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SUMMARY

Adenovirus (Ad) infections are widespread in the human population, and causes infections
linked to many gastrointestinal, respiratory and ocular illnesses. In vitro and in vivo studies have
shown that the binding of the adenovirus protein E3-19K of the adenovirus with the Major
Histocompatibility Complex (MHC) class | molecules plays a role in infection [1, 2]. “E3-19K
binds to MHC class | molecules and retains these molecules in the endoplasmic reticulum (ER) of
the Ad infected cells, thus inhibiting the lysis of the Ad infected cells by cytotoxic T-lymphocytes

(CTLs) [3-5].

The goal of this research study is to evaluate the Ad2 E3-19K — HLA-A2 complex as a
target for its potential to bind small molecule inhibitors. The knowledge of the crystal structure
[23], and the interaction surface of the Ad2 E3-19K — HLA-A2 complex provides us a foundation
to conduct Structure-Based Drug Design (SBDD). We aim to disrupt the binding of E3-19K
protein of adenovirus with the HLA-A2 molecule, which could then sensitize the adenovirus

infected cells to lysis by the CTLs.

To achieve this, we used computational methods to determine potential binding sites for
small molecules. Hence, we analyzed the crystal structure of the complex, including the binding
surface of the proteins involved in the complex; we compared the Ad2 E3-19K — HLA-A2 and
Ad4 E3-19K — HLA-A2 structures [25] to determine whether the binding site selected varies
between strains. A structure-based virtual screening (SBVS) protocol was designed to probe the
Ad2 E3-19K — HLA-AZ2 interface for its potential to be targeted by small molecules. Per-residue
decomposition of the interface interactions was obtained from the analysis of Molecular Dynamic
(MD) trajectories which was used to determine residues in peptides that could also be used to target

the protein.



We shortlisted compounds to be tested experimentally, using the scoring functions of the
molecular docking program; we found 7 compounds with binding affinity to HLA-A2 out of the
36 compounds tested. In addition, the peptide sequence obtained from per-residue decomposition
has been used to synthesize peptides that can be tested for its binding potential through

experiments.

Xi



CHAPTER 1
CRYSTAL STRUCTURE OF E3-19K — HLA-A2 COMPLEX

1.1 Introduction

Adenoviruses (Ad) are not usually of major concern in healthy adults, but they can be
severe and even fatal in immunocompromised children and adults [6-10]. Generally, healthy adults
can control the virus, although some may develop persistent infections that last for a lifetime.
There is no specific treatment, but antiviral drugs like cidofovir, ribavirin, and ganciclovir reduce
virus replication to some extent. However, the toxicity, and ineffectiveness of these drugs in some
patients drives us to explore small molecules for their potential to inhibit the binding of the
adenovirus protein E3-19K to MHC class | molecules. Ads have > 70 known serotypes that are
further classified into seven species from A through G, based on the studies conducted [11-13].
MHC class | antigen (Ag) mediates antigen presentation; human MHC molecules are known as
Human Leukocyte Antigen (HLA). The HLA complex is a group of proteins derived from the
information provided by the HLA gene. HLA is responsible for helping the body distinguish the

body’s own protein from a foreign protein.

“In the late 1980’s the role of the E3-19K protein was brought to light; Ad virus protein
E3-19K binds to MHC class | molecules and retains them in the endoplasmic reticulum of the Ad
infected cell, blocking their escape to the surface of the cell [3-5, 42].” By subverting the function
of MHC class | molecules (Ag presentation), the virus makes the infected cells less susceptible to
lysis by cytotoxic T-lymphocytes (CTLs) [4, 14-16]. A study conducted on cotton rats supported
the role of E3-19K in Ad infections [2]. The lungs of the cotton rat were infected with the wild-
type Ad and a mutant Ad. The mutant contained a deletion of the gene encoding E3-19K. The

immunopathological responses were less severe for the wild-type Ad, when compared to the



mutant Ad, when E3-19K was absent; supporting the evidence of the association of the E3-19K
protein with MHC class | molecules. E3-19K (Type | transmembrane glycoprotein) is comprised
of an N-terminal ER-lumenal domain that connects with the MHC class I molecule’s ER-lumenal
domain, whereas the dilysine motif in the C-terminal of the cytosolic tail of E3-19K is responsible

for signals to localize the E3-19K — MHC | complex in the ER [14, 17-23].

1.2 Crystal structure of Ad2 E3-19K — HLA-A2 complex

The determination of the crystal structure by Li et al [23] gives us a basis to explore the
complex for its potential to bind small molecules which would inhibit their interaction, and further
make Ad infected cells susceptible to lysis by CTLs. The Ad2 E3-19K of species C bound to HLA-
A2 complex was resolved at 1.95 A by X-ray diffraction [23]. The authors analyzed the binding
interface, in which a molecular interface of 1929 A? is shielded from solvent. The shape-
complementarity coefficient (S¢) is 0.68 (1 being the S¢ for a perfect geometrical fit) [23]. The
paper separates the binding interface into site 1, site 2, site 3, and site 4 (Fig. 1). Site 1 occupies
36% of the total buried surface area (TBSA), site 2 occupies 16%, site 3 contributes 17%, and site
4 represents 31% of the TBSA [23]. The crystal structure gives us insights into the binding
interface, the interactions between the two proteins, and residues important for the interaction.
Based on these insights we integrate computational methods into the structural analysis for
potential binding sites. Site 1 has a salt bridge between Lys27 (E3-19K) and Glu53 (HLA-A2),
and hydrogen bonds between Lys 16 and Tyr 48 of E3-19K with HLA-A2 residues Arg48 and
GIn53, respectively [23]. Solvent-mediated hydrogen bonds as well as other hydrophobic contacts
supplement the above interactions. Site 2 features a salt bridge between Lys42 (E3-19K) and
Glul77 (HLA-A2), and is an important interaction as shown previously by mutation of the Glu!’’

to Lys'’’ [24]. This mutation was responsible for the failed interaction between the Ad2 E3-19K



in species B, C, D and E and HLA-A2. The interaction at site 3 involves water-mediated hydrogen
bonds and hydrophobic contacts. However, site 3 lacks key interactions between conserved
residues, as is observed in the other three sites. Site 4 includes strictly conserved residues Met89,
GIn92 and Tyr93 of the E3-19K protein, forming hydrophobic interactions and hydrogen bonds

with HLA-A2 residues His 13, Lys19, Ser20, Asn21, Phe22 and Glu69 [23].

