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Abstract

Entry of the viral genetic material of HIV-1 into host cell is mediated by the
fusion of viral and cellular membranes and promotes membrane fusion. The
non-covalently associated gp-41 and gp-120 defines the structure of HIV-1
envelope protein. The inter- and intra- protein-protein interactions play
important role in the conformational changes needed for the fusion process. In
the present study, we have performed 100 ns MD simulation of trimeric form
of gp-41 to explore the inter helical protein-protein interactions which provide
the stability of trimeric complex. MMPBSA free energy method is used to
study the stability of complex and residue-wise interactions during dynamics.
We have also highlighted to those protein residues which are most likely prone
to conformational changes during fusion process.
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1. INTRODUCTION
The acquired immunodeficiency syndrome (AIDS) caused by human
immunodeficiency virus (HIV) is still considered as one of the most life-threatening
diseases. Due to the gradual increase in new HIV infections, more than 60 million
people have been infected with HIV and over 25 million have died from the disease
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[1]. No efficient vaccines against the virus are currently available. Therefore
development of potent and affordable anti-HIV drugs is the main therapeutic thrust in
treating patients with HIV infection. In particular, HIV-1 fusion/entry inhibitors can
target early steps of the HIV replication cycle, and they can be used to treat patients
who fail to respond to the RTIs and PIs [2]. HIV-1 gp41 is composed of 345 amino
acid residues, corresponding to the sequence of 512–856 of the HXB2 gp160 [3]. It
consists of an ectodomain (residues 512–683), a trans-membrane domain (TM,
residues 684–704) and a cytoplasmic domain (CP, residues 705–856). The
ectodomain of HIV gp41 contains three important functional regions: the fusion
peptide (FP, residues 512–527), the N-terminal heptad repeat (NHR, residues 542–
592), and the C-terminal heptad repeat (CHR, residues 623–663) shown in Figure (1)
[4]. Fusion of the HIV-1 envelope and target cell membranes is initiated by binding
of the viral envelope surface subunit gp120 to the cellular CD4, and then to a coreceptor (CCR5 or CXCR4) on the target cell. The available 6 helical bundle
structure contains the α-helical NHR and CHR sub domains. Membrane subunit gp41
changes conformation by inserting the FP into the target cell membrane. Three NHR
domains form the central trimeric coiled coils that have three hydrophobic grooves,
each one containing a deep hydrophobic pocket. Three CHR helices then pack into the
grooves on the NHR-trimer in an antiparallel manner to form a six-helix bundle (6HB) core, which brings the viral and target cell membranes into close proximity for
fusion illustrated in Figure 2(a,b) [5-8]. The HIV-1 gp41 hydrophobic pocket plays an
important role in stabilizing gp41 6-HB core formation and gp41-mediated membrane
fusion [9-10]. Binding of a molecule to the pocket may block HIV-1 fusion with the
host cell, suggesting that this pocket is an important target for development of HIV-1
entry inhibitors. Fusion is first induced by insertion of the fusion peptide at the amino
terminus of gp41 into the host cell membrane, which brings this region into close
proximity to the trans membrane domain of gp41. This can be achieved by the fusionactive conformation of a coiled-coil structure composed of internal triple-stranded
N-peptide helices paired with anti-parallel outer C-peptide helices packed. The C
helix interacts with the N-helix mainly through the hydrophobic residues in the
grooves on the surface of the central coiled-coil trimer. Each of the grooves on the
surface of the N-helix trimer has a deep hydrophobic pocket that accommodates three
conserved hydrophobic residues in the gp41 CHR region [11], suggesting that this
pocket is an attractive target for designing new class of anti-HIV-1 drugs, which may
prevent the early fusion events [10,12].
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Fig1: A thermostable,alpha–helical subdomain designated N34(L6)C28 within the
extra viral portion of HIV-1gp41.The single-chain recombinant N34(L6)C28
polypeptide consists of residues 546–579 (N-34) and 628–655 (C-28) of gp41 plus a
linker of six hydrophilic residues (Ser-Gly-GlyArg-Gly-Gly). The important
functional features of gp41 are shown. Expansion above the N-34 and C-28 peptides
shows the amino acid sequence insingle lettercode. The disulphide bond and four
potential N glycosylation sites are depicted. The residues are numbered according to
their position in gp160 [3]

Fig 2(a): Structure of the N34(L)C28 trimer. (A) Ribbon drawing of the trimer with
the N terminus and C terminus of one molecule labeled. The N-terminal helices are
colored green whereas the C-terminal helices are purple.

