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Abstract

Monkeypox virus infection and death toll are alarmingly increasing the world over. An effective treatment and control
protocol is essential to fight this viral infection. In this, in silico research article, we analyzed three hypothetical protein
sequences from the Monkeypox virus. We studied various parameters of these proteins including amino acid
composition, instability index, isoelectric point, extinction coefficient, aliphatic index, GRAVY, etc. We also performed
MSA to get a clear idea of the mutation and its type and the virus's role over time. We find out various domains and their
function that permit the virus during its infection processes. The amphipathicity is validated well. This study will help
scientists to develop effective drugs against this virus.
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1 Introduction

The eradication of smallpox in 1980, and the cessation of smallpox vaccination leads to a suitable atmosphere for the
emergence of monkeypox [1]. Monkeypox is a zoonotic orthopox virus that causes human disease much like smallpox.
The only difference is the severity of monkeypox is lower than smallpox with low mortality. It is clinically very
significant as it is endemic to western and central Africa. Outbreaks occur in the Western hemisphere due to the exotic
pet trade and international migration. The monkeypox virus was first isolated and characterized in 1958[1]. The first
confirmed human case was identified in 1970][2].

It belongs to the family Poxiviridae, subfamily chordopoxyviriniae, genus orthopoxivirus, and species Monkeypox virus.
The virus is about 200-250 nanometres in size, brick-shaped with lipoprotein envelopes having double-stranded
DNA[3,4]. It differs from other viruses as the genome contains all the genetic information in its genome necessary for
replication, transcription, assembly, and egress. This virus depends on the host only for ribosomes necessary for mRNA
transcription [3,5].

The present study is to determine the functional role and other parameters of three hypothetical protein sequences
collected from NCBI. Except for three protein sequences deposited in the NCBI repository, three proteins’ roles and
other physicochemical parameters are unknown. Palmytilated EEV membrane protein, Ankyrin-like protein, EEV type-
1 membrane glycoprotein, complement control protein, MPXV-COP-175, A32-5L, Viral membrane formation protein,
Viron morphogenesis protein, Late protein H7, Crescent membrane and immature Viron formation protein, B17R, EEV
membrane glycoprotein, DNA ligase, bifunctional hydroxysteroid dehydrogenase, DNA helicase, uracil-DNA glycosylase,
Glutaredoxin, ribonucleotide reductase small subunit, Uracil-DNA glycosylase, etc are some of the proteins that are
characterized form monkeypox virus. The structural details reveal that the monkeypox virus has distinctive surface
tubules and dumbbell-shaped core components. The virus has a lipoprotein envelope and linear dsDNA.
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2 Material And method

The in-silico method is applied to characterize the two hypothetical protein sequences extracted from the NCBI data
bank. The word protein of monkeypox virus prompted about 1070 protein sequences deposited in the repertories of
the NCBI. Out of these 1070 sequences we extracted only three hypothetical protein sequences for characterization
(Tablel)

Table 1 Monkey pox virus hypothetical sequences extracted from NCBI

Accession number No. of amino acids | Source Annotation

YP_010415322.1 59 Monkey pox virus Hypothetical
QGQ59750.1 43 Monkey pox virus Hypothetical
QGQ59749.1 46 Monkey pox virus Hypothetical

2.1 Sequence parameters

These sequences were analyzed for amino acid composition, instability index, GRAVY, negatively and positively charged
amino acids, extinction coefficient, half-life aliphatic index, and isoelectric point by using Expassy [6] .

2.2 MSA

The sequences under study are subjected to multiple sequence alignment [7]. The data obtained from MSA were used
for phylogenetic tree construction

2.3  Functional domain prediction

Protein domains often correspond to structural domains which are self-stabilizing and fold independently of the rest of
the protein chain. They may occur independently or as part of complex multidomain protein architectures which evolve
by domain accretion, domain loss, or domain recombination. We used the server PredictProtein to predict the functional
domain of the target protein [8].

