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ABSTRACT

Work on the HBV core protein of Hepatitis B has been performed in order to have deep considerate of the structure
of this virulent protein. To understand the underlying mechanism and to see the effect of different drugs on it by
using different bioinformatics tools. The proposed work has been divided into two stages, building model of the
protein structure through the use of bioinformatics tools and then the designing and docking of the proposed drugs.
All steps of homology modeling and refinement were carried out by the program MODELLER (MVersion 9 (9v8)). The
law of PROCHECK is to estimate the overall stereo-chemical value of a given model and Energy of protein folds
was finding out by using the tool ProSA (Protein Sructure Analysis, Version.4). Docking server and DS viewer were
used to study the inter actions of the ligands with the protein. Molecular docking server Interaction of the ligand
with the protein in terms hydrophobic interactions, hydrophilic interactions and other interactions. Hex dock server
helped in binding the ligand with the protein. The 17 residues are conserved in pair wise alignment between target
and template. All the sequences shows highest similarity when these sequences were loaded into CUSTAL X. Tertiary
structure of HBV core consist of two main domains A+B structure topology. The Alanine shows same interaction
between hex and molecular docking server with Tenofovir, Telbivudine, Lamivudine drugs. The tryptophan and
Alanine shows same interaction with Tenofovir, Telbivudine, Lamivudine drugsin molecular docking.
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INTRODUCTION

Hepatitis B virus (HBV) infection is one of the miamportant health problems in the world, abet850 million
peoples affected by Hepatitis B infection globallyd is a leading cause of end-stage liver disdesgtocellular
carcinoma, and mortality [1,2]. The Hepatitis Bbislongs to the hepadnaviruses family partially dewtranded
DNA its diameter is 42 nm and it is composed oh&Y nucleocapsid core, enclosed by an externalgiptein coat
having the surface antigen. The diameter of virené2 nm and has an isometric nucleocapsid or 2érem in
diameter, and surrounded by an external coat abaum thick. The word surface antigen is use forphaein of
viron coat [3]. The size of HBV viron circular, piatly duplex DNA molecule is 3.2kb; the 5’'cohessignds uphold
its circularity. The infectious particle is known the Dane particle and its shape is sphericalinDuhe process of
budding virus required the viral membrane and eladwpic reticulum transported the viral particlesotigh
secretory pathway surface proteins having thred sinrface proteins are form through the Golgi path The size
of these three proteins is dissimilar so it carilgaifferentiate and know by their size as sm&BEAg), middle
(HBmAQg), or large (HBIAg) and these proteins arguieed during budding process in ER [4, 5, 10]. Toee
protein are encoded by the viral genome, the weadtiggen is also used for the pre- core proteirmime system
recognized the core protein, and it is necessaryh® development of nulceocapisd. Most-consenagpeptide
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among the mammalian hepadnaviruses is HBcAg thae 8% between HBV and WHV. Core proteins
spontaneously assemble into forms resembling canticfes [7]. HBV infected constricted untimelytime life cycle
direct to chronic hepatitis, subsequently to cisiepand finally to HCC, typically once a time dd & 50 years.
Those males whose are infected with HBV are mdtelylito continue steadily infected than women, vére
rapidly infected and to develop anti-HBs. Due teedi viral mechanism it is feasible that man is centcinogenic

[6].
EXPERIMENTAL SECTION

Sequences Extraction
Through the way of present studies primary sequente&iBV core (swissprot AC: Q77819) was retrieeain the
SWISSPROT (http://www.us.expasy.org) and PIR (Hitpvw.georgetown.edu) database [11, 12].

Searching Template
Template searching is carried out through BLASTI-BAST) algorithm against Protein Data Bank (PDH)e
sequence which shows high homology to the targptesece has chosen as template [13].

M ultiple Sequence Alignment

Multiple sequence alignment was carried out usimg program CLUSTAL X (Version: 1.81) to identifyeth
homologous and functionally important regions, 8sgjuences which are homologous to the target Segsievere
retrieved from SWISS-PROT [14].

