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Abstract

Andrographis Paniculata (AP) is well known for its antiviral and potential AIDS therapeutic property.
Based on the experimental evidence we determined to find the potential molecule from AP against HIV-1
viral fusion. Hence the reported compounds present in the AP has been chosen for virtual screening and the
results indicate that the molecules Bis-andrographolide ether and Beta-ducosterol forms required
intermolecular interactions and have better binding affinity towards NHR of HIV-1 gp41 fusion inhibition.
Further molecular docking, MD simulation, free energy calculations and ADME prediction have been carried
out. The RMSD, RMSF, DSSP and PCA analysis reveals that mutation and binding mode of the molecules
has high impact on the flexibility of gp41. Especially Intermolecular interactions and binding free energy
values of these two molecules conveyed that the molecules will affect the viral fusion and six helix bundle
formation. The ADME results proved their drug likeness properties. The present study indicates that the
molecules can be the promising small molecule inhibitors of HIV-1 viral fusion and further drug designing.

Keywords: Andrographis Paniculata, Wild and mutant NHR of gp41, MD simulation, Intermolecular
interactions, Binding Free energy calculations

1. Introduction

Human Immunodeficiency Virus (HIV)
belongs to retroviral family cause Acquired Immune
Deficiency Syndrome (AIDS) and leads to death. So
far overall 78 million people were infected and 38
million people are currently living with HIV in

worldwide [1]. Highly Activated Anti Retroviral
Therapy (HAART) treatment is currently available
for HIV patients increased the time period of AIDS
related deaths, but failed to reduce the new
infections and eradicate the virus from human being.
Overall, availability of the drugs across the world,
drug resistant and severe side effects of HAART
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regimen drugs make the HIV infected patients’ life
more difficult [2-5]. While investigating the mode of
action of HAART drugs, the fusion inhibitors
created an attractive attention among the researchers,
because most of the fusion inhibitors under
development targets viral glycoprotein 41 (gp41)
and not any other cellular proteins which causes
minimum side effects. Reports also confirm that the
side effects caused by fusion inhibitors are few
when compared with the other classes of drugs [6,7].
The N-hepted repeat (NHR) of viral envelope
glycoprotein 41 (gp41) is the main target for fusion
inhibitors that prohibit the binding of C-hepted
repeat (CHR) and six helix bundle formation which
leads to inactivation of viral fusion with T4 helper
cells [8-10]. There are three highly conserved cavities
[First cavity (C1) (Val10-Asn15), second cavity (C2)
(Leu17-Leu26) and third cavity (C3) (Gln28-
Arg40)] and GIV motif [11-12] present in the NHR of
gp41 and multiple mutations in NHR leads to the
inactivation of viral fusion [13]. To prevent the viral
fusion, enfuvirtide drug was approved by FDA in
2003 [14], which mimics the CHR of gp41, and it
successfully inhibit the fusion process at nM level.
Lipid binding domain (LBD) of Enfuvirtide binds
with the C1 and C2 cavities of NHR region and
inhibits the fusion effectively. However, enfuvirtide
has disadvantages, like lagging of pocket binding
domain (PBD), development of resistance viral
strains, high cost, manufacturing difficulties, lower
half life (~3.6 h) and as a peptide, enfuvirtide
undergoes catabolism to its component amino acids
[15-17]. These factors urge the researchers to develop
potential tight binding fusion inhibitor; especially
small molecule inhibitors of HIV-1 fusion. These
inhibitors should have several advantageous
properties than peptide based fusion inhibitors such
as longer half life, low cost and oral bioavailability.
Still the efforts for small molecule drug discovery
have failed to achieve the potency afforded by

