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Abstract: Ribonuclease-H (RNase-H) enzyme of the human immunodeficiency virus (HIV) reverse
transcriptase (RT) shows inhibitory activity with novel galloyl derivatives having enzymatic assays of
ICso S at sub to low micromolar concentration. The computational analysis of these stated galloyl
derivatives was carried out in order to extract information and performance with the target proteins. The
compounds N-hydroxylisoquinolinediones (HID), p-thujaplicinol, diketoacid, diketoacid ester,
pyrimidinol carboxylic acids, naphthyridinones, 3hydroxypyrimidine-2,4-dione (HPD), and
hydroxypyridonecarboxylic acids are the selected galloyl derivatives of human immunodeficiency
virus-l (HIV-1) RNase-H active site inhibitors that were optimized using Turbomole software. Further
evaluation of their NMR shielding of the stated compounds was performed using B3-LYP hybrid
functional, and the def-SV basis set was carried out from the same software. These optimized
compounds were then docked to targets (PDB Id: 5SEGA and 3K2P) using AutoDock 4 software. After
analyzing the docking result, Hydroxylisoquinoline and Naphthyridinones give better binding results
with both the targets.
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1. Introduction

Infectious diseases may be due to an organism’s body tissues' attack by several
causative agents undergoing multiplication and interacting with host tissues to produce toxins
[1,2]. Infective agents may of various types like viruses, bacteria, fungi, parasites, arthropods,
etc. Some pathogens interact with host nucleic acid using reverse transcriptase that is an
anomaly of life's central dogma [3,4]. Certain viruses are taking the route of infecting the host's
genetic code and utilizing the host enzymes and raw materials for their growth, like the human
immunodeficiency virus (HIV). The Human Immunodeficiency Viruses are species of two
lentiviruses that belongs to a retrovirus subgroup. It causes HIV infection, and gradually with
the passage of time, it turns to Acquired Immunodeficiency Syndrome (AIDs) [5,6]. Vital cells
such as Helper T-cells (CD4" T-cells), macrophages, and dendritic cells of the human immune
system are mainly infected by HIV [7]. Reduced CD4" T-cells are observed from HIV
infections. Below a critical level of CD4+ T-cells, there is a reduction in the immunity levels
regulated by cells thus making the body vulnerable to infections, ultimately leading to AIDs
development in the body [8].
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HIV comes from Retroviridae [9], a member of the genus Lentiviruses [10].
Lentiviruses have several similar biological properties and morphologies. Species that are
infected by Lentiviruses results in long term illness along with an incubation period of long
duration [11]. The transmission mechanism of Lentiviruses is observed through a positive-
sense RNA virus; these RNA are single-stranded. As it enters the target cell with the help of
an enzyme that is virally encoded, reverse transcriptase, a single-stranded viral RNA genome
IS reverse transcribed into a double-stranded DNA. The new viral DNA is imported to the cell
nucleus, and with the help of an enzyme integrase that is virally encoded, it is then integrated
into cellular DNA of the host [12]. After integration, the virus may remain dormant for some
time, avoiding detection its and by the host's defense mechanism [13]. This virus can remain
latent inside the host for a very long period after the initial exposure of infection. Significantly,
no manifestations of the disease can be observed. Alternatively, the DNA infected by the virus
gets transcribed into a new genomic sequence producing a new viral RNA followed by the
production of a viral protein with the usage of enzymes produced in the host cell, this procedure
is followed by the packaging and release of the material from the cell. This material then
participates in the process of replication and allowing itself to multiply.

Several mechanisms for the spreading of HIV participate in the ongoing virus’s
replication despite antiretroviral therapies [14,15]. According to WHO, HIV is one of the most
common diseases spreading widely in all nations, but patients with AIDs are comparatively
rare. Several antiretroviral drugs are used for the management of HIV/AIDs. Antiviral
medications are specifically used for the treatment of viral infections [16]. Genomes constitute
viruses and few enzymes stored in protein in a capsule structure covered with lipid layer. The
propagation of viruses is observed by subjugating host cells and producing replicas of
themselves; hence that is for the next generation. The viral life cycle depends on the virus type:
The host cell attaches, the release of virus-infected genes and infected virus in the host cell,
using host cell machinery the viral components replicates, such viral components assemble to
form viral particles, these viral particles are released in the new host cells in order to infect the
cell and continue the spread phenomena.

