622

5 Rhodopseudomonas  faecalis;, DBNR4-4; | S004056609 1.000
KF668623

6 Rhodopseudomonas  faecalis; DBNRh16; | S004221214 1.000
KJI776421

Table 1: Seq Match of the query sequence with 16srRNA database RDP showing ID and
S_ab Scores

SegMatch :: Detail Hierarchy

[ new match | summary | detail | help ]

|Saue selection and return to summaw]

Query Sequence: seq_11414, 967 unigue oligos

Match hit format:
short ID, orientation, similarity score, 5_ab score, unique common oligomers and sequence full name. More help 15 available.

rootrank Root (2/20/1558788) (selected/match/total RDP sequences)
domain Bacteria (2/20/1502570)
phylum Protecbacteria (2/20/42

class Alphaprotecbacteria (2/21

order Rhizobiales (2/20

family Bradyrhizobiaceae 2

genus Rhodopseudomonas (2

S000383013  not_calculated 0.977 1340 Rhodopseudomonas palustris; RN1; AB033756

[HLHLH L+

_J s000428818 not_calculated 0.993 1366 Rhodopseudomonas sp. v-1; AF095928

[ 5000429644 not_calculated 0.976 1344 Rhodopseudomonas palustris; Wai151; AF487428
S000435158 not_caleulated 0.976 1349 Rhodopseudomanas palustris; KUGB306, AY084079
S000498560 not_caleulated 0.976 1341 Rhodopseudomanas faecalis (T); ge; AF123085

] 5000642530 not_calculated 0.976 1402 Rhod vonas sp, TUT3621; AB250614
S000642531 not_calculated 0.976 1402 Rhodopseudomonas sp. TUT3624; AB250615

L] s000721097 not_calculated 0.993 1357 Rhodopseudomanas sp. TUT3629; AB251404

5001098022 not_calculated 0.986 1394 Rhodopseudomonas palustris; RLD-119; EU597423

L] 5001416028 not_calculated 0.993 1403 Rhodopseudomaonas sp. TUT3601; AB498814
5001610890 not_calculated 0,986 1394 Rhodopseudomonas sp. F-1; ABS26261
$002226887  not_calculated 1.000 1303 Rhodopseudomonas sp. §9-1; HM193899

[J 5002233990 not_calculated 1.000 1380 RF wonas faecalis; HR; HQ154127

L] 5002519908 not_calculated 1.000 1400 uncultured Rhodopseudomonas sp.; ASCBO; HQ912770

L] 5004056606 not_calculated 1.000 1262 Rhodopseudomanas faecalis; DBNR4-1; KFe68620
5004056607 not_ 1.000 1262 Rt wnas faecalis; DBNR4-2; KFes8621
5004056608  not_calculated 1,000 1262 Rhodopseudomanas faecalis; DBNR4-3; KF668622
5004056609 not_calculated 1.000 1262 Rhodopseudomonas faecalis; DBNR4-4; KF668623
5004221214 not_calculated 1.000 1260 Rhodopseudomonas faecalis; DBNRh16; KJ776421

L] 5004446126 not_calculated 0.988 1255 Rhodopseudomonas sp. PSB-B; KM272172

Fig 4 : RDP Seq Match results

Table 2 shows that there are 100 sequences primarily were found to have percent similarity
from a maximum of 100% to a minimum of 99.21 % . The query sequence have shown 100%
Percent Identity with Rhodopseudomonas faecalis and besides secondly, Percent Identity was
shown close to Rhodopseudomonas palustris (Table 3).

Mostly the query strain’s sequence shows Percent Identity in the ascending order with
Rhodopseudomonas  faecalis (100%, 99.90%, 99.70%, 99.41%,99.60%, 99.51%),
Rhodopseudomonas  palustris  (99.60%, 99.51%, 99.41%, 99.31%, 99.21%),
Rhodopseudomonas sp (100%, 99.90%, 99.80%, 99.60%, 99.51%, 99.41%, 99.21%) ,
Rhodobacter  sphaeroides (99.60%), uncultured alpha proteobacterium(99.41%),
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Rhodopseudomonas Pentothenatexigens (99.31%), Rhodopseudomonas oryzae (99.21%)

Rhodopseudomonas thermotolerans (99.21%).