Ad2 E3-19K
™~




Figure 1 Crystal structure of Ad2 E3-19K — HLA-A2 and the interface interaction sites 1 (a), 2 (b), 3 (c), and 4 (d). Nitrogen,
oxygen and Sulphur atoms are colored in blue, red and yellow respectively. Water molecules are shown as red spheres. Hydrogen
bonds, charged interactions and hydrophobic contacts are indicated by green, red and purple dashed lines, respectively. Images
were prepared using Discovery Studio 2016.

1.3 Crystal Structure of Ad4 E3-19K — HLA-A2 Complex
The crystal structure of the Ad4 E3-19K — HLA-A2 complex identifies species-specific

features in recognizing HLA-A2, and common binding characteristics between the two crystal

4



structures. Li et al reported the x-ray crystal structure of the E3-19K protein of the Adenovirus
serotype 4 belonging to species E bound to HLA-A2 at 2.64 A resolution [25]. The binding
interface shielded a molecular interface of 2112 A% and S was determined to be 0.66. The binding

interface was again divided into four sites like the Ad2 E3-19K/HLA-A2 binding interface [25].

1.4 Comparison of Ad2 E3-19K/HLA-A2 and Ad4 E3-19K/HLA-A2

The specific mechanisms to interfere with MHC | pathway, and suppression of Ag have
been evolved by viruses. Both Ad4 and Ad2 E3-19K protein avoid contacts with the bound
antigenic peptide present in the groove on HLA-AZ2, thus eluding peptide specificity [25]. At sites
1 through 3 compared to Ad2 E3-19K, the E3-19K protein of Ad4 forms no salt bridges and fewer
hydrogen bonds, instead relying mostly on hydrophobic bonds [25]. The sites 1 and 2 of the Ad2
and Ad4 proteins mostly have conserved residues, except for a few; site 3 comprises mostly of
polymorphic (different) residues. However, site 4 has strictly conserved residues in the Ad2 and
Ad4 E3-19K protein contacting the same residues on HLA-A2 [25]. Only 36% of sequence identity
is shared by Ad2 and Ad4 proteins, but they have similar complex structures because of the
conservation of key structural residues and determinants, and MHC 1| binding function [25].
Furthermore, the GIn54 and Glul77 residues of both E3-19K proteins make considerable contacts
with HLA-A2 residues. The Q54G mutant of HLA-A2 interacted weakly with Ad2 and Ad4 E2-
19K protein. The interaction of HLA-A2 (E177K) with Ad2 and Ad4 E3-19K was abolished. The
above results were determined by using native gel band-shift assay [25]. The results provided
evidence for the importance of the two residues, highlighting the importance of the Glu177 residue

present at the interface on HLA-A2 [25].



CHAPTER 2
ANALYSIS OF THE BINDING INTERFACE

2.1 Introduction

The crystal structures of the two proteins highlighted the importance of the interaction of
Glul77 (HLA-A2) and Lys42 (E3-19K) for binding, and consequently subverting HLA-A2
antigen presentation function. We decided to look at the energy contribution of each of the residues
at the interface. The paper also mentions about the chemical properties of the binding surface on
both the proteins of the complex [23]. We used UCSF Chimera to visualize the surface of the E3-
19K and HLA-A2 protein, also visually analyzing for the presence of potential binding pockets on
the binding surface of each protein. Computational Solvent Mapping was also conducted to
identify potentially favorable binding sites. The details of the methods used will be described in
the individual sections below. The Ad2 E3-19K/ HLA-AZ2 crystal structure was downloaded from

the Protein Data Bank (PDB) code: 4E5X [23].

2.2  Per-Residue Decomposition to calculate the binding free energy

Assisted Model Building with Energy Refinement —the AMBER14 suite of programs [26]
was used to perform MD simulations for the Ad2 E3-19K/HLA-A2 complex for 6ns. The ff99SB
forcefield parameters were used for the protein complex, i.e., the Ad2 E3-19K — HLA-A2 complex.
The protein-protein complex was solvated in a 20 A octahedral box of TIP3P water molecules
surrounding the protein on all sides. We used the SHAKE algorithm, which constrains all the
bonds, including the hydrogen bonds. For long range electrostatics, the particle mesh Ewald (PME)
is used by the AMBER MD package. Hence, to calculate the interactions, the long range
electrostatic cut-off distance was kept at 10 A. 10,000 steps of conjugate gradient minimization

was used to minimize the system. The minimization was followed by MD equilibration for 100



picoseconds (ps) over constant volume with weak restraints on the solvated system. The system
was gradually heated at approximately 20 ps from OK to 300K. Now that our system has been
heated over constant volume, we run a 100 ps equilibration over constant pressure to relax the
density of the water. The system was already heated to 300K, which was maintained in the second
equilibration. We need to verify whether the system has been equilibrated, which was done by
looking at the plots for total energy, temperature, density and backbone root mean square deviation
(RMSD). For the density graph, the data is recorded only for the second equilibration, because the

first heating run was performed under constant volume conditions.
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Figure 2 Plots of Total energy (a), Temperature (b), Density (c) and Backbone RMSD (d).

Fig. 2 displays the plots for total energy, temperature, density and backbone RMSD. The total
energy, temperature, density plots have converged, and the RMSD of the backbone atoms seems

to have leveled.



A 6 nanosecond production runs was then performed, recording coordinated for every 2.5
picoseconds. A total of 2400 frames or snapshots were extracted. We look at the RMSD of the
complex backbone atoms relative to the starting complex structure to assess the stability. In Fig. 3
we can see that the RMSD seems to have converged for the complex. We also used Visual

Molecular Dynamics (VMD) http://www.ks.uiuc.edu/Research/vmd/ [41] to visualize the MD

trajectories, to see the interaction of the two proteins surrounded by a solvent box.

Backbone RMSD

A 2.2
n 14
>
= 0.6
-0.2
oNeolNoloNeolNololNolololololNolololNolololololololoNeNe!
eolololololololololololololololololololoNoNoNeNe)
A AN N<TLONDOOO AT AN NSSLMUONDOODOO AN
T e ANAONAONAN AN
Frames

Figure 3 Backbone RMSD plot during the 6 nanosecond production run.

For the per-residue energy computation we used the MM-GBSA (Molecular Mechanics
Generalized Born Surface Area) and MM-PBSA (Molecular Mechanics Poisson—Boltzmann
Surface Area) method in Ambertools [26]. We selected the option which provides for van der
Waals and electrostatic energy contributions separately, which was calculated from the Molecular
Mechanics. We get an output file containing the interaction energy of each atom in a residue with

other atoms in the system.