Highly active antiretroviral therapy (HAART) is the terminology used for multiple
drugs acting on different virus targets. This maintains immunity and opportunistic infections,
which leads to death [17]. Specifically, these are major classifications of drugs used under
various combinations to cure HIV infection. Antiretroviral drugs are classified based on the
retrovirus life cycle inhibited by the chemical compound. They are namely Nucleoside Reverse
Transcriptase Inhibitors (NRTIS) as long as a backbone, accompanied by a Non-Nucleoside
Reverse Transcriptase Inhibitors (NNRTIs), the Protease Inhibitors (PI), the Integrase
Inhibitors (I1) and Reverse Transcriptase (RT)-associated Ribonuclease H (RNase H). The
HIV-1 Ribonuclease H shows inhibitory activity with galloyl derivatives; these derivatives are
Hydroxylisoquinoline, B-thujaplicinol, diketoacid, diketoacid ester, pyrimidinol carboxylic
acids, naphthyridinones, 3-hydroxypyrimidine-2,4-dione (HPD), and
hydroxypyridonecarboxylic acids [18].

In this research work, to study the inhibitory activity, molecular docking is performed.
Their respective results were analyzed to generate stable complexes. Molecular docking
predicts the best dock poses and gives fine details of docking score and binding site energy
[19]. Thus, in the field of drug discovery, in silico approach plays a vital role. Here fig.1 shows
the chemical structure of galloyl derivatives.
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Figure 1. 2D structure of the galloyl derivatives of Ribonuclease H HIV inhibitors.

2. Materials and Methods
2.1. Geometry optimization.

This is the process using with the molecule finds its configuration in minimum energy
[20]. The procedure starts with the calculation of wave function and the energy at the
beginning, which then proceeds with the search of the new geometry of lower energy. The
visualization of the 2D structures of Ribonuclease H HIV-1 inhibitors' derivatives was done
with ChemDraw software for a better understanding of the atoms and the bonds participating
in the molecule formation. These molecules were drawn on Avogadro software [21].

The molecules' PDB files were used as the input files in TmoleX software [22] where
its electronic and vibrational analysis were conducted. The optimization of the molecule was
done by setting the basis set as B3-LYP/def-SV(P) [23] and commanding it to perform the
optimization to obtain the molecule in its minimum energy state.

2.2. Molecular docking.

Molecular docking was performed with the help of AutoDock software[24]. For
docking simulations, one needs the target molecule which will bind with the ligand. The need
for the target protein was fulfilled by the Protein Data Bank[25]. With the help of this database
site, two target molecules were obtained: 5SEGA and 3K2P. Target (PDB Id: 5SEGA) is a protein
of 187 amino acids and is a suitable target for the drugs of HIN1 viruses. On the other hand,
the target (PDB Id: 3K2P) is a protein suitable for HIV 1 and HIV 2 drugs.

The target file was extended to UCSF Chimera software [26], and there, the previously
docked ligands were removed with the available commands on the software. The target was
then ready to be docked again with the new ligand. Using the AutoDock 4 software [24], the
target was inserted, and water molecules were removed. The polar hydrogen atoms were added,
followed by the addition of Kollman charges and Gasteirger charges [27]. The output file is
extended to the UCSF Chimera software; it shows the 3D docked complex formed by the
ligand's docking with the target macromolecule. Further evaluation of the interactions taking
place between the ligand and the target macromolecule is studied using Ligplot™ [28]; this
software ensures that the user gets the 2D structure of docked complex where all the
interactions (mainly concerned with the hydrogen bonds) between ligand and the active
residues of the target. The observations were recorded for the detailed study of the docked
complexes.
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3. Results and Discussion

3.1. Geometry optimization.

The optimized molecules' results were extracted from the output file of TmoleX
software shown below in table 1. To make the work more convenient, each compound was
referred to as ligand 1, ligand 2, ligand 3, ligand 4, ligand 5, ligand 6, ligand 7, ligand 8,
respectively, for the sake of convenience. Fig. 2 shows the optimized geometries of all the
selected ligands.

Table 1. Calculation of energies of the compounds using TmoleX software.

