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obtained from the partial protein sequence, protein analysis and domain
prediction were characterized further using PSIPRED tool. Motifs were
analyzed using Motif Scan-Prosite pattern tool. The 3D Structure
prediction and visualization was performed using Phyre2 program,

Rhodopseudomonas ~ Faecalis, Motif, Galaxy Web and CASTp platforms. The visualization of the predicted

Galaxy Web, Phyre 2, CATSp, and concrete structure of the protein was done using RASMOL. The

RASMOL results shows that the protein structure has sites for amidation,
phosphorylation and myristylation along with 30% alpha helix and
19% beta strands, 310 helix , Pi helix, turns and bends with repeated 11
different aminoacids occurrence.

Copy Right, 1JAR, 2023,. All rights reserved.

Introduction:-

Purple non-sulfur phototrophic (PNSP) bacteria grow in a vast range of environmental conditions. Most of the PNSP
bacteria belongs to the genus Rhodopseudomonas. These are able to grow anaerobically in the presence of light or
aerobically in the dark conditions with different substrates like carbon sources and electron donors. In Bergey’s
Manual of Systematic Bacteriology, the genus Rhodopseudomonas has been included with seven species:
Rhodopseudomonas palustris, Rhodopseudomonas viridis, Rhodopseudomonas blastica, Rhodopseudomonas
sulfoviridis, Rhodopseudomonas rutile, Rhodopseudomonas acidophila and Rhodopseudomonas marina (Imhoff &
Trusper, 1989). Rhodopseudomonas faecalis was isolated and characterized from an anaerobic reactor that digests
chicken faeces for the first time by Demin Zhang et al., 2002.

A study was designed to understand and annotate a hypothetical protein of an unknown function of the bacterium
Rhodopseuodomonas capsulatus through insilico approach. Different computational tools and wide range of
bioinformatics workflow was established with 3D structure and biological function ( Spencer Mark Mondol et al.,
2022). PSIPRED Program was run for the protein structure prediction for a 42 kDa subunit pili protein of
Salmonella typhi that causes typhoid fever (Sri Daramawati et al., 2022). 3D Structure of the viral S protein PBD
ID: 6VYB was studied where the protein structure and docking were visualized using RasMol (Subbaiyan A,
Ravichandran K, Singh SV, et al., 2020). Active site prediction was done by using CASTp for bacterial
metalloprotease of family M4 (Hasan R et al.,2021). The 3D models of the NTDs of the selected bacterial Tcps were
constructed using three homology modeling servers, including Phyre2 (Kelly et al.,2015).
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In the present work, the protein sequence from ORF’s of the Rhodopseudomonas faecalis was obtained and used as
a template for secondary structure prediction by using different tools that are authentic and highly potential methods
and platforms. The wet lab method was performed by the authors previously and the 16s rRNA sequencing was
done. The organism was found to be a novel one based upon the sequencing analysis. The partial nucleotide
sequence was converted in to a protein and then ORF’s were identified by ORF Finder tool. Later, the protein
sequence was used for the study as described in the methodology section.

Methodology:-

Source of the sequence

Previously the authors happen to isolate and characterize a novel strain of Rhodopseudomonas faecalis bacterium.
The organism’s 16s r RNA partial sequence was performed and it was converted in to protein sequence. ORF’s were
identified and the ORF’s protein sequences were used for the present study.

Secondary structure prediction

PSIPRED is a protein analysis workbench platform that provides many available analysis tools into a single web
based framework (Daniel W A Buchan and David T Jones, 2019). The protein sequence was analysed using the tool.
MOTIF SCAN is to find all known motifs that occur in a sequence. The purpose of this tool is to identify motifs or
patterns found in the query protein sequence. Determining the motifs of the query protein will assist in the
classification of a protein according to its family or domain. (Pagni M et al .,2007).