2.4 Emboss Pepwheel-to find out the amphipathicity of protein residues

Pepwheel draws a helical wheel diagram for a protein sequence. This displays the sequence in a helical representation
as if looking down the axis of the helix. It is useful for highlighting amphipathicity and other properties of residues
around a helix. By default, aliphatic residues are marked with squares, hydrophilic residues are marked with diamonds,
and positively charged residues with octagons, although this can be changed. The predicted transmembrane helix was
visualized and analyzed using a helical wheel plot generated by the program Pepwheel [9] included in the EMBOS 2.7
suit.

The presence of disulfide bridges (“SS” bonds) was analyzed by two methods. The first method involves the prediction
of SS bonds using the primary structure (protein sequence data) by the tool CYS_REC
(http://sunlLsoftberry.com/berry.html? trpic). CYS_REC identifies the position of cysteine, the total number of cysteine
present, and the pattern, if present, of pairs in the protein sequence. The second method involves the visualization and
identification of “SS” bonds using the three-dimensional structure of the protein (3D coordinate data).

The 3D structure of MAP (AIXF84) was generated using Expassy s server[10]. Similar 3D structures for MAP in the
protein data bank (www.rscb.org) were identified by BLAST analysis (http://www.ncbin/mnil.gov.80/BLAST/). The
modelled 3D structure was evaluated using the online server Rampage[11], ProQ[12], and CE (combinatorial extension)
[13]. The tool Rasmol (http://openrasmol.org) is used to visualize the modelled 3D structures and to identify the
cysteine and the presence of “SS” bonds. The presence of signal peptides and their localization was predicted by using
SignalP 3.0 server [14]. The phosphorylation site in serine, threonine, and tyrosine of MAPs was predicted by the
NetPhos program of Expasy.

3 Result and Discussion

The selected proteins sequences and their accession number and amino acid composition in percentage (tablel),
hypothetical protein NBT03_gp144, Monkeypox virus, Gly, Pyl and sec are least and is nil, the same trend is repeated in
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hypothetical protein PDLMKLCO_00029 Monkeypox virus, but in hypothetical protein PDLMKLC0O_00030, Monkeypox
virus shows Pyl and Sex is nil with Gly 2,3 %. This abnormal occurrence of Gly may be due to geographical variation and
survival in temperate regions. Ly and Ser were high in some and Gly in others and Val, Lys, and Tyr high in still other
monkeypox viruses may indicate its polymorphic existence and survival in extreme environmental conditions by
providing specific protein composition.

Table 2 Composition of various amino acids in the selected proteins sequences

Amino acids | YP_010415322.1 | QGQ59750.1 | QGQ59749.1
Ala 1.7 9.3 00
Arg 34 2.3 6.5
Asn 34 4.7 8.7
Asp 8.5 7.0 8.7
Cys 3.4 4.7 2.2
Gln 00 2.3 00
Glu 3.4 7.0 2.2
Gly 1.7 11.6 43
His 34 2.3 43
Ile 5.1 2.3 43
Leu 3.4 4.7 2.2
Lys 10.25 4.7 17.4
Met 5.1 2.3 4.3
Phe 5.1 4.7 2.2
Pro 1.7 47 00
Ser 18.6 47 00
Thr 10.2 2.3 4.3
Trp 1.7 00 00
Tyr 8.5 14 10.9
Val 1.7 4.7 17.4
Pyl 00 00 00
Sec 00 00 00

The other parameters studied (Table 2).

Table 3 Other parameter of the protein sequences studied™

Accession Molwt | (-) ve | (+) ve | EC HL 11 Al GRAVY | pl
number AA AA
YP_010415322.1 | 6933.74 | 7 8 13075 30 hrs. 41.01 39.66 | -0.788 7.77
QGQ59750.1 4982.67 | 6 2 8940.0 | 29.73 hrs. | 30 95.35 | 0.16 4.29
QGQ59749.1 5609.00 | 5 11 7450.0 | 30 hrs. 3.36 75.87 | -0.778 | 9.67
" Mol.wt-Molecular weight, AA-Amino acids, EC-Extinction coefficient, HL-Half life, [I-Instability index; Al-Aliphatic index, GRAVY-Grand Average of
Hydropathy
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The hypothetical protein NBT03_gp144 and QGQ59749.1 show more positively charged amino acids, but QGQ59750.1
shows more negatively charged amino acids. The extinction coefficient is highest in hypothetical protein
YP_010415322.1 and is more or less equal in the other two sequences studied. The half-life period shows no variation
among the selected hypothetical proteins. The instability index is least in QGQ59749.1 and light variation in the other
two sequences studied. An aliphatic index is highest in QGQ59750.1 and leastin YP_010415322.1. GRAVY is the least in
QGQ59750.1 and has no considerable variation in the other two sequences. The isoelectric point is the least in
QGQ59750.1 and nearly about the same in the other two sequences studied.

