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PRI A, and ABCpred for B cell epitopes and NetMHC 4 server for T-cell
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MHC class | and MHC class 11 was used. ProPred sever was used also
to identify the antibody prediction epitopes for linear and
discontinuous epitopes using IEDB Ellipro tool. Allergenicity was predicted by AllerTop
server, antigenicity by Vaxijen 2 server and toxicity was predicted using Toxinpred. The 3D
structure was modeled using I-Tasser server to visualize the two proteins. Docking process
was achieved by ClusPro server to see how HDAg protein binds with the receptor of immune
system. Results: BCEpred predicted 5 epitopes and ABCpred predicted 21 epitopes for B cell
of HD Ag protein for hypothetical predicted 10 BCEpred epitopes and 11 ABCpred epitopes
for hypothetical protein for T cell 16 epitopes were predicted by NeTMHC 4 MHC class |
and 12 epitopes for MHC class Il for ProPred of HDAg protein and 15 epitopes for MHC

class | and 9 epitopes for MHC class Il for hypothetical protein. All epitopes are antigenic
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and no allergy was detected plus not toxic effect was predicted. Concluding that these

predicted epitopes can be used as a multi epitopes vaccine.

INTRODUCTION

Hepatitis D is a type of viral hepatitis ("Hepatitis (Viral) NIDDK".2020) caused by the
hepatitis delta virus (HDV), a small spherical enveloped particle that shares similarities with
both a viroidandvirusoid(Farci P (2003))(MagniusL,et al,2018)HDV is one of five known
hepatitis viruses: A, B, C, D, and E. HDV s considered to be a satellite. Because it can
propagate only in the presence of the hepatitis B virus (HBV).(Makino et al., 1987)
Transmission of HDV can occur either via simultaneous infection with HBV (co infection) or

superimposed on chronic hepatitis B or hepatitis B carrier state (super infection).

HDV and HBV infecting a person simultaneously is considered the most serious type of viral
hepatitis due to its severity of complications. (“"Hepatitis D". www.who.int. Retrieved 2020-
09-20)These complications include a greater likelihood of experiencing liver failure in acute
infections and a rapid progression to liver cirrhosis, with an increased risk of developing liver
cancer in chronic infections.(FattovichG,et al, 2000)In combination with hepatitis B virus,
hepatitis D has the highest fatality rate of all the hepatitis infections, at 20%. The HDV
(hepatitis delta virus) is a small, spherical virus with a 36 nm diameter. It has anviral
envelope containing host phospholipids and three kinds of HBV envelope protein — large,
medium, and small hepatitis B surface antigens; this surrounds an inner nucleocapsid. The
nucleocapsid contains the genome surrounded by about 200 molecules of hepatitis D antigen
(HDAg) for each genome. The central region of HDAg has been shown to bind
RNA.(Poisson F,et al, 1993)Several interactions are also mediated by a coiled-coil region at
the N terminus of HDAg.(ZuccolaHJ, et al, 1998).

The HDV genome is negative sense, single-stranded, closed circular RNA; with a genome of
approximately 1700 nucleotides, HDV is the smallest "virus" known to infect animals. It has
been proposed that HDV may have originated from a class of plant pathogens called viroids,
which are much smaller than viruses. (Elena SF,et al, 1991)(Sureau, 2006). Its genome is
unique among animal viruses because of its high GC nucleotide content. Its nucleotide
sequence is about 70% self-complementary, allowing the genome to form a partially double-
stranded, rod-like RNA structure. (SaldanhaJA,et al, 1990).
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Figure 1: Structure of Hepatitis D virus (Sureau, 2006).

Like hepatitis B, HDV gains entry into liver cells via the NTCP(Yan H,et al, 2012)bile
transporter. HDV recognizes its receptor via the N-terminal domain of the large hepatitis B
surface antigen, HBsAg.(EngelkeM,et al, 2016)Mapping by mutagenesis of this domain has
shown that amino acid residues 9-15 make up the receptor-binding site.*®! After entering the
hepatocyte, the virus is uncoated and the nucleocapsidtranslocated to the nucleus due to a
signal in HDAgXia YP,et al, 1992) Since the nucleocapsid does not contain an RNA
polymerase to replicate the virus’ genome, the virus makes use of the cellular RNA
polymerases. (Lehmann E,et al, 2007) Initially thought to use just RNA polymerase 1, now
RNA polymerases | and 111 have also been shown to be involved in HDV replication.(Greco-
Stewart VS,et al, 2009) Normally RNA polymerase Il utilizes DNA as a template and
produces mRNA. Consequently, if HDV indeed utilizes RNA polymerase Il during
replication, it would be the only known animal pathogen capable of using a DNA-dependent

polymerase as an RNA-dependent polymerase, (Greco-Stewart, et al,, 2009).

