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Abstract: Human immunodeficiency virus type-1 (HIV-1) infection is triggered by its 

envelope (Env) glycoprotein gp120 binding to the host-cell receptor CD4. Although 

structures of Env/gp120 in the binded state are known but, detailed information about 

dynamics of the binded gp120 has remainedelusive. CD4:gp120 surface is directed by the 

contact points of a hydrophobic gp120 cavity capped by Phe43CD4 and ionic bonds residues 

Arg59CD4 and Asp368gp120. NBD analogues inhibitor is a small chemical that can block 

the interactions between gp120 and CD4.  This study focuses the thermodynamical insights of 

the binding of the NBD analogues inhibitors in CD4 proteins using computational techniques. 
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1. Introduction 
The HIV-1 viral spike is build of 3 copies of the gp120 envelope glycoprotein attached 

non-covalently with 3 copies of the gp41 transmembrane molecule [1,2,3]. The primary cell 
surface receptor, CD4, binds with the gp120 component of the viral spike, unveils and 
instigate the formation of a site for co-receptor binding (CCR5 or CXCR4) [4,5,6,7]. Its 
binding with gp120 generate additional conformational modification in the trimer spike, 
which leads essentialy to a fusion of the viral and host cell membranes [8,9,10]. Several HIV-
1 entry inhibitors that block the progress of this multi-step fusion processes have been 
enlightened. A biomimetic peptide Enfuritide with a molecular weight of, 4.5 kDa, was the 
first FDA-approved fusion inhibitor that adhere with gp41 and blocks the fusion process [11]. 
However, the small molecules that precisely mark the conserved CD4-binding site on gp120 
and block HIV-1 cell entry have not been developed. NBD-556 and NBD-557, were 
identified as inhibitors, screening a drug-like small molecule chemical library [12]. The NBD 
chemotype consists of three essential regions: Region I, a para-substituted aromatic ring; 
Region II, an oxalamide linker; and Region III, a tetramethylpiperidine heterocyclic ring 
system (see Figure 1). The Isothermal titration calorimetry investigation ascertains that 
gp120 bind with NBD-556 and NBD-557 with a large unfavorable entropy change, 
comparable to CD4-gp120 interaction, advocating that NBD-556 and NBD-557 activate 
monomeric gp120 to the CD4-gp120 bound conformation [13]. The small molecules that 
mimic the host cell CD4 receptor may suppress HIV-1 infection either by preventing 
attachment to CD4 on the cell surface or by inducing a short-lived activated state 
[14].Modeling [15] and mutagenesis studies [16] recommended that NBD-556 and 
NBD-557 bind at an unique interfacial condition of gp120 termed as ‘‘Phe 43 
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cavity.’’ This was accepted by the co-crystal structure of a clade C1086 gp120 NBD-
556 complex. 
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Fig. 1: 2-Dimensions structures of NBD chemotype  with  I Region, an aromatic para
Region, an oxalamide linker; III Region, a hetrocyclic ring system of 

 
The NBD-556:gp120 crystal structure administer a configuration for design and synthesis of a 

successive generation of NBD analogues [17,18,19]. It is repeated that same Region III congeners reveal 
both increased affinity for gp120 an
corresponding to, NBD-556 [18-20]. An enquiry of structure
modification of the Region III moiety not only affect compound binding affinity, but also regula
capacity of NBD-derived compounds to magnify viral infectivity in cells missing the CD4 receptor 
(CD42CCR5+ Cf2Th cells) [15]. Alternately, these 
viral entry process [20-22]. We took the four pdb
complexed with gp120 core. Although, recent conformational data suggests that crucial residues 
participated in stabilization of protein ligand complexes, energetic information is not provided by them 
for the prominence of each individual residue coming from the interaction pair. Hence, it is necessary to 
expose the contribution of interaction energy at the level of atomic resolution to establishing the 
contribution of energy from each residue coming fr
present MD simulation study, computational investigations with molecular mechanics has been done, 
energy contribution calculated by Generalized Born Surface Area (MMGBSA) methodology and per
residue decomposition free energy were done to systematically investigate the binding sites between 
gp120 with ligands. In this contribution, we expand the energetic calculations by including complexes 
between gp120 with ligands. Our results, allowed us to validate t
this analysis shows that MMGBSA methodology working here is able to reproduce the experimental 
validation of binding free energies. 
2. Materials and Method 

