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ABSTRACT 

The cases of chikungunya have been documented worldwide since the last 20 years of the current 
century. Effective medications or vaccines to cure chikungunya are not available. The desirable target 
of inhibitors is non-structural protein nsP2 cysteine protease (nsP2pro). The nsP2pro is a crucial 
enzyme that catalyses the proteolytic cleavage of polyprotein precursors that generate functional 
proteins essential for the virus's reproduction and growth. In the present study strong & non-toxic 
natural inhibitors bioactive compounds from Asparagus racemosus and Asparagus officinalis were 
chosen in order to target nsP2pro for curing chikungunya. Out of fifty metabolite, thirty-six metabolite 
of A. racemosus and A. officinalis possessed the criteria for drug likeness. AutoDock vina was used to 
conduct a virtual screening of 36 chosen compounds. COUMESTROL molecules that had the lowest 
binding energy (-6.8) was selected for further analysis. MMPBSA and molecular dynamics simulation 
were applied to coumestrol metabolites, and RMSD, RMSF, Rg, SASA, and hydrogen bonding were 
used to evaluate the robustness of protein-ligand complexes. 
Keywords: Asparagus, Chikungunya Virus, nsP2 Cysteine Protease, Molecular Docking, Molecular 
Dynamics Simulation, MMPBSA. 

  

 
 

Introduction 
Chikungunya was first identified from southern 

Tanzania in 1952 (Ross, 1956). It is characterized by 
abrupt fever mostly accompanied by joint pain. The 
symptoms may continue for a few days and 
occasionally stay for weeks, months, or even years. 
Additional manifestations comprise muscular pain, 
swelling at joints, nausea, headache, rash, and fatigue 
(Robinson, 1955). Chikungunya virus (CHIKV), the 
causal agent of chikungunya, is a member of the family 
Togaviridae and belongs to the genus Alphavirus (Van 
Bortel et al., 2014). From 2007 to 2012, 231 cases of 
chikungunya were reported in Italy, Europe (Tomasello 
& Schlagenhauf, 2013). In 2014, Europe experienced 
the highest burden of chikungunya, with approximately 
17,000 reported cases (Van Bortel et al., 2014). India 
reported 18,639 cases in 2013 (Cecilia, 2014), while 
Pakistan documented 4,000 cases in 2016 (Rauf et al., 

2017). The mosquitoes Aedes aegyptian and A. 
albopictus, which are known to be the most 
anthropophilic mosquitoes with a close relationship to 
people, were shown to be the virus's vectors. Once 
infected, they bite humans and transfer the virus 
directly into the circulation (Van Bortel et al., 2014). 
This virus is an icosahedral, enclosed entity that 
measures 65–70 nm in diameter. Its positive-sense 
ssRNA makes up roughly 11.8 Kb of its genome. The 
genome translates into nine proteins, classified into 
two types of proteins, i.e. structural and non-structural 
proteins. Five structural proteins include one capsid 
(C), two envelope glycoproteins E1 and E2 and two 
smaller peptides E3 and SP6K, while four non-
structural proteins are nsP1, nsP2, nsP3 and nsP4 
(Singh et al., 2018). Two ORFs are present in the viral 
genome, one of which codes for nonstructural proteins 
that begin synthesis as soon as the virus enters a host 
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cell. Viral-encoded nsP2 cysteine protease (nsP2pro) 
further processed the nonstructural polyprotein 
precursor by proteolytic cleavage into constituent 
nonstructural proteins nsP1, nsP2, nsP3, and nsP4. 
These nonstructural proteins are essential for the 
replication of the viral genome and subgenomic 
expression (Kumar et al., 2023). A two-domain protein 
with several functions is called nsP2pro.While 
polyprotein cleavage into constituent nsPs is attributed 
to the C-terminal domain, RNA helicase, RNA 
dependent 5'-triphosphatase, and nucleoside 
triphosphatase activities are attributed to the N-
terminal domain (Rikkonen, 1996). Cys478-His548 is 
the catalytic dyad of nsP2pro. The most conserved 
residue in alpha viruses is Trp549. Drugs and inhibitors 
find the C-terminal domain of nsP2 to be an appealing 
target because it is essential to the viral replication 
cycle (Narwal et al., 2018). Furthermore, nsP2 protease 
reaches the host cell's nucleus and inhibits the 
production of antiviral genes (Fros et al., 2010). There 
is currently no effective medication or vaccination to 
treat CHIKV. 

