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Hepatitis B virus (HBV) infection is a universal health problem and may result into acute, fulminant, chronic
hepatitis liver cirrhosis, or hepatocellular carcinoma. Sequence for protein X of HBV was retrieved from Uniprot
database. ProtParam from ExPAsy server was used to investigate the physicochemical properties of the protein.
Homology modeling was carried out using Phyre2 server, and refinement studies were done with Galaxy web
browser. Five models were generated and evaluated by ERRAT, ANOLEA, QMEANG6, and PROCHECK.
Antigenicity of the proteinwas also evaluated by Chou & Fasman beta-turn prediction method. Five models were
generated, and model 1 was having the greatest quality on the basis of the QMEANG6 score with 0367 ERRAT
analysis, revealing the overall quality of 54054% whereas the initial model was having only 17730% quality. The
mean force potential energy, as analyzed by ANOLEA, was better compared with the initial model.
Stereochemical quality estimation by Procheck showed that the refined model 1 had a reliable structure, and was
therefore submitted to the protein model database. Pyrx with Autodock vina was used to screen the compounds
from Drug bank and Protein Data Bank to find the molecules that can bind to the active site between 1 to 142
amino acids. Ten compounds with highest negative energy were selected as lead molecules. Transactivation
domain predicted by MOTIF program and 3D structure submitted to PMDB can be used to design new drugs
against HBV protein X.
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I I epatitis B virus (HBV) belongs to the genus of
Orthohepadnavirus and the family of

Hepadnaviridae. HBV also includes three other
species into the Orthohepadnavirus genus that are
called Ground squirrel, Woodchuck hepatitis virus,
and Woolly monkey HBV (1). Two other genera
inolved in the Hepadnaviridae family are
Orthohepadnavirus and Avihepadnavirus. Thereis a
third genera which has still not been given a name.
HBV and its homologs are found to have an ancient
origin by appearing in old world monkeys and new
world primate (2). The enwelope of the virus
contains antigenic epitopes and on the basis of this

epitopes, four serotypes called air, adw, ayr, and
ayw are available. On the basis of the nucleotide
content of the virus genome, eight genotypes have
been classified. From the genotype of the virus, it is
possible to trace the location of the origin of
infection as they all are having diversity in their
geographical distribution. Vaccination, treatment,
and sewverity of the disease are also known to variate
between different genotypes (3, 4). Hepatitis B is a
serious and global infection of the liver, and is most
of the time life threatening. Chronic conditions with
liver cirrhosis and cancer are leading causes of the
death due to such infections. 5% to 10 % of adults

*Correspondence: Department of Phamacy, Pioneer Pharmacy Degree College, Vadodara, Gujarat, India. E-mail: sharavdesai@gmail.com


https://ibbj.org/article-1-143-en.html

[ Downloaded from ibbj.org on 2025-06-08 ]

are known to get an infectioninthe Saharan and East
Asian regions. Amazon, Southern and Eastern part
of the Central Europe are also known to have high
rates of chronic infection of HBV. In India and
Middle East, 2% to 5% of population are known to
get an infection. Northern America and Western
Europe are having 1% of chronic infections (5).
Today amongst many of the conditions,
hepatocellular carcinomais also a leading cause of
death which arises after the chronic HBV infection.
Protein X of the virus is found to play a very crucial
role inthe virally induced hepatocellular carcinoma
Protein X also known as HBx protein is a
multifunctional proteinwith the molecular weight of
17 kDa. This proteinis known to interact with host
proteins to cause hepatocellular carcinoma. HBXx
protein can interfere with cellular processes like
oxidative phosphorylation, DNA repair, signal
transduction, transcription, and protein degradation.
In most ofthe cases, the host genome is known to be
integrated by the HBx open reading frame gene, and
such integration will play a crucial role in the
development of hepatocellular carcinoma (6, 7).
Among all serotypes of the virus, and even in the
Hepadnaviridae family, this protein is found to be
conserved. The protein is known to be localized in
the cytoplasm, but the nucleus of the hepatic cells
may also get localizedto some extent. Protein X also
plays a crucial role in the virus replication and
subsequent infection (8, 9). DNA is not directly
targeted by this protein. Instead, several
transcription factorssuch as are transcription factor
I, transcription factor 2, RNA polymerase binding
protein, a subunit of RNA polymerase, have been
identified as targets of protein X. Further, it is
possible that this proteincanmodify the cytoplasmic
signal transduction pathways through Ras-Raf
nitrogen activated protein kinase, Janus Kinase,
focal adhesion kinase and proline-rich tyrosine
kinase. Lastly, this protein is also known to induce
the hepatic cell proliferation through its
transactivation domain, and also suppresses the
tumor regression activity of P53 (10, 11).
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Materials and methods

