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Abstract

Context

The human respiratory syncytial virus (RSV) creates a pandemic every year in the European country. Lack of target
therapeutics and absence of vaccines have prompted scientists to create novel vaccines or small chemical
treatments against RSV's numerous targets. The matrix (M) protein and fusion (F) glycoprotein of RSV are well
characterized and attractive drug targets. Five bioactive compounds from Alnus japonica (Thunb.) Steud. were
taken into consideration as lead compounds. Drug-likeness characters of them showed the drugs are non-toxic and
non-mutagenic and mostly lipophobic. Molecular docking reveals that all bioactive compounds have better binding
and better inhibitory effect than ribavirin which is currently used against RSV. Praecoxin A appeared as the best lead
compound between them. It creates 7 different types of bonds with amino acids of M protein and 5 different types
of bonds with amino acids of F protein. Van der Waals interactions highly influenced the binding energies.
Molecular dynamic simulations represent the non-deviated and less fluctuating nature of praecoxin A. Principal
Component Analysis showed praecoxin A complex with RSV matrix protein is more stable than ribavirin complex.
This study will help to develop a new drug to inhibit RSV.

Methods

All ligands were minimized through semi-empirical PM3 process with MOPAC. Toxicity was tested by ProTox-lI
server. Molecular docking studies were carried out using AutoDock 4.2. Molecular dynamics simulations for 100ns
were carried out through GROMACS 5.12 MD and GROMOS96 43a1 force field. The graphs were produced by
GROMACS's XMGrace program.

Introduction

Viral diseases are normally very deadly for humans. Especially, the fearful effects of COVID-19 force us to think
about all those viral diseases which have no vaccine. There are many viruses available on the earth, which are the
main cause of death of people. Respiratory syncytial virus (RSV) is one of them. After the discovery in 1957, it
continually showed life-threatening effects on humans [1]. Mainly the European countries especially the USA, UK are
heavily affected every winter by RSV. Death during winter by RSV is highest in the high-income country (91%)
followed by low-income countries (77%) and middle-income countries (70%) respectively [2]. Investigation on
hospitalized children those were suffered from pneumonia revealed that RSV is the main causing organism. 43% of
children were infected by RSV was reported latterly [3]. RSV is generally caused in 6—10 years children [4]. However,
it can cause notable morbidity and mortality in older age people [5]. Till now, two subgroups were identified; RSV-A
and RSV-B. RSV A has a higher severity rate than RSV B. RSV A can react with all types of antibodies [6]. Children
with type B RSV rarely required ventilation support than type A. Less than 3 years old children can be infected
extremely by RSV A independently [7].

RSV has a negative-sense single-strand RNA genome which is linear and 15000 bp in length. The genome is non-
segmented and consists of 10 genes that encode 11 proteins. All genes are situated in an orderly manneri.e., NS1,
NS2,N, P M, SH, G, F, M2, L. RSV can't create pandemic situations due to unable to perform antigenic shift or
genetic reassortment [8]. Haider et al. (2017) had performed a time scale dependent on evolutionary analysis which
revealed that the rate of nucleotide substitution of BA genotype was higher than BA9 lineage [9]. Matrix protein (M)
of RSV plays a crucial role in viral assembly, nucleocytoplasmic trafficking and also inhibit the rate of transcription
which is a key factor for RSV pathogenesis [10]. Normally, M protein triggers particles assembly of virus when it
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forms oligomers to dimers [11]. Two heptad repeat regions were found within the F protein of RSV. These regions
are the main materials to form trimers of alpha-helical hairpin structures [12]. F protein has two subunits, F1 and F2.
F2 subunit plays an important role in the determination of host cell specificity [13]. Besides in-vitro and in-vivo
analysis nowadays in-silico analysis also plays important role in proteomics investigation [14-16]. The
mathematical model of RSV revealed the mechanism to loss of its infectivity [17]. Conserved regions on sequences
of N, F, G protein were also identified by in silico analysis of amino acid variation [18].

Identification of drug compounds for RSV is very much important. However, an FDA-approved drug named Ribavirin
has already been used in the treatment of RSV. But it does not save children and adults from its lethal effect [19-
20]. Researchers are still engaging to find an effective drug. A drug bindable pocket was found in the interaction site
of nucleocapsid protein and phosphoprotein. Residue F241 plays a crucial role in this pocket area [21]. TMC353121
showed its antiviral activity by inhibiting the fusion glycoprotein of RSV in a non-primate model [22]. Derivatives of
imidazopyridine showed promising IC50 value during the investigation and appeared as anti-RSV drugs [23]. Four
dendrimers and three linear cationic antiviral peptides were screened out by investigations to inhibit the proteins of
RSV [24]. Small molecules like JNJ2408068 and VP14637 were identified as an inhibitor of RSV fusion protein [25].

