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Introduction: The virulent Newcastle disease virus (NDV) strains cause an economically
important infectious disease in poultry. The common vaccination program with genotype
I1 NDV strains is routinely practiced to provide a better protection level against Newcastle
disease (ND). Nevertheless, the emergence of new antigenic and genetic variants within
the circulating NDVs raises the importance of improved control strategies. The genotype
VII NDV is associated with many of the most recent outbreaks of the disease worldwide.
Methods: We evaluated the impacts of genetic divergence between the genotypes Il and
VIl on the immunity against NDV to choose a suitable vaccine virus candidate by
focusing on the F and HN proteins. Comparative bioinformatics analyses based on B- and
T-cell epitopes binding affinity, protein secondary structure and physicochemical
properties predictions were applied for genotypes Il and VII. Results: Although the
results showed more differences in HN protein than F protein, there was no major
difference between the predicted antigenicity values, epitope regions, affinity binding to
MHC-I and MHC-II, secondary structures, surface accessibility, and stability of these
immunogens between genotypes Il and VII. Conclusion: The results suggest that
genotype ll-based live vaccines can induce immune responses against NDV; however, an
inactivated vaccine formulated by genotype V11 should be considered in combination with
the traditional live vaccine to provide better protection in controlling programs against

ND.

Citation:

INTRODUCTION

Newcastle disease (ND) is one of the most important avian
infectious diseases which significantly affects poultry
production in the world. The disease is caused by ND virus
(NDV), belonging to Awvulavirus genus of Paramyxoviridae
family that is classified into 9 genotypes in class | and 18 (I to
XVIII) genotypes in class Il [1]. Since 1926, four NDV
panzootic outbreaks have been defined, resulting in massive
economic losses to the poultry industry [2]. The NDV single-
stranded and negative-sense  RNA genome encodes four
structural proteins, namely, nucleoprotein, matrix protein,
fusion and hemagglutinin-neuraminidase glycoproteins, and
two non-structural proteins which are large polymerase protein
and phosphoprotein in 3"-NP-P-M-F-HN-L-5" order [3]. The
non-structural proteins, V and W, are also produced by RNA
editing during P gene transcription [4]. The HN is a type Il
homotetrameric membrane protein consisting of an N-terminal
transmembrane domain and an ectodomain responsible for
receptor binding via sialic acid, neuraminidase activity, and
membrane fusion through interaction with the F protein.

Thereby, the glycoprotein involves in the entry of viral
RNA and subsequent release of progenies from the infected
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cells including the respiratory, nervous, and digestive systems,
and therefore, determining the tissue tropisms of NDV [5, 6].
The F glycoprotein is a class | transmembrane protein that
mediates the virus-host cell membrane fusion. The motif at
positions 112-117 of the proteolytic cleavage site in FO
precursor protein is relevant to systemic replication and
virulence of NDVs. Along with these functions, stimulation of
virus-neutralizing antibody production is the critical action of
these proteins [7, 8].

The ND vaccination is routinely practiced in countries
where virulent strains of NDV are endemic to prevent
significant economic consequences for the poultry industry.
The mass vaccinations against NDV have effectively
suppressed the global outbreak of the disease. The current NDV
live vaccines composed of Bl Hitchner, LaSota, and Clone
belong to genotype Il and induce acceptable immunity levels
against heterogeneous viruses. However, ND is still one of the
most important avian diseases and frequent outbreaks or
sporadic cases of NDV, and virus shedding are being reported
with high losses among the infected flocks in many countries
[9]. Genotype VII NDV strains emerged in the 1990s and are
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now predominant in Asia and the Middle East, Europe, South
Africa, and South America [10-13]. The repeated ND outbreaks
despite immunization may indicate the ineffectiveness of the
current vaccines due to antigenic divergence between the
vaccine strain and the circulating field strains as well as
vaccination practices in controlling the disease. In this regard,
the development of genotype-matched vaccines to control the
new generation or multiple genotypes has been considered.
Reverse genetic and vector-based co-expression of NDV F or
HN protein techniques are the main vaccine production
strategies that have received more attention in recent years [14-
17].

Although these vaccines induce antibody responses, their
production and/or farm administration are limited. Despite
some ND outbreaks, most global vaccine manufacturers apply
egg-based technology, using the genotype Il viruses for the
large-scale production of NDV vaccines. The objective of this
study was to inquire whether the genetic diversity between the
genotypes Il and VII as the predominant field strain of NDV
may reduce the efficacy of the current vaccines. Considering
the role of F and HN proteins in inducing the immune responses
against NDV, we focused on the differences between B-and T-
cell epitopes binding affinities, protein secondary structure, and
physicochemical properties of LaSota (a commercial vaccine
strain) and genotype VII. This approach is significant for
selecting the proper vaccine strain to improve the immunization
against ND in the controlling programs.