peptide based inhibitors which exhibits nM range of
inhibition. Therefore by identifying the small
molecules that forms more intermolecular
interactions with NHR of gp41 beyond the
hydrophobic pocket to form additional interactions
we can improve the potency of small molecule
inhibitors; because NHR has multiple potential
interactive sites both within a single groove and
between adjacent grooves of the trimer [11,12,18]. In
this scenario, the drugs derived from the natural
products will cause minimum side effects and also
helps to overcome the viral resistance [19]. Therefore,
identifying the potential drugs derived from natural
sources will be the hope for millions of people
living with HIV. Accordingly Andrographis
Paniculata (kalmegh) plants have been utilized for
the treatment of various viral infections for several
decades and many other inflammatory disorders
[20,21]. Reports also proclaimed that the plant has
potential AIDS therapeutic property [22]. Hence the
detailed investigations about the HIV-1 fusion
inhibition mechanism of compounds present in the
plants are necessary for drug development.
Approximately there are 35 compounds extracted
from this plants and screening of these compounds
against HIV-1 viral enzymes/proteins will progress
the researchers to find out the potential drug with
minimum side effects. Hence identifying small
molecule inhibitors from the compounds present in
Andrographis Paniculata will lead to find or design
the potential drug against wild and mutant HIV-1
gp41 with minimum side effects. In the present
study virtual screening of the 35 compounds present
in the plant has been carried out. Further to find the
mechanism of action and binding nature of the top
two high scored molecules (scheme 1) molecular
docking, molecular dynamics (MD) simulation,
binding free energy and ADME prediction values
were calculated with wild and mutant NHR of gp41.
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Scheme 1: Chemical structure of the molecules Bis-andrographolide ether and Beta ducosterol

2. Computational Details

2.1 Screening and Molecular docking studies
The molecular screening is a computer based

tool to identify the novel compounds that able to
bind with protein molecule. To identify a potential
natural compound to inhibit the HIV-1 gp41 fusion,
we have chosen a set of 35 natural compounds from
the plant Andrographis Paniculata; obtained from
PUBCHEM and CHEMSPIDER databases. All
these molecules were screened for NHR of gp41
using DOCK 6 [23]. There are many crystal
structures are available for gp41 domain; among
these, crystal structure of HIV-1 gp41 which
belongs to subtype D was chosen (PDB id: 3UIA),
which has more rapid rate of disease progression
and higher mortality rate than other subtypes [24].
The binding energy of 35 compounds obtained from
screening process are listed in Table S1. From that
screening process, Bis-andrographolide ether [-34.9
kcal/mol] and Beta-ducosterol [-30.2 kcal/mol]
molecules gave highest grid-score values (Table S1).
Initially, the geometry of these three molecules
were optimized with B3LYP/6-311G** level of
density functional theory (DFT) [25-26] using
Gaussian03 software [27]. The
G8D/V10A/Q12H/N15D mutations were selected
based on enfuvirtide resistance [28] and these
mutations were applied on 3UIA pdb structure
using PyMOl software [29]. Further the docking
analysis of these three optimized molecules with
wild and mutant NHR of gp41 has been performed
using DOCK 6 software [23]. The intermolecular
interactions between the inhibitors and NHR of

gp41 were analyzed by PyMol and Discovery studio
visualizer [30].

2.2 Molecular Dynamics Simulations
To understand the stability and the

intermolecular interactions of these two molecules
in the active site of wild and mutant NHR of gp41,
MD simulations of Bis-andrographolide ether-gp41
and Beta-ducosterol-gp41 complexes were carried
out using Sander routine of AMBERTOOLS14
package [31]. The parameter and coordinate files of
the complex were prepared using AMBER ff14SB
force field and leap module [32]. The orthorhombic
shell of TIP3P water box were generated with a
minimum solute-wall at 8 Å distance and 3 Cl- ions
were added, to neutralize the charges [33-34] of the
complex system. All the structures were minimized
to remove steric clashes and annealed from 0 to 300
K for 200 ps time period with the maintenance of
canonical ensemble (NVT) [35]. The molecular
dynamics production phase was initiated and
continued to 50 ns in 2 fs time step at constant
temperature (300 K) and pressure (1 bar) using the
same Langevin thermostat and Berendsen barostat
as in the heating process [36-37]. The SHAKE
algorithm was used to constrain the bonds of non-
polar hydrogen atoms [38]. VMD [39] and CPPTRAJ
[40] software were used to analyze the MD trajectory.
CPPTRAJ software is also used to study Defined
Secondary Structure of Proteins (DSSP). The
molecules Bis-andrographolide ether and Beta-
ducosterol were lifted up from wild and mutant
gp41 complexes during 50ns MD simulation and
single point energy calculation has been carried out
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with B3LYP/6-311G** level of density functional
theory (DFT) [25-26] using Gaussian03 software [27] to
understand the conformational modifications of
these molecules from wild to mutant type gp41.