The RNA polymerases treat the RNA genome as double-stranded DNA due to the folded rod-
like structure it is in. Three forms of RNA are made; circular genomic RNA, circular
complementary antigenomic RNA, and a linear polyadenylatedantigenomic RNA, which is
the mRNA containing the open reading frame for the HDAg. Synthesis of antigenomic RNA
occurs in the nucleolus, mediated by RNA polymerase |, whereas synthesis of genomic RNA
takes place in the nucleoplasm, mediated by RNA polymerase I1.(Li YJ, MacnaughtonTet al,
2006)HDV RNA is synthesized first as linear RNA that contains many copies of the genome.
The genomic and antigenomic RNA contain a sequence of 85 nucleotides, the hepatitis delta
virus ribozyme, that acts as a ribozyme, which self-cleaves the linear RNA into monomers.
These monomers are then ligated to form circular RNA.(Branch AD,,et al, 1989).
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A significant difference between viroids and HDV is that, while viroids produce no proteins,
HDV is known to produce one protein, namely HDAg. It comes in two forms; a 27kDa large-
HDAg, and a small-HDAg of 24kDa. The N-terminals of the two forms are identical; they
differ by 19 more amino acids in the C-terminal of the large HDAg.(Weiner AJ.et al
1988)Both isoforms are produced from the same reading frame which contains an UAG stop
codon at codon 196, which normally produces only the small-HDAg. However, editing by
cellular enzyme adenosine deaminase-1 changes the stop codon to UGG, allowing the large-
HDAQg to be produced. (Weiner et al., 1988) Despite having 90% identical sequences, these
two proteins play diverging roles during the course of an infection. HDAgQ-S is produced in
the early stages of an infection and enters the nucleus and supports viral replication. HDAg-
L, in contrast, is produced during the later stages of an infection, acts as an inhibitor of viral
replication, and is required for assembly of viral particles. (Sato et al., 2004) Thus RNA
editing by the cellular enzymes is critical to the virus’ life cycle because it regulates the
balance between viral replication and virion assembly. The virus contain a hypothetical

protein (a protein that not prove experimentally) using protein sequence.

The HDV envelope protein has three of the HBV surface proteins anchored to it. The S
region of the genome is most commonly expressed and its main function is to assemble
subviral particles. HDV antigen proteins can combine with the viral genome to form a
ribonucleoprotein (RNP) which when enveloped with the subviral particles can form viral-
like particles that are almost identical to mature HDV, but they are not infectious.
Researchers had concluded that the determinant of infectivity of HDV was within the N-
terminal pre-S1 domain of the large protein (L). It was found to be a mediator in binding to
the cellular receptor. Recently, researchers Georges AbouJaoudé and Camille Sureau
published an article that studied the role of the antigenic loop, found in HDV envelope
proteins, in the infectivity of the virus. The antigenic loop, like the N-terminal pre-S1 domain
of the large protein, is exposed at the virion surface. Jaoudé and Sureau's study provided
evidence that the antigenic loop may be an important factor in HDV entry into the host cell
and by mutating parts of the antigenic loop, the infectivity of HDV may be minimized.
(Radjef et al., 2004).

In this study we use a bioinformatics tools to develop a vaccine that can prevent infection of
HDV in future by identifying epitopes from T and B cells. The study covers the HDAg

protein and a hypothetical protein in the virus.
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MATERIAL AND METHODS

Sequence retrieval

The sequences of the two antigenic protein HDAg-L and hypothetical were obtained from the
National Center for Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/). The
two sequences were applied on different software to select the epitopes that can generate
human immune response and can design a vaccine against Hepatitis Delta Virus. The
selection and prediction of the epitopes depend on both cellular and humeral immune
response that B and T-cells immune cells.

Identification and prediction of B-cell epitopes

In linear B-cell we apply two software servers the ABCpredhttp:// crdd.osdd.
net/raghava/abcpred/) (Saha and Raghava, 2006) andBCpred for conformation result. In
ABCpredmethod is based on artificial neural network, it relies on random peptides trained on
similar B-cell epitopes positive data. Selection of window length 9 result come out in
graphics or tabular frame, adjusting the threshold into +3 to -3 the more threshold lead to

better specificity with less sensitivity.

The BCpred (http://ailabprojectsl.ist.psu.edu:8080/bcpred/index.html)(Saha.S and Raghava
G.P.S.2004) use many methods to predict the epitopes (i) our implementation of AAP
method [Chen et al., 2007]; (ii) BCPred [EL-Manzalawy et al., 2008]; (iii) FBCPred [EL-
Manzalawy et al., 2008b]. Users provide an antigen sequence and optionally can specify
desired epitope length and specificity threshold. Results are returned in several user-friendly

formats.

Identification of T-cell epitopes

Using NetMHC 4.0 (http://www.cbs.dtu.dk/services/NetMHC/) (Andreatta and Nielsen,
2016) to select T-cell epitopes for HLA-A, B and C in MHC | with length 9 and stronger
affinity 0.5 and weak affinity 2 the epitopes come in way that show level binding affinity its
also use ANN method for prediction.(Nielsen M.,et al, 2003) Using ProPred
(http://crdd.osdd.net/raghava/propred/) (Singh and Raghava, 2001). For T-cell MHC class 11
binding region in antigen sequence using quantative matrices, the server assist promiscuous
binding location regions that are useful selecting vaccine candidates with threshold lower
than 3 to show high stringency prediction and default 5% score for binding with MHC class
.
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Conservancy prediction

To assure that these epitopes of B-cells and T-cells are conserve we apply the epitopes of the
two cell into conservation tools of IEDB (http://tools.iedb.org/conservancy/) and this for
linear and discontinuous sequence with threshold conservancy >100% this help in best

selected epitopes.

