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Abstract

Chlamydophila pneumoniae is an obligate intracellular Gram-negative human respiratory pathogen acquiring resistance to
current antibiotics. Novel strategies including comparative genomics are vital to discover new drug targets to overcome global
antibiotic resistance. The current study’s primary objective is to identify novel drug targets based on path-genome (synteny)
analysis and prioritize the chronic obstructive pulmonary disease (COPD) therapeutic targets. The orthologous syntons based
on patho-genomes were compared using SynteView, and the classification of orthologous genes based on non-host prediction,
essentiality analysis, protein-protein interactions study, toxicity, and druggability analysis were directional in identifying
potential drug targets. A total of six hundred and thirty-nine orthologous syntons were identified and classified by prioritizing
nrdA and rpoB as potential drug targets. Virtual screening of natural ligands led to the selection of twenty-one ligands, and
further ADMET analysis was effective in considering nine ligands. Molecular docking analysis was crucial in analyzing the
binding affinity and different binding modes of the nine ligands selected and prioritizing two ligands (CNP0057221 (-6.1
kcal/mol), CNP0372149 (-5 kcal/mol) as potential putative drugs subjected to Molecular dynamics simulation and in vitro
based evaluation. The results reported may be vital in novel drug research in the current multi-drug resistance and extensive-

drug resistance situation.
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1. Introduction

Comparative microbial genomics is a field of modern biology
where a wide range of bacterial genomes are compared to
derive the pathogenicity facilitating drug target discovery.!*?
The conservation of genomic features is referred to as
"synteny," which demonstrates the relative positions of genes.
Exploiting the conserved synteny blocks from multiple
bacterial genomes answers the classification of genes into
orthologous regions by providing insight into the bacterial
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phylogenomic relationship.4

Many bacterial species have acquired the potential
resistance against multiple antibiotics with currently marketed
antibiotics through their competent ability, which has led to a
global concern.®! Chlamydophila pneumoniae, a Gram-
negative human respiratory pathogen,®! demonstrates a
biphasic developmental form of replication, i.e., elementary
and reticulate bodies. elementary body (EB) denotes the small-
sized (ca. 0.3 pum), circular, infectious form, electron-dense
organism, whereas the Reticulate body (RB) refers to
comparatively larger (ca. 1 pm), a non-infectious internalized
form of elementary bodies. These elementary bodies undergo
primary differentiation leading to granular cytoplasm, which
diffuses fibrillar nucleic acids.l It displays a significant
contribution to persistent and acute infection, leading to
chronic obstructive pulmonary disease (COPD) and asthma. €
Acute C. pneumoniae infection can trigger pneumonia,
bronchitis, and emphysema.l!

C. pneumoniae is also investigated for several systemic
diseases, including atherosclerosis, Alzheimer’s disease,!*"!
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multiple sclerosis, cerebrovascular stroke, coronary artery
disease, and lung cancer.'! It has also been associated with
zoonotic respiratory infections in koalas, horses, and
amphibians.['? It indicates the need for novel, sophisticated
diagnostic techniques and uncovering the druggable gene in
the genome to discover putative drug targets and drug
discovery using novel computational technologies.

The current study mainly focuses on identifying the
potential drug targets based on orthologous genes across the
Chlamydial species by aligning multiple genomes based on
synteny and applying the in silico strategies, including
synteny-based genomes comparison. Significant synteny
blocks can be identified by comparing neighboring or distantly
related bacterial species. The synteny blocks (genes)
adjacently located are recognized as significant candidates for
genome-based evolution and functional annotation studies. To
perform the genome-based analysis, visualization of
conserved synteny blocks among the compared bacterial
genomes is vital.[*¥!

Prioritization and validation of the targets is a significant
step in target-based drug discovery studies, as the prioritized
target is the key to bacterial inhibition. Due to the lack of
crystal structure, comparative homology modeling is an
essential step to model the structure and virtual screening of
natural compounds to identify the molecules with interactive
potential. Chemical absorption, distribution, metabolism,
excretion, and toxicity (ADMET) analysis and molecular
docking simulation studies were significant to identify novel
putative drug compounds from natural sources. The above
protocol proposed in the current study successfully identified
the potential drug targets by which the inhibition of these
targets can lead to the inhibition of bacterial pathogenicity.
Modeling the target protein helped predict the protein model
and was utilized in docking studies. The identified natural
ligand molecules with significant binding potential (docking
scores) in this study may be directional in developing novel
drugs leading to drug discovery against COPD targets.