The per-residue decomposition calculates the energy by adding up the energy contributed

by a single residue’s interactions with the other residues. The binding interface residue energies of


http://www.ks.uiuc.edu/Research/vmd/

both Ad2 E3-19K and HLA-A2 were calculated using the MD trajectories. The results obtained
included binding energies of both Ad2 E3-19K and HLA-A2 protein interface residues, and was

correlated with the crystal structure [23].

2.2.1 HLA-A2 Residues

The table below gives the energy decomposition, summing up the individual contributions
to give a total binding free energy of each residue. We picked the set of residues present on the
binding interface to analyze. Most of the interface residues noted in the crystal structure had a
negative total binding free energy value. Given below are the residues identified in the crystal
structure study. Site 1 highlighted in green in Table 1 below consists of residues Pro50, Trp51,
Glu53, GIn54, Gly56 and Pro57, and has a significant binding free energy calculated with the
interaction of these residue with other residues. As noted above Site 1 features a salt bridge
involving the residue Glu53, the energy contribution of which can be seen in the table under
average electrostatic energy, but this is compensated by the average polar solvation energy. Glu177
at Site 2 also has a significant energy, supporting the role Glul77 plays in the E3-19K/HLA-A2
interaction [25]. The free energy by the electrostatic interaction of Glu177 residue is compensated
by the polar solvation energy, thus supporting the presence of salt bridge at Site 2. Site 3 residues,
Ser207 and Asp238 have a total binding free energy contributed by all hydrophobic interactions
and solvent-mediated hydrogen bonds. Site 4 being an apolar site as mentioned in the crystal
structure paper by our collaborator Dr. Marlene Bouvier and her group, has hydrophobic
interactions that contribute significantly to the total binding free energy of the conserved residues
involved in the interaction. The per-residue decomposition of the HLA-A2 residues shows that
residues at sites 1, 2 and 4 each have binding free energies substantially greater than the residues

present on the binding interface of HLA-A2 at site 3.



van der

Waals Polar Non-Polar

(VDW) Electrostatic Solvation Solvation TOTAL
Location (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)

Avg. SD Avg. SD Avg. SD Avg. SD Avg. SD
PRO50 -3.74 0.49 -3.47 0.49 5.07 0.6 -0.71 | 0.04 -2.87 0.63
TRP51 -2.67 0.3 -4.93 0.58 441 | 0.53 -0.17 | 0.02 -3.36 0.35
GLU53 -1.95 0.77 -63.8 3.07 64.91 | 2.58 -0.55 | 0.03 -1.43 0.85
GLN54 -4.61 0.44 -6.08 0.94 9.62 | 0.81 -0.68 | 0.03 -1.75 0.56
GLUS55 -1.08 0.22 -39.7 1.71 40.3 | 1.79 -0.03 | 0.02 -0.49 0.21
GLY56 -1 0.29 1.06 0.32 -0.75 0.3 -0.21 | 0.03 -0.89 0.3
PRO57 -0.92 0.15 1.1 0.23 -1.12 | 0.21 -0.19 | 0.03 -1.13 0.2
SER207 -0.84 0.14 0.93 0.67 -0.61 015 -0.13 | 0.03 -0.65 0.72
PHE208 -0.11 0.01 -0.59 0.13 0.48 | 0.14 0 0 -0.21 0.06
TYR209 -0.18 0.02 0.6 0.09 -0.77 | 0.12 0 0 -0.35 0.08
ASP238 -2.37 0.44 -11 2.29 1257 | 2.36 -0.52 | 0.07 -1.35 0.68
GLY239 -0.62 0.13 0.57 0.13 -0.74 0.2 -0.03 | 0.02 -0.82 0.23
THR240 -0.89 0.13 -0.28 0.12 0.63 | 0.18 -0.1 | 0.02 -0.65 0.18
HIS13 -4.24 0.66 -5.08 0.72 5.99 | 0.52 -0.68 | 0.04 -4 0.86
PRO14 -0.38 0.72 -4.05 0.7 2.04 | 0.43 -0.13 | 0.03 -2.52 0.55
LYS19 -2.87 0.61 0.97 4.23 -0.15 | 3.98 -0.51 | 0.07 -2.56 0.79
SER20 -2.37 0.52 -1.68 1.02 3.23 | 094 -0.52 | 0.05 -1.35 0.7
ASN21 -2.08 0.22 -0.62 0.49 1.18 | 0.37 -0.07 | 0.02 -1.6 0,315
PHE22 -1.82 0.4 -0.04 0.28 0.38 | 0.32 -0.29 | 0.07 -1.78 0.44
PHE70 -0.18 0.02 0.08 0.14 -0.16 | 0.16 0 0 -0.26 0.07
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Figure 4 Per-residue decomposition for the HLA-A2 residues highlighted based on the sites.

2.2.2 Ad2 E3-19K Residues

The Table 2 below displays the separate energy contributions by different interactions
towards the total binding free energy in Ad2 E3-19K protein residues. We will look at the per
residue decomposition results in the order of the sites at the binding interface. The Leu25, Lys27,
Tyr46, Tyr49 are residues highlighted in the crystal structure. Lys27 forms a salt bridge with the
Glu53 residue of the HLA-A2 protein, which can be seen in the electrostatic energy sections,
although the polar solvation energy compensates the energy contributed by the electrostatic
energy. Tyr49 not only interacts with HLA-A2 residues at site 1, but also interacts with HLA-A2
residues at site 2, explaining the significant total binding free of this residue. Lys42 is a highly-
conserved residue present on site 2 that is involved in a salt bridge interaction with Glu177 residue

(HLA-A2). The electrostatic energy contributed by the breaking of the salt bridge is substantial -
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88.48 kcal/mol. Alal9 and Leu95 at site 3, like HLA-A2 residues at site 3, have significant total

energy because of hydrophobic interactions and solvent-mediated hydrogen bonds. Site 4 residues

Met89 and Tyr93, strictly conserved in Adenoviruses also have extensive total binding free energy.

GIn92 also has a noticeable binding free energy level. For the E3-19K protein of the Ad type 2,

the residues of sites 2 and 4 are more significant than residues at the other two sites.

Location

ALA 19
LEU 25
LYS 27

TYR 46
VAL 48

TYR 88
MET 89
GLN 92
TYR 93
LEU 95

van der

Waals

(VDW)
(kcal/mol)

Avg.