Antibody Epitope prediction

Using IEDB Ellipro (http://tools.iedb.org/ellipro/)(PonomarenkoJV,et al, 2008) to predict
linear and conformational B-cell by using the HDAg protein ElliPro associates each predicted
epitope with a score, defined as a P1 (Protrusion Index) value averaged over epitope residues.
In the method, the protein's 3D shape is approximated by a number of ellipsoids, thus that the
ellipsoid with PI = 0.9 would include within 90% of the protein residues with 10% of the
protein residues being outside of the ellipsoid; while the ellipsoid with PI = 0.8 would include
80% of residues with 20% being outside the ellipsoid. For each residue, a Pl value is defined
based on the residue's center of mass lying outside the largest possible ellipsoid; for example,
all residues that are outside the 90% ellipsoid will have score of 0.9. Residues with larger
scores are associated with greater solvent accessibility. Discontinuous epitopes are defined
based on PI values and are clustered based on the distance R (in A between residue's centers
of mass). The larger R is associated with the larger discontinues epitopes being predicted.

Antigenicity, allerginecity and toxicity

For confirmation of the immunogenic character of all epitopes fragments Vaxijen 2.0 server
(http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) (Irini A Doytchinova and
Darren R Flower, 2007). 1t’s based on the alignment independence method which predicts
antigenicity using physiochemical properties and ACC methods for antigenicity assessment
peptide fragment with a threshold greater than 0.4 were marked as potentially antigenic.

For allerginecity of selected epitopes and their conscious variants was predicted using
AllerTop server (https://www.ddg-pharmfac.net/AllerTOP/). ALLerTOP uses the auto cross
covariance (ACC) method. The server is trained on several known allergies and non-allergens

from different species.

For toxicity using ToxinPred(http://crdd.osdd.net/raghava/toxinpred/) (SudheerGupta et al.,
2013) is a web server which applies machine learning approaches using different properties

of the peptides.
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3D structure and Docking

Using I-tasser server (https://zhanglab.ccmb.med.umich.edu/I-TASSERY/) for protein structure
and function prediction for the two protein HDAg and hypoheical protein the server predict
the structure according to function annotation using protein sequence by multiple approach.
(J Yang, R Yan, et al, 2015). For docking ClusPro sever (https://cluspro.bu.edu/login.php)
(DimaKozakov, et al, 2017) use to visualize docking for protein using the min protein
(HDAQ) as target and T-cell receptor as ligand both are protein in nature to see how can they
interact. It uses different methods of algorithms.

RESULTS

Immunodominant epitopes which can generate both antibody and cell mediated immunity
were identified to generate memory cells against hepatitis D virus. We first predicted B and T
cell epitopes and their possible MHC alleles from the hepatitis D virus for HDAg-L and

hypothetical protein using the tools mentioned in the methods

Identification and prediction of B-cell epitopes

In this study HDAg protein was used. B-cell epitopes the BCEpred server which show 5
epitopes with high conservancy in the sequence to generate immune response
(SRPEGRKNRGGREEV, LGKKDKDGEGAPPAK RARTD QMEVD SGPRKRPSRGG,
TDKERQDHRRRKA, KNLSKEEEEELRRLTEEDERRERR, and EGGTRGA). Also for
more confirmation to B-cell epitopes and it conservancy the ABCpred server was used, the
results were shown in 21 epitopes with high conservancy and their score was up to 0.5. Table
(1) showed the results of ABCpred. The conservancies in the two software were measured
using IEDB conservation tools that predicted both results of ABCpred and BCpred epitopes

and were 100% conserved and can generate immune response.

Table 1: result of ABCpred and conservancy for HDAg-L protein.

.. Conservancy
Rank | Sequence Start position | Score 100%
1 EDEHPWLGNI 45 0.87 C
2 LGNIKGILGK 51 0.8 C
3 GEGAPPAKRA 65 0.77 C
4 QDHRRRKALE 100 0.75 C
5 ERDLRKVKKK 31 0.72 C
5 KQLSAGGKNL 113 0.72 C
6 TDQMEVDSGP 76 0.7 C
6 KKIKKLEDEH 39 0.7 C
7 KALENKRKQL 106 0.69 C
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8 RKRPSRGGFT 86 0.68 C
8 | VSGRKKLEEL 21 0.68 C
9 SRGGFTDKER 90 0.67 C
10 | RKNRGGREEV 7 0.65 C
10 | LGKKDKDGEG 58 0.65 C
10 | SRPEGRKNRG 2 0.65 C
11 | FTDKERQDHR 94 0.64 C
12 | KKLEELERDL 25 0.61 C
13 | GGREEVLEQW 11 0.58 C
14 | PPAKRARTDQ 69 0.56 C
14 | RKVKKKIKKL 35 0.56 C
15 | AGGKNLSKEE 117 0.51 C

