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Introduction

One of the greatest achievement in 21 century is Smallpox was
declared eradicated by the WHO in 1980, however, it poses a threat to
human as the disease could reappear due to accidental release of the
viruses from repositories or intentional de novo synthesis of infectious
viruses for bioterrorism.

Recent global transmission of endemic Mpox, along with cases of
human-to-human transmission of poxviruses that belong in
Orthopoxvirus, Molluscipoxvirus, and Parapoxvirus genera, indicates a
potential for smallpox-like disease outbreaks.



[ > Introduction

Geographical distribution of confirmed and suspected monkeypox cases during the
outbreak between May and August 2022.
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Lum, FM., et al. Monkeypox: disease epidemiology, host immunity and clinical interventions. Nat Rev Immunol 22, 597-613 (2022).
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» Genus: Orthopoxvirus genus

[TR= Inverted terminal repeats

» Family: Poxviridae
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= Natural reservoir of mpox remains unidentified
* Transmitted to humans through rodents and

non-human primates
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Introduction

_ To address the gaps in multinational outbreak,
Rational of the study: ,roviding further insights into evolutionary trajectory,
genetic diversity and phenotypic traits of the virus.

Hypothesis: Variable regions tend to have more mutations, gene
changes, repeats, and recombination.

To identify and characterize the core/variable regions of
the currently available Mpox virus whole genome
sequences.

Objective:
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- QC and basic characteristics

Objective: To assess the quality of the retrieved

whole genome sequences

Total WGS: 853
Selected WGS: 825

Genome length ranged from 185,309 bp
to 206,372 bp

GC content ranged from 32.80% to 33.12%
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( » Core-pan analysis

Objective: To see Mpox specific genes

Conserved regions: DNA replication,

recombination, and repair, as well as
virion structure and morphogenesis

Variable regions: Host-virus

interaction
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Core-pan analysis
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Located in the variable regions

Located in the conserved regions

The result showed that multi-copy and specific genes are
generally located in the variable regions



» Collinearity analysis

Purple: Well-conserved genome
collinearity between mpox interspecies

Blue: MPXV genome contains ITRs

The ITRs also lead to homology
between the coding gene sequences
at the beginning of the genome and
the gene sequences at the end
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» Recombination analysis

Aligned genome (221,780 (bp)
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Most of the recombination events occurred in the variable regions
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Repeat sequences analysis
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» SNP detection

Average SNP density in

variable regions is higher
than in core regions

The average SNP density in
variable regions (16.16 *
6.15 SNPs/Kb) was
significantly higher than that
in core regions

The gene with the highest
SNP density was Kelch
repeat and BTB domain-
containing protein 2
(KBTBD2)

Among all viruses, only the
genomes of poxviruses
contain genes for kelch-like

proteins .
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Conclusion

 The mpox genome’s core and variable regions were clearly delineated, with
recombination and repeat sequences concentrated in variable regions.

 Single nucleotide polymorphisms (SNPs) are predominantly found in the
variable regions, indicating higher genetic diversity there.

 High SNP density in the KBTBD2 gene may relate to host adaptation,
warranting further experimental investigation.
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) Methodology

Sequence Retrieval of Monkeypox virus genome from NCBI Database — 7’|

|

Filtering Hypothetical Protein’s Unknown Function |

Identification of Similar Domain Using Different Database I

4

Yes 100% i No |
Confidence

I Excluded |
Selected as Potential Target |
Physicochemical Subcellular Prediction of HP’s Protein’s 2D and Active site Virulence Factor
property Analysis using localization Function using Domain 3D Structure Determination Prediction using
EXPASY’s Prediction Using search tools, Analysis and Model of Hypothetical VirulentPred Server
PORTPARAM Tool CELLO, SOSUI INTERPROSCAN Validation Protein
" Ligand Selection Ligand Validation using ADME/ Toxicity Protcin+ Ligand | = Molecular Docking Molecular Dynamic
From Drug Lipinski rule of five, GI Properties Complex  pmpAnalysis Between HP Simulation and
Compound absorption, Water Investigation Formation and Ligands Binding Free energy
Library solubility 7 Calculation




~ Properties of Hypothetical Protein

Objective: To retrieve the hypothetical proteins and analyze the features of selected HP

GCF 000857045.1 was retrieved from NCBI database
191 proteins in the entire MPXV virus proteome including
28 HPs

Pfam, CDD-BLAST, ScanProsite, and SMART
28 HPs were categorized into five group.

