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Abstract

Molecular dynamics simulation was used to investigate the structure of the H,O molecule and its
dynamical behaviour near an HIV (3LPU protein). This study simulated the atomic interaction
between 3LPU protein and H,0 molecules using a precise atomic arrangement. The interaction
between 3LPU protein and H,O molecules is influenced by temperature and pressure. According to
our simulated findings, the amplitude of atomic oscillation increases as the atom’s temperature rises
to 400 K. As a result of this occurrence, the interatomic force of structures increases. As a result, as
the temperature rises, the diffusion coefficient of H,O molecules into 3LPU protein changes from
0421 to 0.861 um*/ms. The dynamical behaviour of atomic structures is also influenced by pressure.
The diffusion coefficient of H,0O molecules into the 3LPU protein structure fell from 0.587 to 0.052
um’/ms when the pressure of the simulated structures was increased from 0 to 4 bar.
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Introduction

AIDS/HIV infection is a worldwide epidemic,
with instances documented in almost every nation.
According to the Joint United Nations Program on
HIV/AIDS, an estimated 36.7 million people were
living with HIV by the end of 2016 [1, 2]. 95% of
HIV/AIDS patients live in low- and middle-income
countries; 50% are women, and 2.1 million are children

under the age of 15. The distribution of these instances
throughout the country. The incidence of HIV infection
has grown more than fourfold since 1990, owing to the
ongoing high rates of new HIV infections and the life-
prolonging benefits of antiretroviral medication. The
worldwide prevalence of HIV infection among persons
aged 15 to 49 years was 0.8% in 2016, with rates
ranging significantly by nation and location [3-5].

In 2016, an estimated 1.8 million new cases of HIV
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infection were reported globally, with 160000 of those
infections occurring in children under the age of 15
years; around one-third of new infections occurred in
persons aged 15 to 24 years. Heterosexual transmission
is responsible for the majority of new HIV infections
worldwide. Those who belong to particular high-risk
groups are disproportionately impacted [6, 7].

Globally, the expected yearly number of new HIV
infections declined by 40% between 2000 and 2016.
These decreases in worldwide HIV incidence are
most likely due to success in HIV prevention efforts
and increasing antiretroviral medication availability
to HIV-infected persons, which renders them far less
likely to transfer the virus to sexual partners. Between
2010 and 2016, the projected adult incidence decreased
by 11%. Between 2010 and 2016, there was a -47%
decrease in HIV infections among children aged 15
years, owing partly to the increased availability of
antiretroviral drugs to prevent HIV transmission from
mother to child [8, 9].

Human and animal urine and feces contain
pathogenic microorganisms that pollute water and
cause water-borne illnesses. Infections may develop in
those who drink this polluted water [10]. Viruses may
harm every living entity, including plants, microbes,
animals, and humans. Viruses may interact with their
hosts in a variety of ways, depending on whether the
virus is host-specific (HIV) or not (influenza) [11].
Viruses may spread via various methods; for example,
influenza is airborne and spreads by inhalation of
infected air, but HIV is spread directly through
contaminated bodily fluids. Enteric viruses are spread
by ingesting infected food or water contaminated with
feces, and they mostly damage the intestines. HIV
infection caused a variety of illnesses, including HIV
infections and acquired immune deficiency syndrome
(HIV/AIDS) [12, 13]. After being infected, the patient
may have no symptoms or a brief period of influenza-
like sickness [14]. The patient will be asymptomatic
for a long time in the following stage [15]. As the
illness develops, the immune system becomes more
weakened, increasing the chance of contracting
common diseases such as TB and other opportunistic
infections [16]. Concerning AIDS therapy is one of the
most difficult tasks in medicine. As a result, research
into how HIV interacts with the aquatic environment
in which it is transmitted at varying temperatures and
pressures is required. Figure 1 shows the structure of a
key component of this virus (3LPU protein) [17].