For hypothetical protein the BCEpred showed 10 epitopes (KGSSGGDFS,
PPGPSDREAR,GRQGQQSPALCSLKGSSGGD, GTLNPSGR, TWPPGPSDRE,
LELGRQGQQ, QTWPPGPSDREARLL, RYGEIHP, ELGRQGQQSPLYRKE) and the
ABCpred showd 11 epitopes (MVYSLSRCAL, ARLLLFHLPS, LWGTLNPSGR,
FHLPSFPFLE, RYGEIHPLLA, ALCSLKGSSG, FSVLLRVASS, EFHWRYGEIH,
HPLLAFSFFL, KGSSGGDFSV, QTWPPGPSDR) the epitopes from the two software
showed 100% conservancy table (2) showed the result of ABCpred.

Table (2): result of ABCpred and conservancy for hypothetical protein

Rank | Sequence Start position | Score | conservancy
1 | MVYSLSRCAL 1 0.7 C
2 ARLLLFHLPS 55 0.69 C
3 LWGTLNPSGR 31 0.68 C
4 | FHLPSFPFLE 60 0.67 C
5 RYGEIHPLLA 73 0.66 C
6 | ALCSLKGSSG 9 0.65 C
7 FSVLLRVASS 21 0.64 C
8 | EFHWRYGEIH 69 0.63 C
9 HPLLAFSFFL 78 0.58
9 | KGSSGGDFSV 14 0.58 C
10 | QTWPPGPSDR 44 0.52 C

Identification and prediction of T-cell epitopes

For HDAg protein to form epitopes of T-cell MHC 1 the total of 16 epitopes for HLA-A, B
and C by using NetMHC 4.0 with stronger binding rank 0.5% also with high conservancy
was used. Table(3)showed the results of MHC Il using ProPred server. A total of 9 selected
epitopes after removing duplicates, with conservancy and threshold 3% and top score of 5
were showed in table (4).
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Table 4: Result of MHC | for HDAg-L protein.

allele epitopes affinity | Rank
HLA-A0250 | KLEDEHPWL 6.79 0.1
WLGNIKGIL 2042 | 0.3
HLA-A3001 | RARTDQMEV | 0.706 | 0.17
HLA-A3207 | RKRPSRGG 0.656 | 0.1
KKLEDEHPW | 0.648 0.1
HLA-B0801 | ENKRKQLSA | 0.586 | 0.25
HLA-B0802 | QDHRRRKAL | 0.135 | 05
HLA-B0803 | QMEVDSGPR 0.211
HLA-B1402 | QDHRRRKAL | 0.488 | 0.01
AKRARTDQM | 0.373 | 0.15
TRGAPGGGF | 0.478
QLSAGGKNL | 0.418 | 0.3
HLA-B1503 | MQGVPESPF 0.855 | 0.03
RKRPSRGGF 0.785 | 0.15
HLA-B2720 | PQVGGVNPL 0.595 | 0.25
RERRIAGPQ 0.576 | 0.3
Table (5): Result of MHC 11 for HDAg-L protein.
Allele Epitopes Conservancy
DRB1_0102 | LGNIKGILG C
DRB1 0301 | LERDLRKVK C
WLGNIKGIL C
DRB1_0306 | LRKVKKKIK C
DRB1 0307 | LSAGGKNLS C
DRB1_0309 | WVSGRKKLE C
DRB1 0311 | LRKVKKKIK C
LSAGGKNLS C
DRB1 0801 | VKKKIKKLE C

For hypothetical protein 15 epitopes were predicted to cause immune in MHC | (HLA-A,B
and C). Table (5) showed the results of 10 epitopes in MHC Il. Table (6)showed the result
the two software. Epitopes were 100% conserved.

Table (5): Results of MHC | for hypothetical protein.

WWwW.wipr.net

Allele Epitope affinity | Rank
HLA-A0101 | FLEFHWRY | 0.469 | 0.3
HLA-A0202 | LLAFSFFL | 0.848 | 0.07
HLA-A0207 | HLPSFPFL | 0.116 | 0.8
HLA-A2403 | RYGEIHPL | 0.857 | 0.05
HLA-A2501 | EIHPLLAF | 0.089 1.6
HLA-A0207 | HLPSFPFL | .0.457 | .0.30
HLA-C0501 | ISDVPMLF | 0.352 | 04
HLA-C0702 | FHLPSFPF | 0.783 | 0.04
HLA-B0702 | NPSGRSVL | 0522 | 0.5
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HLA-B0801 | YSLSRCAL | 0.775 | 0.02
HLA-B2705 | ARLLLFHL | 0.623 | 0.01
HLA-B3503 | HPLLAFSF | 0.382 | 0.08
HLA-B4801 | RQGQQSPL | 0.343 | 0.03
HLA-B5101 | FPFLEFHW | 0.372 | 0.17
HLA-B7301 | WRYGEIHP | 0.522 0.5
Table (6): Result of MHC 11 for hypothetical protein.
Allele Epitope Conservancy
DRB1 0101 MVYSLSRCA C
DRB1 0102 LRVASSLWG C
LFHLPSFPF C
DRB1 0305 FSVLLRVAS C
DRB1 0307 MVYSLSRCA C
DRB1 0401 MVYSLSRCALC C
DRB1 0801 VYSLSRCAL C
VLLRVASSL C
DRB1 1128 LLLFHLPSF C
DRB5 0105 WGTLNPSGR C