3D Structure visualization

The Galaxy WEB server predicts the protein structure from a sequence by template-based modeling and refines loop
or terminus regions by ab initio modeling (Junsu Ko et al.,2012). Phyre2 is a protein structure prediction server that
uses a combination of threading and comparative modeling to predict the 3D structure of a protein. Computed Atlas
of Surface Topography of proteins (CASTp) provides an online resource for locating, delineating and measuring
concave surface regions on three-dimensional structures of proteins. CASTp can be used to study surface features
and functional regions of proteins (Binkowski TA et al.,2003). RasMol is a good viewer for showing PDB format
files and it is the most widely used 3D molecular graphics (Sayle RA et al.,1995).

Results & Discussion:-
Secondary structure prediction
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Fig la:- PSIPRED analysis of protein sequence of Rhodopseudomonas faecalis.

Figurela shows the analysis from PSIPRED output that has helix, strand, membrane interaction and trans membrane
helix regions of the secondary structure of protein of Rhodopseudomonas faecalis. There were about total 210
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aminoacids consisting of 7 helix regions, ~6 strand regions and rest of the regions are transmembrane and membrane
regions.

PSIPRED Cartoon -

reg CCCCCCCCCCCHHHHHHHHCCHHHHHHHHHHHCCCCEEEEEETEE

A MI SHI GTETRPKLLREAAVGNI GAWAQAMAEVSGTASVEVKFVD

10 20 30 40

Fed CCCCCCCCCCCCCCCCCCEEECCCHHHHHHHHHHHHHCCCCCCC
MM GEGGEGSLGHYMSRTGRRDVTFSSEPGAQVLHGCRQLYVSMGASLI @

60 70 80 90

o
B
a

ped CHHHHHHHHHHCCCCCCCCCCCCCCCCCCCCCCCEEEEEECCCC
AMEGPRVVKLFCAGRMLKALAAPLVSKPTNGWHSSFTAWTTRVSNEP

110 120 130 140

ot e i i e o

Cart

red EECHHHHHHHHHHCHHHHCCCCCCCCCCCCCCCCCCCCCCCCCC
M RASASVMAQMQHLCSRLRREGHI SATGPGHVKGWMLHRLCGPPS

160 170 180 190

Conf |:|_|=|=|:|:‘
cot [ I —

i EHHHCCCCCC
A LATVLPRRNA

210 220 230 240
Legend:

Strand Conf: - __rmmill* Confidence of prediction
B Helix Cart:  3-state assignment cartoon

= Coil Pred: 3.state prediction
AA: Target Sequence

Fig 1b:- PSIPRED analysis of secondary structure of protein sequence of Rhodopseudomonas faecalis.

Figure 1b shows the PSIPRED secondary structure analysis of the protein of Rhodopseudomonas faecalis with
Confidence of Prediction, 3-state assignment cartoon, 3-state prediction with respect to the target or query sequence.
The protein has 5 strands (~6) , 7 helix and rest of the coil forms were present as shown in the legend.

10 20 30 40 50

Tl sElc TE TR KEEREA aMcNlc@wa@aMaEVscTasVNEVKF VBNRKNTs
s cEccsevyMsRr cRRBNTrssErca@VENccREENSsMeasENErcRNSsB o«
o Eor RMMKEFcacRMEKADAArEMsKr TMcwlssrrawr TRMsNrPMcseRF
o Rasasiils@MaEcs RERREcHNs ATcr cHMKc wHERRECcorrsiieis r
ar WA TV e RIRIN A 210

10 20 30 40 50

. Small nonpolar . Hydrophobic . Polar Aromatics plus cystiene

Fig 2:- PSIPRED analysis for protein sequence of Rhodopseudomonas faecalis showing nature of the aminoacids.
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Figure 2 shows the nature of the aminoacids of the secondary structure of protein of Rhodopseudomonas faecalis
performed through PSIPRED. There are small polar, hydrophobic, polar and aromatic plus cysteine aminoacids

found in the entire secondary structure of the protein.

The protein domain prediction was done using Domain Prediction option in the PSIPRED tool and the result is

obtained as follows :
DomPred Results
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Fig 3:- Domain Prediction of the secondary protein structure of Rhodopseudomonas faecalis.