2. Experimental section
2.1 Orthologous
comparison

SynteView 1.0 was engaged to predict the orthologous synteny
blocks in all the other selected Chlamydial pathogens analyzed
in the study. The web-service mode was applied to retrieve and
investigate the genomic data in SynteBase.l*¥! Reference
species were selected based on the literature survey,
“Reference tab” and the “Compared tab” was used for the
selection of reference species (Chlamydophila pneumoniae
AR39) and compared species (Chlamydophila pneumoniae
J138, Chlamydophila pneumoniae TW183, Chlamydophila
pneumoniae CWL029, Chlamydia trachomatis D/UW-3/CX,
Chlamydia  psittasi, Chlamydia  muridarium  Nigg,
Chlamydophila caviae GPIC, Chlamydophila abortus, and
Chlamydophila felis) belonging to the same family. The “Start
retrieval process tab” was operated for comparing genomes

syntons-based patho-genomes
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and predicting orthologous synteny blocks. SynteView gives
the result by comparing proteomes based on the given
condition, i.e., E-value < 107 and similarity percentage > 35%,
and the alignment was stretched for nearly 80% length of all
the shorter matching proteins.l'® The SynteView window is
displayed as in Fig. S1(see supporting information).

2.2 Prediction of orthologous genes/proteins

SynteView displays the significant conservation of gene order
between reference and compared species (Fig. S1). A unique
colored rectangular box illustrates each gene present in
reference and compared species. The yellow, grey and blue
colored rectangular boxes represent positive, negative, and
non-orthologous genes. The orthologous gene was carefully
chosen and considered for further analysis depending on the
color code. “Gene information panel” helped retrieve protein
sequence and its information like Genlnfo Identifier (GI)
number, species name, gene name, its functionality, location,
and sequence information. The protein sequence was further
utilized to retrieve the protein information for further
analysis.¥ The genome map depicts the features of the
genome, the genes prioritized, and their loci on the genome
(see Fig. S2).

2.3 Non-host prediction

BLASTP (Protein-protein BLAST) search analysis was
performed between the host and pathogen sequence at
http://blast.ncbi.nlm.nih.gov/, to predict non-host proteins in
C. pneumoniae. The NCBI database was explicitly searched
against the Homo sapiens proteome (Tax Id: 9606) using the
available BLASTP parameters.'® Specific protein hits
meeting the given criteria E-value < E'* and sequence identity
< 35% were selected carefully and stored for further analysis.

2.4 Essentiality and subcellular localization analysis

The orthologous protein sequences predicted in the C.
pneumoniae were submitted to BLASTP to search explicitly
against the Database of Essential Genes (DEG 7.0) at
http://tubic.tju.edu.cn/deg/ for the prediction of essential
genes. DEG database is the repository of the sequence
information of essential genes/proteins, and it archives the
related literature of experimentally derived essential genes or
proteins from Gram-negative and Gram-positive bacteria. The
database search criteria were E-value < E'°, Bit score >100,
and identity percentage 235% at the amino acid level was
considered.'! Prediction of subcellular localization of the
filtered orthologous, non-host, and essential genes was
performed using PSORTB v3.0.20'1 and was cross-verified
using TMHMM and TOPCONS. 2819

2.5 Protein-protein interaction (PPI) analysis

Protein-protein interactions (PPI) analysis has been crucial in
outlining the signaling cascades, predicting the protein
functionality,” and also finding the associated proteins with
the specific disease,? which enables identification of the
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interacting drug and its activity. STRING (Search Tool for the
Retrieval of Interacting Genes/Proteins) predicts and builds
protein-protein interaction networks based on physical and
functional associations by considering the experimental data,
domain-fusion,  phylogenetic = profiling, and gene
neighborhood analysis (neighborhood, gene fusion, co-
occurrence, and co-expression).??

2.6 Toxicity prediction

Genes/proteins responsible for the bacterial toxicity have been
predicted and further classified into exotoxins and endotoxins
using the BTXpred tool (http: //www. imtech. res.
in/raghava/btxpred/),[®! later the protein sequences were
submitted to Interpro server 41.0 (http: //www. ebi. ac.
uk/interpro/)?4 to extrapolate the domains, signatures, and
functions.