MATERIALS AND METHODS

F and HN Protein Sequences Retrieval

The deposited F and HN sequences of NDVs belonging to
genotype Vil were retrieved from GenBank
(http://www.ncbi.nIm.nih.gov/protein) and were subjected to
multiple sequence alignments using ClustalW (BioEdit
software version 7.2.5). We chose F and HN sequences of the
genotype (accession numbers JQ267579 and KU938925)
regardless of their sub-genotype. The sequences of LaSota
strain (accession numbers KU665482 and KU665483) were
selected for comparative analysis. The potential of these
proteins for induction of humoral and cell-mediated immune
responses through B- and T-cells epitope predictions were
analyzed using B- and T-cell epitopes prediction tools at the
Immune Epitope Database analysis resource
(http://www.iedb.org/) [18].

B-Cell, T-Cell and MHC Epitope

The B cell epitopes were predicted by Bepipred Linear
Epitope Prediction 2.0 with a default threshold of 0.50. The
antigenicity and the antigenic sites were identified using
Kolaskar and Tongaonker algorithm. The specific T-cell
responses based on major histocompatibility complex (MHC)-
presented peptides were predicted by TepiTool available in
IEDB. The binding affinity of cytotoxic T lymphocyte (CTL)
epitopes binding to MHC class | was predicted by the Artificial
Neural Network (ANN) algorithm using the panel of most
frequent A and B HLA alleles. The ICs, cutoff for peptide
selection criterion was set <50 nM to predict the strong 9-mer
MHCI binders. The promiscuity based on the 7-allele method
was selected for MHC-I1I binding helper T lymphocyte (HTL)
epitopes prediction. Median consensus percentile < 20 was
considered a strong binding affinity.

2021Vol. 8 No. 2

Newcastle Disease Genotypes

Predictions of Transmembrane Helices,
Physicochemical Properties and Protein Secondary
Structures

Differences in the genomic content of sequences may
affect the features or functions of the proteins. The effect was
monitored by the prediction of secondary structures of LaSota F
and HN proteins compared with genotype VII using PSIPRED
available at (http://bioinf.cs.ucl.ac.uk/psipred/) [19]. The
number of transmembrane helices that are predominantly
composed of hydrophobic residues was predicted using
TMHMM Server (http://www.cbs.dtu.dk/servicess TMHMMY/)
[20]. The physicochemical parameters included theoretical
isoelectric point (pl), negatively and positively charges,
instability index, aliphatic index, and grand average of
hydropathicity (GRAVY) were determined using the ProtParam
(http://web.expasy.org/protparam/) [21]

RESULTS

The Prediction of B-Cell Epitopes

The predicted linear B-cell epitopes of F and HN proteins
results are summarized in Tables 1 and 2, respectively. With
slight differences, the positions and epitope sequences of F
protein were the same in both genotypes. These differences
were found in positions 364 and 482 in LaSota strain and in
position 151 in genotype VI virus (Table 1). In HN protein, the
prediction of B lymphocyte binding affinity showed more
differences between the two genotypes, especially at the
beginning of the sequence (Table 2). Kolaskar and
Tongaonkar’s algorithm estimated the average antigenicity
1.048 and 1.043 for F protein of LaSota and genotype VII,
respectively, as well as 1.205 and 1.036 for HN protein, where
the threshold value > 1.00 was potentiality antigenic.

The Prediction of T-Cell Epitopes

The MHC-I binding prediction results of F protein T cell
epitopes strongly linked (ICs, value <50 nM) with the most
frequent HLA-A and —B alleles are set out in Table 3. Many
MHC-1 epitopes were predicted which could activate CTLs.
The relatively similar prediction data were achieved for the
both genotypes. Most differences were observed in positions
421 to 512; therefore, either the epitope was not identified or
one epitope was interacting and linked with more alleles.

The MHC-II binding predictions of the protein-based on 7-
allele method are summarized in Table 4. The median
consensus percentile for the peptide selection was < 20. As
shown in this Table, the number of the HTL epitopes linked to
the alleles was higher in genotype VII than in genotype Il. The
binding affinity was also greater in similar epitopic positions.
Four epitopes residues of F protein from MHC-I at positions
116, 381, 491, and 501 were overlapped with MHC-II epitopes
in genotype VII. However, the overlapping was not observed
between MHC-I and -1 of the LaSota strain.
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Table 1. The B cell epitope prediction of NDV fusion protein.