S.NO Percent Identity Number of Sequences
1 99.21 53

2 99.31 2

3 99.41 4

4 99.51 7

5 99.60 19

6 99.70 1

7 99.80 2

8 99.90 4

9 100 8

Table 2: Percent Identity of the query sequence of Rhodoseudomonas sps against BLASTN

S.NO Name of the Organism Accession Number Percent
Identit
¥(%)

1 Rhodopseudomonas Sfaecalis strain KT180200.1 100

DBNRh33 168S ribosomal RNA gene, partial

Sequence
2 Rhodopseudomonas palustris gene for 165 AB167545.1 99.60

rRNA, partial sequence, strain: KP0014

Table 3: Showing the sequences having nearest Percent Identity value for the query sequenceof
Rhosopseudomonas sps

From Fig 5 it can be concluded that the organism is near to Rhodopseudomonas faecalis and
also the same was conferred from the Table 1, 2 & 3 that the new strain of the organism belongs
to the same genus and species.

Blast Tree View

This tree was produced using BLAST pairwise alignments. mors.

BLAST RID  2XU9XVCADLS Query ID  Id|Query_37125 Database nt
Tree method Max Seq Difference Sequence Label
Fast Minimum Evolution + | & 075 v |4 Sequence Title (f availi v | &

@ Find ~ [Fal - MmN oL

il . prowcobacicria and unknown | 40 keaves

Surcess Nodes 201(0 selected ) View port at (0,0) of 134%x415 F——l
BLAST is a registered trademark of the National Library of Medicine

Support cenler  Mailing list. g

Fig 5 : BLASTN Tree view of the query sequence of Rhodoseudomonas sps

The protein sequence of the Rhodopseudomonas sps was converted in to the FASTA format
using EMBOSS Seqret showing 1754bp in length of aminoacids.
Nanotechnology Perceptions Vol. 20 No. S6 (2024)
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>seq_3168 1754 bp

RKIGPRLISLVGWPTKATISSWSERMISHIGTETRPKLLREAAVGNIGQWAQASSHAA
VMKALGLSSFVREDNDGTARISPGLRASSRGN
TKGASVARNHWARVRRRVSKSEVKAWSSTPELPLILEVLSMAEVSGTASVEVKFVD
IRKNTSGEGGSLGHYRGTKAWGANRIRYPGSPRR