Antibody Epitope prediction

The prediction of antibody epitopes showed 26 linear epitopes and 5 discontinuous ones

using Ellipro tools. Table (7) and (8) respectively showed the results for hepatitis delta virus

HDAg-Lprotein (56M5V). Figure (1)and (2) showed the 3D structure of the residues.
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Figure (3): Result of discontinuous epitope structure.
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Table (7): Result of linear Epitope.

19 B 268 27 EKHD 4 0.56
20 B 15 18 SLNT 4 0524
21 B 222 225 GOAG 4 0.525
22 E 4 ] LPLLES -] 0919
23 F 4 9 LPLLES 6 0.893
24 G 2 7 PRLPLL -] 0625
25 H 2 5 PRLP 4 0.503
26 J 4 7 LPLL 4 0815

Table (8): Result of discontinuous Epitope.

o.  Residues Humberof  Score
residues

B4, BiLS, B

B:577, BKTS, BVTB B0, Bl3 BAR, B BiKEE, B737 Bies BQEB Brgu BF91 BNGZ, Bio3 B:ED BMBS B K6 B:597, Bm BEN39, BK100, B A101 102 ETI02 B1110¢ BT105, 30106, 50107

Biii14) BiS115, BL116, B:NHT, BT1I8, BT123 B:0124 B:125 B:A126, BVIZT 8128 B:H120, B:Wia0, B:8131 BIN432, BE33 B.G134, BET3S B:5136 B.O13T, B39, BK1AD BMT41, BF142 B:D143,

BRI44, B:D1E, B:A180, BKIAT, BO1E2, B:K163, B:IW164, BL183 Bv184 BS185, BV8E BO1ST, B:RISE B:K189, B:V190, BS19, B0192, B:P133, B:0203, BF204 BK20E, B1206, B:E207, /G208, B:N2OY, 159 17
BAZM0 BE21, BE2 B:S213, BT214 BL215, BG222 B0223, B:A224 G225 BK227, BH229, B:230, B2, B:E232 B V233 B:6234 BT235, B:A236 BP3T BT238 BG230 B:N240, B:0041 BIP242, BF243,

B:P244 B:K245, B'K246, B:A47, B:V248 BO4D BKO6Y, B:H270, B.O271, B0286, B:L287, BE233 BT286, B:G290, BT291, B:C202, B:093, BV329, B:E330, BEIM, B.EIR BN33Y B34, B35, BPads, Bvaar |

B:1338, B339, B:N340, B:V341, BL342, B:0343, BiN344, B:P345, B:D346, BiL347, B:A34G, B:L349, B:R350, BIM3S1, B:A352, BIV3G3, B:AGS4, B:N3SS, B:N3Se, B:L357, BrA3GE, B:G356, B:A360, B:E361, BIE36D, BLIES,

FLe, F:Ps, L6, FLT FER P59, JL4 JPS U6 JL7

AE1, AHIZ, ALI3, AQTE, ALTS, A:QTS, ANT, ALIS, AG19, ARD, ANZI, AF22, AAZ3 AN, ATES A'G26, AF2T, ASZE, AT29, ADIS, AKIS, AF3T, ATBS A0, AMD, AR41, AT42 AKE, A4S, AGIS,
AEE, Au47 AoAd8, A48 AVED AVE] A A\‘S 'ADE, ANEE, ANSE, ADET, APEB, A:SEQ. AINGD, A:PR1 AJG2, ARES, ARES A PGS, AT, ASAT, A:AGE ATEY AST0 AATI AT ANTE, AP7=
AATE ABTT AKTE ANTY. AJBD AART, (B0 AKES AABE A'GES AKES ATET AL8E A08S AD AFS1 ANGE 4183 AEG4 AMGE AKIS ASET AKIE ANEE AKIDD AAIN AHI0Z ATI

2 AMI0Y, AT1ﬂ= AD106, AD107, AV108, ATI08, Asw1= LG, ANHT, ANHE, A1, AVIZD ATIZ3 ADT24 ANZS, AATDE AVIZE A5 AKI2G, AWI3D AS131 ANIZ2, AEI33 AG1, Am= 170 0716
L5136 A0137 ARI3E AVIY AKIL0 ATHE AFI42 AT AR AHIE A1 Asw AL1d6, AAMB G150, ACIST, AKIES, Asm AAT2 AQ1T3 40174 ARITE, AVATT, AVITS AYIEL
iggg; ;ﬁ\ég% émsgbé réstes éc\L\Jr'méAsm 5T AF2E2 APDE3 AR2S4 AESS AADSE ACDST ANISS AD259 AF260, AKDTS, AYV279, A:5299 AGI00 AE301, AT302, ANHG, ARIZ0, AK321,

3| GR3 GL4 GPS GLE, GLT 5 0604
4 | AG222 AQ223 AAZ4 AG2S 4 1518
S BHI4S, B:S145, B:S147, B:AT40, B.G150, B:CIE 6 0508

Antigenicity, allerginecity and toxicity of Epitopes
The vaxijen server showed that all epitopes are antigen in nature for HDAg-L and
hypothetical protein which can generate antibody. AllerTOP server showed no allergy cause

from the two proteins. Toxinpred showed no toxic effect of the proteins.