Fig 2(b): An end-on view of N34(L6)C28 looking down the 3-fold axis of the trimer.
The figure was generated with the program CHIMERA
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2. MATERIAL AND METHODS
2.1. Molecular Dynamics Simulations (MD): MD Simulation were performed at the
molecular level using the AMBER 14 program with the AMBER ff14SB force field.
The crystal structures of gp41 was obtained from the protein data bank (PDB) with
pdb identifier 1SZT [13]. Missing hydrogens and other heavy atoms were added by
leap module of Amber 14. [14] Structure of gp41 complex were solvated in a
truncated octahedral box of TIP3P water model that extend to 12 Å of protein
boundary in each direction in solute. An appropriate numbers of ions were added to
neutralize the charges of the system. To calculate the non-bonded interactions, the
cut-off distance was kept at 12 Å. After proper parameterizations and setup, the
resulting system’s geometries were minimized (5000 steps for steepest descent and
10000 steps for conjugate gradient) to remove the poor contacts and relax the system.
The systems were then gently annealed from 10 to 300 K under canonical ensemble
for 50 ps with a weak restraint of 5kcal/mol/Å2. Subsequently, the systems were
maintained for 1 ns of density equilibration under isothermal-isobaric ensemble at
target temperature of 300K and the target pressure of 1.0 atm using Langevinthermostat [15] and Berendsen barostat [16] with collision frequency of 2 ps and
pressure relaxation time of 1 ps, with a weak restraint of 1 kcal/mol/Å2. This 1 ns of
density equilibration is not identical with conformational equilibration, but rather a
weakly restrained MD in which we slowly relax the system to achieve a uniform
density after heating dynamics under periodic boundary conditions. Thereafter, we
removed all restraints applied during heating and density dynamics and further
equilibrated the systems for ∼3 ns to get well settled pressure and temperature for
conformational and chemical analyses. This was followed by a productive MD run,
for each system, for 100 ns. During all MD simulations, the covalent bonds containing
hydrogen were constrained using SHAKE, [17] and particle mesh Ewald (PME) [18]
was used to treat long-range electrostatic interactions. We used an integration step of
2 fs during the entire simulations. All MD simulations were performed with GPU
version of Amber 14 package [19]. All analysis of trajectories were done using Ptraj
module of Amber 14. The hydrogen bonds and its occupancies were calculated by
VMD for production trajectories where we used donor-acceptor distance as 3.0 Å and
angle cut-off 20o. The occupancy of hydrogen bond is the percentage of hydrogen
bonds satisfying this criteria over 100 ns of simulations.

2.2 Stability and free energy calculations
The MM-PB/SA method [20,21] is used for the calculations of thermodynamic
parameters and free energy of binding. The principles of these methods are well
established [22,23] and have been successfully applied for dengue envelope protein in
previous studies [24,25]. Here the specific parameters employed in our approach are
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discussed. The free energy difference of binding is composed of the following terms:
ΔGtotal = ΔGele + ΔGvdw + ΔGpol + ΔGnonpol

Here, the first two components in the right hand side represent the electrostatic and
van der Waals components of the gas phase molecular mechanics free energy
difference, the third term is the electrostatic polar components of the solvation free
energy, and the fourth term is the non-polar component of the solvation free energy.
All terms are calculated using the standard MM-PB/GBSA method implemented in
Amber14. All water molecules and the sodium ions were stripped from the trajectory
prior to the MMPBSA analysis. The dielectric constants were used as 1 and 80 for the
solute and surrounding solvents respectively. The binding free energy among all the
three chains of NHR and CHR region was calculated by treating one chain as a ligand
and rest two as a receptors.

3. RESULTS AND DISCUSSION:
Molecular dynamics simulation was performed to know the intra-domain interactions
between different chains which are responsible for conformational re-arrangement of
the gp 41 of HIV envelope protein. Here we performed 100ns molecular dynamics
simulation of N34(L6)C28 terminal of gp41 of HIV envelope protein for the study of
their stability for making 6HB formation. The initial structure prior to simulation of
inactive structure is given in figure 2(a,b). To evaluate the convergence of MD
trajectories, the root mean square deviation (RMSD) of the backbone atoms relative to
the starting structure during the MD production phase was calculated.