-2.74
-2.45
-0.37

-3.82
-1.13

-0.94
-5.46
-2.48
-6.16

-1.5

SD
0.41
0.42
0.74

0.41
0.21

0.93
0.59
0.73
0.92
0.39

Electrostatic
(kcal/mol)

Avg.

Table 2.

-3.07
-0.91
-86.2

-2.81
-2.53

-8.62
-2.19
-7.07
-7.07

0.53

SD
0.67
0.33
2.85

0.66
0.52

2.99
0.54
3.43

1
0.29

Polar

Solvation
(kcal/mol)

Avg.

3.63
1.71
85

431
2.26

9.06
4.14
8.58
8.64
0.37

SD
0.53
0.35
2.35

0.55
0.43

2.08
0.67
2.08
0.78
0.33

Non-Polar
Solvation
(kcal/mol)

Avg.

-0.66
-0.37
-0.26

-0.64
-0.04

-0.53
-0.83
-0.58
-0.96
-0.39

Per-residue decomposition of Ad2 E3-19K residues
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SD
0.04
0.04
0.03

0.04
0.02

0.07
0.05
0.04
0.04
0.04

TOTAL
(kcal/mol)

Avg.

-2.83
-2.03
-1.78

-2.96
-1.43

-1.03
-4.33
-1.56
-5.56
-0.99

SD
0.47
0.48
0.84

0.46
0.41

0.72
0.78
1.08
0.83
0.45
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Figure 5 Per-residue decomposition of Ad2 E3-19K residues highlighted based on the sites.

2.3 Binding Surface Analysis

Next, looking at the binding surface to determine the presence of a pocket through visual
inspection would help us to select a potential binding site for small molecules. The surface is
colored based on coulombic surface coloring in UCSF’s Chimera [27]. “As described in the

website https://www.cgl.ucsf.edu/chimera/docs/ContributedSoftware/coulombic/coulombic.html

coulombic surface coloring calculates electrostatic potential per Coulomb’s law:

¢ =ZX[qi/ (edi)]

In the above equation, ¢ is the potential, q are the atomic partial charges, ¢ is the dielectric
(representing screening by the medium or solvent), and d is the distance from the atoms [27].” We
chose to use the Coulombic surface coloring over Electrostatic surface coloring, because the latter
reads a pre-existing grid; we needed to see if the results obtained by computational methods
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confirm the results obtained from the study of the crystal structure. The binding surface is colored
by potential values calculated. We highlight the residues belonging to each site, and visually
inspect the surface for the presence of a pocket on either Ad2 E3-19K or HLA-A2. The coloring

of the surface also gives us an idea of the kind of region at the binding interface.

2.3.1 Surface Analysis at SITE 1

Since the binding of the proteins is tight, the pockets are shallow. Through visual inspection
we found that Ad2 E3-19K protein had a shallow pocket at site 1. As suggested by the crystal
structure study done by Dr. Bouvier and the team [23], we see in Fig. 6 that the electropositive
(blue) region of E3-19K targets the electronegative (red) region of HLA-A2. Thus, for docking we

require the presence of a pocket to dock small molecules which would fit in the position.

Ad2 E3-19K (Electrostatic Potential) and HLA-  HLA-A2 (Electrostatic Potential) and Ad2 E3-
A2 (cyan)

Figure 6 Binding surface analysis for site 1 (residues highlighted in green). The surface is colored using coulombic surface

coloring in UCSF’s Chimera. Images were prepared using UCSF’s Chimera.
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2.3.2 Surface Analysis at SITE 2

Site 2 looks like a potential site that could be targeted, based on the mutation results, and
the interactions at the site. HLA-A2 has a pocket on site 2, as can be seen by the visual inspection
of the surface of HLA-A2in the Fig. 7. Once again, as the study suggests, the electronegative
region is present on Ad2 E3-19K, with the corresponding HLA-A2 region being electropositive

[23]. It can be seen in Fig. 4 below that it correlates with the data obtained in the study.

Ad2 E3-19K (Electrostatic Potential) and HLA- HLA-A2 (Electrostatic Potential) and Ad2 E3-
A2 (cyan) 19K (grey)

Figure 7 Binding surface analysis for site 2 (residues highlighted in pale yellow). The surface is colored using coulombic surface

coloring in UCSF’s Chimera. Images were prepared using UCSF’s Chimera.

2.3.3 Surface Analysis at SITE 3
Site 3 comprises of polymorphic residues, varying in different species of adenoviruses;
targeting this site would not be suitable because the residues may differ for differing serotypes.

Visual inspection as in Fig. 8 helps us to see the pocket for site 3 is present on HLA-A2. The site

15



3 region consists of both electropositive and electronegative regions present on both the proteins,

with the areas being complementary to each other on the respective protein.

Ad2 E3-19K (Electrostatic Potential) and HLA- HLA-A2 (Electrostatic Potential) and Ad2 E3-19K
A2 (cyan) (grey)

Figure 8 Binding surface analysis for site 3 (residues highlighted in red). The surface is colored using coulombic surface coloring

in UCSF’s Chimera. Images were prepared using UCSF’s Chimera.

2.3.4 Surface Analysis at SITE 4

Site 4 consists mostly of apolar regions as can be seen in Fig. 9. The pocket is present on
HLA-A2, which can be seen clearly when the surface of the Ad2 E3-19K protein is displayed.
This site consists of highly conserved residues, shown in the comparison of Ad2 and Ad4 E3-19K

proteins. This site also has a high shape complementarity coefficient of 0.801 [23].
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Ad2 E3-19K (Electrostatic Potential) and HLA- HLA-AZ (Electrostatic Potential) and Ad2 E3-19K
A2 (magenta) (grey)

Figure 9 Binding surface analysis for site 3 (residues highlighted in red). The surface is colored using coulombic surface coloring

in UCSF’s Chimera. Images were prepared using UCSF’s Chimera.