3D structure and Docking
Using I-tasser a 3D structure for HDAg-L and hypothetical protein was visualized.

UsingClusProto dock HDAg-L proteinwith its receptor in T-cell

Docking

Figure (3): Showing the result of docking HDAg-L protein.
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Figure (4): Result of 3D structure of HDAg-L protein.

DISCUSSION

As vaccines became an effective way to improve public health by building up adaptive
immunity they still took long time to be prepared by the old habitual methods. In this study
using bioinformatics tools and vaccine design to find the best epitopes which generate both
humeral and cellular immune responses was the best way to boost the process and produce
the vaccine within a limited time and effort. Also this method tested its potency and
effectiveness in a shorter time. In this study the epitopes responsible for generating the
immunity against Hepatitis Delta Virus in two proteins HDAg and hypothetical using
molecular sequence in all software were identified to determine how the immune responses
were elicited for hepatitis delta virus. The HDAg —L protein is mostly common protein
known as antigen of hepatitis D virus and the rest of protein is unknown, but this study focus
on the two proteins HDAg and the hypothetical protein. This was the first study to deal with
the hypothetical protein as an antigen using bioinformnatics tools. The results showed us
how can this two protein become antigenic and produce immune response. This study is
novel because no research focus on hepatitis delta virus because it’s not a main virus to detect
but researches showed that Hepatitis D virus is very important due to it’s a companying (co-
infected) B virus and lead to a series pathogenic problems in the liver. Also in this study
showed how validation and the binding affinity of the virus with receptors to generate
immune response. Despite that the virus is RNA genetic composition but till now it doesn’t
showed a genetic drift which is good to design a vaccine from epitopes in this study. Most

studies focus on hepatitis B virus due to its virulent effect and invasive infection to the liver
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which may lead to cancer but some studies design pitopesforall hepatitis virus using

revresvaccinol. (https://www.sciencedirect. com/science/article/abs/pii/S1567134820302197?

dgcid=rss_sd_all) or study specific allele for the virus (https://www.microbiologyresearch.

org/ content/journal/jgv/10.1099/vir.0.80183-0) or a wet-lab procedure without involve in

bioinformatics tools epitopes design.

Recommendation

This study recommend that to apply this epitopes based vaccine, more wet-lab test to see and

make more conformational tests.

REFERENCES

1.

"Hepatitis (Viral) NIDDK". The National Institute of Diabetes and Digestive and Kidney
Diseases. Retrieved 2020-06-19.

Farci P. "Delta hepatitis: an update”. Journal of Hepatology, 2003; 39(1): S212-9.
Magnius L, Taylor J, Mason WS, Sureau C, Dény P, Norder H. "ICTV Virus Taxonomy
Profile: Deltavirus". The Journal of General Virology, December, 2018; 99(12): 1565-
1566. d0i:10.1099/jgv.0.001150. PMID 30311870.

Makino S, Chang MF, Shieh CK, Kamahora T, Vannier DM, Govindarajan S, Lai MM.
"Molecular cloning and sequencing of a human hepatitis delta (delta) virus RNA".
Nature, 1987; 329(6137): 343-6. Bibcode:1987Natur.329..343M. d0i:10.1038/329343a0.
PMID 3627276.S2CID 4368061.

"Hepatitis D".www.who.int. Retrieved 2020-09-20

Fattovich G, Giustina G, Christensen E, Pantalena M, Zagni I, Realdi G, Schalm SW.
"Influence of hepatitis delta virus infection on morbidity and mortality in compensated
cirrhosis type B. The European Concerted Action on Viral Hepatitis (Eurohep)”. Gut.,
March 2000; 46(3): 420-6. doi:10.1136/gut.46.3.420. PMC 1727859.PMID 10673308.
Poisson F, Roingeard P, Baillou A, Dubois F, Bonelli F, Calogero RA, Goudeau A.
"Characterization of RNA-binding domains of hepatitis delta antigen".The Journal of
General Virology, November 1993; 74(Pt 11): 2473-8. d0i:10.1099/0022-1317-74-11-
2473. PMID 8245865.