The 3LPU protein is one of the most critical

Fig. 1 Schematic of a crucial component of the HIV (3LPU
protein) structure.

components of HIV. As a result, understanding its
atomic structure is crucial. The atomic structure of
the 3LPU chain was revealed by Ding et al. [18]. As a
result, we focused on this aspect of HIV’s interaction
with H,O molecules in our study. Furthermore,
Molecular Dynamics (MD) simulation studies
modeling particle movements in biological fields and
causing fluctuations in the relative locations of atoms
in proteins, viruses, and other atomic structures as a
function of time [19-21]. Good results may be obtained
even when the MD strategy is combined with other
approaches [22]. In previous works, Muhammad
Ibrahim [23] Molecular dynamics simulation was
used to investigate the dynamical behaviour of
3LPT protein-water molecule interactions in atomic
structures. In another work, Jun and Zhao [24]. The
quantum mechanical/molecular mechanical (QM/
MM) technique was used to explore two occurrences
of monohydrate and polyhydration of H,0O molecules.
The obtained binding energy between the water
molecules is smaller than the hydration energy,
according to the simulation findings. Further, Yin
and Zhao [25]. Look into the polar head group of the
dipalmitoylphosphatidylcholine (DPPC) molecule
in both the gas phase and aqueous solution. They
demonstrated that the hybrid QM/MM approach is an
accurate way of describing the conformations of the
DPPC headgroup [26].

A technical grasp of atom trajectories allows us
to see biological phenomena such as molecules,
atomic structures, and interactions between various
structures. In the late 1950s, Monte Carlo’s success
in simulations led to the creation of MD [27-29].
Laplace’s fundamental work laid the groundwork for
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the development of MD in the past [30]. Alder and
Wainwright later presented MD simulations as a useful
tool for studying atomic structures [21].

MD modelling is now widely utilised in biology and
biophysics to investigate atomic structures [31-33].

Temperature changes are essential for bio
structures because different temperatures affect bio
structures during the day, and also, there are different
temperatures in different environments. Changes in
pressure because the pressure is additional at different
heights and biostructures show other behaviors at
different pressures; it is essential to investigate the
effect of pressure on biostructures. Theoretical studies
to anticipate HIV (3LPU protein) and H,0O molecules
interactions in different temperatures (300 K—400 K)
and pressures (0—4 bar) were done in this research
using MD simulation for first time. Physical factors
such as total energy, diffusion coefficient, and volume
will be presented to forecast atomic structure behavior.

Ibrahim et al. [22] reported temperature increasing
causes changing the diffusion coefficient from 0.74
to 0.91 um?/s in H,0 molecules into 3LPT protein.
Pressure also has a significant effect on the dynamical
behavior of atomic structures. In this work, as the
temperature rises from 300 to 400 K, the diffusion
coefficient of H,O molecules in the 3LPU protein/
H,O combination increases from 0.42 to 0.86 pum’/s.
Our results are closed to the data that has already been
reported.

Computational method

The atomic interaction between 3LPU protein
and H,O molecules was simulated using the MD
technique at a temperature range of 300 K to 400 K
and a pressure range of 0—4 bar. Furthermore, the
activation volume is 4641 A’. The attraction force
between distinct sections of the new structure falls
drastically when the volume of the atomic structure
is increased beyond this threshold. Hence, physical
stability is reduced to a minimal rate. MD simulations
are one of the most important tools in the theoretical
study of biological molecules. Calculating the time-
dependent behaviour of a chemical system via this
computational approach provides detailed information
on changes in atomic structures [27]. These approaches
are now routinely used to investigate biological
molecules’ structure, dynamics, and thermodynamics
and their complexes. Particles interact with one

another utilising suitable atomic and interatomic force-
field (IFF) models. Structures and the quantity of IFF
the atoms of HIV have been modelled in this work
utilising Dreiding and UFF (Universal Force Field)
[34, 35]. The dynamics of biological, organic, and
the major group inorganic have also been predicted
using Dreiding and UFF force fields. Furthermore, the
Leonard-Jones potential (LJ) has been used to analyse
atoms’ non-bond interactions [36, 37]:

o o
U(r)=4¢ [ZJ —{Z] r<r, (1)

where ¢ represents the depth of the potential well,
o shows the finite distance at which the interatomic
potential is zero, and the distance between the atoms is
represented by 7. In this simulation, the cut-off radiusis
considered to be ., = 12 A. The ¢ and ¢ values obtained
are represented in Table 1 where ¢ denotes the potential
well’s depth, o denotes the finite distance at which
the interatomic potential is zero, and r is the distance
between the atoms. The cut-off radius is assumed to be
r.=12 A in this simulation. Table 1 shows the ¢ and ¢
values that were acquired.