The primary parameter of the gp120
used following PDB to construct our models: gp120 complex(gp120
complex (gp120-0M5) with Pdb code 4DVX; gp120 complex (gp120
gp120 complex (gp120-0M4) with  pdb  co
in fig. 2(a-d). The missing hydrogen atom were added by LEAP module of AMBER for gp120 [24] with 
Amber force field named ff12SB. Since, the basic parameter of ligand are not available in the AMBE
library, hence these parameters were developed in Antechamber of Amber14. Optimization of geometry 
for all ligands were done by the Gaussian 09 with HatreeFock (HF) methodology and 6
Once geometry optimization has been done, their subsequ
stationary points. Restrained electrostatic potential method (RESP) [25, 26] was used to perform 
calculation of partial atomic charges in the complexes. The complex was neutralized by Na+ and solvated 
by TIP3P waterbox in octahedral box [27] water in 10 Å extending to exterior.  
was then gradually strengthened from 10 to 300K for the period of 200 ps after that the system sustained 
in isothermal–isobaric(NPT) ensemble, to get the 300K temp
1atm pressure by using Barendsenbarostat [29,30] with collision frequency of 2ps and pressure relaxation 
time 1ps.  For treating long range electrostatic, Particle Mesh Ewald (PME) method [31] was used. Once 
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the system attained a 300K temperature and 1atm pressure, the equilibrium dynamics was carried for 4ns, 
with the previously described parameters. Afterward, production dynamics was started and continued up 
to 200 ns for protein-ligand system. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 2: Chemical structure of all the inhibitors named as (a) 0M1, (b) 0M5,  
(c) 0LZ, (d) 0M4 respectively from top to bottom. 

 
The coordinate construction in the trajectories of production dynamics were gathered at interval of 

10ps. Ptraj module of Amber14 was employed to carry out all the analysis of trajectories where for 
visualization of structure VMD 1.6.7[32],  Chimera-1.5  [33] module were used for the image purpose. 
3. Calculation of Absolute Binding Free Energies and Per-Residue Calculation  

For the calculations of thermodynamic parameters and free energy of binding, MM-GBSA method 
was used.  The principles of these methods are all well constituted and have been taken up elsewhere 
[34,35,36]. MMGBSA method used because it has been favorably applied for analogous system, in this 
study but of various class in past studies [37-39]. The specific parameters employed in our approach are 
described here.  The binding free energy (ΔG mmgbsa) of complex was calculated by using following:  
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ΔG mmgbsa = G complex - G receptor - G ligand 

Δ Gbind = ΔEMM +ΔGGB +ΔGSA -TΔS 
where, ΔEMM is the total molecular mechanics energy of molecular system in the gas phase, including the 
van der Waals (ΔEvdw) and electrostatic (ΔEele) interaction energies. ΔGsol and ΔGele,sol are electrostatic 
and non polar contributions to desolvation upon ligand binding, respectively, and -TΔS is the entropy 
contribution arising from changes in the degrees of freedom of the solute molecules, which we 
reconsidered here to obtain ΔGbind; therefore, our values reportable for the MMGBSA calculations can be 
called absolute binding free energies.  In order to get the crucial residue study, the absolute binding free 
energies were determined in terms of the contributions of each individual residues by using free-energy-
per-residue decomposition theory. 
4. Result 
4.1 Interactions of Ligands on HIV-1 Envelope Protein 

The Colour map for all the residues of receptor are shown in Fig. 3(a). Here, acidic residues like 
aspartic acid and glutamic acid are shown in red, hydrophobic residues (Ala, Val, Ile, Leu, Tyr, Phe, Trp, 
Met, Cys, Pro) in white, basic residues like histidine, lysine, arginine in blue, polar residues (Ser, Thr, 
Gln, Asn) in green and other residues like glycine in gray. The superimposed structures of all the four 
receptors are shown in Figure 3 (b). 

 

 

 

 

 

 

 

 

 

 

Fig.3(a): Colour map for all the residues. 

 
Figure 3(b): Superimposed structure of all the receptors during simulation. 

4.2 Binding Free Energy Calculation 

Binding free energy of ligand with the receptor was calculated by using snapshots collected from 
trajectories during the last 60 ns time of molecular dynamics trajectories, when the RMSD is converged 
and presented in Figure 4 (a) and the corresponding values are shown as bar diagram in Figure 4 (b) and 
binding energies are listed in Table 1.  