Medicinal plants occupy an important position in 
the socio-cultural, spiritual and medicinal arena of 
India and in many countries of Asia, Africa and East 
Europea are needs for primary health care (Jain et al., 
2024; Farnsworth et al., 1985 & Teotia et al., 2024). 
Out of about 250,000 flowering plants of the world, 
more than 50,000 are used for medicinal purposes 
(Hasan et al., 2016). The genus Asparagus (family 
Asparagaceae) comprises approximately 300 species 
distributed globally, with 22 species found in India. 
Among these, Asparagus racemosus is the most 
commonly utilized in traditional medicine (Bopana & 
Saxena, 2007), while Asparagus officinalis is used in 
the treatment of various diseases, demonstrating anti-
inflammatory, analgesic, and anti-arthritic activities 
(Kumar et al., 2023). This prompted the use of an in 
silico method to evaluate the bioactive metabolites 
against chikungunya virus. In the present work, we 
investigated the potential inhibiting efficiency of 
selected bioactive metabolites from different 
Asparagus racemosus and Asparagus officinalis  to the 
nsP2pro, an important enzyme involved in the 
processing of nonstructural polyprotein complex, using 
molecular docking, atomistic explicit solvent MD 
simulations (molecular dynamic simulations), and 
MMPBSA (Molecular Mechanics Poisson Boltzmann 
Surface Area) based free energy calculations. 

 
 
 

Materials and Methods 
Metabolite library 

A library of 36 structurally distinct 
phytomolecules was created from an initial pool of 50 
metabolites (supplementary table 1) for the 
identification of potential CHIKV therapies. The 
chemical and structural characteristics of these 
metabolites, including molecular weight, chemical 
formula, and canonical SMILES, were obtained from 
the PubChem Database (Kim et al., 2019). 
ADME analysis 

The Swiss ADME tool was utilised to compute 
the ADME (absorption, distribution, metabolism, and 
excretion) characteristics of phytomolecules (Swiss 
ADME, 2017). Lipinski's rule of five establishes the 
pharmacokinetic and pharmacodynamic features of the 
compounds (Lipinski et al., 1997). For the purpose of 
docking experiments, 36 compounds were chosen 
based on specific drug likeliness characteristics. 
Protein and ligand preparation 

The CHIKV protease's 3D coordinates (PDB ID 
4ZTB) with resolution 2.59Å was taken from RCSB 
database (http://www.rcsb.org/pdb/home/home.do). 
Protein optimisation and energy-minimization was 
done using SPDBV software. This was then saved in 
PDB format (Guex & Peitsch, 1997). Using the 
Autodock4.2 programme, the hydrogen atoms and 
Kollman charges were added, and the file was saved in 
pdbqt format (Morris et al., 2009). Phytochemicals 
were retrived from pub-chem database and downloded 
in 3D SDF format (Kim et al., 2019). Using the 
OpenBabel programme, 3D SDF structures of 
phytochemicals were converted in PBD format using 
canonical smiles. Using the steepest descent technique 
of the Open Babel tools, energy reduction and 
optimisation of molecules were completed in the Linux 
interface and saved in the pdbqt format (O'Boyle et al., 
2011). 
Molecular docking studies 

Using Auto-Dock Vina, molecular docking was 
used to identify putative antiviral compounds (Trott & 
Olson 2010). The values for the grid centre point were 
adjusted X = 20.223, Y = 1.321, and Z = -16.419. The 
measurements of the box were 16 Å × 16 Å × 16 Å. 
Rest of the parameters were maintained as default. The 
distribution of binding energy ranged from -2.7 to -6.8 
kcal/mol. The compounds selected for molecular 
dynamics simulation (MD simulation) have lowest 
binding energies of −6.8 kcal/mol. Using the receptor-
ligand interactions module of Discovery Studio 2D and 
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3D interactions of certain complexes were analysed 
(Design, 2014). 
Molecular Dynamics simulation analysis 