2.7 Druggability analysis

For a drug target, the gene must possess the affinity to interact
with a drug or a small molecule with an excellent binding
affinity.?® Druggability was analyzed by performing a
sequence search in DrugBank. The druggability of the
shortlisted genes/proteins producing toxins in the C.
pneumoniae pathogenic system was investigated using the
Drug Bank database (http://www.drugbank.ca/)?®! by using a
Pharma search. BLASTp search was performed against the
KEGG (Kyoto Encyclopedia of Genes and Genomes) database
(http: //www. genome. jp/kegg/)?"1 to analyze which pathway
they are involved in. All the drug targets predicted were found
to be members of distinctive metabolic pathways of C.
pneumoniae.

2.8 Virtual screening of natural compounds

Ligand molecules interacting with the predicted drug target
were searched using the COCONUT (Collection of Open
Natural Products) databasel?®! and ChEMBL using the drug
target information. The COCONUT database is a publicly
accessible database that includes compounds from a natural
source. ChEMBL is a manually curated bioactive compound
repository that exhibits drug-like properties that integrate
chemical information with bioactivity to facilitate drug
discovery.

2.9 Homology modeling (Ribonucleotide diphosphate
reductase (RNR))

Due to the unavailability of the RNR crystal structure in the
Protein data bank (PDB) database, prediction of the RNR
three-dimensional (3D) structure was inevitable to understand
the protein-ligand molecular interactions. Homology
modeling-based modeling of the RNR structure was initiated
by submitting the protein sequence to the Iterative Threading
ASSEmbly Refinement (I-TASSER) server. It uses a
hierarchical approach to predict the protein structure by
searching the templates from the PDB database through the

© Engineered Science Publisher LLC 2022

multiple threading method. Modeled protein was refined by
submitting it to MODREFINER.BY Later multiple tools were
employed to validate the modeled structure, including
PROCHECK,® ERRAT,®! and Verify 3D.*1 For energy
minimization and to visualize the modeled structures, UCSF
Chimeral®! and PyMOLE® were utilized.

2.10 Molecular docking simulation (AutoDock vina)

A rigid docking simulation strategy was adopted to analyze the
binding ability of the interaction of the ligands with the target
protein. AutoDock vinal”l was employed to perform the
docking simulation to identify the protein-ligand affinity and
best binding mode. Based on the binding pocket predicted
using CastP (Computer Atlas of Surface Topography of
Proteins)®® the grid box parameters were set as x = 72.317, y
=79.405 & z = 70.661. The grid box size (x = 22.358, y =
24447 & z = 25.860) was resized based on X, y, and z
coordinates to fit in the binding pocket residues of the target
protein within the grid box, and the exhaustiveness was set to
eight. The ligand molecules were sketched using Marvin
SketchBl and were saved in Spatial Data File (.sdf) format.
Open Babel software? was utilized to carry out the energy
minimization of the ligand molecules. The best-scoring
protein-ligand complex was prioritized based on the binding
affinity and the lowest docking (binding) scores for post-dock
analysis. PyMol was adopted to visualize the protein-ligand
complex precisely for post-dock analysis, and two-
dimensional (2D) plots were generated using Discovery
Studio to analyze the specific type of interactions.

3. Results and discussion

3.1 Classification and prediction of orthologous genes
Orthologous synteny-based comparative genomics (OSBCGQG)
explored the possible conserved and non-conserved regions
with the reference genome and were aligned with one-to-many
related genomes. This led to the classification and prediction
of orthologous and non-orthologous genes. This data set can
be further considered in identifying the potential drug targets
with the modern approach. Orthologous regions in the genome
were predicted compared to other Chlamydial organisms. Six
thirty-nine genes are highly conserved in all organisms. This
gives insight into the key regions corresponding to the
functionality, and other vital processes were identified as
orthologous synteny blocks excluding hypothetical proteins
that are common in all the remaining Chlamydial organisms.
Four hundred and fourteen non-orthologous synteny blocks
were predicted consisting of genes with no orthology between
the two genomes. They were classified based on synteny
alignments, ontology, manual curation, and publicly available
information in SynteBase from a high-quality and specific set
of orthology predictions, as provided by SynteView (Fig. 1).

3.2 Non-homologous protein analysis
The protein sequences without significant homology to human
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+ Total number of synteny blocks/
genes in C.pneumoniae genome

¢ Orthologous synteny blocks in compared
Chlamydial species excluding hypothetical
proteins

¢ Non host synteny blocks present in bacteria and
lack in H.sapiens

¢ Essential proteins for the survival of bacteria(based on
DEG database prediction)

¢ Functional class based proteins classification (transmembranes
(four), four signal peptides (four), and Lipoproteins (three))

* Prioritized protein targets based on ADMET properties and druggability

Fig. 1 Illustration of the step-wise sifting of synteny blocks (drug targets).

proteins were designated as non-homologous proteins. The set
of proteins listed from the earlier step was searched using the
BLASTP service available to perform a similarity search
against the human proteome non-redundant database to
identify non-homologous proteins. Four hundred fourteen
proteins were predicted as non-homologous to the human
proteome based on criteria like identity percentage >35%, E-
value threshold cut off 107, and amino acid length 100.