Newcastle Disease Genotypes

LaSota Genotype VII
Start End Peptide Start End Peptide
5 10 PSTKNP 8 PSTR
30 35 NSIDGR 35 SLDGR
54 58 TSSQT 57 TSSQ
68 86 NLPKDKEACAKAPLDAYNR 86 NMPKDKEACAKAPLEAYNR
100 114 RRIQESVTTSGGGRQ 103 114 QGSVSTSGGRRR
149 152 ANIL 149 149 A
NO NO NO 151 151 [
188 189 DQ 187 189 NDQ
191 193 NKT 191 193 NNT
195 197 QEL 196 196 E
199 200 Cl 199 201 CIK
222 233 GPQITSPALNKL 222 233 GPQITSPALTQL
250 260 LTKLGVGNNQL 250 262 LTKLGVGNNQLSS
269 269 | 269 269 |
328 339 SVIEELDTSYCI 328 340 SVIEELDTSYCIE
348 357 TRIVTFPMSP 348 357 TRIVTFPMSP
364 364 S NO NO NO
367 370 TSAC 367 370 TSAC
372 380 YSKTEGALT 372 380 YSKTEGALT
408 413 ISQNYG 407 413 IISQNYG
442 462 VTYQKNISIQDSQVIITGNLD 441 464 DATYQKNISILDSQVIVTGNLDIS
482 483 EE NO NO NO
486 490 RKLDK 489 496 DKVNVRLT
529 549 QKAQQKTLLWLGNNTLDQMRA 529 550 QKAQQKTLLWLGNNTLDQMRAT

NO: Not predicted

Table 2. The B cell epitope prediction of NDV hemagglutinin-neuraminidase

LaSota Genotype VII

Start | End Peptide Start | End Peptide

7 18 QVALENDEREAK 5 18 VNRVVLENEEREAK

49 59 GASTPSDLVGI 53 58 PHDLAG

61 61 T 65 79 KTEDKVTSLLSSSQD

67 69 EEK 82 82 D

75 76 GS 90 90 L

79 79 D 98 98 N

108 | 158 | TSLSYQINGAANNSGWGAPIHDPDY | 111 | 140 | SYQINGAANNSGCGAPVHDPDYIGGIGKEL

IGGIGKELIVDDASDVTSFYPSAFQG

161 | 170 NFIPAPTTGS 142 | 170 VDNISDVTSFYPSAYQEHLNFIPAPTTGS
196 | 201 CRDHSH 196 | 201 CRDHSH

NO | NO NO 216 | 217 TG

228 235 NLDDTQNR 228 235 NLDDTQNR

256 267 ETEEEDYNSAVP 256 267 GTEEEDYKSVAP

281 | 291 YHEKDLDVTTL 281 | 292 YHEKDLDTTVLF

321 | 365 KPNSPSDTVQEGKYVIYKRYNDT 321 | 365 KPNSPSDTAQEGKYVIYKRHNNA

CPDEQDYQIRMAKSSYKPGRFG CPDQQDYQIRMAKSSYKPKRFG

380 | 385 TSLGED 380 | 385 TSLGKD

420 421 YF NO NO NO

433 | 457 | NKTATLHSPYTFENAFTRPGSIPCQA | 433 | 458 NKTATLYSPYKFNAFTRPGSVPCQAS
460 | 460 R 460 | 460 R

478 483 FYRNHT 479 482 HRNH

495 498 VQAR 494 499 DEQARL

515 | 523 TRVSSSSTK 517 | 523 VSSSSIK

552 | 554 LFG 553 | 554 FG

567 | 574 KDDGVREA NO | NO NO

NO: Not predicted
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Table 3. The MHC-I binding predictions of NDV fusion protein to the most frequent HLA-A and B alleles.