KRMPAVSGFTHWRSRFKHSAWGVRSQDNSKELTGARTSGGACGLIRRNAQNLTSP
HVQDRSQRCDLLFGAWSTGAAWLSSARVVRCWVKS

RNERNPRPLLPFSALGDCRERSARVLASWWGNGPPRRRSVAGLRGSATLGLRHGPN
SYGRQQWGILDNGRKPDPAMPRERPGCKALLCGK

IMTVPQEAPANFVPAAAVIRRGLALLGITGRKGCVGGFLSQRKPGAQLQNCLYWKS
VWQRVELRVRNSIFARTPVAKAAHWAITDAEARK

RGEQTGLDTLVVHAVNDECQPLVGLLTSGAANALSIPPGEY GRKIKTQRNRGPAQA
VEHVVFDATRRTLPALDMSRTGRRDVTFSSEPGA

QVLHGCRQLVSDVGLSPATSATPVLSCYHLVEHSKETAGKDRPASDLVGGVMAQG
DDQLVEDDQPHWDDTAQTPTGGSSGEYWTMGASLI

QPCRVSDEGPRVVKLFCAGRRYRKNKPRLTSCQQPRYEGGRCSESLGVKGAAGFVR
GESLELNSRTAFDTGSLEYGRGEWNCECRGEIRR

YSQEHQWRRRLTGPLLTLRHESVGSKQDIPWSTPTMNASRWVYSLVAQLTLAFRLG
STVARLKLKGIDGGPHKRWSMWFENSTQRAEPYQP

LTCPGPVAEMPSLRSLEHRCCMAVVSSCREMLGVPQRAQPPSLVATILSTLRRLPVS
PAVSLECSTKWQLRTGVALVAGLNPTSHDTSRQ

PCSTCAPGSEEKVTSLRPVLDMSRAGKVLRVASNTTCSTACAGPRQFLVLILRPYSP
GGMLKALAAPLVSKPTNGWHSSFTAWTTRVSNP

VCSPRFRASASVMAQAAFATGVLANIYEFHLYTRSSTHLCHTQDFQYQRQFWSAPG
FHLLRNPPTHPLRPVIPSNASPLRITAAAGTKLA

GAYSCGTVIIFPHKRALQPGLHHSRGMAGSGLRPLSNIPHCCLPEFGPCLSPNVADHP
LRPATDRRLGGPLPHQLANQTRADLSHRQSPS

AQLNGSNGRGLRSLRDLTQHLTTRADDSHAAPVLQAPKRRSHLCDRSWTCQGLVR
FCALRRIKPHAPPLVRAPVNSFEFSCDRTPQAECL

KRLRHVNPLTAGIHRLRRGLPGYLILFAPHAFVPQRQWPSEPPSPLVFLRISTNFTSTL
AVPLTSAILKTSSIKGSSGVELQAFTSDLET

RLRTLYAQFRATLAPFVLPRLLARSPGLILAVPSLSSRTKELYNPRAFITHAAWLDQA
CAHCPIFPTAASRRSLGRVSVPMWLIILSDQL

LIVALVGHYPTNLIRRGPIFTGSLLRVLNMVATKDGGCARCGTPNISRHELTTAMQH
LCSRLRREGHISATGPGHVKGWGSARCVELNHM

LHRLCGPPSIPLSFNLATVLPRRNASVSCATSETHRLAFIVYGVDYQGISCLLPTLSCL
SVSNGPVSRLRHWCSCEYLRISPLHSQFHSP

Nanotechnology Perceptions Vol. 20 No. S6 (2024)
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LPYSRLPVSKAVLELSSRLSPLTKPAYAPFTPSDSEQRPPSYYRGCWHEVSRGLFLRY
RHYLPAQKSFTTLGPSSLTRHGWIRLAPIVQYSPLLPPVGVWAVSQSQCGSSSQTSYSS
PWWAITPPTSSDAGRSF

Fig 6: FASTA format of the protein sequence of the Rhodopseudomonas sps

In Fig 7, the nucleotide query sequence was run to obtain a protein sequence with Three frames
in 5 3 and 3 5 directions and the ORF’s were shown in red colour.

~5'3" Frame 1

REKIGPRLIS-LVG-WPTKATISSWSERMISHIGTETRPKLLREAAVGNIGOWAQA - SSHAA-VMKALGL-SSFVREDNDGTARISPG-LRASSRGNTKGASVARNHWA-RVRRREVSKSEV
KAWSSTPELPLILEVLSMAEVSGTASVEVKEVDIRKNTSGEGGSLGHY-R-GTKAWGANRIRY PGSPRRKR-MPAVSGETH-WRS-RFKHSAWGVRSQD-NSKELTGARTSGGACGLIRR
NAQNLTSP-HVQDRSQRCDLLFGAWSTGAAWLSSARVVRCWVKSRNERNPRP-LLPFS-AL-GDCR-

~5'3' Frame 2
ERSARV-LASWWGNGPPRRRSVAGLRG-SATLGLRAGPNSYGRQQWGTL.DNGRKPDPAMBRE -~ RP-GCKALLCGK IMTVEQE-APANFVPARAVIRRGLALLGT TGREGCVGGFLSQR-
KPGAQLONCL-YWKS-VWQR-VELRV-R-NS- IFARTPVAKAAHWAITDAEARKRGEQTGLDTLVVHAVNDECQPLVGLLT SGARNALS I PPGEYGRKIKTQRN-RGPAQAVEHVV-FDA
TRRTLPALDMSRTGRRDVTESSEPGAQVLHGCROLVS-DVGLSPATSATPVLSCYHLVEHSKETAG

