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ABSTRACT

Molecular docking is an efficient way to study protein-protein and protein-ligand interactions in
virtual mode, this provides structural annotations of molecular interactions, required in the drug
discovery process. The Cartesian FFT approach in ‘Hex spherical polar Fourier (SPF) uses
rotational correlations, this method is used here to study protein-protein interactions. Hepatitis B
virus (HBV) X protein (HBX) is essential for virus infection and has been used in the development of
therapeutics for liver cancer. It can interact with many cellular proteins. It interferes with cell viability
and stimulates HBV replication. The von Hippel-Lindau binding protein 1(VBP1) has an important
role in HBx-mediated nuclear factor kappa B (NFkB) stimulation. VBP1 and HBx function as
coactivators in the activation of NFkB binding. Docking results revealed that HBx and NFkB bind
with VBP1 at the common site on amino acids positions Arg 161, Glu 92, and Arg 82, which may
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have a role in HBx-mediated NFkB activation. Lowest energy complex VBP1- NFkB1 was obtained
at -883.70 Kcal/mol. The amino acids involved in interaction among HBx, VBP1, and NFkB proteins,

may be involved in transcriptional

regulation

and has significance in normal and

abnormal regulation. These amino acid interactions may be associated with the manifestation of

Liver cancer.

Keywords: Hepatitis B virus (HBV) X protein (HBX); nuclear factor kappa B activity (NFkB); von

hippel-lindau binding protein 1(VBP1); docking; Spherical Polar Fourier (SPF);

cancer.
1. INTRODUCTION

Although proteins are flexible, many protein
docking algorithms assume the proteins as rigid
bodies and use geometric hashing [1] or the Fast
Fourier transform (FFT) method [2] to find a
relatively small number of putative docking
orientations using re-scoring for the refinement
process. Several Fast Fourier Transform, based
docking algorithms are used in the development
of ClusPro [3], GRAMM-X [4] and ZDOCK [5]
docking web servers which are available online.
The FFT-based approaches also assume that
the proteins are rigid, but all possible rigid-body
orientations in the 6-dimensional search space
are considered significant. Most FFT-based
approaches use 3D Cartesian grid
representations of the proteins, these can only
compute translational correlations, by multiple
rotations repeatedly to find all possible
conformations in 6D search space. This makes
Cartesian grid-based FFT docking algorithms, a
computationally expensive approach. To solve
this problem, the Cartesian FFT approach in
‘Hex’ Spherical Polar Fourier (SPF) uses
rotational correlations [6] to reduce execution
times [7]. In this research, Virtual Docking of
VBP1 with HBX and NFkB proteins is performed
to study the activation process of NFkB in the
regulatory mechanism of Liver Cancer, which
uses Spherical polar Fourier (SPF) to predict
interactions between proteins.

Millions of people were affected by chronic
infection of hepatitis B virus (HBV) which causes
liver diseases, including cirrhosis and
hepatocellular carcinoma [8]. The hepatitis B
virus (HBV) X protein (HBx) has stimulated HBV
for transcription and replication in hepatocytes in
vivo. The function of HBx may be crucial to its
stimulatory effect on HBV transcription and
replication [9]. HBx has been reported to be
capable of activating several signal transduction
pathways, such as mitogen-activated protein
kinase, Ras-Raf-mitogen-activated protein
kinase, and JAK/STAT signaling pathways to
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affect several cellular processes, including
proliferation and differentiation [10]. HBx also
participates in inducing cell death and affects
mitochondrial microenvironment to mediate
apoptosis [12-15]. Moreover, HBx plays an
important role in tumor dispersion by enhancing
cellular migration through upregulation of MMP-
9, MMP-3, MT1-MMP and COX-2 [16-19]. VBP1
is reported to be localized in the cytoplasm,
especially in the perinuclear region and skeletal
muscle, heart, brain, kidney, spleen, lung, and
liver [20]. The NFkB associated with
tumorigenesis by inflammation, anti-apoptosis,
and cell proliferation. HBx is a promiscuous
protein  containing various functions by
interacting with a multitude of cellular proteins.
Since VBP1 is a bona fide cellular protein
interacting with HBX, the reciprocal effects of
each protein in the regulation of other protein
need to be tested. The docking interaction
between different models of HBx & VBP1 and
between VBP1& different types of NFkB has
been predicted here.