2.4  Computational Solvent Mapping (CSM)

A computational solvent mapping (CSM) study was carried out on the complex, as well as
individual proteins. P. J. Goodford first developed a computational procedure to determine binding
sites that were favorable energetically on biologically important molecules in 1985 [28]. Further,
experimental tests have been conducted in 1990’s using 6-8 organic solvents, multiple solvent
crystal structure (MSCS) [29, 30]. X-ray crystallography was used to resolve the structures of
proteins soaked in aqueous solutions of probes. Regions binding multiple probes were identified
when the structures were superimposed [29, 30]. CSM, an analogous computational strategy is
useful in identifying hotspots within potential binding sites. CSM moves small organic probe
molecules around the protein surface, finding favorable binding positions on the protein surface,

clustering the probes, and then, based on the average energy, ranks the clusters.
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24.1 FTMap server

We used the FTMap server [31] to carry out CSM on the Ad2 E3-19K — HLA-A2 complex,
and the individual HLA-A2 and Ad2 E3-19K proteins. FTMap is a close computational equivalent
for X-ray crystallography or NMR-based screening experiments carried out to determine binding
hot spots. The experimental methods are time-consuming in comparison to computational
methods. 16 small organic molecules were used as probes. Ethane, ethanol, isopropanol, tert-
butanol, acetonitrile, methanamine, N,N-dimethylformamide, dimethyl ether, benzaldehyde,
benzene, cyclohexane, phenol, acetamide, acetone, acetaldehyde and urea were the 16 probes used.
The PDB file was processed, and the probe molecules were docked on the protein surface after
finding the most favorable position. The FTMap algorithm [31] produces bound positions using
rigid body docking; in this step billions of probe positions are sampled on both translational and
rotational grids using fast Fourier transform (FFT) correlation approach. The FFT algorithm speeds
up calculations [31]. The positions are then scored based on Poisson-Boltzmann calculations
(including attractive and repulsive VDW terms, electrostatic interaction energy, structure-based
pairwise interaction potential and a cavity term that represents effects of non-polar enclosures
[31]). Based on the calculation, 2,000 lowest energy poses of each of the 16 probes are retained,
after which the CHARMM potential is used to minimize the energy [40]. The energy minimization
is done using Analytical continuum electrostatics (ACE) model in association with CHARMM
potential to explain the electrostatics and solvation [37]. ACE potential solves the Poisson equation
to give an approximate potential with less computational efforts. The conformation consisting of
minimized probes were then clustered with a 4 A radius, with the lowest-energy structure first. Six
clusters with lowest energies were retained for each probe, based on the ranking conducted using

their Boltzmann averaged energies [31]. After this, the next step was to form consensus clusters

18



after clustering the clusters of different probes. A center of mass was specified for each of the
different probe cluster in the step above, so the cluster with the maximum cluster centers within a
radius of 4 A was ranked as the highest consensus cluster [31]. The site comprising the cluster was

called the Consensus Site (CS) [31].

The results are available after all the above steps are complete. It consisted of a PDB file
containing the input structure, and the coordinates for the individual consensus cluster. The result
also contained a PyMOL [38] session consisting of the protein structure, and the clusters colored
individually, probes summary, nonbonded interactions and Hydrogen bond interactions of the
protein residues with the small organic probe molecules. Nonbonded interactions defined the main
and secondary hot spots, determined by the residue with the highest percentage of nonbonded

interactions.

" tact _ Number of nonbonded contacts for aa; «100%
o contact frequency of ad; = Sum of nonbonded contacts for all aa 0

The above formula is directly adapted from the paper, and was used to calculate the percent of
contact frequency for individual amino acids (aai)) where i = 1 .. n [31]. The strength (S) of the
consensus clusters obtained from the FTMap algorithm, defined as the number of probe clusters
within the consensus clusters should be greater than 16, for the site to be considered a hotspot.
When the strength of the consensus cluster is greater than 16, and if there exists at least one more
hot spot within 8 A from the strong hotspot, the binding site is considered a potentially druggable
site. The distance is measured from the from the center of mass for the two consensus clusters [13].
The site detected could be a potential binding site for small molecules. We use Ad2 E3-19K/HLA-
A2 complex, and the HLA-A2 and Ad2 E3-19K individual proteins as input PDB’s using the

FTMap server, which performs the calculations.
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2.4.2 Computational solvent mapping of the Ad2 E3-19K/HLA-A2 complex

The complex structure was obtained from the PDB ID 4e5x. We performed the
computational solvent mapping for the complex to determine possible hotspot sites present on the
binding interface. The FTMap server was used to perform CSM using the complex. We considered
looking at both the CS and nonbonded interaction. The binding interface of Ad2 E3-19K and HLA-
A2 have shallow pockets. Most of the CSs are present in the cavity on HLA-A2 protein as seen in

Fig. 10.

CS’s

Figure 10 Consensus site clusters with the surface of the Ad2 E3-19K/HLA-A2 complex displayed
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The consensus clusters can be seen in the cavity when the surface of the complex protein is
displayed as shown above in Fig. 11. Two residues, Arg48 (HLA-A2 site 1) and Asp238 (HLA-
A2 site 3) showed a significant amount of nonbonded interactions with the probe molecules. A
percentage of the nonbonded interaction between protein residues and the probe molecule was
calculated using the formula for percent contact frequency for the amino acid residue. Ranking the

amino acids in the order of the highest percentage of nonbonded contact frequencies, we found

two residues mentioned above.

Figure 11 Displaying the side chains of the HLA-A2 (ribbon representation) residues present on the binding interface. Images
were prepared using PyMOL.
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As seen in Fig. 11 (a), the Arg48 residue of site 1 is present close to the probe clusters,
allowing it to interact with them. In Fig. 8 (c) the Asp238 residue of site 2 is close to the probe
clusters, thus associating with them through nonbonded interactions. Sites 2 and 4 are not close

to the probe clusters.

2.4.3 Computational solvent mapping of HLA-A2

The computational solvent method again detected the cavity to be a potential binding site
for small molecules. However, the site is more than 8 A away from the binding interface, and our
focus is to probe the binding interface with small molecules to determine its potential to bind
compounds. Both the complex and HLA-A2 have a potential binding site in the cavity (Fig. 12),

so we map the Ad2 E3-19K protein.