7 HPs are in high confidence level

AlIE40426.1, MPXV-Congo_8-156 were in high confidence level

The CELLO program estimated the target protein's
subcellular location as "Cytoplasmic”

Table 1 Specific physiochemical properties of the selected Hypothetical protein
(MPXV-Congo_8-156)
Characteristics Finding Remark
Number of amino acids 503 Suitable
Molecular weight 57.35kDa Average
Theoretical pl 7.29 Slightly Basic
Chemical formula C,562H3053N65707535 25 =
Extinction coefficient (at 280 nm in H,O) 76,960 -

Estimated half-life (mammalian reticulocytes) 30h -

Estimated half-life (yeast cell, in vivo) >20h -

Estimated half-life (E. coli, in vivo) >10h -

Instability index 39.01 Stable

Stable aliphatic index 82.27 Thermostable
Grand average hydropathicity (GRAVY) —0.350 Hydrophilic




> Protein structure analysis

Objective: To predict the secondary and tertiary structure of HP
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Fig.2 Analysis of protein phylogeny

Predictions from NCBI-CD search indicated the presence of a
PHA02782 superfamily domain

Table 2 3D Structure Generation with Different Servers

Webservers Methodology Accuracy

70-75% [62]
Multiple-threading alignments, ab initio, refine- 65-75% [63]

AlphaFold [62]
I-Tasser (Iterative Threading ASSEm-

Neural network/Deep learning

bly Refinement) [63] ment
PDB (Protein Data Bank) [64] Experimental data 60-70% [64]
ORION [65] Machine learning, hybrid modeling 65-70% [65]
ESyPred3D [66] Automated homology modeling 60-75% [66]
[

80-90% [37]

SWISS-MODEL [37] Homology modeling

HP 3D structure matched 2D prediction and
aligned with expected fold, suggesting similar
function to its family proteins




' Protein structure analysis 22

Objective: To evaluate the accuracy of the anticipated three-dimensional structural model of the hypothetical proteir

S
(‘.{s’,l’“
QD 3 Q-‘.’%,‘ ~ ™\
Qp -\?;” G i » 92.3% residues in most favored regions
; 2N D » Remaining residues in additionally allowed
LR - («»“ regions
,m'.;* , » No residues in disallowed regions
- > Z-score of —6.79 for the model

; N J

Ramachandran Plot Comparison with Non-redundant Set of PDB Structures

saves

Psi (degrees)
Normalized QMEAN4 Score

[ Supports reliability of homology modeling ]

|Z-score|>2 e1<|Z-score|<2 e|Z-score|<1 vk model

135 18 e 100 200 300 400 500
Protein Size (Residues)

(b)

Model validation for HP




 Active site determination

Objective: To analyze the tertiary configurations of protein and identify

Visualization of active sites CASTp server

J— B Chain

the binding pocket

Chain B contains stable, well-defined
active sites, making it the primary target
for docking and inhibitor design

VaxiJen score of 0.4911
Four conserved peptides passed the
score

> Largest pocket: surface area 86.6 A2, volume 57.9 A3
> Key residues in Chain B: TYR72, LEU73, GLN74, ILE75, VAL9O0,

» Chain B showed higher activity due to more stable binding sites
> Active residues align with PHA02782 superfamily domain

THR91, TYR92, ARG93, LYS95, TYR98, PRO190, ILE191, PRO192

\
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Docking of MPXV-Congo with drugs

Objective: To select the candidate ligands and preparation for docking

e e ([ A
I » Blide docking and site-specific docking with 500 compounds
pe listed in Pubchem
‘ ! » 5 lead phytochemicals selected (binding energies —9.2 to
° . (AkOS3362505) o —8.8 kcal/mol) depending on docking scores, binding within
O ami;i(ﬁ;ff,zzz‘;‘:;f;bja“;f.:;ii;i‘;i‘;;‘im- 0. i )+ active sites, and the manner of interactions
- carboxylate k /
ILE .
I (AKOS024581331) B:103
O‘O W.H\/ dh ydro. o 1191?3 d 2a}1,ij)ozaiﬂd (o]
‘O \n/\ e (AKOS033624336) ‘ / \ A U SER
[2 [(9 10-dioxoanthracen-2-yl) amino]-2- B:107
hyl]sn (1 ifluorome lhyl) pl nyl] TYR
prop-2 B:105
A gi0s &108
oo A
(AKOS033706750)
[2 [(9, 10-dioxoanthracen-2-yl) amino]- . . . . . .
°°°°° ) itaromty Conventional Hydrogen Bond, Pi-Anion, Pi-Sigma, Pi-Alkyl

bonds were observed between AKOS001631077 and MPXV



" Redocking, PK and Toxicity Analysis

Table 6 Binding Energies of Conventional Drugs

No. Traditional com-  Chemical name Binding energy

pounds ID ( Keal/mol)
I 60,613 Cidofovir (Contral) ~ —5.2 Displays the binding energies of the conventional medicines
2 483,477 Brincidofovir -5.5 indicating lead phytochemicals exhibited stronger binding
3 16,124,685 Tecovirimat —4.] affinities to the target protein compared to the standard drugs
4 135 398,740 CGanciclovir —-45.1
5 54,682 461 Tipranavir -38