To assess the dynamic properties of the 
phytomolecule-protein complexes, MD simulation 
simulations were conducted. The Charmm36-feb 
2021.ff force field was utilised in all simulations 
(Vanommeslaeghe et al., 2010) using GROMACS 
2020.1-1 version (Van Der Spoel et al., 2005). The 
ligand topology files were created using the CGenFF 
server (Vanommeslaeghe et al., 2010). Protein 
complexes that had been created were solved in a cubic 
box, and enough ions were added to keep the system 
neutral. The steepest descent approach was used to 
minimise the system's energy with a convergence 
threshold of less than 1000 kJ/mol/nm in order to 
remove any steric collisions among atoms. After 
system relaxation equilibration was carried out in two 
stages. A constant number, volume, and temperature 
(NVT) simulation was performed for 100 ns at a 
temperature of 300 K and the coordinates were saved. 
After temperature stability was attained, a constant 
number, pressure, and temperature (NPT) simulation 
was performed for 100 ns. During this phase of the 
simulation, the temperature was set to 300 K and the 
pressure to1 bar, with coupling constant of 0.1 and 0.1 
ps respectively. The solvent and ions were kept 
unrestrained in the NVT ensemble for 100ns in the first 
phase, while the restraint weight from the protein and 
protein-ligand complexes was gradually reduced in the 
NPT ensemble for 100ns in the second phase. The 
LINCS algorithm was used to keep all hydrogen bonds 
constrained (Hess et al., 1997). Utilizing Berendsen's 
temperature and Parrinello-Rahman pressure coupling, 
the temperature and pressure of the system were kept at 
300 K and 1 atm respectively (Berendsen et al., 1984). 
MD simulation trajectory was analyzed by the 
available GROMACS program and Python-3.8 scripts. 

MMPBSA free energy calculation 
MMPBSA was used to calculate the binding 

energy and the energy contribution per residue. In 
MMPBSA, the nonpolar component (ΔGnpsolv) was 
computed using a linear connection to the solvent 
accessible surface area (SASA), whereas the polar 
percentage of solvation energy (ΔGpsolv) was 
evaluated by solving the Poisson-Boltzmann equation. 
In this study, different parts of the binding free energy 
of complexes were estimated using the gmmpbsa 
module of GROMACS (Kumari et al., 2014). The 
100ns of the trajectory were used in the analysis. 

Results and Discussion 
Drug likeliness properties 

Numerous physicochemical and functional 
parameters that influence a given molecule's likely 
drug-like behaviour are taken into account in silico 
drug-likeliness assessments. In contrast, the 
pharmacophoric characters determine the molecular 
interaction with the living system through transport, 
absorption, metabolic stability, distribution, affinity to 
proteins, reactivity, toxicity, etc. The physicochemical 
characters primarily include molecule size, molecular 
flexibility, lipophilicity, electronic distribution, and 
hydrogen bonding characteristics. By leveraging this 
information, analysis of molecules can be done with 
less effort while screening a larger pool of metabolites 
and with a lower chance of in vivo experiment failure. 
Of the library's 36 molecules, none violated Lipinski's 
rule of five (Lipinski et al., 1997) (supplementary table 
S1). Out of 50 selected secondary metabolites only 36 
compounds follow Lipinski’s rule of five. All these 
compounds were further used for molecular docking 
studies. Selected secondary metabolites with their 
compound ID, molecular weight, molecular formula & 
canonical smiles are presented in table 1. 

 
Table 1: Secondary metabolites library with their CID, molecular weight, molecular formula & canonical smiles 
of Genus A. racemosus and A. officinalis. 