Computational prediction of the drug by molecular docking and molecular dynamics simulations are playing an
enormous role in drug discovery. During the infection of COVID-19 and RSV, it has proved its effectiveness and
importance [26-27]. Computational studies on pyrethroids showed a glide score of -4.54 and it has interacted with
two important residues i.e., LYS46 and HIS151 of a target protein of RSV [28]. Modeling studies of Dichloro-phenyl-
benzotriazoles was indicated that it can work as an RSV entry inhibitor [29]. A group of researchers had reported a
group of compounds that were sharing a common di-thiocarbamate moiety. These compounds target the zinc
finger motif of M2-1 protein from RSV [30]. Zinc finger reactive compounds were showed very promising results in
both in-vitro and in silico analysis [31]. Nowadays, bioactive compounds are heavily used in the treatment of many
different diseases. Bioactive chemicals from medicinal plants have long been studied as chemotherapeutic drugs in
biomedicine and natural product research. Much insilico analysis provides significant reports on the use of
bioactive compounds in colorectal cancer, breast cancer, diabetes, viral disease, etc. [32—-35].

In this study, five bioactive compounds i.e., gemin D, praecoxin A, platyphylloside, oregonoyl A and oregonoyl B from
Alnus japonica (Thunb.) Steud. which is found in Japan, China, Korea, were taken into consideration [36]. Gemin D
has already shown its therapeutic effect on HIV inhibition [37]. According to some findings, praecoxin A protects
against oxidative stress by lowering lipid peroxidation, boosting antioxidant defenses, and protecting against CCl4-
induced histopathological alterations [38]. In colon cancer and leukemic Cells, platyphylloside acts as an
antiproliferative and induces Apoptosis [39]. Tung et al. (2010) reported that oregonoyl A and oregonoyl B have anti-
influenza effects [40]. Still now, only one drug i.e., ribavirin is used in the treatment of RSV. However, its efficacy in
terms of improving outcomes is debatable. The effectiveness of this drug in the treatment of RSV illness has yet to
be established [41].

Material and methods
Retrieval of ligands and their optimization

All bioactive compounds (Fig. 1.) were retrieved from the PubChem database which is the largest drug database
[42]. All structures were downloaded in SDF format. They were subjected to optimization in a semi-empirical (PM3)
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process with MOPAC. An adequate approach for computing partial charges is required for accurate complex
geometry and binding energy calculation [43-44].

Retrieved of target protein

Two types of protein from RSV were chosen for this study. Fusion (F) glycoprotein (PDB ID: 5EA4) and matrix
protein (PDB ID: 2VQP) were taken into consideration. These proteins were already reported as a good target for
drugs [45-46]. Both structures were downloaded in PDB format from the RCSB PDB database [47]. Structures were
chosen based on their high resolutions. Nowadays, the paradigm of a single ligand targeting a single protein has
been replaced with a single molecule targeting several proteins. It outperforms earlier medication targeting
technologies [48-49].

Calculations of drug-likeness properties

Drug-likeness qualities including solubility, permeability, metabolic stability, and transporter activities are crucial for
drug candidates' success. Oral bioavailability, metabolism, clearance, toxicity, and in vitro pharmacology are all
affected by this property [50]. Lipinski rule of five plays a significant role in this field [51]. However, violations of this
rule don't conclude that those drugs can’t be used. Cause this rule is only applicable for oral drugs [52].

Preparation of protein, ligand and performing molecular docking

Analysis of pockets of target protein was identified by CASTp sever [53]. Ligands and proteins were converted to the
PDBAQT file with the help of AutoDock 4.2. [54]. Rotatable bonds were fixed, and polar hydrogens were added in the
PDBQT file. Grid box dimension and grid space were used as earlier reports [26—27]. Molecular docking of those
bioactive compounds was performed by AUTODOCK 4.2. Protein-ligand complex was formed by the help of PyMol
[55].