Compound Zero Point Vibrational Enthalpy Free Energy HOMO LUMO
Energy (Hartree) (KJ mol?) (KJ mol?) Gap
(eV)
Ligand 1 0.3167 -1126.1119 -1126.4283 0.459
Ligand 2 0.1466 -610.4612 -610.6079 0.770
Ligand 3 0.2370 -1399.4946 -1399.5120 0.237
Ligand 4 0.2366 -1185.4186 -1185.6552 0.356
Ligand 5 0.1561 -3557.2410 -3557.3971 0.539
Ligand 6 0.2343 -1136.2504 -1136.4847 0.243
Ligand 7 0.2033 -1254.2398 -1254.4432 0.377
Ligand 8 0.2265 -1687.1337 -1687.3602 0.254

The above calculations were carried out using turbomol software keeping:
e B3-LYP/def-SV(P) in symmetry C1

e At temperature 298.15K and pressure 0.1P

(1) Hydroxylisoquinoline

<
<
:!! ‘E%‘»M#m
(¥ ¢ ¢ o2

(2) p-thujaplicinol

(5) pyrimidinol carboxylic acids (6) naphthyridinones

(3) Diketoacid

(7) 3-hydroxypyrimidine-2,4-dione (8) hydroxypyridonecarboxylic acids

(4) Diketoacid ester

Figure 2. The optimized geometrical structures of the selected ligands.

Table 2. The evaluation of energies obtained through NMR shielding.

Compound Kinetic Energy Potential Energy Total
(KJ mol?) (KJ mol?) Energy
(KJ molh)
Ligand 1 1116.6519 -2243.4146 -1126.7627
Ligand 2 604.7809 -1215.3888 -610.6079
Ligand 3 1391.2364 -2790.7485 -1399.5121
Ligand 4 1170.4720 -2356.1273 -1185.6552
Ligand 5 3541.7823 -7099.1794 -3557.3971
Ligand 6 1123.5304 -2260.0152 -1136.4847
Ligand 7 1242.9068 -2497.3500 -1254.4432
Ligand 8 1677.4081 -3364.7684 -1687.3602

Further, the Infrared activity and Raman activity of the selected ligands were computed
based on the output files of each molecule's vibrational analysis of each molecule overall
frequencies. It was observed that all the eight ligands were both IR and Raman active. This
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shows the bulk molecular system has a similar identity element but has dissimilar symmetry
that is the absence of a center of symmetry. Lastly, the estimation of NMR shielding evaluated
the Kkinetic energy and the molecule's potential energy again using similar software [29].
Results that were evaluated from NMR shielding: Kinetic energy, Potential energy, and Total
energy are mentioned in table 2, shown below.

Above calculations were carried out using turbomol software for NMR shielding keeping:
B3-LYP/def-SV(P) in symmetry C1; at temperature 298.15K and pressure 0.1P.

3.2. Molecular docking.

The results obtained on docking all the eight ligands with target 1 (PDB Id: 5SEGA) and
target 2 (PDB 1d: 3K2P) respectively [30,31] are shown below in figures 3 & 4, respectively.
Table 3 represents the different types of interacting residues obtained during the docking
calculations in the selected ligands' vicinity with both the targets.

Docking with Target-1: (PDB Id: 5EGA)

! - 10N N
Vi ~%] AXKY ~Q
L SCRNCs SO G g LGN
0% cﬂ'_M;g 99{", ﬁﬁ/‘ ?/'\ ¥ (vg 3 ,%Zz\)
> ( iaccis L e
B v A N e
\r(/ ) J fe /}3 -
Complex-1 ('Dmplex-z‘ omplen —
P\(( 1
/ { )

Complex-5 Complex-6

Figure 3. The 3D docked posed structure of the selected ligands with target-1 (5SEGA).

Docking with Target-2:(PDB Id: 3K2P)

\
Complex-5 Complex-6 Complex-7 Complex-8

Figure 4. The 3D docked posed structure of the selected ligands with target-2 (3K2P).

Further, subsequent to docking calculations, each target's binding affinities with every
ligand were noted, and a graph was plotted based on the results. The binding affinity for both
targets is mentioned in table 3, and a comparative graph representing is shown in fig. 5.
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Table 3. Binding affinities of the selected ligands with both the targets.