Table 7 Pharmacokinetics (ADMET) analysis of top drug compounds

Absorption Disinibution Metabolism
Water solubility Gl Absorption P-gp Substrate Skin BBB Permeanon Log VDss CYP2D6 Inlub-stor CYP2D&/CYP3A4
(Log8) Permeation(cm/s) Substrate
Drug compounds
Threshold value >0 Highly Gl Absorptron > 90 log Kp>213 BBB>0.31 VDSS: <015 low
soluble; 010 -2 High Low; cross BBB, distribution;
soluble; -2 tw -4 log Kp<l5 < | poorly dispersed  VDss>0.45 High
moderately soluble High tothe BBB tssue duistribution
of drug
AKOS033625053 —-2.66 High No -2.50 No 1.01 Yes No
AKOS001631077 -288 High No =239 No 1.23 Yes No
AKOS024581331 -291 High No -5.18 No 1.14 Yes No
AKOS033624336 -4.7 High No =313 No 1.57 Yes No
AKOS033706750 ~5.43 High No -7.28 No 1.32 Yes No

All the compounds have the good pharmacokinetic properties except of the compound 5 which has lower
soluble activity in water and lower skin permeability.



- Redocking, PK and Toxicity Analysis

Table 8 Lipophilicity, TPSA, Toxicity and Excretion Analysis of Top Drug Compounds

Drugs (Log P,;,) TPSA (AD) Toxicity PAINS Lipinski rule Violation  Synthetic Molecular Excretion
(5 rules were fulfilled)  accessibility weight (g/ Total clearance
mol) (log ml/min/kg)

AKOS033625053  3.05 98.31 No 0 No 342 453.4 0.65
AKOS001631077  1.51 112.14 No 0 No 3.17 3954 0.43
AKOS024581331 221 119.33 No 0 No 3.31 385.4 0.48
AKOS033624336  2.07 112.18 No 0 No 3.10 479.4 0.46
AKOS033706750 1.54 120.38 Mild 0 No 3.05 453.4 0.47
Table 9 Inhibitory effects and Bioactivity (score from Molinspiration) of Top Drug Compounds
Natural compound GPCR ligand [on channel Kinase inhibitor Nuclear recep- Protease inhibitor Enzyme Bioactiv-

modulator tor ligand inhibitor ity score
AKOS033625053 0.21 —-0.08 —-0.36 —-0.01 0.09 0.05 0.16
AKOS001631077 0.04 —0.41 0.04 0.59 -0.17 0.34 0.34
AKOS024581331 0.11 —-0.06 0.02 0.12 0.06 0.01 0.28
AKOS033624336 0.08 —-0.03 0.01 0.09 0.04 0.02 0.38
AKOS033706750 0.02 —-0.10 0.01 0.31 0.10 0.02 0.22

The selected drugs demonstrated significant efficacy in binding to G protein-coupled receptors (GPCRs) and displayed
notable inhibitory effects on proteases and enzymes. Compound 1 and 2 were chosen for further analysis.



Conclusion

> Integrated bioinformatics and computational approaches effectively create and validate the
protein model and identify active sites or binding pockets and identify potential antiviral compounds
against MPXV.

» Multiple drug candidates demonstrated promising binding affinity, pharmacokinetic properties, and
drug-likeness criteria.

> In silico analysis supports the potential repurposing of existing drugs as effective treatments for
monkeypox.

» Highlights the value of combining structural modeling, virtual screening, and simulation in
accelerated drug discovery.
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» Criticism and application

Genomics

Establish the bioinformatic workflows
for the WGS analysis for the large
DNA viruses with high divergent
sequences

Use the varieties of comprehensive In-
Silico tools to characterize and identify
the hypothetical proteins, and screen
the potential inhibitors

The key finding were not approved by
laboratory experiment

Not clear how they select HP

|dentify the variants in highly diverse
sequences in large DNA viruses

Properties analysis of the proteins
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