Molecular dynamics simulations

The molecular dynamics simulation (MD) was performed using two complex structures of matrix protein-coupled to
praecoxin A, matrix protein-coupled to ribavirin (currently used drug), and apoprotein. All MD simulations were run
on an Intel Xeon Quad-Core W3530 2.8 8M 1366 Processor with a LINUX environment, using the GROMACS 5.12
MD [56] and GROMOS96 43a1 force field [57]. The three protein systems were solvated in a cubic box holding
30306, 30337, and 30339 SPC216 water molecules, respectively, with dimensions of 98.535 X 98.535 X 98.535 nm?
[58]. To neutralize the net charge of the system for each complex, four water molecules were substituted with Na.
The solvate box margins were kept at a distance of 1.0 nm from all protein atoms. The solvated systems were
subjected to 3000 steps of energy reduction using the steepest descent method. Following the energy minimization,
position limited MD simulations were utilized to equilibrate both minimized systems for 100 ps at 300 K
temperature to keep system pressure and temperature constant. After equilibration, both systems were exposed to a
final production run of 100 ns MD simulations at 300 K temperatures. Periodic boundary conditions were applied
using the Berendsen Coupling approach under isothermal and isobaric conditions, with relaxation durations of 0.1
and 0.2 ps, respectively [59]. The bond length was restricted in both systems using the LINCS technique with a time
step of 2 fs [60]. The electrostatic interactions were studied using the Particle Mesh Ewald technique. With a cutoff
of 1.0 nm, van der Waals and coulombic interactions were computed [61]. The MD trajectories were analyzed using
the GROMACS software package's tools, such as RMSD and RMSF. The graphs were created using the XMGrace
[62] software in GROMACS.

Principle component analysis
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PCA or essential dynamics (ED) were used to assess the covariance matrices of the positional variations of C
atoms, as well as the quantitative characterization of protein dynamism [63—-64]. For both proteins, the first ten
eigenvectors were good enough to examine. The ED approach was based on constructing the covariance matrix of
the simulated proteins' coordinate variations. The eigenvectors and eigenvalues of the covariance matrix were
diagonalized to get information on correlated movements throughout the protein. The MD simulation trajectories
were utilized to construct the dynamics picture of the protein-ligand interface and relevant interactions using the
Chimera visualization tool.

Results and Discussion
Evaluation of drug-likeness properties

According to Lipinski rule of five, for oral drugs, the molecular weight of a drug compound should be less than 500
Dalton. Hydrogen bond acceptor (HBA) and hydrogen bond donor (HBD) of oral drugs must be less than equal to 10
and 5, respectively. Octanol-water partition coefficient or LogP of drugs always maintains a value less than + 5.
Violations of this rule indicate their delivery method should be injectable.

Only platyphylloside obey the Lipinski rule of five like ribavirin. So, it can be used as an oral drug. Other bioactive
compounds show their injectable nature for drug delivery. Praecoxin A shows the highest molecular weight between
them. Drugs more than 500 Dalton are not permeable to the skin and blood vessels [65]. Gemin D shows hydrophilic
nature like ribavirin as they show negative LogP value. Other bioactive compounds show positive LogP value i.e,,
they are lipophilic. Lipophilic drugs have tended to diffuse across membranes in adipose tissue and muscle.
Hydrophobicity and lipophilicity are significant features for different ways to forecast solubility, but they're also
noteworthy from a pharmacological standpoint. Because drug molecules must cross the lipid bilayer of most
cellular membranes, including those of enterocytes, the lipophilicity of drug candidate molecules is a critical
consideration in the creation of its dosage form. As a result, it is widely assumed that medication molecules must
be lipophilic to be well absorbed [66]. The combined surface area of oxygen and nitrogen atoms, as well as
hydrogen atoms linked to these electronegative atoms, is known as the polar surface area (PSA) [67]. PSA has been
proven to boost cellular potency, intestinal absorption, and blood-brain barrier penetration or limitation to the
peripheral circulation when taken into account [68]. PSA shows the highest value in praecoxin A and lowest in
platyphylloside between those bioactive compounds. Currently used drug also shows very lower value like
platyphylloside. Hydrogen bond donor (HBD) and hydrogen bond acceptor (HBA) also show a higher number in
praecoxin A. Bioavailability and binding potency are influenced by the number of rotatable bonds. The lower
number of rotatable bonds increases the bioavailability of praecoxin A. So, it proves that praecoxin A is a better
drug than other bioactive compounds. Praecoxin A possesses the highest ovality between all of them. It's also been
claimed that ovality greater than 1.45 isn't mutagenic [69]. So, all those bioactive compounds of this study are non-
mutagenic.