Zuccola HJ, Rozzelle JE, Lemon SM, Erickson BW, Hogle JM. "Structural basis of the
oligomerization of hepatitis delta antigen".Structure, July 1998; 6(7): 821-30.
d0i:10.1016/S0969-2126(98)00084-7. PMID 9687364.

www.wipr.net | Vol 10, Issue 10,2021. |  1SO 9001:2015 Certified Journal | 1037


https://www.niddk.nih.gov/health-information/liver-disease/viral-hepatitis
https://doi.org/10.1099%2Fjgv.0.001150
https://doi.org/10.1099%2Fjgv.0.001150
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1099%2Fjgv.0.001150
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/30311870
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/1987Natur.329..343M
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2F329343a0
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/3627276
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:4368061
https://www.who.int/news-room/fact-sheets/detail/hepatitis-d
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1727859
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1727859
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1136%2Fgut.46.3.420
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1727859
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/10673308
https://doi.org/10.1099%2F0022-1317-74-11-2473
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1099%2F0022-1317-74-11-2473
https://doi.org/10.1099%2F0022-1317-74-11-2473
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/8245865
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0969-2126%2898%2900084-7
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/9687364

Khaier et al. World Journal of Pharmaceutical Research

9.

10.

11.

12.

13.

14.

15.

16.

17.

Elena SF, Dopazo J, Flores R, Diener TO, Moya A. "Phylogeny of viroids, viroidlike
satellite RNAs, and the viroidlike domain of hepatitis delta virus RNA".Proceedings of
the National Academy of Sciences of the United States of America, July 1991; 88(13):
5631-4. Bibcode:1991PNAS...88.5631E. doi:10.1073/pnas.88.13.5631. PMC 51931.
PMID 1712103.

Sureau C. "The role of the HBV envelope proteins in the HDV replication cycle".
Hepatitis Delta Virus. Current Topics in Microbiology and Immunology, 2006; 307: 113—
31. doi:10.1007/3-540-29802-9_6. ISBN 978-3-540-29801-4.PMID 16903223.

Yan H, Zhong G, Xu G, He W, Jing Z, Gao Z, Huang Y, Qi Y, Peng B, Wang H, Fu L,
Song M, Chen P, Gao W, Ren B, Sun Y, Cai T, Feng X, Sui J, Li W. "Sodium
taurocholatecotransporting polypeptide is a functional receptor for human hepatitis B and
D virus". eLife., November, 2012; 1. e00049. doi:10.7554/eLife.00049.
PMC 3485615.PMID 23150796.

Engelke M, Mills K, Seitz S, Simon P, Gripon P, Schnélzer M, Urban S.
"Characterization of a hepatitis B and hepatitis delta virus receptor binding site".
Hepatology, April 2006; 43(4): 750-60. doi:10.1002/hep.21112. PMID 16557545.

Xia YP, Yeh CT, Ou JH, Lai MM. "Characterization of nuclear targeting signal of
hepatitis delta antigen: nuclear transport as a protein complex". Journal of Virology,
February 1992; 66(2): 914-21. d0i:10.1128/JV1.66.2.914-921.1992.
PMC 240792.PMID 1731113.

Lehmann E, Brueckner F, Cramer P. "Molecular basis of RNA-dependent RNA
polymerase Il  activity".  Nature, November 2007; 450(7168): 445-9.
Bibcode:2007Natur.450..445L.  doi:10.1038/nature06290.  hdl:11858/00-001M-0000-
0015-7EE1-9. PMID 18004386.52CID 4393153.

Greco-Stewart VS, Schissel E, Pelchat M. "The hepatitis delta virus RNA genome
interacts with the human RNA polymerases | and I11". Virology, March, 2009; 386(1):
12-5. doi:10.1016/j.virol.2009.02.007. PMID 19246067.

Li YJ, Macnaughton T, Gao L, Lai MM. "RNA-templated replication of hepatitis delta
virus: genomic and antigenomic RNAs associate with different nuclear bodies™. Journal
of  Virology, July 2006; 80(13): 6478-86. d0i:10.1128/JV1.02650-05.
PMC 1488965.PMID 16775335.

Branch AD, Benenfeld BJ, Baroudy BM, Wells FV, Gerin JL, Robertson HD (February

1989). "An ultraviolet-sensitive RNA structural element in a viroid-like domain of the

www.wipr.net | Vol 10, Issue 10,2021. |  1SO 9001:2015 Certified Journal | 1038


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC51931
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC51931
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/1991PNAS...88.5631E
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1073%2Fpnas.88.13.5631
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC51931
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/1712103
https://archive.org/details/hepatitisdeltavi0000unse/page/113
https://archive.org/details/hepatitisdeltavi0000unse/page/113
https://archive.org/details/hepatitisdeltavi0000unse/page/113
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2F3-540-29802-9_6
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-3-540-29801-4
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/16903223
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485615
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.7554%2FeLife.00049
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485615
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/23150796
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fhep.21112
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/16557545
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC240792
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC240792
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1128%2FJVI.66.2.914-921.1992
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC240792
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/1731113
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2007Natur.450..445L
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fnature06290
https://en.wikipedia.org/wiki/Hdl_(identifier)
https://hdl.handle.net/11858%2F00-001M-0000-0015-7EE1-9
https://hdl.handle.net/11858%2F00-001M-0000-0015-7EE1-9
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/18004386
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:4393153
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.virol.2009.02.007
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19246067
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1488965
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1488965
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1128%2FJVI.02650-05
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1488965
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/16775335

Khaier et al. World Journal of Pharmaceutical Research

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

hepatitis delta virus".Science. 243 (4891): 649-52. Bibcode: Sci., 1989; 243: 649B.
doi:10.1126/science.2492676. PMID 2492676.