2.2.1 Principal Component Analysis (PCA)
Principle component analysis (PCA) in

Cartesian space can be used to assess the dynamic
properties (i.e. the motions) of a given system. The
following steps are involved in PCA analysis. (i)
Each frame of the trajectory is RMS-fit to the
overall average coordinates in order to remove the
translational and rotational movements from the last
1000 frames of MD trajectories and the covariance
matrix was created. (ii) The covariance matrix was
diagonalized to produce set of eigenvectors and
eigenvalues. These eigenvalues are represented by
concerted motions of the wild and mutant Bis-
andrographolide ether-gp41, and Beta-ducosterol-
gp41 complexes along every direction which is
obtained from amplitude of eigenvectors and the
displacement of atoms along each eigenvector [41-42].
The most prominent motions of a protein molecule
were given by the eigenvectors related with the first
two modes of the covariance matrix. PCA was
carried out for the backbone Cα atoms extracted
from the last 1000 snapshots of the MD trajectories
using CPPTRAJ [40] and the scatter plots were
generated for the first two principal components of
wild and mutated complexes using xmgrace.

2.3 Free Energy calculations
MM-PBSA, MM-GBSA and decomposition

free energy also calculated from the MD trajectories
of wild and mutant Bis-andrographolide ether-gp41
and Beta-ducosterol-gp41 and complexes using
AMBERTOOLS14 package [31]. GBSA calculation
was carried out based on GB model developed by A.
Onufriev, D. Bashford and D.A. Case [43] and the
PBSA calculation was initiated with atomic radii
present in the prmtop file. The salt concentration of
mobile counter ions in solution was set to 0.1M and
the ionic strength value was set to 0.1mM. Hence,
5000 frames were processed for overall MM-PBSA,
MM-GBSA and decomposition free energy
calculations. The change in free energy was
calculated by using,

∆G=<Gcomplex> − <Greceptor> − <Gligand>

Where, <G> indicates an ensemble average
over the values calculated by post processing a
series of frames from molecular dynamics
trajectories, the binding energy of wild and mutant
Bis-andrographolide ether-gp41 and Beta-
ducosterol-gp41 solvated complex systems are
given by,

∆Gaq=∆Ggas + ∆Gsol

The MM-PBSA and MM-GBSA calculations
[44-49] involves the computation of absolute binding
free energy values by calculating average free
energies of the wild and mutant Bis-
andrographolide ether-gp41 and Beta-ducosterol-
gp41 complexes, the wild and mutant gp41 alone
and Bis-andrographolide ether and Beta-ducosterol
alone. Energy decomposition analysis is a valuable
analytical tool that partitions the intermolecular
interaction energy into energy components such as
internal energy, van der Waals energy, electrostatic
energy, polar and non-polar salvation energy
contributions and related chemical phenomena [50].
Hence, energy decomposition values for Bis-
andrographolide ether and Beta-ducosterol with
wild and mutant gp41 were calculated using
AMBERTOOLS14 package [31].

2.4 ADME Prediction
The physicochemical, biological and

pharmacokinetics profiles of the Bis-
andrographolide ether and Beta-ducosterol
molecules were predicted from absorption,
distribution, metabolism and excretion (ADME)
properties using Qikprop v3.0 implemented in
Schrodinger software package [51]. This is standard
as being dissimilar to other 95% of the known drugs.
Predicted significant ADME properties of these
molecules are in accordance with Lipinski’ s rule
of five and by utilizing the physicochemical
properties of the molecules QikProp also evaluate
the oral bioavailability.