Analysis of pockets of target proteins

Pockets of proteins are playing an enormous role in drug design and discovery. A binding pocket is a hollow on the
surface or within a protein that has the right characteristics for binding a ligand. A binding pocket's
physicochemical properties are determined by the amino acid residues around it, which, along with its shape and
position in a protein, establish its functioning [70]. Pockets larger than 20 A2 were considered for ligand binding
sites. Matrix protein showed (Fig. 2.) 7 pockets with a large pocket area of 76.893 A2 and the lowest area of 20.936
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A2 Fusion glycoprotein showed 12 pockets. The largest pocket area was 70.899 A2 and the lowest was 20.245 AZ.
Total 60 and 109 amino acids were participated in forming the pockets in matrix protein and F glycoprotein
respectively. Mostly, polar residues were contributed more to this formation. Matrix protein showed 65% and F
glycoprotein showed 62.38% polar residues in their pockets. So, polar residues have a major role formation of
ligand binding pockets.

Molecular docking of bioactive compounds

Molecular docking analysis on those bioactive compounds shows their high binding with target proteins. Results
were also compared with the currently used drug ribavirin. The result shows bioactive compounds are more
effective than ribavirin in the treatment of RSV.

Praecoxin A showed the highest binding energies in both targets of RSV followed by oregonoyl B, oregonoyl A,
gemin D, and platyphylloside. It showed - 13.8 Kcal/mol and - 13.3 Kcal/mol binding energies with matrix protein
and F glycoprotein respectively. Oregonoyl B appeared as the second-best lead compound in this study. The binding
energies with matrix protein and F glycoprotein were - 11.2 Kcal/mol and - 10.0 Kcal/mol, respectively. Ribavirin
showed the lowest score for each bioactive compound. Praecoxin A showed (Fig. 3.) 2 conventional hydrogen
bonds, 1 pi-cation, 1 pi-anion, 1 pi-donor hydrogen bond, 1 unfavorable accepter-accepter bond, 1 unfavorable
donor-donor bond, and 7 Van der Waals interactions in binding with matrix protein. In the case of F glycoprotein, it
creates 1 conventional hydrogen bond, 3 pi-alkyl bonds, 1 pi donor hydrogen bond, 2 unfavorable positive-positive
bonds, and 16 Van der Waals interactions. Unfavorable positive-positive interaction was found between LYS315
and two oxygen atoms of a benzene ring. However, unfavorable interaction does not arise questions on the
performance of that drug. Because of protein flexibility, modeling frequently fails. FDA-approved drugs can be used
in other treatments. Many previous reports prescribed drugs with unfavorable interaction [71-72]. Oregonoyl| B
showed 1 carbon-hydrogen bond with 2 conventional hydrogen bonds, 1 pi-cation bond, and 9 Van der Waals
interactions to inhibit RSV matrix protein (Fig. 4.). To inhibit the F glycoprotein of RSV, oregonoyl B creates 1 pi-
sigma, 1 alkyl, 1 pi-alkyl, 1 pi-hydrogen 10 Van der Waal bonds. Also, it formed an unfavorable donor-donor with
Asp194. Oregonoyl A formed 5 conventional hydrogen bonds, 2 pi-alkyl, and 7 Van der Waal interactions in
molecular docking with matrix protein. 4 conventional hydrogen bond, 2 pi-sigma bond, 1 carbon-hydrogen bond, 1
unfavorable acceptor-acceptor bond, and 5 Van der Waals interactions were formed in interaction with F
glycoprotein. Gemin D created 1 pi-pi T shaped bond, 2 pi-alkyl bond, 1 pi-donor hydrogen bond, and 9 Van der
Waals interaction to inhibit matrix protein, whereas 1 conventional hydrogen bond, 1 pi-cation bond, 2 pi-alkyl bond,
1 carbon-hydrogen bond, 1 unfavorable donor-donor bond and 10 Van der Waals interactions were formed in
interaction with F glycoprotein. Platyphylloside formed 2 conventional hydrogen bonds, 2 pi-cation bonds, 1 alkyl
bond, and 11 Van der Waals interactions to inhibit matrix protein of RSV. In the case of F glycoprotein, its formed 2
pi-cation, 3 pi-alkyl, 1 unfavorable donor-donor interaction, and 13 Van der Waals interactions. Lys193 of matrix
protein of RSV created many bonds with praecoxin A, oregonoyl B, and platyphylloside. Thr239 from similar
proteins also contributed to forming a bond in every drug (except gemin D). It creates a conventional hydrogen bond
with drugs (in the case of platyphylloside it created Van der Waal). In F glycoprotein and drug interactions, Lys315,
His317, Arg339 have participated to create bonds with every drug except oregonoyl B.