Selected Ligands Target-1 Target-2
(PDB Id: 5BEGA) (PDB Id: 3K2P)

Ligand 1 -7.25 kcal/mol -7.12 kcal/mol
Ligand 2 -5.83 kcal/mol -5.72 kcal/mol
Ligand 3 -6.86 kcal/mol -6.42 kcal/mol
Ligand 4 -6.43 kcal/mol -5.76 kcal/mol
Ligand 5 -6.08 kcal/mol -5.77 kcal/mol
Ligand 6 -9.05 kcal/mol -7.99 kcal/mol
Ligand 7 -7.54 kcal/mol -7.07 kcal/mol
Ligand 8 -6.94 kcal/mol -8.31 kcal/mol

The two targets can be compared based on their binding affinities

Target-2

712

Figure 5. Graph representing variations in binding affinities for both targets.
3.3. Hydrogen bond analysis.

After studying the docked complex, the ligand's interaction with the active residues of
the target was drawn with the help of Ligplot® software [34]. The interaction, such as hydrogen
bonding between the ligand atoms and the active residues, can be seen from figures 6 & 7, as
shown below, followed by hydrophobic interactions with the target's active residues [32,33].
Also, table 4 & table 5, shown below, represent the residues involved in hydrogen bond
formation and hydrophilic interactions followed by hydrogen bond lengths in Table 6.

Interactions with Target-1:(PDB Id: 5EGA)

Complex-4
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Figure 6. The hydrogen interactions of the selected ligands with target-1 (5SEGA).
Interactions with Target-2:(PDB Id: 3K2P)
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Figure 7. The hydrogen interactions of the selected ligands with target-2 (3K2P).

Table 4. Hydrogen bond and hydrophobic interaction residues of target-1 (PDB ID 5EGA).
Ligand Interactions

Hydrogen bonds Hydrophobic Interactions

Ligand 1 Lys 134 Glu 195
Leu 106 Ala 37

Phe 150
Val 122
His 41

Arg 124
Thr 123
Pro 107
Glu 119
Glu 80

Asp 108

Ligand 2 Thr 143 Pro 107
Leu 106
Pro 103
Phe 105
lle 138

Glu 119

Ligand 3 Leu 106 Pro 103
Tyr 130 lle 138

Lys 134 Pro 107
Glu 119
Thr 143
Phe 105
Lys 137
Glu 133

Ligand 4 Lys 104 lle 138

Leu 106 Lys 137
Pro 103
Pro 107
Glu 119
Phe 105
Trp 88

Thr 143

Ligand 5 Ser 194 Arg 196
Ser 194 Lys 34
Arg 124 Glu 195
Val 122
Tyr 130
Ala 37
His 41

Ligand 6 lle 120 Arg 124
Tyr 130 Gly 121
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Ligand Interactions
Hydrogen bonds Hydrophobic Interactions
Lys 134 Val 122
Lys 134 Ala 37
His 41
lle 38
Leu 42
Leu 16
Glu 80
Gly 81
Ligand 7 Leu 16 Lys 19
Lys 134 Gly 81
Tyr 130 Ala 20
Arg 82
Glu 80
lle 38
Gly 121
Val 122
lle 120
His 41
Glu 119
Ligand 8 Leu 16 Lys 19
Lys 134 Ala 20
Val 122 lle 38
Val 122 Gly 81
lle 120 Glu 80
Tyr 130 Ala 37
Gly 121
His 41
Table 5. Hydrogen bond and hydrophobic interaction residues of target-2 (PDB ID 3K2P).
Ligand Interactions
Hydrogen bonds Hydrophobic Interactions
Ligand 1 Ser 513 Leu 503
GlIn 500
Trp 535
GIn 475
Tyr 501
GlIn 507
Thr 473
Lys 476
Ile 505
Ala 508
Leu 479
Val 518
Ser 515
Ligand 2 Tyr 501 Ser 499
GIn 500 GlIn 475
Asp 498 Glu 478
GIn 500 Asn 474
Ligand 3 Arg 557 Asp 498
Asn 474 Gly 444
Glu 449 Ala 445
Arg 448 Asp 443
Glu 478
lle 556
Ala 446
Asn 447
Ligand 4 GIn 500 Tyr 501
Trp 535 Asn 474
Ala 538 GIn 500
GlIn 475
Glu 478
Trp 535
Ser 499
Pro 537
Asp 498
Ligand 5 Asn 474 Ala 445
Arg 557 Gly 444
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Ligand Interactions
Hydrogen bonds Hydrophobic Interactions
Asp 549 Glu 478
Asp 443 Ser 499
Asp 498
GlIn 500
Ligand 6 GlIn 500 Ser 4499
Tyr 501 GIn 500
Ala 538 Asp 443
Asp 498 Ala 446
Glu 478 Arg 557
Gly 444
Ala 445
Asn 474
Ligand 7 GIn 507 Glu 514
GlIn 507 Ser 515
Trp 535 GIn 509
Ala 508
Leu 503
Leu 429
Glu 430
Lys 431
Leu 533
Tyr 532
Ala 534
Ligand 8 Leu 533 Leu 429
Glu 430 Tyr 532
GlIn 507 GIn 509
Lys 476 Ser 515
Glu 516
Glu 514

Table 6. The bond length of H-bonds of all the ligands with both the targets.