Phylogenetic Analysis
Phylogenetic analysis is used to establish theugieolary relationships among organisms. The resiflts analysis
can be obtained in form of Draw gram and Draw [ié&4.

Secondary Structure Prediction
Sequences were submitted to the Consensus Second&tyucture Prediction Server
athttp://pbil.ibcp.fryNPSA/npsa_npsa.html in ortieipredict the secondary structures of the targgtisnces [16].

PDB sum

PDB sum is a database that provides an overviaglveo€ontents of each 3D structure deposited irPtio¢ein Data
Bank (PDB). It shows the molecules that make upsthgcture (i-e protein chains, DNA, ligands andah@ns)
and schematic diagrams of their interactions. Eitenuse is made of the freely available RasMol enalar
graphics program to view the molecules and thégractions in 3D.

Model Building and Refinement

Three dimensional comparative model of HBV core wasstructed using the crystal coordinates of tetepl on
the basis of alignment between target and tempkgeences. All steps of homology modeling and eefient were
carried out by the program MODELLER (Version 9 (9v@&7].

M odel Visualization and Evaluation

In order to check out the consistency of the aligninand modeling of variable surface loops, stmattu
investigations on the graphics screen using 3D alisation programs, Ds-Viewer was performed [18].
Effectiveness of the predicted model was carrieddbyuthe program PROCHECK [19] (Version: 3.4), theergy
Command of the MODELLER is use to check out thengetoy, chemistry, and energy distributions of thedet
[17]. The ProSA (Protein Structure Analysis) webvee is used to determine the energy graphs stralafiesign of
protein folds to verify the protein structure gtyaland the statistics of non-bonded interactionsvbeen different
atom types through ERRAT [20,21].

Proteins Ligand Interactions
We have used Program Ligand Explorer (http://ww¥kdal.com/ligand) to study the Protein—Ligand intdi@ns.

Molecular Docking Server

It tells about the interaction of the ligand wittetprotein in terms hydrophobic interactions, hythitic interactions
and other interactions. It also tells about thectebstatic energy, intermolecular energy, and fezqy of the
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interacting ligand [23].

Hex Dock Server

This server also helped in binding the ligand viite protein, it takes both the protein and theniyto be docked,
in the .pdb format. It gives the top 100 good ressuhnd a separate file of the best result. The ddntains the
interactions in terms of hydrophobic, hydrophihetallic, hydrogen bond and bridged Hydrogen b@&#].[

RESULTSAND DISCUSSION

Sequence homology searches for the query HBV caseasnceded by using BLAST algorithm carried ootgin
data bank. Crystal structure coordinate of 1YDOensglected as a template on the basis of maximaguesees
similarity score and lowest E value for construgtthe 3D structure of HBV core. Sequence simyas@arches of
target (SwissProt AC: Q77819) showed 82% identitytite template 1YDO. MODELLER 8v2 align2d command
was used to carry out the alignment between twaesggges by inserting the gaps at the beginning aittteaend of
target sequences .The starting 33 residue of tagppience is absent. This starts from the MSE1p&8t which
shows in Figure 1.

1YDO MPYPRKVTIKEVGPRDGLQNEPVWIATEDKI TWINQLSRTGLSY IEITSFVHPKWIPALRDAIDVAKG
HBVL ~  —mmmmmmmmmmmm oo mmmm oo MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASA
* * % * * % * %
1YDO IDREKGVTYAALVPNQRGLENALEGGINEACVEMSASETHNRKN INKSTSESLHI LKQUNNDAQKANL
HBV1 LYREALESPEHCS PHHTALRQAILCWGELMT LATWVGVNLEDFPASRDLVVSYVNTNMGLKFRQLLWEFH
* % * * *
1YDO TTRAYLSTVEGCPYEKDVPIEQVIRLSEALFEFGISELSLGDTIGARNPAQVETVLEALLARFPANQT
HBV1 ISCLTFGRETVIEYLVSFGVWIRTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRTESPRRRRSQSPR
* * * *