3. Results and Discussion

3.1 Evaluation of MD simulation
Figure (1) shows the (a) RMSF, (b) PCA and

(c)DSSP plots of wild and mutant Bis-
Andrographolide ether-gp41 and Beta-ducosterol-
gp41 complexes. The RMSD and Rg plots of both
wild and mutant complexes were plotted and shown
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in Figure S1 (a&b). The RMSD value of backbone
Cα atoms and the RMSF values of amino acids
present in wild and mutant complexes indicate the
stability of the complexes over 50 ns simulation.
The high Rg values of both complexes (Figure S1b)
indicate the α-helical nature and degree of
compactness of the complex system [52].

The RMSF values of active site amino acids of
wild and mutant Bis-andrographolide ether-gp41
complex was low this may be due to the binding of
this ligand molecule in that region and alter the

flexibility of the complex structures. The RMSF
values of wild type Beta-ducosterol-gp41 complex
gets started to decrease from the first amino acid and
remains low (figure 1a) and the RMSF value of
mutant complex begins to increase from the amino
acid Thr30; this indicates that Beta-ducosterol binds
with the third (wild) and second (mutant) cavity of
NHR of gp41 and affects the flexibility of those
regions.

.

Figure 1(a): RMSF plot of wild and mutant Bis-Andrographolide ether-gp41 and Beta-ducosterol-gp41
complexes

The principal component with the large eigen
values contributes to the higher motion of the
protein [53]. Hence mutant type complexes of two

molecules exhibit small motion than their wild type
complexes which indicates that the flexibility of the
protein was decreased due to the effect of mutation.

Figure 1(b): PCA plot of wild and mutant Bis-Andrographolide ether-gp41 and Beta-ducosterol-gp41 complexes

DSSP map reveals the α-helix conformation of
the complex structure. Overall, wild type complex
exhibits high conformational modifications than the
mutant complex, this indicates that the high
flexibility of the wild type complex.

The RMSF, Rg, PCA and DSSP results are
well correlated and witnessed that both binding of
ligand and the influence of mutation affects the
conformation of the complex structure.
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Figure 1(c): DSSP map of wild and mutant Bis-Andrographolide ether-gp41 and Beta-ducosterol-gp41
complexes

3.2 Binding free energy calculations
The MM-GBSA/PBSA binding free energy

and per residue decomposition free energy values of
Bis-andrographolide ether-gp41 and Beta-
ducosterol-gp41 complexes are listed in Table S2.
To predict the bio-molecular behavior depends on
the concepts, where the solvent is taken into
account through its average effects and the results
are comparable with the experimental methods. One

of the most popular solvent models is based on the
MM-PBSA/GBSA equations and the results are
more accurate than the molecular docking analysis
[48, 54]. The MM-PBSA binding free energy values of
the two complexes, wild and mutant are -30.9/-22.4
and -28.5/-27.9 kcal/mol respectively. Per residue
decomposition free energy values of wild and
mutant Bis-andrographolide ether-gp41 and Beta-
ducosterol-gp41 complexes were calculated and the
values are plotted in Figure 2.

Figure 2: Per residue decomposition free energy plots of (a) Bis-andrographolide ether-gp41 and (b) Beta-
ducosterol-gp41 complexes

In both wild and mutant complexes, the amino
acids His25, Leu27, Gln28, Leu29, Val31, Trp32,
Lys35, Gln36 and Gln38 are important for viral
fusion [55-56] and contributed lesser energy for the
binding of Bis-andrographolide ether molecule.

The third cavity amino acids of wild type NHR of
gp41, Gln28, Leu29 and Trp32 spent lower energy
for the Beta-ducosterol binding.

In mutant type, the amino acids belongs to the
second cavity of gp41 contributes lesser energy for
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the Beta-ducosterol binding [8-9] that contains the
amino acid Arg18, which is the important amino
acid for gp41 fusion and the interaction of ligand
with this amino acid leads to the inhibition of viral
fusion [57, 58].

3.3 Structural aspects

3.3.1 Conformation analysis
The molecules Bis-andrographolide ether and

Beta-ducosterol exhibit different conformation in
wild and mutant type of gp41 and subjected to rapid
changes during MD simulation, this indicates the
effect of mutation on its binding mode. During the
MD simulation, the molecular shift and
conformational modification of the molecules
occurs in the active site of gp41 and it is shown in
Figure 3. The torsion angle values of the molecules
Bis-andrographolide ether and Beta-ducosterol
present in the wild and mutant gp41 complexes
during 50 ns MD simulation are listed in Table 1.