Table 1 In current MD simulations, the ¢ and o constants in the
LJ potential

Atom G (A) & (kcal/mol)
As 4.230 0.309
C 4.180 0.305
Ca 342 0.050
Cl 3914 0.305
H 3.200 0.010
N 4.000 0.415
(6] 3.600 0.415
S 4.140 0.215

The bond strength and bond-angle bend parameters
make up the bonded interactions. The bond strength
is characterised in the current model by a simple
harmonic oscillator using the following equation [37]:

B, =2k (=n) @

The harmonic oscillator constant &, and the atomic
bond length r, represent the harmonic oscillator
constant and the atomic bond length, respectively.
Table 2 shows the bonded interactions of the
harmonic oscillator constant and atomic bond lengths.
Furthermore, using a simple angular harmonic
oscillator, the following equation represents the bond-
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Table 2 In MD simulation, the harmonic constants and
equilibrium distance of different bindings were employed [33,
34]

Bond K, (Kcal/mol) 1, (A)
As-C 700 1.970
As-O 700 1.860
c-C 700 1.530
C-Cl 700 1.757
C-N 700 1.462
Cc-0 700 1.420
C-S 700 1.800
H-O 700 0.980
N-N 700 1.394
N-O 700 1.352
0-0 700 1.310
0-S 700 1.690

angle bend in 3LPU protein [38]:

E, = lk @-6,) 3)

6 2 [ 0

k, and 6, denote the angular harmonic oscillator
constant and the angle’s equilibrium value,
respectively. Equilibrium distance, harmonic constants.

In our MD simulations, we used the Simple Point
Charge (SPC) model to represent H,O molecules
[39]. Three locations in this model represented the
electrostatic interactions. A negative charge was added
on the oxygen atom to balance the partial positive
charges on the hydrogen atoms.

The atomic bond length of OH and the equilibrium
angle of H-O-H in this model are 1.0 A and 109.47°,
respectively. Furthermore, all hydrogen atom
interatomic interactions are disregarded.

The MD simulation technique was applied at the
beginning condition after atomic modelling of each
structure. Table 3 shows the angular harmonic constant
and equilibrium degree for atomic structures in the
3LPU protein.

To determine the dynamical behaviour of particles,
Newton's equation is numerically solved by the
following equation [23]:

d’r
F=» F =m—
LRy )
by ==VV, (5)

F; is the total force, m; is the atomic mass, 7; is
the position, and v, is the velocity of atom I in this
equation. The forces between particles are computed
in MD simulations using interatomic potential.
Technically, we used the LAMMPS software to do MD

Table 3 In the simulation box, the angular harmonic constant
and equilibrium degree for atomic structures [33, 34]

Angle K, (Kcal/mol) 0,
C-As-O 100 92.100

C-C-C 100 109.471
C-C-Cl 100 109.471
C-C-N 100 109.471
C-C-0 100 109.471
C-C-S 100 109.471
C-N-C 100 106.700
C-N-N 100 106.700
C-N-O 100 106.700
C-0-C 100 104.510
C-O-N 100 104.510

simulations for the 3LPU protein and H,O molecules
in our research [40-43]. LAMMPS is a molecular
dynamics simulator that specialises in material
modelling. In this research, MD simulation was carried
out using the LAMMPS program in two steps:

Step 1: HIV 100 A length in x, y, and z-directions
and periodic boundary conditions enforced in all of
these directions in the following MD computations [31,
35].

The temperature of the atomic structures was
equilibrated at 300, 350, 375, and 400 K with a 1
fs time step in the following MD simulations. The
Nose-Hoover thermostat with 0.01 damping rate (At
= 0.01) for 1 ns HIV was utilised in the temperature
equilibration procedure [36, 39, 40]. The total energy
of simulated structures was given in this stage to
ensure that the atomic model and interatomic force
field were correct. The computational running was
then maintained for 1 ns after the system attained
equilibrium temperature and overall energy rate.