Molecular dynamic simulations
Root mean square deviation
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The root-mean-square deviation (RMSD) is a commonly used measure of the discrepancies between predicted and
observed values (sample or population values) by a model or estimator. Other non-protein molecules, such as tiny
chemical compounds, can be calculated using the RMSD method. During the simulation time, this computation
may quantify the spatial differences between the backbone atoms present in the protein. The differences are
determined concerning the starting structure of the simulation. The smaller the discrepancies, the more
geographically equivalent to compared structures are, whereas the RMSD values of structures that are more
distantly connected are substantially bigger. From the comparative RMSD study of matrix protein-coupled to
praecoxin A, matrix protein-coupled to ribavirin and apoprotein it can be reported that praecoxin A complex shows
greater deviation than apoprotein and ribavirin bound complex at starting to 15ns. After that, it was astonishingly
noticed that praecoxin A complex shows almost the same pattern as apoprotein (Fig. 5a). But complex with
ribavirin shows very high deviation than apoprotein and praecoxin A bound complex. It was noted that the overall
average values for apoprotein and praecoxin A bound complex were around between 0.25 and 0.30nm. RMSD
analysis on those complexes in comparison to apoprotein indicates that praecoxin A bound complex is more stable
than ribavirin bound complex. According to the results of the RMSD calculation evaluated from the MD simulation,
Paul et al. (2014) found that thermophilic chemotaxis linked protein CheY is more stable than its mesophilic cousin
[56].

Root mean square fluctuation

The root means square fluctuation (RMSF) is a measurement of a single atom's (or a group of atoms')
displacement from the reference structure, average over the number of atoms [73]. The graph of RMSF derived for
the Ca atoms relative to the average structure during the simulation provides a more thorough perspective of
variations in residue mobility in matrix protein linked to praecoxin A, matrix protein-coupled to ribavirin, and
apoprotein. RMSF values rise as a protein's secondary structure is depleted, which can be caused by a decrease in
binding affinity between the protein and the ligand. Praecoxin A bound complex showed very lower fluctuation than
ribavirin complex and apoprotein (Fig. 5b). At position 70, praecoxin A showed the highest fluctuation in its total
path. This study suggested that the complex with praecoxin A has comparatively more stability than the ribavirin
complex.

Radius of gyration

The radius of gyration is described as the root-mean-square average of all scattering elements' distance from the
molecule's center of mass. The radius of gyration (Rg) is a measurement of the compactness and size of protein
molecules. It's about how frequent secondary structures may be compactly integrated into a protein's 3D structure
[74]. Praecoxin A complex displayed the lowest radius of gyration than ribavirin complex and apoprotein (Fig. 6a).
The lower radius of gyration indicates its high tightest packing. After, 4000ps or 40ns all three studied protein
complexes starting deviate. Praecoxin A complex and ribavirin complex go downward whereas apoprotein goes
upward. The summary of this result indicates that the protein is more tightly packed and stable with praecoxin A.

Solvent accessible surface area

Proteins' solvent-accessible surface area (SASA) is an important factor in influencing their folding and stability.
SASA is calculated from protein structures using various methods, as well as protein sequences using machine-
learning techniques trained on solved structures. It is described as the surface characterized surrounding a protein
by the van der Waals contact surface of the molecule and a hypothetical center of a solvent sphere. A protein's
amino acid residues can be classed as buried or exposed based on SASA values. During the simulation, apoprotein
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and ribavirin showed a very identical pattern of SASA values (Fig. 6b). A lower SASA value is usually linked with a
better folding process, and atoms' accessible surface areas are related to their hydrophobicity [75]. Praecoxin A
showed a moderate decrease value than others which implies that the folding mechanism in the praecoxin A
complex structure was more efficient than in other structures.

Principle component analysis

Principal Component Analysis (PCA) is a sophisticated statistical approach that uses a decomposition procedure to
filter observed movements from the biggest to smallest spatial scales to systematically minimize the number of
dimensions required to characterize protein dynamics [76]. In normal modes analysis, these prominent movements
correspond to associated vibrational modes or collective motions of groups of atoms. By comparing distinct drug-
protein complexes, any structural quality change during molecular dynamics simulation may be identified using this
approach. Analysis was done against two eigenvectors i.e., 1 and 2. PCA analysis demonstrated that praecoxin A
complex structure is more congested or closely clouded than apoprotein and ribavirin complex (Fig. 7). According to
the 2D map, apoprotein shows flexibility with an eigenvalue of -12 to + 10 and ribavirin shows flexibility with an
eigenvalue of -10 to + 11, whereas praecoxin A complex represents the lowest flexibility with an eigenvalue of -6 to
+7. The above result demonstrated that the praecoxin A complex is more stable than the apoprotein and ribavirin-
protein complex.