The molecule Bis-andrographolide ether
molecule forms stable intermolecular interactions
with the third cavity of wild and mutant NHR of
gp41. The atom H(29) forms hydrogen bonding

interactions with the amino acids Gln24 (wild) and
His25 (mutant) hence the corresponding bonds
H(29)-C(29)-C(28)-H(28A) and H(29)-C(29)-
C(28)-H(28B) undergoes gauche to trans (67 ˚ to
174.1 ˚ ) and trans to gauche (179 ˚ to 67.1 ˚ )
conformation modification. Also the O(1), O(8) and
O(13) atoms of the molecule Bis-andrographolide
ether forms intermolecular interactions with the
amino acids Ile20 and Val31 of wild type gp41 and
this interaction was disappeared in mutant complex.
Hence the bonds OH(2)-O(2)-C(4)-O(1), OH(8)-
O(8)-C(40)-C(39) and C(3)-C(2)-O(13)-OH(13)
undergoes trans to cis (159 ˚ to 25.9 ˚ ), trans to
gauche (164 ˚ to -57.1 ˚ ) and gauche to cis
(65 ˚ to 8.4 ˚ ) conformation modification from wild
to mutant type. The atoms H(43B) forms Hydrogen
bonding interactions with the amino acid Gln28 of
mutant gp41 and the bond C(15)-C(16)-C(43)-
H(43B) modified to gauche to trans (-57.7 ˚ to -
172.1 ˚) conformation. Overall from wild to mutant
type the bond C(30)-C(31)-O(11)-C(32) of
tetrahydrofuran ring undergoes cis to gauche (-4.9 ˚
to -45.1˚) conformation (Figure 3).

Figure 3: Representation of molecular shift and molecular conformation of the molecules (a) Bis-
andrographolide ether and (b) Beta ducosterol in the active site of wild and mutant NHR of gp41 during MD
simulation [Orange: Wild; Blue: Mutant]
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The molecule beta ducosterol also undergoes
many conformational modifications. Especially the
atoms H(6B), H(17B) and H(29) forms strong
Hydrogen bonding interactions with the amino acids
Gln28, Trp32 and Gln36 of the wild type gp41,
respectively. Hence the bonds H(6B)-C(6)-O(6)-
OH(6), H(17B)-C(17)-C(16)-C(12), H(29)-C(29)-
C(30)-H(30A) subjected to anticlinal to gauche
(15.0˚ to -48.1˚), gauche to trans (58.6˚ to -176.2˚),
trans to gauche (168.8 ˚ to -57.8 ˚ ) conformation
modification. The atoms H(16A), H(17A), H(17B),

H(28A), and H(29) forms strong hydrogen bonding
interactions with the amino acids Ile20, Ala19,
Leu27 and Gln23 of mutant type gp41. Hence the
bonds H(12)-C(12)-C(16)-H(16A), H(27A)-C(27)-
C(28)-H(28A), H(17A)-C(17)-C(16)-C(12),
H(27B)-C(27)-C(28)-H(28A) and H(29)-C(29)-
C(30)-H(30A) tends to gauche to trans (48.2 ˚ to
162.4 ˚ ; 67.1 ˚ to 163.8 ˚ ), trans to gauche (176 ˚ to
72.7 ˚ ; 175 ˚ to 49.7 ˚ ; 168.8 ˚ to -57.8 ˚ )
conformational modification from wild to mutant
type complex.