According to Table 1, the binding free energies (ΔGbind) of the gp120-0M1, gp120-0M5, gp120-0LZ 

and gp120-0M4 complexes are −5.41, −7.38, −11.63 and −6.52 kcal.mol−1, respectively. These results 
are in agreement with the experimental observations. This finding discloses that the binding ability of 
third inhibitor, 0LZ is stronger than other inhibitors 0M1, 0M5 and 0M4 respectively. Additionally, the 
entropy change (−TΔS) induced by inhibitor binding that produce a good relationship with enthalpy 
(ΔHtot). 
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RMSD for all backbone atoms 

Fig.4(a):  The RMSD curve for Cα atoms of protein with respect to time tells conformational fluctuations 
arising during molecular dynamics simulation in 200ns of time scale. 

 

As observed from Table 1, the van der Waals interaction energy term (ΔEvdw), non-polar solvation 
energy term (ΔGnon-polar) give satisfactory involvement in inhibitor binding. Although the inhibitor binding 
is considerably favoured by the electrostatic interaction (ΔEele), this factor is regulated by stronger, 
unfavorable polar solvation energy term (ΔGgb).  

 

 
Fig. 4 (b): Binding Energy for all the four complex is shown in figure . 

 
Table 1:  Binding free energies (kcal•mol−1). The errors shown in small bracket represent the standard 

errors. The experimental values of Δ Gexpwere obtained by using the equation Δ G ≈ − RTlnIC50 based on 
the experimental IC50 values. 

 

Ligand 

 

ΔEele 
 

ΔEvdw 
 

ΔGnon-pol 
 

ΔGgb 
 

-TΔS 

 

ΔGexp 
 

ΔGbind 
0M1 -61.74 

(± 3.86) 
-38.97 

(± 3.97) 
-5.05 

(± 0.48) 
77.81 

(± 3.42) 
21.6 

(± 1.75) 
-5.64 -5.41 

0M5 -46.60 
(± 3.86) 

-40.79 
(± 2.58) 

-4.75 
(± 0.21) 

62.19 
(± 10.20) 

24.57 
(± 3.9) 

-7.47  -5.38 

0LZ -48.94 
(± 1.02) 

-35.47 
(± 2.33) 

-3.73 
(± 0.15) 

61.93 
(± 3.57) 

14.60 
(± 1.9) 

-5.92 -11.63 

0M4 -45.09 
(± 12.9) 

-36.85 
(± 1.95) 

-4.49 
(± 0.04) 

59.50 
(± 8.37) 

20.67 
(± 3.9) 

-6.25 -6.52 
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In contrast to the gp120-0M5 complex, the van der Waals interaction, non-polar solvation energy 
terms of the complex gp120-0M1 are decreased by 1.82, and -0.3 kcal/mol, respectively. Similarly, for 
gp120-0LZ these energies are decreased by 5.32 and 1.02 kcal.mol−1 respectively.  

Similarly, for gp120-0M4, the binding leads to decrease by 3.94 and 0.26 kcal.mol−1 in the van der 
Waals interaction and non-polar solvation energy respectively. In a nutshell, this reduction in the van der 
Waals interaction may be considered as the main reason for reduction in affinities of inhibitors  0M1, 
0M5, and 0M4 than  0LZ. The contributions of energy shows that the association between gp120 and the 
four different ligands are also driven by nonpolar interactions (ΔEnon-polar), for which the van der Waals 
interactions (ΔEvdw) contribute significantly. The gas-phase electrostatic values (ΔEele) of the four 
complexes are significant and favourable. For first complex, gp120-0M1, electrostatic energy is very 
high. The minimum entropy change (-TΔS) is detected for the complex formation, it is positive for each 
cases. These results indicate that after binding the ligand, all complexes are ordered. This value is 
maximum for complex formed by 0M5 while minimum for complex formed by 0LZ. Therefore these 
complexes are organized in following qualitative order 

0M5 > 0M4 > M1 > 0LZ 
It infers that complex gp120-0LZ is more stable than the other complexes, which can also be inferred 

from the lowest binding energy corresponding to these complexes as shown in Table 1. The entropy 
changes is correlated with the enthalpy ( ΔH tot ). 
4.3 Residue-Wise Decomposition of Free Energy 

Energy decomposition investigation allows us to explicate the effect of respective amino acid in 
deciding complex stabilization. Figure 5 demonstrates the primal residues for bonding and their 
contributions to total free energy (ΔGtotal). The figure represents that all the complexes are stabilized 
mainly by hydrophobic and polar amino acids that take part in various ligand-receptor interaction. The 
ligands are surrounded by several hydrophobic and polar residues and the interaction of these amino acid 
with all the four molecules are shown in Figure 6 (a-d). 