Step 2: The simulated 3LPU protein structure was
equilibrated for 1 ns at 300, 350, 375, and 400 K in
the second step. Physical metrics such as total energy,
structure distance, diffusion coefficient, and volume of
HIV structures were published to analyse the atomic
interaction between these structures.

The conjugate gradient (CG) method was used to
optimize the potential energy of the structure. For this
simulation, the real units, full atomic style, periodic
boundary, and Newton’s method were used. The
structure of the 3LPU protein and H,O molecules are
simulated in the middle of the box. The simulated box
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is filled with 30,000 H,O molecules, and 3LPU protein
includes 1340 molecules. This simulation is done
in a three-dimensional box with x, y, and z = 200 A
dimensions.

Results and discussion

Equilibration of the atomic structure of
the 3LPU protein

The atomic structure of isolated 3LPU protein
was researched in the first portion of this study, and
the dynamical behaviour of 3LPU protein and H,O
molecules was explored in the latter section. Figure 2
depicts the atomic configuration of the 3LPU protein,
which contains the elements As, Ca, Cl, C, O, N, and
S. To save time in our MD simulations, we avoided
repeating the 3LPU protein and instead investigated
one full atomic unit of this virus. By adding periodic
boundary constraints in our MD simulations, we
anticipated our findings to be comparable to the real
size of the 3LPU protein.

M As
mC

Ca
mCl

mO

Fig. 2 In the NVE ensemble, a simulated atomic representation
of the 3LPU protein.

Geometry minimization of atomic structure was
done using the conjugate gradient approach before the
equilibration phase, as previously described. In big
sparse systems, this strategy is often utilised.

The total energy estimated for 3LPU protein
demonstrates that it is stable at 300, 350, 375, and
400 K. Figure 3 depicts the variations in total energy
of the 3LPU protein as a function of temperature and
pressure.

When the temperature is increased from 300 K
to 400 K, the total energy decreases from -510.54 to
-398.08 eV. The decrease in total energy of 3LPU
protein caused by increasing temperature is due to

163
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Fig. 3 3LPU protein total energy fluctuation as a function of (a)
temperature and (b) pressure.

increased atom mobility. As the mobility of the atom
increases, the distance between atoms increases, and
the total/potential energy of viral atoms drops. We may
claim that when the temperature of the 3LPU protein
rises, the structure’s stability diminishes. Similar to
temperature calculation, Fig. 3(b) depicts total energy
convergence after 1 ns simulation. As pressure rises, it
has an impact on the overall energy value. By raising
pressure from O to 4 bar, the total energy value of
3LPU protein changes from -534.08 to -409.259 eV.

3LPU protein/H,0 structure equilibration

The NVE ensemble was used to model the atomic
interaction between 3LPU protein and H,O molecules
in the following portion of our MD simulations. After
modelling the 3LPU protein and H,0 molecules, the
MD simulation was conducted for 1 ns to equilibrate
the thermodynamics. The structure of the 3LPU protein
and H,O molecules are simulated in the center of the
box, as illustrated in Fig. 4.

30000 H,O molecules are strewn over the simulated
enclosure. OVITO program visualises these earliest
atomic formations. At various temperatures and
pressures, the total energy of the 3LPU protein/H,O
combination fluctuates (Fig. 5). The negative value
of atomic structures shows the mixture stability at
simulated temperatures and pressures. Temperature
and total energy are inversely related, with rising
temperature resulting in a simulated atomic portrayal of
a 3LPU protein/H,O combination, in the 3LPU protein/
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Fig. 4 Atomic depiction of a 3LPU protein/H,O combination
that has been simulated.
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Fig. 5 The fluctuation in total energy of a 3LPU protein/H,O
combination as a function of (a) temperature and (b) pressure.

H,O mixture’s total energy. Furthermore, raising the
pressure from 0 to 4 bar reduces the total energy of
the combination from -2554.11 eV to -2070.52 eV,
lowering the stability of 3LPU protein /H,0.