Table 1: Torsion angle values (˚) of the molecules Bis-andrographolide ether and Beta ducosterol from the wild
and mutant complexes during MD simulation

Bonds Wild Mutant
Bis-andrographolide ether
OH(2)-O(2)-C(4)-O(1) 159 25.9
OH(8)-O(8)-C(40)-C(39) 164 -57.1
C(3)-C(2)-O(13)-OH(13) -65 8.4
C(15)-C(16)-C(43)-H(43B)
H(29)-C(29)-C(28)-H(28A)

-57.7
-67

-172.1
-174.1

H(29)-C(29)-C(28)-H(28B)
C(30)-C(31)-O(11)-C(32)

179
-4.9

67.1
-45.1

Beta ducosterol
H(6B)-C(6)-O(6)-OH(6) 150 -48.1
H(12)-C(12)-C(16)-H(16A) 48.2 162.4
H(17A)-C(17)-C(16)-C(12) -176 72.7
H(17B)-C(17)-C(16)-C(12) 58.6 -176.2
H(27A)-C(27)-C(28)-H(28A) 67.1 163.8
H(27B)-C(27)-C(28)-H(28A) -175 49.7
H(29)-C(29)-C(30)-H(30A) 168.8 -57.8

3.4 Intermolecular interactions

3.4.1 Intermolecular Interactions of wild and
mutant Bis-andrographolide ether-gp41
complexes

The nearest neighboring distance of wild and
mutant Bis-andrographolide ether-gp41 complexes
are listed in Table 2. Figure S2 shows the
intermolecular interactions of wild and mutant Bis-
andrographolide ether-gp41 complexes during
docking and 50 ns MD simulation. There are some
common and important interactions present in wild
and mutant complex; especially Gln24, Gln28 and

Trp32 amino acids of wild and mutant gp41 forms
strong Hydrogen bonding interactions with Bis-
andrographolide ether at the distances 2.7, 2.8, 2.8
Å (wild type) and 3.4, 2.9, 3.2 Å (mutant type)
respectively. Trp32 is a key binding residue for
small molecule based inhibitors [56] where the Bis-
andrographolide ether forms strong interaction with
Trp32 in both wild and mutant type. Leu29, Val31,
Lys35 and Gln38 are also the critical residues for
viral fusion [57] and the molecule forms interaction
with these amino acids during MD simulation.
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Table 2: Nearest neighboring contacts of Bis-andrographolide ether-gp41 complexes
Bis-Andrographolide ether···gp41 Distance (Å)

Wild Mutant
Dock 50 ns Dock 50 ns

Hydrogen Bonding Interactions
O1···HD13/Ile20 -- 3.4 -- --
H24A···OE1/Glu21
H25A···OE2/Glu21

--
--

--
--

--
--

3.6
3.6

H31A···OE1/Gln23
O11···HB3/Gln24
H18B···O/Gln24

--
--
--

3.0
2.6
2.7

--
--
--

--
--
3.4

OH12···NE1/His25
H18A···O/His25
H29···ND1/His25

3.5
--
--

--
--
--

--
--
--

3.6
3.3
2.8

O7···HD11/Leu26 -- -- 3.0 --
H30A···OE1/Gln28
H43B···OE1/Gln28
O13···HB3/Gln23/HE22/Gln28

2.7
--
--

2.8
--

2.9, 2.3

--
--
--

--
2.9
--

H45B···N/Leu29
O10···HD12/Leu29

--
--

3.5
--

--
3.3

--
--

O13···HG21/Thr30
H2···O/Thr30

--
--

--
--

2.7
3.0

--
--

O8···HG23/Val31
OH8···O/Val31
O13···HO6/Val31

--
--
3.3

3.0
3.5
--

--
--
--

--
--
--

O3···HO1/Trp32
O5, O7···HO6/Trp32
OH(12)···Trp32 (Pi-Orbitals)
H12···NE1/Trp32

3.2
2.6,2.7
--
--

--
--
--
2.8

--
--
2.5
--

--
--
--
3.2

H48, H52···O/Gly33 -- -- 3.3, 3.1 --
O11···HA/Leu34 -- -- 2.8 --
O12···HO3/Lys35
HO4···NZ/Lys35
O7···HG3/Lys35

2.0
3.6
--

--
--
3.8

--
--
--

--
--
--

HO5···NE2/Gln36
O8···HO3/Gln36

2.6
2.3

--
--

--
--

--
--

O12···HG13/Ile37 -- -- 2.7 --
Hydrophobic Interactions
C42···Leu29 (Alkyl···Alkyl) 4.7 4.4 4.3 --
C46···Trp32 (Pi-Sigma···Pi-Orbital) 3.6 -- -- --
C42···Trp32 (Pi-Alkyl···Pi-Orbital) 4.3 3.6 5.1 4.4