Sequence retrieval, physiochemical properties,
and secondary structure

UniProt is a universal protein database that
contains information about the structure and
functions of the protein. The UniProtserverisfreely
accessible and the same was used to retrieve the
amino acid sequence of the protein X of HBV. The
sequence was searched from the proteomic section
of the database. The sequence of protein X in the
Uniprot is assigned by the accession number
Q765E5, and the sequence was used in the FASTA
format for further studies (12-14). EXPAsy server
(Expert Protein Analysis System, Biozentrum, and
University of Basel, Switzerland) is a resource
portal for the bioinformatics, tools and is governed
by Swiss institute of bioinformatics (SIB). ExXPAsy
server contains many scientific portals with
databases, which are freely available. One of such
portal ProtParam was used to study the
physicochemical properties of the protein X. One-
letter code amino acid sequence obtained from the
Uniprot database was submittedto the toolin simple
file format and was analyzed for the properties like
molecular weight, amino acid composition,
instability index, half-life, aliphatic index,
theoretical pl and extinction coefficient (15). For
predicting the secondary structure of the protein X,
scratchserver was used from Donald Bren School of
Informatics and Computer Sciences, California,
USA). The server suite includes the tools for
predicting secondary structure, relative solvent
accessibility, disorder profile and much more.
Amino acid sequence in the plain format without
header and spaces was submitted to SSpro8 tool.
SSpro8 is an advanced version of the SSpro and
instead of using Helix, strand and rest classification
full eight class DSPP (Dictionary of protein
secondary structure prediction) output was used for
prediction (16-18).
Functional domain prediction

Sequence MOTIF is the composition of amino
acid sequence which could have biological
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significance. MOTIF is a program from
GenomeNet, Japan which uses a Pfam and prosite
database. Here inthis study Pfam database was used
for the MOTIF prediction (19). The sequence was
submittedto MOTIF database into plainsingle letter
format. Cut off score of 1.0 *E for Pfam database
was kept.

Homology modeling, refinement, and eval uation
of the 3D structure.

Protein structure prediction and construction
were done using a suite of tools available on the
network called Phyre 2 from the Imperial College of
London (20). FASTA formatted sequence was
submittedto the serverand the results were obtained
through the Email address provided. Intensive
modeling mode was used to generate the structure.
Structural classification of protein provide (SCOP)
collection of available protein structures and also
augment them with the newer database like Protein
Data Bank (PDB) (21). The non-redundant database
was searched for the similarity with the user
submitted query, profile constructed, and secondary
structure was built. Finally, secondary structure was
screened against the fold library using profile-
profile alignment algorithm detailed in Bennett-
Lowsey etal. (22). Alignment score was generated
for ranked structures and top ten structures were
taken to generate the full three-dimensional
structure of the submitted query. Loop library was
used to repair the missing and delete inserts. Side
chains were placed on the model using a fast graph-
based algorithm and side chain rotamer library. The
quality of a structure produced by prediction
program depends on the similarity between target
and available templates. Therefore, it is always
advisable to improve the quality of predicted
structures. Here, Galaxy Refine web server
(Computational Biology Lab in the Department of
Biochemistry, Seoul National University) was used
which works on the method for refinement that is
approved by CASP 10 (Critical Assessment of
techniques for protein Structure Prediction). First
side chain building and repacking were done.