Figure 3 Shows the Domain Prediction of secondary protein structure of Rhodopseudomonas faecalis. It has helix
residues, strand residues and coil residues. Out of 210 aminoacids, the aligned termini profile shows the prediction
from aminoacids 20 to 38 having helix residues, 50 to 70 and 118 to 135 having coil residues whereas the strand

residues are out of the aligned termini profile.

Motif Scan Results
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Fig 4a:- Motif Scan Results of the Protein structure of the Rhodopseudomonas faecalis.

OSITE patterns (frequent match producers) [freq_pat], HAMAP profiles [hamap], PROSITE patterns [pat], Pfam HMMs

681



ISSN: 2320-5407 Int. J. Adv. Res. 11(07), 678-690

freq pat:CK2 PHOSPHO SITE

T E 2 Casein kinase II
FRHD Status: £ phospharylation site.
e pos.: 49-52 [ entry iegends: 1,
phosphorylation.
2 image
1
freq_pat:MYRISTYL
Status: @ N-myristoylation site.
pos.: 53-58 | entry |Legends: 1,
H o myristyl.
G
G
grixesh
GGSLEH
2 image
i
! R Status: ?
TR pos.:: 83-65 . . pat:PKC_PHOSPHO_SITE
T ) Protein kinase C
R Status: £ phosphorylation site,
bt pos.: 138-140 [ entry Jiegends: 1,
phosphorylation.
SR Status: ?
SPR pos.: 147-149

Fig 4b:- Motif Scan-Prosite patterns for the protein of Rhodopseudomonas faecalis.
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Fig 4c:- Motif Scan-Prosite patterns for the protein of Rhodopseudomonas faecalis.

Figure 4a, 4b and 4c shows the Motif Scan results with Prosite patterns for the protein of Rhodopseudomonas
faecalis. The output shows the Amidation site, three Protein kinase phosphorylation sites (CAMP and cGMP
phosphorylation, Casein Kinase Il Phosphorylation site and Protein Kinase C phosphorylation site) and
Myristylation site.
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3D Structure visualization
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Fig 5:- Galaxy Web results of the protein 3D structure of the protein of Rhodopseudomonas faecalis.

The Galaxy Web protein 3D structure reveals 5 different possible models (Model 1, Model 2, Model 3, Model 4 and
Model 5) for the protein of Rhodopseudomonas faecalis as shown in Figure 5.

3D Structure features
The protein sequence was submitted to Phyre 2 program wherein the sequence was converted in to PDB form and a
3D structure was visualized as follows. The file with PDB extension was also used for CASTp analysis.

Image coloured by rainbow N — C terminus
Model dimensions (A): X:37.435 ¥:67.282 Z:59.495

Fig 6a:- Phyre 2 result showing 3D structure of protein of Rhodopseudomonas faecalis.
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Fig 6b:- Phyre 2 result showing protein features of Rhodopseudomonas faecalis.

From Figure 6a and 6b, there were 124 residues ( Coverage: 59% of your sequence) have been modelled with 20.2%
confidence by the single highest scoring template. The secondary structure with helix, coils and strands were shown
along with SS confidence and disorder confidence. About 8% disordered, 30% alpha helix and 19% beta strands
were identified.

PoclD @ Area(SA) Volume
A2 (SA) A3

1 195111 284.946

PocID Chain SeqlD AA Atom
1 % 75 GLY O

1 z 77 GLN CA

1 * 77 GLN CG

Fig 7a:- 3D structure of protein of Rhodopseudomonas faecalis using CASTp showing the various parameters of
aminoacids.
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Fig 7b:- 3D structure of protein of Rhodopseudomonas faecalis using CASTp showing helix, beta form, coils, turns

and strands.

The CASTp analysis of the protein structure of Rhodopseudomonas faecalis shows the 3D structure with
aminoacid’s characteristics and also the complete chain with presence and confirmation of alpha helix form, strands,
turns, bends and coils as shown in Figiure 7a and 7b.