3.4.2 Intermolecular Interactions of wild and
mutant Beta ducosterol-gp41 complexes

The nearest contact distances of wild and
mutant Beta ducosterol-gp41 complexes were listed
in table 3. The intermolecular interactions of wild
and mutant Beta ducosterol-gp41 complexes during
docking and 50 ns MD simulation are shown in

Figure S3. There are no common interactions
present in wild and mutant complex. The amino
acids of Gln21, Gln24, His25, Gln28 and Trp32 of
wild type gp41 forms strong Hydrogen bonding
interactions with Beta ducosterol at the distances
1.7, 3.2, 2.8, 3.0 and 2.7 Å respectively. During MD
simulation, the Beta ducosterol forms alkyl···alkyl
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type interaction with Leu29 and alkyl···pi-orbital
type interaction with Trp32 which are also the
critical residues for viral fusion [54-55]. In mutant
type Beta ducosterol forms interactions with the
amino acids present in the second cavity of gp41.

The amino acids Leu16, Leu17, Ala19, Ile20, Gln23,
Leu27 and Thr30 present in the mutant type gp41
forms hydrogen bonding interaction with Beta
ducosterol at the distances 2.9, 3.9, 2.9, 3.0, 2.8, 2.9,
3.1 and 2.9 Å respectively (Table 3).

Table 3: Nearest neighboring contacts of Beta ducosterol-gp41 complexes
Beta ducosterol···gp41 Distance (Å)

Wild Mutant
Dock 50 ns Dock 50 ns

Hydrogen Bonding Interactions
H18A···O/Leu16 -- -- -- 2.9
H17A, H17B···O/Ala19 -- -- -- 2.9, 3.1
H16A···N/Ile20 -- -- -- 3.0
OH4, OH5···OE1/Glu21
H31···O/Glu22

--
--

1.7, 1.9
2.8

--
--

--
--

H2···O/Gln24 -- 3.2 -- --
O3···HA/HD2/H/His25 -- 2.8,3.2,3.6 -- --
H32B···O/Lue26
H28A···N/Leu27/O/Gln23
H29B···NE2/Gln23

--
--
--

--
--
--

--
--
--

2.8
3.1, 2.9
3.1

O1, O2···HO1/Gln28
OH3···O/Gln28
H6B···NE2/Gln28

2.7, 2.8
2.2
--

--
--
3.0

--
--
--

--
--
--

H32C···OG1/Thr30 -- -- -- 2.9
H29A···NE2/Gln36
H32B···O/Trp32/N/Gln36
H17B···NE1/Trp32

--
--

3.1
3.4, 3.0
2.7

--
--

--
--

O4···HO1/Lys35 2.4 --
O6···HE22/Gln36 -- -- 2.3 --
O1···HH11/Arg40
O2···HD2/Arg40

--
--

--
--

2.6
2.4

--
--

Hydrophobic Interactions
Lig···Leu16 (Alkyl···Alkyl) -- -- -- 5.4
Lig···Ala19 (Alkyl···Alkyl)
Lig···Ile20 (Alkyl···Alkyl)

--
--

--
--

--
--

5.1
4.8

C14···Leu26 (Alkyl···Alkyl) -- -- 5.3 5.2
C32···Leu27 (Alkyl···Alkyl) -- -- -- 4.2
Lig···Leu29 (Alkyl···Alkyl) 5.3 3.4 4.3 --
C11···Trp32 (Pi-Sigma···Pi-Orbital) 3.7 -- -- --
Lig···Trp32 (Pi-Alkyl···Pi-Orbital) 3.9 4.3 -- --