3.3 Essentiality analysis

The availability of databases like the DEG database of
essential genes has paved the way to predict essential genes by
comparing the proteins against experimentally verified
essential proteins. The listed proteins from the earlier step of
the analysis were submitted to Protein BLAST search against
the DEG database with the criteria like E-value cut-off score
of 107'% and >35% identity percentage and Bit score 100, fifty-
seven essential genes were predicted in the present study
comprising ~4% of the total number of protein sequences in C.
pneumoniae. These short-listed proteins were considered for
further critical analysis in the next step.

3.4 Protein-protein interactions prediction

Protein-protein interaction analysis is crucial in functional
annotations of the proteins has supportive of understanding the
biological role of the protein within the cell environment. The
development of novel tools, algorithms, and methods has
enabled us to predict protein-protein interactions, which are
experimentally proven to study the protein-protein interaction
with a basic idea that proteins involved in similar functions
will interact with each other to form a network. Only those
proteins with a high confidence score of 0.900 were
considered for listing out eleven potential protein interactions
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(Table. S1). The evidence-based interactions are demonstrated
in Fig. 2.

3.5 Classification into functional class

To get an insight into the shortlisted essential proteins, they
were further classified into transmembranes based on
TMHMM analysis, lipoproteins using LipoP analysis, 8! and
signal peptides prediction using SignalP®! functional classes,
which are the favorites to be the potential drug candidates,
from the present analysis. They were classified into
transmembranes (four), four signal peptides (four), and
Lipoproteins (three). Weeded out the left-out proteins that do
not fall into this functional class (Table S2).

3.6 Bacterial toxins prediction

Prediction of bacterial toxins has been an essential strategy in
drug target discovery. These toxins are reported as the primary
cause of pathogenicity in humans displaying visible symptoms
during infection. BT Xpred effectively predicts bacterial toxins
based on Support Vector Machine (SVM) modules with an
accuracy of 96.07%. Further, SVM-based modules
discriminate endotoxins and exotoxins, using amino acid
composition with an accuracy of 95.71%. In addition, modules
Hidden Markov Models (HMM) and PSI-BLAST (Position-
Specific Iterative Basic Local Alignment Search Tool) in
combination classify the exotoxins with higher accuracy.*!l

3.7 Druggability analysis and prioritization of therapeutic
targets

It is pivotal in prioritizing the short-listed proteins as drug
targets by assigning various criteria that a drug target must
possess other than the earlier filtration steps followed after
classifying identified essential proteins into four trans
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Fig. 2 Depicting the integrated protein-protein interaction (evidence-based interaction) network of proteins with high confidence

scores of >0.900.

membranes, four signal peptides, and three lipoproteins.
Further same were subjected to prioritization of drug targets
with the criteria of subcellular localization, toxicity, molecular
weight, availability of 3D protein structure, and FDA (Food
and Drug Administration) drug availability for the possible
drug targets identified. The short-listed essential proteins were
classified into nineteen cytoplasmic proteins, two outer
membrane proteins, and one extracellular protein using
PSORTD v3.0.2 software in the subcellular localization step.
Toxicity was predicted to identify toxins in the short-listed
proteins and classified into nine exotoxins and three
endotoxins among fifty-seven proteins using BTXpred
software. Molecular weight was predicted using Compute
pI/Mw? as the standard molecular weight of a target protein
must be 110 KD remaining were weeded out.

Protein 3D structure search using RCSB PDB (Research
Collaboratory for Structural Bioinformatics, Protein Data
Bank) database yielded a single structure with PDB ID
3IYD_C belonging to DNA-directed RNA polymerase subunit
beta (RNR) with poor identity percentage, and it was also
analyzed that RCSB PDB database® holds only four
experimentally solved structures belonging to C. pneumoniae
which has been a limitation for the computational drug
discovery. Druggability was predicted for the identified
therapeutic targets in the COCONUT and CHEMBL databases,

has been prioritized as the potential therapeutic target in this
present study which meets all the criteria’s to be a drug target.
Further, molecular docking simulation studies were carried out
using ribonucleotide diphosphate reductase (RNR) as the
protein target to analyze the interactions (binding modes and
binding affinity) between the compounds screened based on
virtual screening.