 
Pub 

Chem 
CID 

Secondary 
metabolites 

name 

Molecular 
weight 

Molecular 
formula Canonical smile References 

1000 
Phenyl 

ethanolamine 
(A. officinalis) 

137.18g/mol C8H11NO C1=CC=C(C=C1) C(CN)O López et al., 1996 

1017 Phthalic acid 
(A. racemosus) 166.13g/mol C8H6O4 

C1=CC=C(C(=C1)C(=O)O)
C(=O)O Thakur et al., 2018 

10742 Syringic acid 
(A. racemosus) 198.17g/mol C9H10O5 

COC1=CC(=CC(=C1O)OC)
C(=O)O Hamdi et al., 2021 

11385250 Asparacosin A 444.6g/mol C27H40O5 CC1CCC2(C(C3(C(O2)CC4 Jang et al., 2004 
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(A. officinalis) C3(C(CC5C4CCC6=CC(=O
) CCC56C)O)C)O)C)OC1 

118284 Blumenol C 
(A. officinalis) 210.31g/mol C13H22O2 

CC1=CC(=O)CC(C1CCC 
(C)O)(C)C Jang et al., 2004 

1183 Vanillin 
(A. racemosus) 152.15g/mol C8H8O3 

COC1=C(C=CC(=C1)C=O)
O Hamdi et al., 2021 

13175310
0 

Asparenyol 
(A. officinalis) 280.3g/mol C18H16O3 

COC1=CC=C(C=C1)OCC=
CC#CC2=CC=C(C=C2)O 

Terada & Kamisako, 
1999 

 

13442868 

(S)-(-)-1,2,4-
Butanetriol,2-

acetate 
(A. racemosus) 

148.16g/mol C6H12O4 CC(=O)OC(CCO)CO Dhanusha et al., 2021 

16682 Asparaguisic acid 
(A. racemosus) 150.2g/mol C4H6O2S2 C1C(CSS1)C(=O)O Karthikeyan et al., 

2018 

178 Ethanimidic acid 
(A. racemosus) 59.07g/mol C2H5NO CC(=O)N Agrawal et al., 2018 

180 2-propanone 
(A. racemosus) 58.08g/mol C3H6O CC(=O)C Sivakumar & 

Gajalakshmi, 2014 

237332 
5Hydroxymethylf

urfural 
(A. officinalis) 

126.11g/mol C6H6O3 C1=C(OC(=C1)C=O)CO Ito et al., 2013 

240 Benzaldehyde 
(A. officinalis) 106.12g/mol C7H6O C1=CC=C(C=C1)C=O Yang et al., 2022 

25310 L-Rhamnose 
(A. racemosus) 164.16g/mol C6H12O5 CC1C(C(C(C(O1)O)O)O)O Sharma et al., 1983 

40634 Trolox 
(A. officinalis) 250.29g/mol C14H18O4 

CC1=C(C2=C(CCC(O2)(C)
C(=O)O)C(=C1O)C)C Sun et al., 2007 

439246 Naringenin 
(A. racemosus) 272.25g/mol C15H12O5 

C1C(OC2=CC(=CC(=C2C1
=O)O)O)C3=CC=C(C=C3)

O 
Hamdi et al., 2021 

439533 Taxifolin 
(A. officinalis) 304.25g/mol C15H12O7 

C1=CC(=C(C=C1C2C(C(=
O)C3=C(C=C(C=C3O2)O)

O)O)O)O 
Zhang et al., 2020 

444972 Fumaric acid 
(A. officinalis) 116.07g/mol C4H4O4 C(=CC(=O)O)C(=O)O Hartung et al., 1990 

445858 Ferulic Acid 
(A. racemosus) 194.18g/mol C10H10O4 

COC1=C(C=CC(=C1)C=CC
(=O)O)O Hamdi et al., 2021 

521314 Myrtanol 
(A. officinalis) 154.25g/mol C10H18O CC1(C2CCC(C1C2)CO)C Kadhim & Salah, 

2014 

5280443 Apigenin 
(A. racemosus) 270.24g/mol C15H10O5 

C1=CC(=CC=C1C2=CC(=
O)C3=C(C=C(C=C3O2)O)

O)O 
Bajpai et al.,  2022 

5280961 Genistein 
(A. officinalis) 270.24g/mol C15H10O5 

C1=CC(=CC=C1C2=COC3
=CC(=CC(=C3C2=O)O)O)