~5'3' Frame 3
KDRPASD-LVGGVMAHQEDDR-LV-EDDQPEWD-DTAQT PTGGS SGEYWTMGASLIQPCRVSDEGPRVVKLECAGR - -RYRKNKPRLT SCQQPR-YEGG-RCSESLGVKGA-AGF-VRGE
SLELNSRTAFDTGSLEYGRGEWNCECRGEIRRYSQEHQWRRRLT GPLLTLRHESVGSKQD- IPW-STP-TMNASR-WVYSLVAQLTL-AFRLGSTVARLKLKGI DGGPHKRWSMNENSTQ
RAEPYQPLTCPGPVAEM-PSLRSLEHRCCMAVVSSCREMLG-VPQRAQFPSLVATI-LSTLRRLEV

~3'5"' Frame 1
SPAVSLECSTKW-QLRTGVALVAGLNPTSHDTS-RQPCSTCAPGSEEKVTSLRPVLDMSRAGKVLRVASN-TTCSTACAGPRQFL-VLILRPY S PGGMLEALARPLVSKPTNGWHSSEFTA
KWITRVSNPVCSPRFRASASYMAQ-AAFATGVLANT YEFHLYTRSSTHLCHTQDFQYQRQOFWS-APGFHL-LRNPPTHEFLRFVIPSNASPLRITAAAGTKLAGAYSCGTVIIFPHKRALOP
-GLHHSRGMAGSGLRPLSNIPHCCIP-EFGPCLSPNVADHPLRPATDRRLGGPLPHQLANQTRADLS

~3'5" Frame 2
HRQSP-SAQLNGSN-GRGLRSLRDLTQHLTTRADDSHAAPVLOAFPKRRSHLCDRSWTCQGLVRFCALRRIKPHAPPLVRAPVNSFEF-SCDRTPQAECLKR-LRH--VNPLTAGIHRLRR
GLPGYLILFAPHAFVPQRO-WPSEPPSPLVFLRISTNFTSTLAVPLTSAILKTSSIKGSSGVELQAFTSDLETRLRTLYAQ-FRATLAPFVLPRLLARS-PGLILAVPSLSSRTKELYNP
RAFITHAAWLDQACAHCPIFPTAASRRSLGRVSVEPMWLITLSDOLLTVATLVGHYPTN-LIRRGPIF

~3'5"' Frame 3
TGSLLRVLN-MVATKDGECARCGT - PNTSRHELTTAMOHLCSRLRREGHT SATGPGHVKGH -GSARCVE LNEMLHRL.CGPPS T PLSFNLATVLPRRNA - SVSCATSE-TH-RLAFIVYGV
DYQGI-SCLLPTLSCLSVSNGPVSRLRHWCSCEYLRISPLHSQFHSPLPYSRLPVSKAVLELSSRLSPLT-KFPAYAPFTPSDSEQR-PPSYYRGCWHEVSRGLFLRYRHYLPAQKSFTTL
GPSSLTRHGWIRLAPIVQYSPLLPPVGVWAVSQSQCG-SSSQTSY-SSPWWAITPPTS-SDAGRSF

Fig 7 : Protein sequence of the Rhodopseudomonas sps

From Fig 8 it can be concluded that the organism is related to the protein sequences of the
genus like g-proteobacteria, Glucanobacter , Lupinus, Lactobacillus, Streptomyces etc.

Rasal Tree
BLAST RID 2CSA3IHAG016 Query ID |cl]Query_90017 Database nr
Tree method Max Seq Difference Distance Sequence Label
| Fast Minimum Evolution v | & | 0.85 v | | Grishin (protein) v | Sequence Tille (if avaik v | 43
Mouse over an internal node for a subtree or aignment. Cick on tres label 10 select sequence to download MHide legend
@ Fnd: e Flan| - + meod4d > Rk »| @upload | @ 7+ tabelcolormm
[Tover ]
@ hypothetical protein Athens(71426_586 [Parcubcteria group bacterium Athens0714_26]
§ hypothatical peotein BNET1_AB_00880 [Pacnibaci 2 ¥ Sibwnceed ey
otein Lal_ 00003837