Ligand Target-1 Target-2
(PDB ID: 5EGA) (PDB ID: 3K2P)
Ligand 1 Lys 134-3.32 A Ser 513-3.09 A
Leu 106-3.07 A
Ligand 2 Thr 143 -2.53 A Tyr501-2.72 A
GIn 500-2.90 A
Asp 498-2.80 A
GIn 500-2.84 A
Ligand 3 Leu 106 -3.17 A Arg 557—3.02 A
Tyr130-2.85 A Asn 474-2.62 A
Lys 134 -3.83 A Glu 449-2.87 A
Arg 448-2.70 A
Ligand 4 Lys 104 —3.32 A GIn 500 —3.04 A
Leu 106 — 3.07 A Trp535-2.91 A
Ala538-2.80 A
Ligand 5 Ser194-3.12 A Asn 474 -2.99 A
Ser 194 -3.04 A Arg 557 —2.96 A
Arg 124 -2.79 A Asp 549 -2.86 A

Asp 443 -3.12 A
Asp 498 —2.90 A

GIn 500-2.96 A
Ligand 6 lle 120 —3.05 A GIn 500 —-3.00 A
Tyr130-3.02 A Tyr501-3.20 A
Lys 134 -3.03 A Ala538-321A
Lys 134 -2.91 A Asp 498 —2.91 A
Glu478-2.81 A
Ligand 7 Leu 16 -3.26 A GIn 507 —2.66 A
Lys 134 -2.68 A GIn507 -3.02 A
Tyr130-2.75 A Trp 535-2.74 A
Ligand 8 Leu 16 —2.66 A Leu533-3.34 A
Lys 134 —2.66 A Glu430-258 A
Val 122 -2.87 A GIn 507 - 3.06 A
Val 122 -3.33 A Lys 476 —2.84 A
lle 120-3.19 A Glu516-2.99 A
Tyr130-2.72 A Glu514-323 A
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Docking study performed in order to estimate protein binding affinities of ligands. The
observed binding energy values [35-38] of some Ribonuclease inhibitors such as -
thujaplicinol, diketoacid, diketoacid ester, pyrimidinol carboxylic acids, and
3hydroxypyrimidine-2,4-dione was found to be -4.60 kcal/mol, -6.31 kcal/mol, -5.48 kcal/mol,
-5.84 kcal/mol and -7.0 kcal/mol while the calculated value was -5.72 kcal/mol, -6.42 kcal/mol,
-5.76 kcal/mol, -5.77 kcal/mol and -7.07 kcal/mol respectively. Thus the experimental trend is
successfully followed by the theoretical binding energies [39, 40]. Such studies have proven
themselves to be of significant importance regarding the evaluation of drugs' stability with the
dynamics of biomolecules [41, 42]. This theoretical evaluation will help in the improvement
of existing ribonucleic inhibitors. It will also prove to be supportive in designing some novel
HIV drugs.

4. Conclusions

Considering the geometry optimization results, ligand 5 that is pyrimidinol carboxylic
acid, is the most stable compound. As it has the lowest bond enthalpy, which means it has a
high tendency to form bonds with any target. Further, analyzing all the docked complexes'
output files, ligand 6, i.e., naphthyridinones found to be the best-docked molecule with target
5EGA. Therefore, the study revealed that ligand 5 that is pyrimidinol carboxylic acids is the
most stable compound. Further, ligand 1 is Hydroxylisoquinoline, and ligand 6 is
naphthyridinones docked with the target (PDB Id: 5EGA and PDB Id: 3K2P) forms the
favorable docked complex, which has the highest binding affinity compared to the other
derivatives. This may result in the formation of other enzymatic complexes, which will be
highly beneficial for inhibiting the Human Immuno Virus into the host body. This study also
fulfills its aim of complementing the experimental studies on ribonuclease-H HIV inhibitors
and adds to the database on its computational studies.
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