3.8 Homology modeling and validation

To analyze the structural features and the drug designing
purpose, the RNR protein was modeled based on Homology
modeling by submitting query sequences to the I-TASSER
server, the modeled protein structure was further subjected to
model refining using MODREFINER. Refined model results
showed the Root Mean Square Deviation (RMSD) of 1.488
and TM-score = 0.9796 from the initial to refined model, the
same was visualized using PyMol (Fig. 3). Further, the
modeled protein was validated using PROCHECK, ERRAT,
and VERIFY3D. PROCHECK results yielded a
Ramachandran plot indicating 90.8% residues in most favored
regions, 7.6% residues in additional allowed regions, 0.6% in
the generously allowed region, and only 1.0% residues in
disallowed regions. VERIFY3D resulted in 81.21% of the
residues having an average of 3D-1D score >= (.2 ranked the
model as PASS indicating the high quality of the model (Fig.

ribonucleotide diphosphate reductase (UniProtKB: Q976S5.1) S3) and ERRAT
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Fig. 3 Modeled protein structure of Ribonucleotide-diphosphate reductase (C. pneumoniae) is illustrated in the cartoon (deep salmon)

and surface (white).

results indicated the model’s overall quality factor with Z-
score = 94.97% in comparison with similar-sized proteins
based on the statistical scores of non-bonded interactions with
different types of atoms. The validation tools were evident in
validating the model’s quality.

3.9 Natural ligands search

COCONUT database advanced search yielded twenty-one
compounds interacting with query RNR protein which is a
significant step in identifying the appropriate ligands based on
specific protein-ligand interactions. ChnEMBL database search
reiterated the identified molecules as interacting molecules
with RNR based on its compound report card. Further, the
identified molecules were filtered based on ADMET property
analysis including Molecular weight, TPSA (Topological
Polar Surface Area) score, iLOGP, ESOL (Estimating
Aqueous Solubility) Class, GI absorption, BBB (Blood Brain
Barrier) permeant, Lipinski violations, Bioavailability (Table
S3). Further, the selected (ten) compounds were subjected to
in silico molecular docking simulation study.

3.10 In silico docking analysis (AutoDock vina 4.2)

Molecular docking studies were carried out with the screened
ligand molecules to have possible interactions with the RNR
target. The modeled RNR protein was considered a protein
target to study the docking simulation analysis. It revealed the
potential binding affinity with relatively higher binding energy
scores against the commercially available drug (Cefotaxime)
administered for C. pneumoniae infections, where the
bacterial cell wall biosynthesis is inhibited by interacting with

130 | Eng. Sci., 2022, 19, 125-135

the penicillin-binding proteins.

Modeled RNR protein was subjected to docking analysis
using AutoDock vina 4.2, the docking scores with significant
interactions were recorded for the selected eleven compounds
with the binding scores in the range of -6.1 to -4.8 kcal/mol,
where the Cefotaxime exhibited -4.1 kcal/mol of binding
energy score indicating relatively weaker binding affinity than
all the molecules selected in this study. The binding energy
scores with the RMSD upper bound and lower bound values
are shown in Table 1. The molecules were prioritized based on
ADMET properties and the docking scores, which exhibited a
maximum docking score of -6.1 kcal/mol by interacting with
binding site residues, including THR-336 (2.3 A), ARG-302
(3.5 A), and THR-333(2.7 A) forming three H-bonds,
conserved residue ARG-302 (2.7 A) forming a carbon H-bond
and a Vander Waals interaction with GLU-301 (2.8 A) as
shown in Fig. 4.

The binding modes of all the interacting selected molecules
with the protein target (RNR) are shown in Fig. 4. Cefotaxime
molecule formed interaction with residues (ARG-298 (3.4 A)
& ARG-302 (2.7 A), forming two H-bonds. An unfavorable
Positive-Positive interaction and a salt bridge interaction with
ARG-302 residue were formed, including hydrophobic
interaction with GLU-301(2.3 A) but exhibited a relatively
low binding score (-4.1 kcal/mol), leading to a weaker
interaction. 2D plots were generated using Discovery studio to
get better insights into the type of interactions formed between
protein targets and interacting ligands (see Fig. 5).

Further, the post-dock analysis revealed the conserved
binding sites (ARG-298, THR-336, THR-333, GLU-301, and
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Fig. 4 (a) Illustration of docking poses with prioritized ligand (CNP0057221) (blue) of RNR (aquamarine) (b) Cefotaxime (standard

drug) (split pea); (c, d) 2D plots.