3.1 Stability during Simulation:
The interaction structures during simulation of gp41 NHR/CHR region is shown in
figure (3a). The RMSD examination from the initial minimized structure for the
protein atoms evaluate the reliable stability of the MD trajectory and the difference in
the stabilities of MD simulation the RMSD values of alpha atoms of ISZT with
respect to starting structure over the 100 ns simulation are monitored as shown in
Figure(4). Here all the three chains show very low RMSD value with respect to their
initial structure. The RMSD value for all the three chain are nearly equal to 1.5
angstrom. Chain C is deviated more than chain A and chain B respectively. Thus all
the three chains are in equilibrium and reached nearly 1.5 angstrom after 15 ns
simulation, indicating good agreement with the x ray crystal structure. The
nomenclature for all the three chain in gp 41 trimers are well under stood in
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Figure(3b). The RMSD value for 6HB is very high which shows that 6 HB is more
deviated field during simulation but the NHR and CHR domains of gp 41 have same
RMSD value and the RMSD value is nearly 1 angstrom during whole simulation. The
linker region is also have low value comparative to 6 HB as shown in figure(5). Thus
from figure we can show that both domain of gp41 NHR/CHR are reliable trajectories
for analysis. To quantitatively measure the mean backbone mobility for each residue,
the root mean square fluctuations RMSF values of whole 6HB relative to starting
structure over the 100 ns simulation were calculated as shown in figure(6). This result
indicate that the fluctuation for all the three chain are nearly constant expect linker
region. The chain B shows more RMSF value than other two chains. Lesser value of
B-factor suggests that these residues are stabilized due to interaction with some other
groups. After monitoring the atomic positions and their positional fluctuations, it was
noticed that the atoms and residues involved in hydrogen bond formation have lower
B-factor. It is well known that Hydrogen bond plays a crucial role in the chain
binding interaction. To understand the conformational stability of complex, hydrogen
bond distances between chains have been calculated as shown in figure (7). The
interesting Hbond for inner core helix for N terminal are shown in and figure (8).
Here GLN 18 of chain A forms a stable Hbond with 82ILE and 86GLN of chain B.
From the figure (7), it is clear that the hydrogen bond distance is constant but at last
the distance is suddenly increases. However from the chimera figure it is clear that
this the important bond for inner core binding of N terminal chain. There is a strong
Hbond between 18GLN of chain A and 153GLN chain C, which have very large
value of Hbond distance during initial time period of simulation but after some it
becomes constant which shows a strong h bond between A and C chain of N terminal
inner core .75GLN of chain B makes a very strong and stable hydrogen bond during
whole simulation with 153GLN of chain C. Another interesting Hbond distance
graph for inner core chain is given in figure (7) The interacting amino acids are stable
and show small fluctuations as RMSF values.

Fig 3(a): Interaction of chains during simulation
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Fig 3(b): Nomenclature of all the chains

Fig 4: RMSD of all chains A, B and C
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Fig 5: RMSD of Linker, NHR/CHR and whole 6 helix bundle (6HB)

Fig (6): RMSF for all chains A, B and C
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Fig 7: Hbond distance for interacting residues

Fig 8: Residues forming Hbond

3.2 Inhibitor–residues interaction decomposition
The contribution of each residue to the binding free energy was also evaluated by
means of free energy decomposition at the atomic level. This decomposition was for
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molecular mechanics and solvation energies and not for entropies. The binding energy
of each residue pair consists of these terms:
Ginhibitor–residue = Eele + EvdW + Ggb + Gsurf
where Eele and EvdW are non-bonded electrostatic interaction and van der Waals
energy between the inhibitor and each residue in the gas phase, respectively.

3.3 Binding free energy calculation and free energy decomposition:
To further evaluate the differences in the binding modes of inner core and to obtain
detailed insights into the effect of each component contributed to the in inner core, the
binding energies of
chain complexes are examined. Binding free energy is
calculated using method, in which the entropy calculation is excluded due to high
computational cost. We simulated our system till 100 ns and recorded the coordinate
every 30 ps. There were a total of 3300 snapshots. For energy computation, we chose
the 200 snapshots with interval 1500 steps. Due to the long intervals between each
snapshots, they were considered independent and non-correlated. Therefore, due to
their ability to represent the whole equilibrium process they could be utilized to
calculate the overall binding energy.
MMPBSA and MMGBSA method were performed to evaluate the general binding
activity. Here we took all the chain together and are calculated binding free energy of
inner core complex. We took one chain as a ligand and other as receptor, considering
both as a complex. All the binding energies and entropies from the normal mode
analysis have been calculated and listed in table (1a).

Table 1(a): Entropy calculation by NMODE
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Table 1(b): MMPBSA/GBSA energy calculations for three chains
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Table1 (c): Energy decomposition per residue for all chains

The binding mode that has the lowest binding free energy is supposed to be the most
favorable binding mode. Our result shows that most binding modes with the lowest
free energies have large negative electrostatic interaction energies, implying that the
electrostatic interaction plays a dominant role in stabilizing the inner core complex i.e
N terminals. As shown in table 2 that the electrostatic energies have the largest value
among the five component. The PB values and GB values for all the complex are
same in all cases and listed in table(1b,c). The value for GB is (-147.23kcal/joule) and
in PB calculation are (-40.21 kcal /joule). The value of entropy calculated using
normal mode analysis is (97.234 joule/kelvin) which is shown in table.1 In order to
obtain a more detailed insight into the binding modes of both chain, the binding
energy is further decomposed into individual residue contributions using MM-GBSA
method . Table (1c) gives the interaction energies of the chain A, Chain B and chain C
individual residues. These results are very helpful in understanding the basic
mechanism of chain A, chain B and chain C

4. CONCLUSIONS:
The Binding complex of gp 41 N/C terminal six helical core structure are simulated.
Free energy analysis of protein chain complex for inner core, treating one chain as a
ligand and other as a receptor and whole as a complex, was used to identify the
responsible residue for inner core binding in terms of free energy. Our simulation
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shows that GLN, SER, ILE are most responsible residue for bringing an inner coil
helix together as their decomposition energies are very high. In spite of that
electrostatic interaction plays an important role in determining the affinities of the
chain binding i.e for N terminal cole helix.
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