3.5 ADME Prediction

The ADME results of the chosen molecules in
present study are listed in Table 4 and the results
were found to be agree with the maximum

permissible limits and thus proving their drug
likeness properties. The aqueous solubility
parameter (QPlogS) of the Bis-andrographolide
ether (-4.08) and Beta-ducosterol (-2.6) were also
found to be in the permissible range (<0.5).
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Intestinal absorption is one of the important factors
to be studied with the absorption of the drug
molecules; hence the access of drug molecules to
biological membrane was predicted by Caco-2 cell
permeability (QPPCaco) in nm/s, which is used as
model for gut–blood barrier. Caco-2 cell
permeability prediction of the molecule Bis-
andrographolide ether (34.9) indicates good and the
molecule Beta-ducosterol (1.7) indicates poor
results of good intestinal absorption [<25 poor
and >500 great]. QPlogKhsa descriptor indicating
the predicted values of human serum albumin
binding and the molecules Bis-andrographolide
ether (-0.33) and Beta-ducosterol (-0.95) were
found to fall in the permissible range (-1.5 to 1.5).
The QPlogHERG denotes IC50 of the blockage of
HERG K+ channel blockage. If a compound blocks

the potassium channel, it is classified as class III
antiarrhythmic agents results in raising of side
effects. The activity of the molecules Bis-
andrographolide ether (-6.2) and Beta-ducosterol (-
3.5) towards HERG K+ channel was also calculated.
From the studies, it was observed that the selected
compounds are exhibiting poor values denotes the
side effects may not be raised by blocking the
HERG K+ channel. Also, the QPlogBB descriptor
for blood/brain partition coefficient showed reliable
prediction of the molecules Bis-andrographolide
ether (-2.9) and Beta-ducosterol (-3.4). The
percentage of human oral absorption of the
molecules Bis-andrographolide ether (63.6%) is
high and low for the molecule Beta-ducosterol
(16.4%).

Table 4: ADME properties of Bis-andrographolide ether and Beta-ducosterol molecules

Molecules
MW
(amu
)

dH
B

aH
B

QPlog
S

mol dm–

3

QPPCac
o

nm/s

QPlogKhs
a

QPlogHER
G

qPlogB
B

PHO
A
(%)

Bis-andrographolide
ether

458.4 3 10.6 -4.086 34.983 -0.33 -6.2 -2.936 63.6

Beta-ducosterol 354.3 6 9.7 -2.625 1.659 -0.93 -3.5 -3.42 16.4

4. Conclusion

Andrographis Paniculata has potential AIDS
therapeutic property. Hence virtual screening
analysis indicates that the molecules Bis-
andrographolide ether and Beta-ducosterol forms
required intermolecular interactions and better
binding affinity towards NHR of gp41. Further
molecular docking, MD simulation, free energy
calculations and ADME prediction has been carried
out for these two molecules to find their stability in
the active site of wild and mutant NHR of gp41 and
physiological properties. From the RMSD, RMSF,
DSSP and PCA analysis we can understand that
mutation and binding mode of the molecules highly
affects the flexibility of the active site. Especially
DSSP map indicates a small α-helix to turn
conformation modification occurs in all two wild
type complexes during MD simulation and no such
changes occurred in the mutant complexes which
confirm that mutation affects the flexibility of the
protein structure. The MM-GBSA/PBSA results

specify the affinity of these two molecules towards
wild and mutant NHR of gp41 are adequate for
fusion inhibition. Per residue decomposition free
energy values of both complexes indicates that the
molecule Bis-andrographolide ether has lower
binding free energy with the third cavity amino
acids of wild and mutant gp41 that affirms their
better fusion inhibition property. In wild type Beta
ducosterol-gp41 complex the amino acids Gln28,
Leu29 and Trp32 present in the third cavity spent
lower energy for binding. Whereas, in mutant type
the second cavity amino acids of gp41 contributes
lower energy for Beta ducosterol binding especially
with the amino acid Arg18 which is crucial for
fusion inhibition. The intermolecular interactions of
these two molecules with wild and mutant gp41
conveyed that the molecules will affect the viral
fusion and six helix bundle formation. The ADME
results of the three molecules were found to be
agreeing with the maximum permissible limits and
thus proving their drug likeness properties. From
the present study we conclude that the molecules
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Bis-andrographolide ether and Beta-ducosterol are
the promising small molecule inhibitors of HIV-1
gp41 viral fusion and these molecules can also be
used as a template for fusion inhibitor drug
designing.
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