O 
Zhang et al., 2020 

5281605 Baicalein 
(A. officinalis) 270.24g/mol C15H10O5 

C1=CC=C(C=C1)C2=CC(=
O)C3=C(O2)C=C(C(=C3O)

O)O 
Zhang et al., 2019 

5281607 Chrysin 
(A. officinalis) 254.24g/mol C15H10O4 

C1=CC=C(C=C1)C2=CC(=
O)C3=C(C=C(C=C3O2)O)

O 
Zhang et al., 2020 

5281654 Isorhamnetin 
(A. racemosus) 316.26g/mol C16H12O7 

COC1=C(C=CC(=C1)C2=C
(C(=O)C3=C(C=C(C=C3O2

)O)O)O)O 
Jiang et al., 2015 

5281707 Coumestrol 
(A. officinalis) 268.22g/mol C15H8O5 

C1=CC2=C(C=C1O)OC3=
C2C(=O)OC4=C3C=CC(=C

4)O 
Ji et al., 2016 
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5281708 Daidzein 
(A. officinalis) 254.24g/mol C15H10O4 

C1=CC(=CC=C1C2=COC3
=C(C2=O)C=CC(=C3)O)O Zhang et al., 2020 

5352586 
3-Methyl-1-
Cyclooctene 

(A. racemosus) 
124.22g/mol C9H16 CC1CCCCCC=C1 Thakur et al., 2018 

1322 
1,2Dimethyl 
Hydrazine 

(A. racemosus) 
60.1g/mol C2H8N2 CN(C)N Bongirwar & Tirgar, 

2023 

637542 p-coumaric acid 
(A. racemosus) 164.16g/mol C9H8O3 

C1=CC(=CC=C1C=CC(=O)
O)O Hamdi et al., 2021 

6552009 Borneol 
(A. officinalis) 154.25g/mol C10H18O CC1(C2CCC1(C(C2)O)C)C Kadhim & Salah, 

2014 

72 
Protocatechuic 

acid 
(A. racemosus) 

154.12g/mol C7H6O4 
C1=CC(=C(C=C1C(=O)O)

O)O Hamdi et al., 2021 

72418 
Tetranorlipoic 

acid 
(A. racemosus) 

150.2g/mol C4H6O2S2 C1CSSC1C(=O)O Janani & 
Singaravadivel, 2014 

7362 2-Furaldehyde 
(A. racemosus) 96.08g/mol C5H4O2 C1=COC(=C1)C=O Agrawal et al., 2018 

8175 Decanal 
(A. racemosus) 156.26g/mol C10H20O CCCCCCCCCC=O Thakur et al., 2018 

8184 1-Undecanol 
(A. racemosus) 172.31g/mol C11H24O CCCCCCCCCCCO Thakur et al., 2018 

 

Molecular docking analysis 
Out of 36 compounds docked by using Autodock 

Vina, only 31 compounds show their binding 
interaction with nsP2pro. The binding energy of 31 
phytomolecules with nps2 protease was ranges from – 
2.6 to − 6.8 kcal/mol (Fig.1). Nine molecules with 
highest minimum binding energies are taxifolin (-6.3 
kcal/mol) asparenyol, naringenin, apigenin, and 
isorhamnetin (-6.4 kcal/mol) genistein, baicalein, 

daidzein (-6.5kcal/mol) and coumestrol (-6.8kcal/mol) 
(Fig.1). These molecules form H-bonds, van der Waals 
forces, pi-pi, pi-Sigma, and pi-alkyl interactions with 
active site residues of nsP2pro. The interaction analysis 
also revealed that these molecules interact preferably 
with Tyr 544 of nsp2pro. The catalytic residue Trp512, 
and Cys478 of nsp2pro are involved in substrate 
binding and recognition (table 2). 