Table 1. List of selected natural ligands with comparatively significant binding scores at zero RMSD.

Bindi Carbon- Pi-Sigma/Pi-
Ligands ncing Hydrogen bond . arbon I. 'g"_“ .I Van der Wall's
SI. No. energy . Alkyl/Pi-alkyl hydrogen cation/Pi-anion . .
(COCONUT ID) Interactions (A) . . interaction
(kcal/mol) interactions
GLU-301,
1. CNP0064963 -4.8 THR-336 (3.0) -- -- ARG-302 --
THR-336 (2.3),
2. CNP0057221 -6.1 (3.5), and THR-333 ARG-302 ARG-302 -- GLU-301
2.7)
3. CNP0160386 -5 THR-333 (2.8) ARG-302 PHE-331 ARG-302 GLU-301
ARG-298 (2.6, 3.4), GLU-332, VAL-
4. NP0417 - - LU-301 LU-301
CNPO417500 > THR-333 (2.8) GLU-30 GLU-30 335, THR-336
ARG-298,
5. CNP0170992 -4.8 THR-333 (2.8) VAL-335, GLU-301 ARG-302 -
ARG-302
ARG-298 (2.8), ILE-235, ARG-
6. CNP0361821 -5.3 - GLU-301 -
ARG-302 (3.1) 302
ARG-298 (2.6, 3.4) THR-336, VAL-
7. CNP0372149 -5 - GLU-301 GLU-301
THR-333 (2.8) 335, GLU-332
ARG-298, ILE-
. NPO1 - THR- 2.1 - - LU-301
8 CNP0108893 5 336 (2.1) 235, ARG-302 GLU-30
VAL-335,
9. CNP0412918 -4.8 - - ARG-302 -
PHE-331
. ARG-298 (3.4), GLU-301,
10. Cefotaxime -4.1 ARG-302 (2.7) -- -- -- ARG-302
© Engineered Science Publisher LLC 2022 Eng. Sci., 2022, 19, 125-135| 131
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Fig. 5 (a, b, ¢, d) Ligand interactions with RNR binding pocket residues with >-5 kcal/mol; (e, f, g, h) binding modes of the ligands

in 2D plots.

ARG-302). Though the binding site is falling 10 A distant
from the active site, it interacts with the active site with pi-pi
stacking. CNP0057221 (Lycorine) is prioritized as the best
potential inhibitor with a -6.1 kcal/mol docking score forming
four hydrogen bonds (GLU-301, ARG-302, THR-333 & THR-
336) indicating significant protein-ligand interactions. It has

132 | Eng. Sci., 2022, 19, 125-135

been extracted from the Amaryllidaceae plant family and is a
natural alkaloid with antibacterial, antiviral, anti-inflammatory,
and anticancer activity.*! Alternatively, the comparison
between the docking scores and binding modes of the
Cefotaxime drug (-4.1 kcal/mol) clearly stated the poor
binding affinity with RNR. Two natural compounds
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(CNP0361821 (-5.3 kcal/mol) and CNP0417500 (-5 kcal/mol)) the Pediatric Infectious Diseases Society, 2015, 4, 11-20, doi:

formed three H-bonds (ARG-298(2), ARG-302; ARG-298(2),
THR-333) individually indicating significant interactions
along with multiple hydrophobic interactions. The inhibition
potential of the natural compounds based on docking studies
mentioned above was found to be higher than the Cefotaxime
drug.

4. Conclusions

In the current study, a critical annotation of the C. pneumoniae
genome has been achieved based on genome-wide synteny
comparison between the family members. The data set of
predicted orthologous genes facilitates the prediction of the
drug targets strategically. Non-homologous proteins
prediction, essential genes/proteins analysis, subcellular
localization prediction, and toxicity prediction were
indispensable in identifying and classifying short-listed
proteins. Further, prioritization based on druggability by
databases search for the available natural compounds was
imperative in identification and assigning biological activity.
Molecular docking simulation studies revealed the docked
natural ligands' higher binding scores compared to the
commercially available drug Cefotaxime, indicating the more
significant inhibition potential of the ligands identified. The
outcome of the current study may provide a framework for the
rational identification of drug targets in C. preumoniae
through synteny-based patho-genome comparison and novel
understandings of interacting molecules with inhibitory
potential of RNR, which is evident in developing and
validating the novel therapeutic drugs against the RNR target.
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