The various parameters studied show that the virus is polymorphic in different parts of the world and countries with
different clads, it may be due to multiple mutations to survive in the prevailing climatic and other adverse conditions.
The control measures should be adequately changed to achieve success in the control of the monkeypox virus in
different parts of the world. The present studies show that there are two distinct genetic clades of the monkeypox virus;
the Central African clade “(Congo Basin clade)”, and “The West African Clade”. The Central African clade is a more
transmissible and severe disease impact[15]. The variation in the various parameters also suggests that the source of
infection is also different in different parts of the world. The literature highlights that “African rodents, squirrels, mice,
rats, dogs, and monkeys are the natural reservoir and cause infections in humans” [16].

The MSA (Fig.1) shows mutation occurred at different positions and that includes addition deletion and substitution. It
is a clear indication of the virus’s survival and natural selection by various mutations at different times as adaptability
[17,18].
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Figure 1 Multiple Sequence Alignment of Selected Hypothetical protein sequences
Presently Monkey viruses are quickly spread to different parts of the world.

The functional domain prediction (Fig-2-4) shows each hypothetical protein carries more than two domains an
indication of different functions performed by the same protein for different purposes.
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Figure 2 Functional domains for the sequence YP_010415322.1
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Figure 3 Functional domains for the sequence QGQ59750.1
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Figure 4 Functional domains for the sequence QGQ59749.1

The amphipathicity of the selected protein was predicted by Emboss-PepWheel (Fig5-7) and
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Figure 5 Amphipathicity predicted by PepWheel



International Journal of Scholarly Research in Science and Technology, 2023, 03(01), 001-007

Table 4 Amphipathicity Parameters of selected hypothetical protein sequences

Amphipathicity of Protein Residues Predicted by EMBOSS PepWheel
Physico-chemical Properties | Protein sequences

YP_010415322.1 QGQ59750.1 QGQ59749.1
Hydrophobicity 0.707 0.548 0.219
Hydrophobic Moment 0.369 0.277 0.316
Net Charge 00 1.0 1.0
Polar residues+ Gly (n/%) 8/44.44 7/38.89 10/55.66
Uncharged Residues + Gly Ser-3, Thr-1, Gly-0 Ser-1, Asn-1, Gly-2 His-1, Thr-1, Lys-1
Charged Residues Ly-2, Asp-2 Lys-1, Arg-1, Asp-1 Lys-2, Arg-2, Glu=1, Asp-2
Hydrophobic phase None AFILMGC None
No-polar Residues (n/%) 10/55.56 11/61.11 8/44.44
Aromatic Residues Phe-3 Tyr-1, Phe-1 Tyr-2
Special Residues Cys-2, Pro-0 Cys-1, Pro-1 Cys-0, Pro-0

PepWheel study shows that the sequence YP_010415322.1 and QGQ59750.1 is more stable due to the presence of
cysteine. Polar residues are more or less equal in all three sequences but the M. virus with sequence QGQ59749.1 is
more transient of lipophilic materials as it has more polar residues.

The overall study shows that a further study in correlation with various functional domains of the hypothetical protein
sequences will help pharmacists to develop more efficient drug development against the monkeypox virus in an
effective manner.

4  Conclusion

We conclude that all the three sequences are stable but QGQ59749.1 is less stable than other two due to the low cysteine
content. The study also shows that all the proteins are positively charged and is substantiated by the other Physico-
chemical parameters including instability index and half life of the proteins. This study may assist the scientists to
develop some novel drugs to disrupt the stable protein envelop for the effective control of the Monkey pox virus and
minimise the death toll due to this virus. A further study is needed to substantiate the findings to develop better control
measures of the fatal virus.
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