2. MATERIALS AND METHODS

The protein sequence of HBx has been retrieved
from NCBI (The National Center for
Biotechnology Information,
www.ncbi.nim.nih.gov/). Geno3d was used for
modeling (http://geno3d-pbil.ibcp.fr/); four
sequences were modelled (ABR68892.1,
Q4R1S1.1, POC685.1 and Q99HR6.1). The
modelling of proteins refers to constructing an
anatomic-resolution model of the target protein
from its amino acid sequence. Three dimensional
X ray crystallized structure of Von Hippel-Lindau
protein (VBP1, PDB: 4AJY) were downloaded
from the protein data bank [21]. The protein was
taken as receptor and ligand protein and the
most suitable site was predicted using g site
finder [22] ligand binding site prediction
(http://www.modelling.leeds.ac.uk). The crystal
structure of nuclear factor-kappa B ligand NFkB1
[23], NFkB2 [24], NFKB3 [25] , NFkB4 [16] were
downloaded from the protein data
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bank. These structures were docked to analyse
amino acids interactions using the Hex docking
server. HexServer (http://hexserver.loria.fr/) is
the first Fourier transform (FFT)-based protein
docking server which was powered by graphics
processors. first Fourier transform (FFT)-based
docking methods use the comparable resolution
and scoring functions. Protein binding sites
information was used to emphasise and reduce
the calculation and time of docking. All Hex
docking correlations use SPF shape—density
representations to polynomial order N ¥4 20 to
generate a list of up to 25 000 candidate
solutions. The top 3000 orientations always
include some close-native orientations but
pruning of good candidates is avoided, then re-
scoring is done using higher order shape-only or
shape plus electro-static correlations which use
polynomials to order N % 25 or N ¥ 30 as
selected by the user [26].

Using the CUDA (Common Unified Device
Architecture) development tools
(http://www.nvidia.com/object/cuda_home. htm),
Hex algorithm is further adapted to exploit
enormous modern graphics processor units
(GPUs; in preparation). For typical Hex docking
calculations, a single high-performance GPU can
evaluate 170 million trial orientations/second.
However, high performance GPUs are faster and
relatively expensive than conventional Cartesian
grid-based FFT docking approaches, HexServer
a web interface (http://hexserver.loria.fr/) for Hex
is developed, to make GPU-accelerated docking
tool freely available. The Hex SPF algorithm has
been validated using CAPRI  (Critical
Assessment of PRedicted Interactions) blind
docking results [27], Hex predictions have been
included within the top 100 orientations in recent
CAPRI scoring sections. Thus, HexServer
provides a very fast method to generate high
quality docking predictions. In the process of the

SPF approach to protein—protein docking,
rotations for both the proteins were computed in
3D and 6D grids. In Sampling Protein Properties.
Cartesian(x,y,z) coordinates samples are
converted to SPF(r, 8,¢). [28,29]. For priority of
site for docking, maximum zone of HBx & NFkB
and between NFkB & VBP1 have been selected
for docking. Structures of HBx were docked with
VBP1 and structures of VBP1 were docked with
different types (NFkB1- NFkB1) protein
structures. The binding site cavity detection was
performed using q site finder [22], a ligand site
prediction tool. Docking results show different
types of energies; these are E total, E shape, E
force and the number of H-bond and interaction
between amino acid residues of receptor HBX,
NFkB and VBP1, which indicates the process of
formation of stable complex among ligand and
receptor molecule. Root-mean-square deviation
(RMSD) shows the distance between atoms.
MVV visualizer (http://molexus.io/molegro-
molecular-viewer/)[34] is used for visualisation of
structures & their interactions [30,31].

3. RESULTS AND DISCUSSION

The comparative results were obtained from
(using hex-docking server) docking simulation
with different models of HBx & VBP1(table 1) and
between VBP1& different types of NFkB (table-
2). The interactions have been analysed to find
out the residues that are involved in binding site
residues and the number of hydrogen bonds is
involved in interaction among them. Docking
energy for HBx model 1 was found to be
favorable for VBP1, which shows that these
compounds can get stuck due to positive
interaction. The energy bound conformation with
lower value shows hydrogen bond interactions
are given in (Table-3, Fig 1).

Table 1. Comparative docking simulation results of HBx modelled structure with VBPI
structure using hex-docking server

S.No ligands E Total E Shape E Force RMSD
(Kcal/mol)

1. Model-1 -855.10 -855.10 00 -1.00

2. Model-3 -738.20 -738.20 00 -1.00

3. Model-4 -789.31 -789.31 00 -1.00

4. Model-5 -472.83 -472.83 00 -1.00
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Table 2. Comparative docking simulation results of NFkB1, NFkB2, NFkB3 & NFkB4 with VBPI
hex-docking server

S. No ligands E Total E Shape E Force RMSD
1. NFkB1 -870.15 -870.15 00 -1.00
2. NFkB2 -768.11 -768.11 00 -1.00
3. NFkB3 -883.70 -883.70 00 -1.00
4. NFkB4 -758.74 -758.74 00 -1.00

Table 3. VBPI residues interact with HBx structure using hex-docking server; highlighted
residues are involved in H-bonding interactions