Weiner AJ, Choo QL, Wang KS, Govindarajan S, Redeker AG, Gerin JL, Houghton M).
"A single antigenomic open reading frame of the hepatitis delta virus encodes the
epitope(s) of both hepatitis delta antigen polypeptides p24 delta and p27 delta”. Journal of
Virology, February 1988; 62(2): 594-9. doi:10.1128/JV1.62.2.594-599.1988.
PMC 250573.PMID 2447291.

19-Sato S, Cornillez-Ty C, Lazinski DW. "By inhibiting replication, the large hepatitis
delta antigen can indirectly regulate amber/W editing and its own expression”. Journal of
Virology, August 2004; 78(15): 8120-34. do0i:10.1128/JV1.78.15.8120-8134.2004.
PMC 446097.PMID 15254184.

Jaoudé GA, Sureau C. "Role of the antigenic loop of the atitis B virus envelope proteins
in infectivity of hepatitis delta virus".Journal of Virology, August, 2005; 79(16): 10460—
6. CiteSeerX 10.1.1.570.4147.d0i:10.1128/jvi.79.16.10460-10466.2005.
PMC 1182656.PMID 16051838.

Saha, S and Raghava G.P.S. Prediction of Continuous B-cell Epitopes in an Antigen
Using Recurrent Neural Network. Proteins, 2006; 65(1): 40-48. PMID: 16894596

Saha.S and Raghava G.P.S. BcePred:Prediction of Continuous B-Cell Epitopes in
Antigenic Sequences Using Physico-chemical Properties. In G.Nicosia, V.Cutello, P.J.
Bentley and J.Timis (Eds.) ICARIS 2004, LNCS, 2004; 3239: 197-204, Springer.
Andreatta M, Nielsen MBioinformatics, Feb. 15, 2016; 32(4): 511-7, Gapped sequence
alignment using artificial neural networks: application to the MHC class | system.

Nielsen M, Lundegaard C, Worning P, Lauemoller SL, Lamberth K, Buus S, Brunak S,
Lund O.Protein Sci., Reliable prediction of T-cell epitopes using neural networks with
novel sequence representations, 2003; 12: 1007-17.

Singh, H. and Raghava,G.P.S. ProPred: Prediction of HLA-DR binding sites.
Bioinformatics, 2001; 17(12): 1236-37.

Ponomarenko JV, Bui H, Li W, Fusseder N, Bourne PE, Sette A, Peters B. ElliPro: a new
structure-based tool for the prediction of antibody epitopes. BMC Bioinformatics, 2008;
9: 514. PMID: 19055730

Irini A Doytchinova and Darren R Flower. VaxiJen: a server for prediction of protective
antigens, tumour antigens and subunit vaccines. BMC Bioinformatics, 2007; 8: 4.

www.wipr.net | Vol 10, Issue 10,2021. |  1SO 9001:2015 Certified Journal | 1039


https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/1989Sci...243..649B
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1126%2Fscience.2492676
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/2492676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC250573
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC250573
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1128%2FJVI.62.2.594-599.1988
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC250573
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/2447291
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC446097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC446097
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1128%2FJVI.78.15.8120-8134.2004
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC446097
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/15254184
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182656
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182656
https://en.wikipedia.org/wiki/CiteSeerX_(identifier)
https://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.570.4147
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1128%2Fjvi.79.16.10460-10466.2005
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182656
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/16051838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16894596&query_hl=1&itool=pubmed_docsum
http://www.springerlink.com/content/ex360mjlwahflwmw/
http://www.springerlink.com/content/ex360mjlwahflwmw/
http://www.springerlink.com/content/ex360mjlwahflwmw/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11751237&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11751237&dopt=Abstract

Khaier et al. World Journal of Pharmaceutical Research

28. Sudheer  Gupta, PallaviKapoor, KumardeepChaudhary, AnkurGautam, Rahul
Kumar, Open Source Drug Discovery Consortium,... Published: Septembl3, 2013
https://doi.org/10.1371/journal.pone.0073957

29.J Yang, R Yan, A Roy, D Xu, J Poisson, Y Zhang. The I-TASSER Suite: Protein
structure and function prediction. Nature Methods, 2015; 12: 7-8. (PDF and
supplementary).

30. DimaKozakova,b,d,*, David R. Hallc, Bing Xiab, Kathryn A. Porterb,
DzmitryPadhornya, Christine Yuehb, Dmitri Beglovb, and SandorVajda, Nat Protoc,
February, 2017; 12(2): 255-278. doi:10.1038/nprot.2016.169.

www.wipr.net | Vol 10, Issue 10,2021. |  1SO 9001:2015 Certified Journal | 1040


https://doi.org/10.1371/journal.pone.0073957
https://zhanglab.ccmb.med.umich.edu/papers/2015_1.pdf
https://zhanglab.ccmb.med.umich.edu/papers/2015_1_support.pdf