CS’s

Figure 12 Consensus site clusters with the surface of the HLA-A2 displayed
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2.4.4 Computational solvent mapping of Ad2 E3-19K

In Fig. 13, residues of sites 1 and 2 surround Consensus Site 6 (CS6), and site 1 residues
surround Consensus Site 5 (CS5). CS5 includes of probe molecules acetonitrile, benzaldehyde,
cyclohexane, acetamide, acetone, acetaldehyde, benzene, N,N-dimethylformamide, dimethyl
ether, ethane, phenol, isopropanol, urea and butanol. They form hydrogen bonds, electrostatic
interactions and hydrophobic interactions with the site 1 residues on Ad2 E3-19K protein. Lys45,
Tyr 46 and Ala47. CS6 includes of acetaldehyde, benzaldehyde, N,N-dimethylformamide, urea,
acetamide, methanamine, benzene, ethanol, and phenol. The probes formed hydrogen bonds,
electrostatic and hydrophobic interactions with residues Lys42, 1le43, Gly44, Lys45, Tyr46,
Ala47, Val48 and Tyr49 present at the binding interface. The percent of nonbonded interactions
for these residues is limited, but it is still obvious. Fig. 14 shows a graph depicting the residues in

order of the percentage of nonbonded interaction based on the ranking.
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Figure 13 The surface and ribbon representation of Ad2 E3-19K protein is shown highlighting the consensus clusters CS5 and
Cs6
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Figure 14 Graph of the Percent of nonbonded interactions vs Ad2 E3-19K residues
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2.5  Summary of the Binding Surface Analysis

Viruses are continuously changing as they undergo mutation; they infect human cells; for
example, Ads binds to the HLA-A2, blocking their egress to the surface of the cell. In an article
written by Bjorn Carey on a way to combat viruses by targeting host cell proteins, Shirit Einav
suggests that targeting the host cell protein instead of targeting the virus directly, since viruses live
within our cells, while counting on the host cell machineries to replicate [39]. The aim of our
research is to target the HLA-A2 (host) region containing sites 1 and 2 with chemical libraries.
Based on the study conducted by Dr. Marlene Bouvier and her group [23] [25], Glul77 (HLA-A2)
was found to be a hotspot residue. The per-residue decomposition confirms this, the binding free
energy of Glul77 (HLA-A2) and Lys42 (Ad2 E3-19K) was from the electrostatic interaction.
Computational solvent mapping for the complex and HLA-AZ2 identified the cavity present on the
HLA-A2 molecule to be a favorable site, the CSM for Ad2 E3-19K also identified sites 1 and 2 as
potential binding sites. Since our aim was to target the HLA-A2, targeting the counterpart of sites
1 and 2 on Ad2 E3-19K protein sounds reasonable. Thus, considering the results obtained from
our structure and surface analysis we use HLA-A2 as a receptor to dock large chemical libraries
on the region including both these sites. The next step would be conducting a high-throughput
virtual screening on HLA-A2. While targeting the host cell, we need to keep in mind that the drug
inhibiting the protein is safe, allowing the functions carried out by HLA molecules to be as close

to the usual function. Also, it should not cause any toxicity to the HLA molecules.
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CHAPTER 3
STRUCTURE-BASED VIRTUAL SCREENING

3.1 Introduction

Computational methods in drug discovery have emerged as a reliable and indispensable
tool. It expedites the otherwise long process of drug discovery, making it a fast and more cost-
effective tool. Virtual Screening is one of the key areas of computer-aided drug discovery. Virtual
screening is the in silico equivalent to high-throughput screening (HTS), screening a large
compound database using computational methods to prioritize compounds for experimental
testing. Structure-based and ligand-based virtual screening are the two methods used in Virtual
Screening. The structure-based virtual screening (SBVS) approach uses the knowledge of the
three-dimensional structure of the target protein. Molecular docking is a SBVS approach, where
the ligand and protein alter their conformations to find the ‘best-fit’, referred to as the ‘induced-
fit’ effect. Ligand-based virtual screening (LBVS) utilizes known-compounds that bind to the
target of interest as a query to search databases for identifying potential compounds. LBVS
methods like substructure or similarity search, pharmacophore search and electrostatic or shape

search have been developed and utilized for hit identification.

The knowledge of the crystal structure of the Ad2 E3-19K/HLA-A2 complex provides a
solid foundation for structure-based virtual screening. Since there is no known-compound that
inhibits the complex, we moved forward with the SBVS. We first screened the Prestwick
chemical library, then moved on to larger chemical libraries. The primary objective is to screen

the chemical libraries to identify novel scaffolds that inhibit the complex.
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3.2 Molecular Docking using Prestwick Chemical Library

The Prestwick chemical library consists of 1200 compounds, used for virtual screening to
reduce the number of compounds to a manageable number to be tested experimentally. We used
the crystal structure obtained from the PDB code 4E5X [23]. The crystal structure is a dimer; we
used a monomer for carrying out the docking. The ‘Protein Preparation Wizard’ available in the
Schrodinger Suite 2011 [32] was used to prepare the protein structure (HLA-A2) for SBVS. Water
molecules were removed. Hydrogens were added to the receptor protein; the OPLS 2005 forcefield
was used to add charges. We used restrained minimization to refine the hydrogens and the entire
protein. Next, the ‘LigPrep’ of the Schrodinger Suite 2011 [32] was used to prepare the Prestwick
chemical libraries. The EPIK software in Schrodinger was used to generate multiple ionization
states and tautomeric forms at pH 7.4 £ 0 (Human body pH), We retained the stereoisomers for

compounds containing chiral centers.

We utilized GOLD v5.2.2[33] to conduct molecular docking, GOLD being one of the most
cited programs. GOLD uses genetic algorithm (GA), accounting for the flexibility of the ligand
for it to fit into the binding site. The binding site sphere was defined within 10 A, thus allowing us
to include sites 1 and 2 to be used as a binding pocket to dock the compounds. ChemPLP was used
as a scoring function; it utilizes ChemScore’s hydrogen bonding term along with the multiple
linear potential used to model repulsive terms and VDW’s. ChemScore takes account of the
hydrophobic interactions contact area, hydrogen bonding, metal interaction and ligand flexibility.
10 GA runs were conducted for each compound. Default settings were used for the fitness and

search options.

The results obtained from the docking were ranked in descending order based on the

scoring function. The compound selection was done based on the scoring function, starting with
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the docking pose analysis of the highest scoring function and the interaction of the compound with
the receptor. Glul77 being an important residue, we prioritized the ligand to interact with it by
forming a hydrogen bond with it. A set of 44 compounds fulfilling the criteria was shortlisted for
experimental tests. Fig. 15 shows the docking poses of Raloxifene (ChemPLP = 57.3) and
Trazodone (ChemPLP = 47.2), which showed binding affinity by the experiments conducted by
Dr. Hui Deng. As seen in Fig. 15 they can form electrostatic interactions with Glu177 residue, and
form hydrogen bonds and hydrophobic interactions with residues of sites 1 and 2. The residues are
highlighted in green for site 1 and pale yellow for site 2. The ones not on the binding interface just

have their side chains displayed.

Figure 15 Docking poses of Raloxifene (a) and Trazodone (b), with their respective structures. Nitrogen, oxygen and Sulphur

atoms are colored in blue, red and yellow respectively. Water molecules are shown as red spheres. Hydrogen bonds, charged

interactions and hydrophobic contacts are indicated by green, red and purple dashed lines, respectively. Images were prepared
using Discovery Studio 2016.