  

 
Fig. 1 : Binding energy of selected compounds against nsP2pro 
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Table 2 : Type of bond interactions, number of bond and amino acid residue between best docked phytochemical 
with nsP2pro 

S. 
No. 

Compound 
name 

Pharmacological 
activity 

Type of bond 
interaction 

Number 
of 

bonds 

Bond formed 
in  

between amino  
acids & ligands 

References 

Antioxidant Hydrogen Bond 2 Tyr512, Glu515 Xie et al., 2017 
Anti-inflammatory Pi-Sulfur 1 Met 707 Cai et al., 2018 1 Taxifolin 

Anti-Alzheimer Pi-Pi 1 Tyr544 Saito et al., 2017 
Hydrogen Bond 2 Trp549, Ala475 

Pi-Sulfur 1 Met 707 
Pi-Pi 1 Tyr544 

Pi-Alkyl 2 Cys478, Ala511 2 Asparenyol Inhibit activity 
Cyclooxygenase-2 

Alkyl 
interaction 1 Leu670 

Jang et al., 2004 

Antiaging Hydrogen Bond 2 Tyr544,Tyr512 Da pozzo et al., 
2017 3 Naringenin 

Breast cancer Pi-Sulfur 1 Met 707 Chandrika et al., 
2016 

Anti-cancer Carbon-
Hydrogen bond 1 Ser513 Yan et al., 2017 

Antioxidant Pi-sigma 1 Ala511 Ali et al., 2014 
Antibacterial Pi-Sulfur 1 Met 707  Teotia et al., 2024 

4 Apigenin 

Antifungal Pi-Pi 1 Tyr544 Chauhan et al., 2017 

Antiglycation activity Carbon-
Hydrogen bond 2 Ser513,Tyr512 Sindhuja et al., 

2023 
Anti-pulmonary 

fibrosis Pi-Sigma 1 Ala511 Zhang et al., 2019 

Anti-osteoporotic 
effect Pi-Sulfur 1 Met 707 Chao et al., 2016 

Anti-hypoxia effect Pi-Pi 1 Tyr544 Jiang et al., 2015 

5 Isorhamnetin 

Antiviral activity Pi-Alkyl 3 Cys478,Trp479, 
Trp549 Dayem et al., 2015 

Anti-Alzheimer Hydrogen Bond 1 Tyr544 Bagheri et al., 2011 

Anti-cancer Carbon-
Hydrogen bond 2 Ser513,Tyr512 Banerjee et al., 2008 

Antioxidant Pi-sigma 1 Ala511 Wei et al., 1995 
Antipromotional Pi-Sulfur 1 Met 707 Wei et al., 1995 

6. Genistein 

Reduce cardiovascular 
risk Pi-Pi 1 Tyr544 Atteritano et al., 

2007 
Anti-inflammatory Hydrogen Bond 1 Tyr512 Dinda et al., 2017 7 Baicalein Antiviral activity Pi-Sulfur 1 Met 707 Song et al., 2021 

Anticancer Hydrogen Bond 2 Tyr544,Asn547 Singh-Gupta et al., 
2010 

Anti-fibrotic effect Carbon-
Hydrogen bond 2 Ser513,Tyr512 Soumyakrishnan et 

al., 2014 
Osteogenic activity Pi-sigma 1 Ala511 Strong et al., 2014 

Neuroprotective effect Pi-Sulfur 1 Met 707 Yang et al., 2012 
increase skin collagen 

synthesis Pi-Pi 1 Tyr544 Zhao et al., 2015 

8 Daidzein 

Effective in anxiety Pi-Alkyl 1 Met 707 Zeng et al., 2010 

Antioxidant activity Hydrogen Bond 3 Trp549,Cys478, 
Asn476 Durmaz et al., 2022 

Anticancer activity Pi-sigma 1 Ala511 Lim et al., 2016 9 Coumestrol 

Antiobesity effects Pi-Alkyl 1 Met 707 Kim et al., 2020 
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Molecular docking Visualizations 
To visualize 2D and 3D interactions between 

ligands and their target proteins using Discovery 
Studio software, a detailed and systematic approach is 
employed. Initially, the protein and ligand structures 
undergo energy minimization to achieve the most 
stable conformations. Discovery Studio facilitates the 
visualization of various interactions, including 
conventional hydrogen bonds, van der Waals 

interactions, carbon-hydrogen bonds, pi-alkyl, pi-
sulfur, pi-sigma, pi-anion, and alkyl interactions (Fig 
2.). In 2D visualization, interaction diagrams succinctly 
illustrate these interactions, highlighting key residues 
and bonds for easy interpretation. The 3D visualization 
offers a comprehensive spatial perspective that allow 
workers to examine the ligand’s fit within the protein’s 
binding pocket and assess the overall molecular 
conformation.
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Fig. 2 : Visualization of 2D & 3D ligand-protein complexes A. asparenyol, B. naringenin C. taxifolin D. apigenin E. 