S.No ligands Interacting residues of receptor VBPI No. of H-bond
interaction

1. Model-1 Arg 161, Glu 92 and Arg 82 3

2. Model-2 Arg 161, GIn 11, Ala 14, 1le13, Glu92and Arg82 5

3. Model-3  Arg 161, Glu 92 and Arg 82 3

4. Model-4  Arg 161, Glu 92 and Arg 82 3

‘u 2

\ d
r’.“

Fig. 1. Docked conformation of hydrogen bonding view of VBPI residues interact with
structure model of HBx protein at the active site cavity

The model 1, 2 and 3 show low energy on
binding with VBP1 and shows favourable
interactions with Arg 161, Glu 92 and Arg 82
residues of VBP1. Among all these, model 1 has
-855 Kcal/mol.10 Kcal/mol energy, which is the
lowest docking energy. All these residues
involved in binding belong to cavity-1. It forms 3
hydrogen bonds with Arg 161 (Table -3 and Fig.
la). While, the model 2 also shows very high
binding energy on binding with VBP1 and it
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interacts with Arg 161, GIn 11, Ala 14, lle13, Glu
92 and Arg 82 residues of VBP1. All these
residues involved in binding belong to the cavity-
1. It forms 5 hydrogen bonds with Arg 161, GIn
11, Ala 14 (Table -3 and Fig. 1 b). Hydrogen
bonding is very significant for the interaction of
biomolecules. The VBP1 shows -870.15 binding
energy on docking with NFkB1 and this interacts
with Arg 161, Glu 38, Glu 92 and Arg 82 residues
of VBPI. This forms 4 hydrogen bonds with
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NFkB1 protein (Table-4 and Fig. 2 a), which
shows maximum interactions among all NFkB
proteins. Docking of NFkB 3 with VBP1 shows
lowest  energy  -883.70 Kcal/mol but
comparatively lower interactions than NFkB1.
The VBP1shows very high binding energy to bind
with NFkB3 & NFkB4 and it interacts with Arg
161, Glu 92 and Arg 82 residues of VBPI Fig. 2 ¢
& Fig. 2 d respectively. All these residues are
involved in binding. They form 3 hydrogen bonds
with Arg 161 (Table -4).

NFkB2 interacts with Arg 161, Lys 91, Glu 92
and Arg 82 residues of VBPI. All these residues
involved in binding, belong to the cavity-1. It
forms 3 hydrogen bonds with Arg 161 (Table -4

and Fig. 2 b) but docking of VBP1 with NFkB2
and NFkB4 shows -768.11, -758.74 respectively
less negative energy in comparison to NFkB1
and NFkB3 which have -870.15 and -883.70
Kcal/mol energy.

Protein (VBP1) interacts with von Hippel-Lindau
protein (VHL), Complex of these two proteins
binds with HBx [32] Tsuchiya H, Tokuhiro | seda].
Recently it has been reported that VHL is
associated with the regulation of NFkB [33,34].
Amino acids involved in the interactions are
revealed and reported here. The hydrogen
bonding are very significant for the interactions of
biomolecules.

Table 4. VBPI residues interact with NFkB1, NFkB2, NFkB3 & NFkB4 ligands, using hex-
docking server; Highlighted residues are involved in H-bonding interaction with ligands

S.No ligands Interacting residues of receptor VBPI No. of H-bond interaction
1. NFkB1 Arg 161, Glu 38, Glu 92 and Arg 82 4
2. NFkB2 Arg 161, Glu 92 and Arg 82, Lys 91 3
3 NFkB3 Arg 161, Glu 92 and Arg 82 3
4 NFkB4 Arg 161, Glu 92 and Arg 82 3
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Fig. 2. Docked conformation of hydrogen bonding view of VBPI residues interact with
NFKB protein structure at the active site cavity
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4. CONCLUSION

It is reported in the literature that VHL binding
protein (VBP1) binds to HBx and VBP1 binds
with NFkB. Virtual Docking of VBP1 with HBX
and NFkB protein helps us to study the activation
of NFkB

in the regulatory mechanism of Liver Cancer.
Docking results of this study indicate that VBP1
might be involved in the regulatory mechanism of
HBx in the activation of NFkB. HBx protein
shows interaction with Arg 161, Glu 92 and Arg
82 amino acids of VBP1 protein with -855.10
Kcal/mole energy. VBP1 and NFkB docking
revealed NFkB 1 interacts with Arg 161, Glu 38,
Glu 92 and Arg 82 amino acids of VBP1 protein
with four (4) Hydrogen bonds, which shows
maximum interactions. The VBP1 shows
comparatively lower binding energy on docking
with NFkB2 and NFkB4, but is higher than
NFkB1 and NFkB3. The lowest energy complex
is VBP1- NFkB1, obtained at -883.70 Kcal/mol.
These amino Acids interactions play an important
role in the manifestation of Liver cancer. The
amino acids involved in interaction among HBX,
VBP1 and NFkB proteins, may be involved in
transcriptional regulation and may be significant

in normal and abnormal regulation. The
interactions may be analysed further to
understand the modular function of these

proteins.
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