3.3  Consensus Docking with Chembridge, LifeChemicals and Specs

The libraries Chembridge, LifeChemicals and Specs in total consisted of 1,330,288

compounds to be screened. First, we needed to identify and eliminate compounds that could

28



potentially be problematic. We used computational filtering methods to do so, thus removing
compounds that could have led to false positives in the assays to be conducted. The inbuilt filters
of Canvas [32] were used to eliminate the compounds. Second, the potential binding site being
targeted i.e. sites 1 and 2 are electronegative in nature. The compounds were clustered based on
the binary fingerprint of the structure, and then the compounds were selected which would
complement the electronegative nature of the site. Third, after narrowing down the compounds to
a reasonable number, we would carry-out docking using Gold, Autodock and Surflex-Dock.
Fourth, the results obtained were compared and analyzed to pick out compounds to be subjected
to Molecular Dynamic (MD) simulations to visualize the interaction of the receptor (HLA-A2) and

small molecule complex in a solvent mediated environment.

3.3.1 Filtering chemical libraries

Canvas (Schrodinger, LLC) was used to filter the screening libraries using the inbuilt
Qikprop descriptors, Rapid Elimination of Swill (REOS) and pan-assay interference compounds
(PAINS) to remove the compounds, that could later be problematic. Qikprop predicts ADME
properties by generating descriptors relevant to the compounds. #stars are the overall score
representing the ADME compliance as well as the parameter of drug likeness. The QikProp
descriptor #stars denote the number of property descriptors falling outside the optimum range of
values for 95% of the known drugs. The inbuilt REOS filter in Canvas flags compounds containing
functional groups that are reactive, toxic or other problem causing structures. PAINS are
compounds showing activity across a range of assays for different proteins, resulting in false
positives. The PAINS filter in Canvas is used to eliminate the compounds during the computational

filtering. Overall the role of all three filters used is to eliminate compounds that would cause any
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hindrance when conducting an assay to test the binding activity of the compound. 177,545

compounds were eliminated in this step. The rest were further clustered using K-means clustering.

3.3.2 Ligand Clustering and Selection

Binary fingerprints of the compounds were generated using MOLPRINT 2D, a molecular
fingerprint method. K-means clustering was used to form a thousand clusters. K-means clustering
is a partitioning method, that can cluster for a larger data set. K-means clustering partitions the
data into k (1000 in this study) mutually exclusive clusters based on the information obtained from
the binary fingerprints of the compounds, and the compounds with nearest binary fingerprints are
placed in the same cluster. The compounds in each cluster varied depending on the binary
fingerprint properties; we picked around 10,000 compounds for conducting VS. The 10,000
selection was done based on the presence of an amine group, the reason being the presence of an

electronegative region on the receptor surface, and presence of the Glul77 hotspot residue.

3.3.3 Preparation and Docking

The small molecule preparation and protein preparation were done using ‘LigPrep’ and
‘Protein Preparation Wizard’ in Schrodinger’s software, respectively. The same parameters were
used as the preparation as described in section 3.2. Docking was carried out using GOLD,
Autodock [34] and Surflex-Dock [35]. Autodock is also one of the most cited docking software
program. Autodock uses a Lamarckian genetic algorithm and an empirical free energy scoring
function, per the manual. Surflex-Dock uses empirical scoring function as well. Autodock and
Surflex-Dock use energy scoring functions, thus we used the MMGBSA in Prime [32] to calculate
the scoring function of the receptor (HLA-A2)/small molecule complex after it was docked using

GOLD.
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The binding site sphere was defined within 10 A, to include the sites 1 and 2 to be used as
a binding pocket to dock the 10,000 compounds. 10 GA runs were run for each ligand in GOLD,
the default settings were used to conduct the molecular docking. The best docking poses were
extracted for the HLA-A2 and small molecule complex, the MMGBSA in Prime was used to
measure the energy of the complex; the gold docking poses are selected; default MMGBSA
calculation settings were used. Autodock v4.2.6 was used to dock the 10,000 compounds. The
default parameters were used, we specified the sites to conduct the docking (Sites 1 and 2); 75,000
energy evaluations; 5 GA runs per ligand. The results are sorted by the lowest energy. For Surflex-
Dock the binding site was defined by generating the residue based protomol, including residues at
sites 1 and 2. The docking was run using default settings, and the Surflex-Score function was used

to rank the docked poses.

3.3.4 Results of the Consensus Docking

The results obtained from Autodock, Surflex-Dock and MMGBSA were sorted by the
lowest energy. The top 1000 docking results were extracted and compared to find common
compounds. As seen in Fig. 16 we selected a total of 406 compounds to study the best docking
pose, and further shortlist it to around 50. Out of the 406 compounds, 13 were common for all
three. A total of 54 compounds were selected based on best docking poses, including 13 common

compounds. MD simulations were then carried out using the 54 compounds.
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Figure 16 Venn Diagram of the docking results common between each docking software

3.3.5 Molecular Dynamic Simulations

The molecular dynamics (MD) simulations were performed by using the AMBER14 suite
of programs [26]. The ff99SB forcefield parameters were used for the protein. The system was
neutralized by the addition of chloride ions. We used antechamber from the AmberTools [26],
using the ‘general AMBER force field” (GAFF) designed for pharmaceutical molecules. The
traditional AMBER force fields and GAFF are compatible in a way that both can be mixed during
the simulation. Each of the protein-ligand (ligand being the small molecule) complexes was
solvated using a 10 A cubic octahedral box of TIP3P water molecules. We used the SHAKE
algorithm to constrain all the bonds, including the hydrogen bonds. For long range electrostatics
particle mesh Ewald (PME) was used by the AMBER MD package. To calculate the interactions,
the long range electrostatic cut-off distance was kept at 10 A. Once again, 10,000 steps of
conjugate gradient minimizations were used to minimize the system. The minimization was
followed by MD equilibration for 100 picoseconds (ps) over constant volume with weak restraints
on the solvated system. The system was gradually heated over approximately 20 ps from 0K to

300K. Now that our system has been heated over constant volume, we ran a 100 ps equilibration

32



over constant pressure to relax the density of the water. The system was already heated to 300K,
this will be maintained in the second equilibration. A 6 nanosecond production runs was then
performed, recording coordinates every 2.5 picoseconds. A total of 2400 frames or snapshots were
extracted. In Table 3 the RMSD of the complex backbone atoms relative to the starting complex
structure was used to assess the stability of each complex. We also used Visual Molecular
Dynamics (VMD) [39] to visualize the MD trajectories, to see the interaction of the protein-ligand

surrounded by a solvent box.