Through molecular dynamic simulation, whole
structure relaxation was done (23, 24). The refined
models were assessed by several validation tools to
select the best model and assess the quality of that
model. National Health Institute, University of
California, USA provide and maintain an algorithm
called ERRAT and it was used to study the
improvements in the model building and refinement
studies (25). PROSA is a web tool available from
center for Applied Molecular Engineering, Division,
of Bioinformatics and Uniwersity of Salzburg,
Austria. Model coordinates were supplied by
submitting a structure inthe PDB file format. All the
calculations were done using C*Potentials. The Z-
score was calculated for overall model quality and
deviation of total energy with respectto an energy
distribution derived from random conformation (26,
27). The SWISS-MODEL workspace server was
utilized for calculation of ANOLEA score and
QMEANG6 (Biozentrum, University of Basel,
Switzerland (28-31). Packing quality of the model
was estimated by atomic empirical mean force
(ANOLEA) score. Energy calculations were
performed on protein chain by evaluating non- local
environment of each heavy atom in the molecule
(32). Qualitative Model Energy Analysis score for
both global and local quality was calculated using
the QMEANG6 tool (33, 34). All prediction
calculations were based on propensity scales for
each of 20 amino acids. Each scale consists of 20
values assigned to each of amino acid residues on
the basis of their relative propensity to possess the
property described by the scale (35).

Refined and validated structure was submitted
to PMDB (Protein Model Data Base) web server.
PMDB is a joint project between CASPUR and the
Biocomputing group of the Department of
Biochemical Sciences of the University of Rome
"La Sapienza” (36). The compounds used to screen
transactivation by X proteinwere obtained from the
Protein Data Bank (PDB) (37). Most of the ligands
selected were composed of very low molecular
weight, and were also newly introduced in PDB
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ligand library. Chemical structure of three ligands
lamiwudine, rimantadine and zalcitanib were
obtained from Drugbank (38). PDBQT files of the
ligands and receptorswere prepared. Autodock vina
was used to perform the docking studies (39).
PDBQT file of three drugs was taken as ligand and
PDBQT file of protein X was taken as protein. These
drug compounds were docked with Protein X of
HBV. PyRx 0.8 (Virtual Screening Tools) was used
toscreenthe Ligand library of the PDB. File formats
like SDF and PDB were used for the ligands. Single
ligand file formats were then optimized using a
program called Openbabel (40, 41).

HBx is a HBV protein and its amino acid
sequence was retrieved from the Uniprot database
(Accession Number Q765E5. The sequence
obtained from the database was then submitted to
ProtParam web tool (ExPAsy Server) and
physicochemical properties were computed. HBX is
composed of 154 amino acids with the highest
percentage of leucine (11.4%) followed by serine
(10.4%). The molecular weight of the protein was
found to be 16.756 kDa, and the theoretical pl is
8.08, allowing purification by isoelectric focusing.
Protein purification is measured mostly by
spectrophotometric analysis. Extinction coefficient
value represses the amount of light absorbed by the
protein at a given wawelength. The extinction
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coefficient of the protein in water was found to be
8980 Mt cm! at 280 nm. HMM scan (hidden
Markov model) calculated the matching score
between the query sequence and each domain found
in Pfam library in bit score. Motifs found with
smaller E-value compared to the threshold value
were listed. From the results, it is quite clear that the
amino acids from1to 142 contribute to the X protein
transactivator domain (Figure 1). To predict the
secondary structure of protein, full DSSP
classification was adopted by SSPro8 server. The
structure predicted comprises 20% a-helix, 22%
extended B-strands, 8% turns, 3% bands, and the
remaining 46% is random coils (17) (Figure 2).
Figure 3 represents the antigenicity prediction of the
HBx protein. On the graph, the Y-axis represents
residual correspondent score (averaged in the
specified window), be it a BepiPred score or a
residue score on the Karplus and Schulz flexibility
scale; while the X-axis represents the residue
positions in the sequence. The larger score for the
residues is interpreted as that the residue might have
a higher probability of being part of the epitope
(those residues are colored inyellowon the graphs).

Phyre2 web server was used to build the 3-D
model for the protein sequence. The sequence was
submitted to the server in single letter format. The
server generates a model by looking for a
homologous sequence in the available database.
Next, the server performed loop modeling, and fold

MAARLYCQLDSSRDVLCLRPVGAESRGRPFARPLGTVSSPSPSAVPSDHGAHLSLRGLPV
CAFSSAGPCALRFTSARCMETTVNAHQILPKVLHKRTLGLPAMSTTDLEAYFKDRVFKDW
EELGEETRLMIFVLGGCRHKLVCAPSSCNFFTSA

Figure 1. The amino acid sequence of Protein X in Hepatitis B Virus showing the transactivation protein X domain in red.