310 helix , Pi helix

S.NO PoclD Chain SeqlD AA Atom
1 1 * 75 GLY o]

2 1 * 77 GLN CA
3 1 * 77 GLN CG
4 1 * 77 GLN NE2
5 1 * 78 VAL N

6 1 * 78 VAL CA
7 1 * 78 VAL CG2
8 1 * 79 LEU o]

9 1 * 82 CYS N

10 1 * 82 CYS o]

11 1 * 82 CYS CB
12 1 * 82 CYS SG
13 1 * 83 ARG NE
14 1 * 83 ARG CG
15 1 * 83 ARG NH1
16 1 * 86 VAL o]

17 1 * 86 VAL CB
18 1 * 86 VAL CG1
19 1 * 86 VAL CG2
20 1 * 87 SER CA
21 1 * 87 SER C

22 1 * 87 SER o]

23 1 * 87 SER CB
24 1 * 87 SER oG
25 1 * 88 MET CA
26 1 * 88 MET SD
27 1 * 90 ALA o]

28 1 * 90 ALA CB
29 1 * 116 LYS o]

30 1 * 116 LYS CE
31 1 * 116 LYS CG
32 1 * 116 LYS NZ
33 1 * 117 ALA CA
34 1 * 117 ALA 0

35 1 * 119 ALA 0

36 1 * 120 ALA N

37 1 * 120 ALA CA
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38 1 * 120 ALA CB
39 1 * 121 PRO N

40 1 * 121 PRO CA
41 1 * 121 PRO CD
42 1 * 122 LEU N

43 1 * 122 LEU CB
44 1 * 122 LEU CG
45 1 * 122 LEU CD1
46 1 * 123 VAL N

47 1 * 123 VAL CG2

Table 1:- The complete number and type of aminoacids and atoms of the protein of Rhodopseudomonas faecalis
using CASTp.

The Table 1 shows the 47 number of aminoacids present in the 3D structure along with their atoms and Poc ID , Seq
ID and the name of the aminoacid in the protein of Rhodopseudomonas faecalis. Most of the aminoacids that were
found are Alanine, Proline, Leucine, Valine, Lysine, Methionine, Serine, Arginine, Cysteine, Glutamine and
Glycine.

The PDB format of the protein from CASTp is obtained and the same was used as an input file to perform
visualization using RASMOL.

@
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®)

4)
Fig 8:- 3D Structure Visualization of the protein of Rhodopseudomonas faecalis using RASMOL
1.Ribbon form 2.Ball and Stick 3. Cartoon form 4. Molecular surface form
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The 3D structure visualization was done using RASMOL for the protein of Rhodopseudomonas faecalis . The
Ribbon form, Ball and Stick form, Cartoon form and Molecular surface forms are shown in the Figure 8. It shows
the strands, helix and coils.

Conclusion:-

The secondary structure protein analysis for Rhodopseudomonas faecalis by performing PSIPRED tool has revealed
that the protein has 7 Helix, ~6 Strand regions out of total 210 aminoacids with small polar, hydrophobic, polar and
aromatic plus cysteine aminoacids. The domain prediction shows the aligned termini profile from aminoacids 20 to
38 having helix residues, 50 to 70 and 118 to 135 having coil residues. Motif Scan results with Prosite patterns have
confirmed the presence of Amidation site, Protein kinase phosphorylation sites and Myristylation sites.

The 3D Structure prediction and visualization for the protein of Rhodopseudomonas faecalis using Phyre 2 shows
the presence of 30% alpha helix and 19% beta strands. The CASTp analysis shows additionally the presence and
confirmation of alpha helix form, 31 helix , Pi helix, turns and bends with repeated 11 different aminoacids
occurrence ie., Alanine, Proline, Leucine, Valine, Lysine, Methionine, Serine, Arginine, Cysteine, Glutamine and
Glycine. The 3D Structure with possible 5 models were generated using Galaxy Web and protein visualization was
done by using RASMOL.
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