1YDO ALHFHDTRGTALANMVTALQMGITVEDGSAGGLGGCPYAPGSSGNAATED IVYMLEQMD IKTNVELEK
HBV1 RRRSQSRESQC—— === === === === —— e
1YDO LLSARKWIEEKMGKPLPSRNLQVEKSS

HBVL =~ ———mmmmmmmmmmmmm—m oo

Figure 1: The sequence homology sear ch for the query HBV corewas carried out by using BLAST algorithm against PDB (Protein Data
Bank). For constructing the 3D structure prediction 1Y DO was selected as a template on the basis of 3D similarity from RCSB as shown
in Figurel

Program: ERRAT2

File: fvarfwww/html/Services/ERRAT/DATAME72755.pdb
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Figure2: ERRAT result of target sequence showing the overall quality of our model comparing it to the amount of errorsallowed in a
model
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Figure 3: The schematic diagram of the HBV core. One can seethe secondary structurelike a-helices on the C-terminal, and p-sheetson
the N-terminal

As a result of pairwise sequence alignment thesidifft sequences obtained are then run through CAUST
which aligns the evolutionary conserved residuasorider to get best alignment, multiple sequenigmnuadent is
used. Most of the residues are conserved througheufamily. Target (HBV) and Template (1YDO) bejsnto
these clusters which shows that they belong to samestor. The phylogenetic tree for HBV as shawhigure 7.
Each branch in the dendrogram represents a pouag\otion.

The atomic coordinates of the crystallographicattme 1YDO solved to the resolution of the 25were used as
starting mode of the HBV111 HBV core variant stawet Ramachandran plot shows 85.4% core, 13.3%v,allo
0.6% generously allowed regions , bad contactsiBedbals -0.12 , covalent -0.04, overall -0.21.sThtrongly
indicates that the molecular models present goedativstereochemical quality shown in Figure (8a), 6

X-ray
i MNMER
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—20
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Figure 4a: ProSA plot of HBV core showing the Z value <0
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Figure 4b: ProSA plot of HBV core showing the energy graph of residue score of HBV core

DMSEI-TRP33

Figure5: Structural superposition of HBV core (sky blue) onto the crystal structure of 1YDO (purple)

ProSA calculates an overall quality score for acdfeinput structure. Using the program ProSA #mwergetic
structural design of protein folds is determinede Energy graph of HBV (target) obtained by ProSwse Z-score
is (-1.27) given in Figure (3a, 3b). Which indicdlbe overall quality of protein structure. ProSAwgals that the
predicted model satisfies the criteria for a goodliy model. The energy graph for Template 1YDQagied by
ProSA whose Z-score is (-9.21) in Figure (4a, 4b).

ERRAT the overall quality of the model is verifiegdrough Errat is 59.42 shows the structure religbillhe
structure reliability diagram of ERRAT shows in &ig 2.

The overall description of similarities and diffaoes derived from backbone superposition is ginefigure 6. The

RMSD value between template and the predicted masiaty all main-chain atoms was found to be 1.489Both
the sequences showed that the region are well isypesed but there are also some different confaomsitat
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starting regions like, MSE1 to Trp 33 respectivaiich is due to insertion of gaps presenting tiaplregion as
shown in Figure 5.