CCCERECCCCCCTTCEEECCCCCCCSSCCCCSCCCCCCCCCCCOCCCCTTCCCCCTICCE
EEEETSSCEEEEEEEHHCCTCCCCHHCHHHHHHHHHHTTCCCCCHTCHHHHHHHHHHH
HHHHHCTCCEEEEEEEECCEEEEEECCCCCCEEECC

Figure 2. The secondary structure predicted by SsPro8. H: alpha-helix; G: 3-10-helix; E: ex-tended strand; B: beta-bridge; T: turn; S: bend;

C: the rest.
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recognition. The model produced and predicted by
any in silico method must be refined by suitable
algorithms to rebuild the side chains. The initial
model was submittedto the Galaxy Refine server for
the refinement. Five models were generated
amongst these generated model several validation
steps were performed to find the best suitable refine
model (Tables 1 and 2).ERRAT is a novel method
that can detectincorrect regions of proteinstructures
according to errors leading to random distributions
of atoms, which can be distinguished from correct
distributions. Figure 6 shows the refined model 1
with the quality 0f 54.054% whichis greater than the
initial model containingmany erroneous regions and
a quality of 17.730%.

In ANOLEA profile (Figure 7), the initial
model had many areas of high energy, which were
greatly improved in the refined model, suggesting
greater reliability.

The Z-scores of all the models were similar to
the normal values commonly found in native
structures determined by NMR spectroscopy and X-

ray crystallography (Figure 8).

Qualitative model energy analysis (QMEAN)
is a composite scoring function describing the major
geometrical aspects of protein structures. QMEAN
was used to validate the quality of the structures
produced through homology modeling. The
QMEANG score for the model 1 was found to be
highest (Table 3).

In the Z-sore plot of Protein X, the particular
value that contains the Z-scores of all
experimentally determined protein chains in current
PDB is displayed (Figure 8). Ramachandran plot
(Figure 9) shows a plot of phi/psi dihedral angels
amongst N-Ca and Ca-C peptide bond in the
protein’s backbone.

Several of the ligands were selected from the
PDB and drug bank. All the compounds were
minimized for their energy and were lastly
conwerted into PDBQT format. Amongst hundreds
of the compounds, ten lead compounds were taken
as lead molecules on the basis of their binding
affinity to the protein (Figures 10 and 11).

Table 1. Refined models by Galaxy web servers

Sr.No. Model GDT-HA RMSD MolProbity Clashscore Poorrotamers Ramafavored
1 Initial 1.0000 0.000 4.438 172.5 12.4 60.5
2 MODEL 1 0.9091 0.529 2.288 12.1 0.8 82.9
3 MODEL 2 0.9140 0.524 2.270 13.3 0.8 86.2
4 MODEL 3 0.9058 0.541 2.270 12.9 0.0 85.5
5 MODEL 4 0.9123 0.536 2.174 10.4 0.0 86.2
6 MODEL 5 0.9026 0.524 2.439 13.3 1.6 84.9

Table 2. The refined model produced by Galaxy web browser and it's scores

Sr.No. Model GDT-HA RMSD MolProbity Clashscor Poorrotamers Ramafavored
1 Initial 1.0000 0.000 4.438 172.5 12.4 60.5
2 MODEL 1 0.9091 0.529 2.288 12.1 0.8 82.9
3 MODEL 2 0.9140 0.524 2.270 13.3 0.8 86.2
4 MODEL 3 0.9058 0.541 2.270 12.9 0.0 85.5
5 MODEL 4 0.9123 0.536 2.174 10.4 0.0 86.2
6 MODEL 5 0.9026 0.524 2.439 13.3 1.6 84.9
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Table 3. The QMEANG6 and component scores and their Z-scores of the initial and first models with respect to the experimental structure

of similar sizes

Initial Model Refined Model 1
Scoring Function Term
Raw Score Z-score Raw Score Z-Score

C_beta interaction energy -8.77 -2.74 -9.67 -2.70
All-atom pairwise energy -306.20 -3.45 -1077.74 2.73
Solvation energy 16.78 -4.67 14.03 -4.26
Torsion angle energy 29.04 -5.56 14.25 -4.37
Secondary structure agreement 76.0% -1.07 76.6% VY7
Solvent accessibility agreement 57.8% -3.56 63.6% -2.51
QMEANG score 0.227 -5.55 0.367 -4.06
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Figure 3. Chou & Fasman beta-turn prediction result.