hyputtie

[Lupinas albuss]
Iy pothetical protein HM1_3148 [, -
9 4 ypothetical protein BACCAP_04474 [Preudoflavenifractor capil losus ATCC 20799
hypothetical protcin CTZ27 38590 [Streplomyces griscoca meus|
+ hypothetical proein CTZ27_¥075 | Steptommyces griseocameus
[ Comserved profein [ Lacticaseshacillus thansosus GG |
> \ cmserved protein [ Lactiplant bac llus peniosus MP-10]
hypothetical protein CPYS4_ 04330 [Lactobacillus sp. UMNPEXY]
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Fig 8 : BLASTP Tree view of the protein sequence of Rhodoseudomonas sps
The National Laboratory of Medicine ORF Viewer shows 70RFs for the Nucleotide sequence
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of Rhodopseudomonas sps having 1101bp length with 210 aminoacids and 651 nucleotide
length (Fig 9). The complete ORF protein sequence reads were also shown in Table 4.

Open Reading Frame Viewer

Sequence
ORFsfound:7  Geneticcode:1  Start codon: 'ATG" only
=1- mng v G Q@ I Aot - £ mds. 2
LR
e —— e =
i ) . L S . J ) s s B 5 : C. 5 & Ca e L0t
10 1.1.0K {1,011 nK) £} Tracks shown: 2/4
e transiatio
ORF1 (28 aa) Display ORF as m Mark subset. Marked ( Download marked set  as | Protein FASTA v
(oF1 Labe Strand Frame Start Stop ength (nt | aa
. ety ] ORFS 1 120 580 141 46
ORF2 . 1 502 57 %131
ORF1 + 1 172 258 87|28
ORF3 + 2 839 825 87|28
ORF4 . 3 243 323 81]28
ORFT 3 163 3 8126
ORF6 - 3 901 824
ORF1 Marked set (

Fig 9 : ORF viewer of NLM database search showing 7 ORF of the Rhodopseudomonas sps

S.NO ORF Number | ORF Sequence read

1 ORF 1 >Icl|ORF1
MISHIGTETRPKLLREAAVGNIGQWAQA

2 ORF2 >Icl|ORF2
MAEVSGTASVEVKFVDIRKNTSGEGGSLGHY

3 ORF3 >Icl|ORF3
MSRTGRRDVTFSSEPGAQVLHGCRQLVS

4 ORF4 >Icl|ORF4
MGASLIQPCRVSDEGPRVVKLFCAGR

5 ORF5 >Icl|ORF5
MLKALAAPLVSKPTNGWHSSFTAWTTRVSNPVCSPRFRASASVMAQ

6 ORF6 >Icl|ORF6
MQHLCSRLRREGHISATGPGHVKGW

7 ORF7 >1cl|ORF7
MLHRLCGPPSIPLSFNLATVLPRRNA

Table 4 : ORF Protein Sequences of the Rhodopseudomonas sps

A CLUSTAL W program was run against the sequences generated from RDP and BLASTN
along with an out group genus. The results shows that the query sequence is having maximum
similarity with Rhodopseudomonas faecalis (Fig 10 & 11).
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Phylogram (midpoint rooted tree)
without branch length () without branch length labels [J without leaf labels CJ without ticks
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Fig 10 : Phylogram using CLUSTALW for BLASTN generated sequences

Legend:

>AF529115.1 Uncultured alpha proteobacterium clone FTLM116 16S ribosomal RNA gene,partial
sequence

>HM193898.1 Rhodobacter sphaeroides strain S10-1 16S ribosomal RNA gene, partialsequence

>MH424725.1 Rhodopseudomonas pentothenatexigens strain Y7 16S ribosomal RNA gene,partial
sequence

>HM193899.1 Rhodopseudomonas sp. S9-1 168 ribosomal RNA gene, partial sequence

>seq_11414 1011 bp (Blue color) Query sequence

>KT180200.1 Rhodopseudomonas faecalis strain DBNRh33 168 ribosomal RNA gene, partialsequence
>AB167545.1 Rhodopseudomonas palustris gene for 165 rRNA, partial sequence,strain:KP0014
>AB241410.1 Rhodopseudomonas oryzae gene for 16S rRNA, partial sequence, strain: [AM 14079

>MW164961.1 Rhodopseudomonas thermotolerans strain NA30 16S ribosomal RNA gene,partial
sequence
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Phylogram (midpoint rooted tree)