genistein F. baicalein G. isorhamnetin H. coumestrol I. daidzein. These shows binding energy higher than -6 kcal/mol. 
 
Molecular dynamics simulations 

Additionally, MD simulations of certain 
phytomolecules were carried out. Proteins can 
experience a wide variety of conformational changes as 
a result of ligand interaction. Therefore, we have 
calculated several metrics such as Root-mean-square 
deviation (RMSD), Root-mean-square fluctuation 
(RMSF), and Radius of gyration (Rg) for free and all 
protein-ligand complexes in order to analyse the 
ligand-induced structural changes in protein and 
stability of protein-ligand complexes (Table 3). 
Root mean square deviation 

The protein RMSD computation using MD 
simulation help in the quantification of the potential 
degree of conformational changes. The RMS deviation 
of the Cα atoms from its starting structures was 
calculated to elucidate the stability of complexes. The 
RMSD of nsP2pro Cα atoms from the beginning 
structure fluctuates between 0.1–0.23 nm and it 
became stable from 10-30ns hitting the maximum at 
0.59 nm in 80 ns. Fluctuations seen between 40-85 ns 
in RMSD plot indicate that nsP2pro showed stable 
conformation in the complex state. However, the mean 
RMSD of nsP2pro-coumestrol complex exhibited an 
average RMSD of 0.2 to 0.58 nm. Since the RMSD for 
system was less than 0.35 nm, at 90ns onwards, so it 
can be concluded that nsP2pro is stable in ligand-
bound states. Consequently, it can be said that the 
enzyme's initial conformation has slightly changed 

significantly throughout the simulation period and 
become stable below 0.35 (Fig. 3.a). 
Root mean square fluctuation 

The flexibility and dynamics of the system are 
measured by RMSF. The majority of the enzyme's 
residues have RMSF fluctuations that range in intensity 
from 0.1 to 0.5 nm. The fluctuation shows that the 
amino acid residues' positions are unaffected by 
binding of coumestrol to the active site nsp2pro. 
Therefore, it can be concluded that the dynamics of the 
protein have not been affected by ligand and protein 
interaction (Fig. 3.b). 
Radius of gyration 

The compactness & stability of the protein is 
determined by radius of gyration (Rg).  If the value of 
Rg is low, then conformation protein will be stable. Rg 
variation was seen in every scenario over the course of 
the simulation because ligand interaction may cause a 
protein to unfold. The values of complex range from ~ 
2.1 to 2.3 nm for nsP2pro bound to phytomolecules 
were observed. This suggests that the integrity and 
compactness of nsP2pro are unaffected by the binding 
of coumestrol to nsp2pro (Fig 3.c).  
Solvent accessible surface area 

The stability of globular proteins in solution is 
enhanced by hydrophobic interactions between non-
polar amino acids, which shield these amino acids in 
hydrophobic cores from the aqueous environment. 
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Theoretically, SASA can be used to identify changes in 
the solvent accessibility of proteins. It gauges the free 
energy of solvation of every atom in the solution, 
including water and the polar and non-polar amino 
acids in proteins. In the presence of ligand, the SASA 
profile of protein is 155-167 nm2. This indicate that 
protein folding is unaffected by binding to ligand to 
protein (Fig 3.d). 

Hydrogen bond analysis 
The GROMACS H-bond module was utilized to 

determine the hydrogen bond that was established 
between the bioactive metabolites and nsP2pro. 
Maximum hydrogen bond formation occurred between 
1 to 3 in number and rarely 1-4 in number when the 
hydrogen bonds were disseminated in tandem with the 
100 ns simulation (Fig 3.e). 