Conclusion

Since there is no RSV vaccine, it is necessary to create effective and focused measures to combat the disease. By
focusing on the matrix protein and F glycoprotein, we investigated the therapeutic nature of 5 bioactive compounds
from the Alnus japonica (Thunb.) Steud. The present in silico analysis shows that praecoxin A, which has been
approved by the FDA, might be used as antiviral medicine for the treatment of RSV. Comparative analysis
concerning the currently used drug ribavirin, its indicated that praecoxin is A better drug to inhibit the RSV. It shows
almost double binding energy than ribavirin. Drug likeness properties indicate the injectable nature of praecoxin A.
This molecule was further selected for molecular dynamics simulations. Molecular dynamics simulations showed
that the stability of protein complex with praecoxin A is better than ribavirin complex. The radius of gyration
reported that protein with praecoxin A is more tightly packed than others. Using various in-vitro and in-vivo
experiments, the plant bioactive compound praecoxin A, or other bioactive compounds, may be examined for its
inhibitory activity against RSV. Furthermore, the backbone structure of praecoxin A might be used to generate more
effective RSV inhibitors.
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Table 1

Drug-likeness properties of gemin D, praecoxin A, platyphylloside, oregonoyl A and oregonoyl B in compare with

Ribavirin.
Name PubChem MW LogP  Polar HBD HBA Rotatable Volume Ovality
ID (Daltons) Surface bond A?)
Area
(PSA)
A2
Gemin D 471119 634.46 -0.2 318.49 11 18 6 491.21 1.87
Praecoxin A 14777390 952.6 1.3 464 16 27 3 715.2 1.9778
Platyphylloside 9826264 476.52 1.2 157 6 9 11 431.45 1.799
Oregonoyl A 44602673 624.6 2.8 203 7 12 14 549.43 1.9217
Oregonoyl B 44602674 654.7 2.8 213 7 13 15 574.98 1.9701
Ribavirin 37542 2442 -1.8 144 4 7 3 197.68 1.5098
Table 2

Binding energies with target protein of gemin D, praecoxin A, platyphylloside, oregonoyl A

and oregonoyl B in compare with Ribavirin

Name

Gemin D
Praecoxin A
Platyphylloside
Oregonoyl A
Oregonoyl B

Ribavirin

Matrix protein (2VQP) Kcal/mol

-10.3
-13.8
-10.1
-10.5
-11.2
6.7

F glycoprotein (5EA4) Kcal/mol

9.9
-12.7
9.2
-10.0
-10.0
6.1

Figures

Page 14/21




Figure 1

3D structures of bioactive compounds gemin D, praecoxin A, platyphylloside, oregonoyl A and oregonoy! B.
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Figure 2

Pockets in matrix protein (PDB ID: 2VQP) and F glycoprotein (PDB ID: 5EA4).
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Figure 3

A. 3D interaction of praecoxin A with matrix protein B. 2D interaction of praecoxin A with matrix protein showing
ligand-amino acid interaction C. 3D interaction of praecoxin. A with F glycoprotein D. 2D interaction of praecoxin A
with F glycoprotein showing ligand-amino acid interaction
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Figure 4
A. 3D interaction of oregonoyl B with matrix protein B. 2D interaction of oregonoyl B with matrix protein showing

ligand-amino acid interaction C. 3D interaction of oregonoyl B with F glycoprotein D. 2D interaction of oregonoyl B
with F glycoprotein showing ligand-amino acid interaction.
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Figure 5

a. RMSD of apoprotein, praecoxin A complex, ribavirin complex in 100ns showing their structural deviation b. RMSF

of apoprotein, praecoxin A complex, ribavirin complex in 100ns showing the fluctuation with respect to residues
number.
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Figure 6

Radius of gyration (Rg) of apoprotein, praecoxin A complex, ribavirin complex in 10000ps showed protein packing
quality b. Solvent accessible surface area of apoprotein, praecoxin A complex, ribavirin complex showing their

folding mechanism.
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Figure 7

Principal Component Analysis (PCA) of a. apoprotein, b. praecoxin A complex, c. ribavirin complex against two
eigenvectors showed better stability of praecoxin A complex.
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