) without branch length L) without branch length labels [ without leaf labels [ without ticks
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Fig 11: Phylogram using CLUSTALW for RDP generated sequences
Legend:
>seq_31829 1420 bp S000383013 Rhodopseudomonas palustris; RN1; AB033756
>seq_31870 1425 bp 5000429644 Rhodopseudomonas palustris; WailS1; AF487428
>seq_11414 1011 bp (Blue color) Query sequence
>seq_31899 1482 bp S001098022 Rhodopseudomonas palustris; RLD-119; EU597423
>seq_31917 1462 bp S002233990 Rhodopseudomonas faecalis; HR; HQ154127
>seq_31851 1446 bp S000428818 Rhodopseudomonas sp. v-1; AF095928
>seq_31938 1331 bp S004056606 Rhodopseudomonas faecalis; DBNR4-1; KF668620

The Circular and Linear maps of the sequence of Rhodopseudomonas sps was obtained (Fig
12) where in, the restriction enzymes along with cuts , source of the organism and recognition

sequences was also shown in Table 5. The similar sequence cuts and restriction enzymes were
found in pCMV 104 plasmid of Rhodopseudomonas palustris (Kaberniuk AA et al., 2016).

. Hpnl (332 Sequence’ 1011.bp
/ x Sacll (172

Fig 12: The Circular and Linear map of the sequence of the Rhodopseudomonas sps
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S.NO Enzyme Name Cut Source of the Organism [Recognition
sequence
1 Bell 173 Bacillus caldolyticus T/GATCA
2 Kpn I 332 Klebsiella pneumoniae 5'-GGTAC/C-3'
3 Sac II 372 Streptomyces achromogenes CCGC/GG
4 Nhe I 388 Neisseria mucosa heidelbergensis G/CTAGC
5 Sac | 463 Streptomyces achromogenes GAGCT/C
6 Spe I 692 Sphaerotilus species A/CTAGT
7 Apal 774 Acetobacter pasteurianus 5-GGGCC/C-3'
8 Agel 848 Agrobacterium gelatinovorum A/CCGGT

Table 5 : The total number of enzymes along with cuts were identified from the Sequence map

Fig 13 reveals that the protein sequence is having chloroplastic 30s Ribosomal protein S12
which is a confirmation that the organism is a photosynthetic one. The prokaryotic small
ribosomal subunit or 30S subunit is the smaller subunit of the 70S ribosome. It is a complex
of 16S rRNA and 19 proteins.

Protein family membership

None predicted

Entry matches to this protein @ Lo =n m
| 20 1400 1,600

200 400 600 80 1,000 1
1 1751

PTHR38146

« Predictions PANTHER PTHR38146
30S RIBOSOMAL PROTEIN 512, CHLOROPLASTIC

Model: PTHR38146:5F8 obidb-lite (2
987 -1162 bic

Fig 13 : Conserved Domain Identification using InterPro Scan of protein sequence of
Rhodoseudomonas sps

Fig 14 shows results of CLUSTAL Omega, it was run for the query sequence against
nucleotide sequences of nif genes having different species of Rhodopseudomonas along with
an outgroup member. The similarity was found to be more near to Rhodopseudomonas faecalis
, nif H gene for reductase of nitrogenase. Whereas Fig 15 shows that CLUSTAL Omega of
protein query sequence against the proteins of nif genes of Rhodopseudomonas sps. It shows
maximum similarity with nif-specific transcriptional activator nif A of Rhodopseudomonas
palustris and with Nif-specific ferredoxin III of Rhodopseudomonas faecalis. The strains of
Rhodopseudomonas palustris, PS3 and YSC3 have been found with nif nitrogenase-related
genes (Lo, KJ et al., 2018).
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Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections

Branch length: ® Cladogram Real

—  seq_11414 0.08498
" AB741414.1 -0.08498
CP019966.1 0.28694

— X70033.10.29384

J05111.1 0.22758

Fig 14: CLUSTAL Omega of nucleotide sequences of nif genes of different genus and
species

Legend:
>seq_11414 1011 bp (Query sequence)