 
Fig. 3 : Plot of MD simulation between coumestrol-nsP2pro (a) RMSD (b) RMSF (c) Radius of gyration (d) 

SASA (e) H-bond. 
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Table 3 : Average values of different parameters using 
for MD simulation studies 

Molecular Dynamic Parameters Range 
Complex RMSD (Root mean square 

deviation) 0.3 ± 0.2 

Radius of gyration 2.15 ± 0.11 
SASA (Solvent accessible surface area) 160 ± 10 
RMSF(Root mean  square fluctuation ) 0.3  ±  0.2 

No of hydrogen-bond 3-4 
 

Binding free energy calculation 
MMPBSA analysis that represents the ligands' 

binding potential was used to compute the binding free 
energy (ΔGbind). The MMPBSA results indicate that 
coumestrol molecule forms a stable complex by 
binding to the nsP2pro active site which is represented 
by the least binding free energy hence maximum 
affinity with nsP2pro. Lower binding free energy is 
largely caused by the difference in ΔGbind, which is 
primarily caused by the ΔEvdw (energy of van der 
Waals interactions) interaction component and ΔGsolv 
free energy components. The binding free energy of 
enzyme-ligand complex was influenced by a number of 
energy components, including electrostatic energy 
(EEL), polar solvation energy (ΔGpsolv), nonpolar 
solvation energy (ΔGnpsolv), and van der Waals 
energy (ΔEvdw). The ligands' MMPBSA results were 
provided (table 4). 
Table 4 : MMPBSA energy of protein ligand-complex 
(kJ/mol) 

S. No. Different Energies Coumestrol 
1 ∆EVDWAALS -29.69 ± 0.44 
2 ∆EEL 1.90 ± 2.63 
3 ∆EPB 16.53± 2.77 
4 ∆ENPOLAR -2.92± 0.04 
5 ∆GGAS -27.78± 2.60 
6 ∆GSOLV 13.61± 2.75 
7 ∆Total -14.17± 1.57 

 

Results 
According to drug likeliness, molecular docking, 

molecular dynamics simulation characteristics, and 
MMPBSA analyses, Coumestrol of A. officinalis has 
the potential to inhibit the activity of nsP2pro for 
chikungunya virus drug development.  This inhibition 
is based on their high binding scores, stability of the 
selected bioactive metabolite complexes, and high 
binding free energy values. 

Conclusion 
In this study, the antiviral potential of bioactive 

metabolites from A. officinalis and A. racemosus 
against Chikungunya virus was investigated using an 

In silico approach. The molecular docking analysis 
revealed that among the 36 metabolites screened, nine 
showed the highest binding affinity against nsP2 
protease, with binding energies ranging from -6.3 to -
6.8 kcal/mol. These compound (taxifolin, asparenyol, 
naringenin, apigenin, and isorhamnetin, genistein, 
baicalein, daidzein, and coumestrol) demonstrating the 
strongest binding interactions with nsP2 protease. The 
findings suggest that Coumestrol shows highest 
binding energy (-6.8 kcal/mol) that interact with 
critical residues of the nsP2 protease, such as Trp549, 
Cys478, Asn476, Ala511, Met 707 through various 
interactions including hydrogen bonds, Pi-sigma, and 
Pi-Alkyl respectively. However, coumestrol has not yet 
been reported as an antiviral compound. Molecular 
dynamics (MD) simulations and MMPBSA (Molecular 
Mechanics Poisson-Boltzmann Surface Area) free 
energy calculations further validated the stability and 
binding efficiency of Coumestrol and nsP2pro protein 
complex. In our finding, Coumestrol of A. officinalis 
has emerged as the most promising novel compound 
due to its high binding score and stability, indicating its 
potential to inhibit the activity of nsP2 protease 
effectively for chikungunya virus drug development. 
This study states the potential of Asparagus officinalis 
root-derived phytochemicals as antiviral agents against 
Chikungunya virus, providing us the way for further 
experimental validation and potential therapeutic 
development. Given the lack of effective treatments or 
vaccines for Chikungunya, these findings hold 
significant promise for developing novel antiviral 
therapies. 
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