I
+—— << P R O <€ H E <€ K 3 U M M & R ¥ rrr-————————— +
| |
| 1wydo 2.7 291 residues |
| |
*| Rampachandran plot: §4.4% core 14.5% allow . 4% gener -4% disall |
| |
| “lv & Fro Raanach: 0 lakbelled residuss [(out of 3] |
+| Chil-chizZ plots: 4 labelled residuses (out of 166) |
| |
| Main-chsin paramwms: & hetter 0 inside 0 worse |
| Side-chsain params: 5 hettcer 0 inside 0 worse |
| |
+| Residue properties: Max.dewviation: 4.1 Ead contacts: a o
+| Bond lenfangle: 3.1 Morris et al class: 1 2 2
| |
| G—factors Dihedrals: .12 Covalent: .57 Crrerall: .30
| |
| M/c bond lengths:100.0% within limits 0% highlighted |
| M/c hond angles: 95.1% within limits= 1.9% highlighted |
+| FPlanar groups: 96.5% within limits 3.2% highlighted |
| |
+-- +
+ May be worth investigacing further. * Torth investigating further.

Figure 6a: Graphical representation of Ramachandran plot for HBV core model obtained with PROCHECK

The tertiary structure comprises maifilsheets and alpha helices. As shown in figure & Nherminal is mainly
consist of antiparellgl-sheets and C-terminal ends witihelices. N-terminal starts with GLN 7 and antiplate-
sheets and C- terminal ends with THR 268 asstheets.

Interactions as the result of docking with eachiliafgs are shown in table 9. The predicted struatfitdBV core
was docked with telbivudineand other three drugs taken randomly from chemspiflgtp://www.
http://www.chemspider.com) on the basis of theilenolar weights. Docking of drugs with HBV core wearied
out by hex Dock server (http://hexserver.loria.&/fnolecular dock server. http://www.dockingseregem/web /.

Drug Compound Docking Analysis
Docking of the drugs was done with the help of maldocking server i.e., hex dock server and madecdbck
server.

Molecular Docking Server Results

In molecular docking server the drug bind with tleget protein its shows different types of intéi@t with
different residues of drug and target protein. THedrug telbivudine shows 5 different interactionslapo
hydrophobic, N bond, Catiom-and others. The drug distance is less thafl. 4Ameans drugs change the
conformation of protein and minimize the effecttloé disease. The interaction of the drug and pragseshowed in
Table 2 and in this table also shows its drug antepn distance and drug atoms and protein residues

Hex Docking Result

HEX dock bound at a distance less than°4owever each of these drugs has brought conf@natchanges in
the catalytic site residue ALA: 11 and two otheidees GLU: 10 and THR: 53, thus | propose thatetheight be a
bit effect on the function of a protein because dhgg is targeting the catalytic tirade and sonteeoimportant
residues and our this hypothesis can be confirnygd-bitro or experimental studies. The result loé hex dock is
shows in Table 1.
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Figure 6b: Ramachandran plot statistics of the HBV core model obtained with PROCHECK
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Figure 7: Showing theresult of Draw gram

Table 1: Docking results of drugs of hex dock

Drugs distanc{DRUG RESIDUJProtein residue INTERACTION
3.651 [N4 SER2: Othel
2.828|017 THR533 Other
3.551|017 ALN54 545454Hydrophobic

telbivuding 3.67< |O17 ALA54 Hydrophobic
2.877 N1 ALAl11 Hydrophobic
3.365 |05 GLY10 Other
3.41 |N3 GLY10 Other
3.542|05 ALA41 Hydrophobic
lamlivudine| 3.569 [N1 LEU42 Hydrophobic
3.286 |H30 ALA41 Hydrophobic
3.613|H31 ALA4L Hydrophobic
3.82 |H30 GLU10 Acidic+hydrophli
2.744|H30 GLU10 Acidic+hydrophli
tenofovir | 3.714 |H30 GLU10 Acidic+hydrophli
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Table 2: Molecular docking results of drugs