Interaction of the 3LPU protein with H,O
molecules on an atomic level

The initial mean squared displacement of the
3LPU protein /H,O combination was computed using
the LAMMPS software for diffusion coefficient
computation. Finally, the MSD parameter slope equals
the H,O molecule transport coefficient to the 3LPU
protein. Table 4, 5 shows how the solvent’s diffusion
coefficients vary as temperature and pressure increase.
The diffusion coefficient rises as temperature and

Table 4 Temperature-dependent diffusion coefficient of the
solvent in simulated structures

Temperature (K) Diffusion coefficient (um’/s)

300 0.42
350 0.62
375 0.73
400 0.86

Table 5 The solvent diffusion coefficient of simulated structures
as a function of pressure

Pressure (bar) Diffusion coefficient (um?/s)

0 0.58
1 0.42
2 0.25
4 0.05

pressure increase, according to these MD simulation
data.

The findings reveal that raising the temperature
from 300 to 400 K increases the amplitude of atomic
oscillations. As a consequence, the diffusion coefficient
of H,0 molecules rises from 0.42 to 0.86 pm’/s in the
simulated protein. As previously stated, raising the
pressure has a similar effect. The diffusion coefficient
reduces from 0.58 to 0.05 pm’/s when pressure rises
from 0 to 4 bar (Table 5).

Finally, as a function of MD simulation time
steps, rising temperature and pressure trigger atomic
destruction of the 3LPU protein. The last parameter
investigated in our MD simulations is the volume
changes of 3LPU protein after interacting with H,O
molecules. We may deduce from Fig. 6 that the volume

7500 T=300 K
7000 - T=350K
::’):‘6500 - T=375K
§6000 L T=400 K
=)
S 5500 |
5000
as00 L& ! ! !
0 0.2 0.4 0.6 0.8 1.0
Time (ns)
6000 P=0 bar
5800 - P=1 bar
5600 | P=2 bar
:’g 5400 L P=4 bar
2 5200 |-
=1
S 5000
4800
4600
(b)
4400 ' ' ' '
0 0.2 0.4 0.6 0.8 1.0
Time (ns)

Fig. 6 The volume of 3LPU protein changes over time as a
function of (a) temperature and (b) pressure.
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of 3LPU protein grows as time passes. The volume of
the virus changes from 5485 A’to 6056 A’ when the
temperature of the 3LPU protein/H,O combination is
raised. As the volume of the 3LPU protein increases,
the atomic stability of the structure diminishes.

By raising the volume of 3LPU protein (by
increasing the temperature), the interatomic distance
of this structure grows as a function of time, lowering
the potential/total energy of 3LPU protein and so
destroying this virus (see Fig. 6(a)). The volume of the
atomic structure of 3LPU protein changes from 5667
A’ to 5143 A’ when the pressure is increased from 0 to
4 bar (Fig. 6(b)).

The amplitude of atomic oscillations increases as
temperature and pressure factors increase, resulting in
this atomic behaviour.

Conclusion

The impact of temperature and pressure variations
on the interaction of 3LPU protein with H,O molecules
was examined in this work. The precise atomic
configuration of 3LPU protein and H,O molecules was
simulated in our simulations. Interatomic interactions
of the 3LPU protein / H,O combination are also
described using UFF and Dreiding force fields. Finally,
the following are the computational outputs from this
simulation:

A. Using UFF and Dreiding force fields as an
appropriate interatomic potential of the 3LPU protein /
H,O mixture structure is efficient in this simulation.

B. As the temperature rises from 300 to 400 K, the
diffusion coefficient of H,O molecules in the 3LPU
protein/ H,O combination increases from 0.42 to 0.86
pm’/s.

C. As pressure is increased from 0 to 4 bar, the
diffusion coefficient of H,O molecules in the 3LPU
protein / H,O combination rises from 0.58 to 0.05 um’/s.

D. As H,0O molecules diffuse into this atomic
structure, the volume of 3LPU protein grows, and
as this parameter rises, the atomic stability of 3LPU
protein diminishes.
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