>AB241414.1 Rhodopseudomonas faecalis nifH gene for reductase of nitrogenase, partial cds,strain:
JCM 11668

>CP019966.1 Rhodopseudomonas palustris strain PS3 chromosome, complete genome
>X70033.1 R.capsulatus anfH, anfD, anfG and anfK genes for alternative nitrogenase

>J05111.1 Anabaena PCC7120 nitrogenase (nifB), ferrodoxin-like protein (fdxN), nifS (nifS),nifU
(nifU), and nitrogenase reductase (nifH) genes, complete cds

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Branch length: ® Cladogram ) Real
seq_3168 0.41677

4I —— TAHB5830.1 0.35536
PYF04189.10

WP_027278297.10

TAHB5812.10

Fig 15 : CLUSTAL Omega of protein sequences of nif genes of different genus and species
Legend:
>seq_3168 1754 bp (Query Sequence)
>TAH65830.1 MAG: nif-specific transcriptional activator NifA [Rhodopseudomonas palustris]
>PYF04189.1 Nif-specific ferredoxin III [Rhodopseudomonas faecalis]
>WP_027278297.1 ferredoxin III, nif-specific [Rhodopseudomonas faecalis]
>TAH65812.1 MAG: ferredoxin III, nif-specific [Rhodopseudomonas palustris]

In a study done on obtaining 1,817 Gb metagenomic data, derived from digestate samples of
56 full-scale biogas plants fed with diverse feedstocks, the construction of microbial gene
catalog of AD (22,840,185 genes) have revealed that the anaerobic microbes are having only
species that belongs to methanobacter and others (Shichun Ma et al., 2021).

In another study it was demonstrated that from the complex nitrogen sources such as yeast
extract and casamino acids, it was showed that the highest methane production of 600 ml
methane per mole of nitrogen was reported, whereas by the use of skim milk as a source there

Nanotechnology Perceptions Vol. 20 No. S6 (2024)



165 rRNA Seqguence Analvsis and Identification... Aysha Sherieff et al. 974

was no methane production observed (Andreas Otto Wagner et al.,2012).

In one research, a comparative study has been developed between pig manure and leguminous
plant biomass at different Organic Load Rate values. It was found that most elevated methane
yield was reported with nitrogen-rich biomass. Methane-yield results of nitrogen-rich biomass
are higher than pig manure results for all OLR studied values (Isabel et al., 2022).

4. Conclusion

The partial 16s rRNA sequence was analysed with phylogenetic analysis and other tools
proving that the strain was closet to genus and species of Rhodopseudomonas faecalis. The
GC content of the sequence has 1011 bp and it contributes 54.40% of the total sequence base
pairs. The RDP database shows that the query sequence has 100% Percent Identity with
Rhodopseudomonas faecalis strains. BLAST N results shows that the organism is having high
similarity of 100% with Rhodopseudomonas faecalis, EMBOSS Seqret results shows the
organism has 1754bp of aminoacids. ORF Viewer shows 70RFs for the Nucleotide sequence
of Rhodopseudomonas sps and consists of 210 aminoacids and a total of 651 nucleotide length.

When CLUSTALW was run for RDP and BLASTN results, it reveals that the query sequence
was 100% similar to Rhodopseudomonas faecalis. The Circular and Linear maps of the
sequence of Rhodopseudomonas sps was also obtained. Conserved Domain Identification
using InterPro Scan of protein sequence of Rhodoseudomonas sps. It shows that the protein
sequence is having chloroplastic 30s Ribosomal protein S12, a confirmation that the organism
is a photosynthetic one. When CLUSTAL Omega was run for Rhodopseudomonas sps
sequence against nucleotide and protein sequences of nif genes having different species of
Rhodopseudomonas genus. The results show the maximum similarity to nif H gene for
reductase of nitrogenase and nif-specific ferredoxin Il of Rhodopseudomonas faecalis
respectively.

The organism is the novel strain of Rhodopseudomonas faecalis with nif genes, protein
sequences for Nitrogenease activity and exhibits photosynthetic activity. This demonstrates
that this novel strain of Rhodopseudomonas faecalis have potential to fix the nitrogen through
nitrogenase activity and helps in increasing the methane production.
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