Table2.1: LAMIVUDINE

DRUG TARGET
RESIDUE PROTEIN INTERACTIONS DISTANCE
RESIDUES
N1 THR109 HYDROGEN BOND 2.81
N1 GLU14E HYDROGEN BONL 2.9¢
H1 THR109 POLAR 1.95
H2 THR109 POLAR 2.98
H1 THR210¢ POLAR 3.67
H2 GLU145 POLAR 3.72
C3 ALA69 HYDROPHOBIC 21
C8 ALAG9 HYDROPHOBIC 3.8¢
C6 TRP71 HYDROPHOBIC 3.51
C5 TRP71 HYDROPHOBIC 3.63
Cc2 TRP71 PI 3.82
02 CYs48 OTHER 3.74
02 ALA69 OTHER 3.53
H11 ALA69 OTHER 35
C5 TRP71 OTHER 3.48
C6 TRP71 OTHER 3.04
H1 THR109 OTHER 2.92
C1 THR109 OTHER 3.73
C4 THR109 OTHER 3.31
H2 GLU145 OTHER 3.81
Table2.2: TELBIVUDINE
Drug residues Target protein residues I nter actions Distance
03 SER81 N bond 2.97
04 TRP71 Polar 3.38
03 TRP71 Polar 3.8
H3 SER81 Polar 2.19
04 THR 109 Polar 3.67
04 GLU145 Polar 3.72
Cc2 ALAGB9 Hydrophobic 3.36
c2 ALA69 Hydrophobic 3.64
C1 TRP71 Hydrophobig 3.84
c4 ALA80 Hydrophobic 3.34
H3 TRP71 CATION-PI 3.51
c4 SER181 Other 3.75
H3 SER81 Other 2.87
C5M THR109 Other 3.46
C5 THR10¢ Othel 3.7¢
N3 THR 109 Other 3.82
Cc4 THR109 Other 3.4
04 THR10¢ Othel 3.64
C5M GLU 145 Other 3.23
N1 ALA69 Other 3.64
02 ALA69 Othel 3.6
N3 ALA69 Other 3.56
H3 ALAG9 Othel 3.87
03 TRP71 Other 3.35
C1l TRP71 Other 3.67
04 TRP71 Other 3.83
H3 GLU77 Other 3.85
04 ALA80 Other 3.6
H3 ALA80 Other 3.6
C3 SER81 Other 342
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Table2.3: TENOFOVIR

DRUG RESIDUES PROTEIN RESIDUES| INTERACTION| DISTANCH
N5 THR109 Hydrogen bonds 2.B6)
N5 GLU145 Hydrogen bonds| [2.58]
03 TYR88 Polar [3.33]
H1 TYR88 Polar 3.67]
H2 THR109 Polar 3.67]
H3 THR109 Polar .24
H2 GLU145 Polar 2.20]
H3 GLU145 Polar 2.27]
H2 ARG175 Polar 3.19]
N5 ARG175 Polar 3.76]
C3 ALAG69 Hydrophobic 3.74]
C1 ALAG69 Hydrophobic 3.70]
Cc2 TRP71 Hydrophobic 3[40]
c4 TRP71 Hydrophobic 3[84]
Cé TRP71 Pi-pi 3.68]
04 PRO50 Other 373
N3 ALAB9 Other B.82]
o1 ALAB9 Other [3.25]
03 ALAG9 Other B.20]
H1 ALA69 Other p.56]
c2 TRP71 Other 335]
N1 TRP71 Other [3.87]
C4 SER81 Other [3.61]
o4 TYRS8 Other 3.74]
H3 THR109 Other 332
c8 THR109 Other [3.35]
N4 THR109 Other 3.86]
C5 THR109 Other 353
H2 GLU145 Other 3.15]
H3 GLU145 Other 3.41]
Cs8 GLU145 Other 3.77

CONCLUSION

The 17 residues are conserved in pair wise alighimetween target and template. All the sequencesshighest
similarity when these sequences were loaded int&TAULX. The tertiary structure of HBV core considttwo

main domains A+B structure topology. The ALA shasesne interaction between hex and molecular dockanger
with three different drugs. The TRP and ALA showngainteraction with three drugs in molecular dogkifihe
drugs that were docked with HBV core (target) dem alocked with template but these drugs do notvsaoy
interaction with 1YDO (template).
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