3.3.6 Results of the Molecular Dynamics Simulations

Given below in Table 3 are the 15 compounds with the RMSD graph, chemical structure
and the MMGBSA energy A in kcal/mol, ranked in order of their alchemical free energy (lowest
to highest). Though the RMSD for the 15 complexes fluctuates, the RMSD for most of the
complexes seems to converge. Fig. 17 shows the docking poses for the top two compounds ranked
based on their alchemical free energy calculations. As seen in Fig. 17 they form electrostatic
interactions with the Glul77 residue, and form hydrogen bonds and hydrophobic interactions with
residues of sites 1 and 2. The residues are highlighted in green for site 1 and pale yellow for site

2. The ones not on the binding interface just have their side chains displayed.
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Figure 17 Docking poses of the compounds with alchemical free energy of 35.43 kcal/mol (a) and 35.19 kcal/mol (b). Nitrogen,
oxygen and Sulphur atoms are colored in blue, red and yellow respectively. Water molecules are shown as red spheres. Hydrogen
bonds, charged interactions and hydrophobic contacts are indicated by green, red and purple dashed lines, respectively. Images
were prepared using Discovery Studio 2016.

3.4  Surface Plasmon Resonance Experiment conducted by Dr. Hui Deng and Dr. Hyun

Lee
36 Prestwick compounds were tested for their binding affinity, with 7 showing significant
binding activity. The Q56G HLA-A2 mutant was used in the Ad2 E3-19K/HLA-A2 complex,

attached to the sensor chip of the SPR machine. The sample containing the second interaction
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partner (Prestwick Chemical compounds) was passed over the surface of the chip. The changes in
angle of the reflected light is measured in real time. Kp the binding affinity is also obtained from
this experiment. The graph in Fig. 18 displays the binding affinity of the 7 compounds. We have

also shown the docking pose and interactions for two compounds, Raloxifene and Trazodone in

Fig. 16.
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Figure 18 Graph of the binding affinity (Ko) vs Prestwick compounds

3.5 Protein-Protein Interaction (PPI) library

The PPI library consisted of 10,000 compounds. With the predicted Prestwick chemical
library compounds showing significant binding activity, we decided to use Gold for docking and
scoring the PPI library. The method described in section 3.2 above, was used for the PPI library.
As can be seen in the top two docking poses of the PPI library compounds are larger, and hence a
part of the compound binds in the cavity (Fig. 10 and Fig. 11) on HLA-A2 as shown in the Fig.

16. The top 100 compounds are selected to analyze the binding activity using SPR. Shown below
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(Fig. 19) are the docking poses of the top two compounds with the highest ChemPLP score of

92.5 and 90.5 respectively.
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C741-0401 85.23

Figure 19 Top two docking poses based on the ChemPLP for the PPI library. ChemPLP 92.5 1(a) and 90.5 1(b), respectively.
Nitrogen, oxygen and Sulphur atoms are colored in blue, red and yellow respectively. Water molecules are shown as red spheres.
Hydrogen bonds, charged interactions and hydrophobic contacts are indicated by green, red and purple dashed lines, respectively.

Images were prepared using Discovery Studio 2016.
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CHAPTER 4

SELECTION OF RESIDUES FOR A PEPTIDE TO BE USED AS A POTENTIAL

INHIBITOR

4.1  Peptide residue selection

The per-residue decomposition result was used to determine the sequence of a peptide,
that could be used as a potential inhibitor of the Ad2 E3-19K — HLA-AZ2 interaction. The peptide
selection is done by looking at the per-residue decomposition of the binding interface of both
proteins, keeping in mind to select limited residues for further synthesis. From Fig. 4 and Fig. 5
we see that the residues on sites 1, 2 and 4 are significant for HLA-A2, but residues at sites 2 and
4 are significant for the Ad2 E3-19K protein. Selecting the residues in sequence is to be done for
both the proteins. So, we decided to use the residues at sites 2 and 4 for this analysis. We
selected residues which are in a sequence in the HLA-A2 molecule and the E3-19K protein of
Ad2, inclusive of the residues with significant binding free energy. The peptides were
determined such that they would have a counterpart i.e. HLA-AZ2 peptide to be used as a
potential inhibitor against the E3-19K protein of Ad2 and vice-versa. Given below are the

residues proposed for synthesizing the peptides:

1. ENGKET (173-178 of HLA-A2) residues: This includes the Glul77 residue (hotspot)
and the residues on either side of Glul77 at site 2.

2. KIGKYAVYAI (42-51 of AD2) residues: We selected residues with significant binding
free energy; the residues in this peptide includes site 1 residues as well, since the residues

of site 2 Lys42 and Tyr49 are separated by the residues in site 1.

3. HPAENGKSNF (13-22 of HLA) residues: The binding free energy for the residues at site

4 were prominent, hence we considered these residues for forming a peptide.
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4. MYMSKQYKL (88-95 of AD2) residues: The binding free energy of Met89 and Tyr93
were evident, both these residues and GIn92 are highly conserved in the Adenovirus
types 2 and 4. They interact with the same residues on the HLA-A2 receptor. Thus, the

sequence had to include the Met89, GIn92 and Tyr93 in the peptide.

42



CONCLUSION
Adenoviruses as such do not have a specific therapeutic treatment. Using computational methods
for drug discovery methods to find novel scaffolds was the aim of this study. We decided to target
the HLA-A2 molecule, since viruses keep mutating. We studied the binding interface of the Ad2
E3-19K and HLA-A2 molecules to determine a binding site to conduct the docking. This complex
does not have a reference ligand, and so we opted for a SBVS method to find potential inhibitors
of the complex using chemical libraries. The Glul77 hotspot residue from the crystal structure
study correlated with the per-residue decomposition conducted by computational methods. The
Ad2 E3-19K and HLA-A2 binding interface is divided into 4 sites, out of which we conducted a
SBVS covering sites 1 and 2 of the HLA-A2 molecule. Glul77 is present on site 2 of the HLA-
A2 molecule. Through SPR, 7 Prestwick chemical library compounds out of 36 showed significant
binding affinity to the Q56G HLA-A2 mutant bound to Ad2 E3-19K protein. Further experimental
tests are to be performed on the larger libraries screened, rescored using MD simulations; and the
protein-protein interaction libraries to measure the binding affinity of these compounds to the

HLA-A2 receptor.
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