 
Fig 5:The binding free energies of protein–inhibitor complexes are examined  

using MM-GBSA methods which is depicted from interaction map. 
It is quite obvious that ligand 0M1, 0M5, 0LZ and 0M4 interact with many amino acids. In case of 

ligand 0M1, Glu237, Tyr251, Asn286, Met287, Trp288, Gly334, and Asn335 play main role and are 
principal residues responsible for strong binding. For ligand 0M5, residues Val139, Glu237, Ser242, 
Asn286, Met287, Trp288, Gly290 and Gly334 are involved in the main interactions. Similar is the case 
with ligand 0LZ in which residues Val139, Asp235, Glu237, Asn286, Met287, Trp288, Gly334, Asn335 
and Ile336 are some crucial residues. While for ligand 0M4, residues Val139, Glu237, Asn286, Met287, 
Trp288, Gly334, Asn335 and Ile336 are the major contributors for favorable interactions. 

In accordance with the total free energy contributions, residues Trp290, Asn288 and Glu242 of gp120 
have the greatest impart in the binding energy for all the complexes which infers that these amino acids 
play a critical part in ligand binding. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 6.(a-d): The interaction of ligands with surrounding residues at a particular snapshots in which 
ligands are shown in ball-stick model while amino acids are shown in stick model,  

(a) gp120-0M1, (b) gp120-0M5, (c) gp120-0LZ and (d) gp120-0M4. 
 
In addition, the role of polar, non-polar, van der Waals and electrostatics energies for all the amino acids 
are shown in Figure 7 (a-d) for each complexes, in which the percentage of occupancy of different energy 
terms in total binding energy is represented by bar diagrams.  
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(a) 

 
(b) 

 
 (c) 

 
(d) 

Figure 7:  Percentage occupancy of different energy terms in total binding energy of per  
residue depicted in map. For (a) gp120-0M1 complex, (b) g120-0M5 complex,  

(c) gp120-0LZ complex and (d) gp120-0M4 complex. 
 
From figure one can infer that the van der waals and electrostatics energy play an essential role in total 

binding energy for almost all hydrophobic and polar residues. Asn288 and Glu242 have maximum 
electrostatics contribution in total binding affinity. Still hydrophobic amino acid contribute via van der 
walls interaction 
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5. Discussion 
Here, the binding interaction energies between gp120 and four known ligands were evaluated with the 

help of conformational analysis and the binding free energy calculated over 200 ns dynamics using the 
MMGBSA methodology. The energetic analysis revealed a qualitative agreement of the theoretically 
calculated binding free energies with experimentally reported values. The calculated results suggests that 
the inhibitors produce stronger binding to 0LZ than 0M1, 0M5 and 0M4. The van der Waals interaction 
energies of neighboring amino acids with 0LZ is high relative to other inhibitors. The fact that the 
reduction in van der Waals energy causes anemic binding of inhibitors can be inferred from the binding 
free energy predictions. However, decomposition free energy asserted not only amino acids that plausible 
free energies arise only from favorable interactions due to residues Trp290, ASn288 and Glu242 but, also 
these interactions are amongst the most favorable ones, proclaiming the essential contribution of these 
energy interactions is helpful in stabilizing protein ligand complex structure. The entropic analysis 
demonstrated that all four complexes undergo a conformational reduction which in turn played important 
role in bringing the MMGBSA results more closer to the observational absolute binding free energies. 
The energetic and structural analysis for the four complexes points out that the cavity of gp120-CD4 
binding is more optimized to bind bulky ligand. Furthermore, energetic contributions to the binding are 
attributed to the hydrophobic contacts. Moreover, Trp290 also provides a great energetic interaction via 
its hydrophobic side chain and is one of the main contributors for the enhanced van der Waals 
interactions. 
6. Conclusion 

In the present study, the per-residue binding free energy decomposition suggests to acknowledge 
Asn288, Glu242, Trp290 Asp240 and Met289 as the crucial amino acid for the complex stabilization of 
the four ligands, which is also in good agreement with experimental values for the gp 120 complexes. 
Val145, Thr147, Glu242, Ser247, Tyr256, Ile287, Met289, Gly292, Gly335, Asn337, and Ile338 are the 
main amino acids for the complex stabilization of the four ligands. This method is also helpful in 
predicting the active site for a particular type of drug binding and also helpful in mutational studies. Since 
these residues populate in close proximity of the binding site, hence they become potentially crucial 
targets for advance drug discovery projects as one can design a new inhibitor which can act more 
efficiently with them and may be an even better binder than inhibitors named as   0M1, 0M5, 0LZ, and  
0M4  respectively 
Acknowledgment: V. Pandey acknowledges Department of Science and Technology (DST), New Delhi 

for the computational facilities in the form of FIST scheme. 
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