Figure 4. 3D model for protein X-generated from Phyre 2
unrefined.

Figure 5. The three-dimensional structure of protein X, model
1, produced by Phyre2 and refined by Galaxy web servers.
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Figure 6.ERRAT plot shows error values for residues. The Y-
axis represents the error value and the X-axis represents the
amino acid residues of the protein model. An error value

exceeding 99% confidence level indicates a poorly-modeled
region. (A): the initial model with the quality of 17.730%; (B):
the refined model 1 with the quality of 54.054%.
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greatly minimized and improved.
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Figure 8. The Z-score plot of protein X (dot) determined by ProSA. The Z-score is -4.062, within the range of experimental native.
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Figure 9. Ramachandran plot of the fourth model is determined by Procheck. The most favored regions are marked as A, B, and L. The
additional allowed regions are marked as a, b, I, and p. All non-glycine and proline residues are shown as filled black squares, whereas
glycines (non-end) are shown as filled black triangles. Disallowed residues are colored red.
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Figure 10. Docking interaction structure of lead molecules. (A): PDBOJW; (B): PDB0OO (C); DPBOQY; (D): DPB040; (E): DPB64Q;
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Figure 11. Chemical structures of lead molecules. (A): PDBOJW; (B): PDB0OO;
PDB00879; (G): PDB 64Q; (H): DB00879.
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Discussion

HBx has an important role in HBV infection.
The physico-chemical properties of the protein are
crucial to characterize it. The biochemical
parameters (16.756 kDa molecular weight, and pl of
8.08) are helpful to predict the location of the spot
that may appear in the 2-D gel electrophoresis (42).

The extinction coefficient of the protein (8980
M-1 cm-t) assumes that all cysteine pairs come from
cysteine residues, and that all cysteine residues are
reduced (43). The instability index of the protein
represents the stability of the protein in the test tube.
A score below 40 represents the stability of the
protein, and above 40 indicates instability of the
protein. The protein X was found to score of 60.28
and it is slightly unstable in the test tube (44). It has
been found that aliphatic index of the protein for
thermophilic bacteriais relatively higher compared
to normal bacteria. The aliphatic index is
represented by a number of side chains of the
aliphatic amino acids like alanine, valine, isoleucire,
and leucine. The calculated aliphatic index of the
protein was found to be 79.22 which represents
slightly mesophilic nature (45).

The 3-D structure of a protein generally
provides more informationabout its functionthan its
sequence, because interactions of a protein with
other molecules are determined by amino acid
residues that are close in space but are frequently
distant in sequence.

According to the QMEANSG score, model 1 can
be regarded as the best model amongst all model
tested. This is further clear from the other
contributors to the overall score (Table 3) (46).

The transactivating function is probably
associated with a tumorigenic potential of HBX,
since X gene sequences encoding functional HBx
have been repeatedly found integrated into the
genome of liver carcinoma cells (17, 48-49). In
addition to the raw scores, Z-scores of the QMEAN
composite score as well as all terms were
investigated relating the quality estimates to scores
obtained for high-resolution reference structures

Desai Setal.

solved experimentally by X-ray crystallography
(Table 3).

According to the Z- score of the protein and
fromthe plot (Figure 8) itis clear that refined model
1 is within the range of experimental native
structures of similar sizes.

From Ramachandran plot (Figure 9), it is very
clearthat fora refinedmodel, model 1 carriesagood
percentage of residues that fall into favor regions.

From the above work, it is further
recommended that the 3D structure of protein X
could be utilized by model inhibitors with
homologous matching in different microorganisms.
This work also likewise demonstrated that the
transactivation domain site of activity might be
abused in ligand configuration to hinder the viral
development, as the protein X was found to be
exceptionally fundamental for an infection.
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