LaSota Genotype VII
Start Peptide Allele ICs Start Peptide Allele 1Cx
HLA-A*31:01 10.26
~ A -
9 NPAPMTLTI HLA-A*53:01 3131 6 STRIPVPLR HLA-A*30:01 25 59
HLA-A*02:03 8.32
14 TLTIRVALV HLA-A*02:03 27.62 14 RLITRVMLI HLA-A*32:01 17.03
HLA-A*02:01 30.39
. HLA-A*32:01 32.40
21 LVLSCICPA HLA-A*02:06 16.58 18 RVMLILSCI HLA-A*02-06 3431
35 RPLAAAGIV HLA-B*07:02 31.13 35 RPLAAAGIV HLA-B*07:02 31.13
53 YTSSQTGSI HLA-A*68:02 41.71 53 YTSSQTGSI HLA-A*68:02 39.59
73 KEACAKAPL HLA-B*40:01 14.26 73 KEACAKAPL HLA-B*40:01 14.26
HLA-A*02:03 12.93 HLA-A*02:03 12.93
87 TLTTLLTPL HLA-A*02:01 32.48 87 TLTTLLTPL HLA-A*02:01 31.97
HLA-A*02:03 4.13
117 LIGAIIGGV HLA-A*02:03 13.59 117 FIGAVIGSV HLA-A*02:06 14.03
HLA-A*02:01 22.94
HLA-A*68:02 44.29 HLA-A*68:02 43.01
124 SIAATNEAV HLA-A*02:03 4873 | 124 SIAATNEAV. LA A%02:03 4806
131 TAAQITAAA HLA-A*68:02 19.83 131 TAAQITAAA HLA-A*68:02 19.83
AAA A HLA-A*02:06 24.19 A A A HLA-A*02:06 24.19
133 AQIT L HLA-B*15:01 24.85 133 AQITA L HLA-B*15:01 24.85
137 AAAALIQAK HLA-A*11:01 28.68 NO NO NO NO
145 KQNAANILR HLA-A*31:01 17.76 147 NAANILRLK HLA-A*68:01 10.24
153 RLKESIAAT HLA-A*02:03 17.57 153 RLKESIAAT HLA-A*02:03 17.57
156 ESIAATNEA HLA-A*68:02 25.32 156 ESIAATNEA HLA-A*68:02 25.32
HLA-A*68:02 44.29 *RQ-
157 ASALITYIV HLA-A*02:03 48.73 157 ASALITYIV HLA-A*68:02 44.29
HLA-A*02:06 14.16 HLA-A*02:06 14.16
160 ATNEAVHEV HLA-A*02:03 22.63 160 ATNEAVHEV HLA-A*02:03 22.63
HLA-A*68:02 30.93 HLA-A*68:02 30.93
HLA-A*02:03 12.32
-A*02:
171 GLSQLAVAV Etﬁ_ﬁ*gggi %2‘3& 171 GLSQLAVAV HLA-A*11:01 15.41
’ ’ HLA-A*02:01 35.58
173 SQLAVAVGK HLA-A*11:01 24.25 173 SQLAVAVGK HLA-A*11:01 24.25
182 MQQFVNDQF HLA-B*15:01 41.85 182 MQQFVNDQF HLA-B*15:01 40.33
HLA-B*15:01 20.50 HLA-B*15:01 20.50
213 YLTELTTVF HLA-B*35:01 48.73 213 YLTELTTVF HLA-B*35:01 48.73
222 GPQITSPAL HLA-B*07:02 17.99 222 GPQITSPAL HLA-B*07:02 17.99
227 SPALNKLTI HLA-B*07:02 31.02 227 TQLTIQALY HLA-A*30:02 31.97
233 LTIQALYNL HLA-A*02:06 25.37 233 LTIQALYNL HLA-A*02:06 25.37
HLA-A*02:03 10.16 HLA-A*02:03 10.16
274 ILYDSQTQL ) A ax02:01 15.06 274 ILYDSQTQL A a%02:01 1506
281 QLLGIQVTL HLA-A*02:01 31.08 281 QLLGIQVTL HLA-A*02:01 31.08
HLA-A*02:06 36.68
_A*0D"
284 GIQVTLPSV :tﬁ_ﬁ,{gégg iggi 284 GIQVTLPSV HLA-A*02:03 41.85
) ) HLA-A*02:03 42.81
291 SVGNLNNMR HLA-A*68:01 36.68 291 SVGNLNNMR HLA-A*68:01 36.40
300 ATYLETLSV HLA-A*02:06 48.06 NO NO NO NO
HLA-A*68:01 7.80 .
304 ETLSVSTTK HLA-A*33:01 2904 304 ETLSVSTTK HLA-A*68:01 7.80
HLA-A*02:06 11.70 HLA-A*02:06 11.70
314 FASALVPKV HLA-A*02:03 29.34 314 FASALVPKV HLA-A*02:03 29.34
HLA-A*68:02 40.33 HLA-A*68:02 38.85
321 KVVTQVGSV HLA-A*02:03 35.05 321 KVVTQVGSV HLA-A*02:03 33.09
HLA-A*23:01 33.09 HLA-A*23:01 32.48
345 LYCTRIVTF HLA-A*24:02 42.15 345 LYCTRIVTF HLA-A*24:02 41.71
347 EVTDGLSQL HLA-A*68:02 46.52 347 EVTDGLSQL HLA-A*68:02 46.48
HLA-A*68:01 7.59 HLA-A*68:01 7.59
366 NTSACMYSK HLA-A*11:01 19.87 366 NTSACMYSK HLA-A*11:01 19.87
370 CMYSKTEGA HLA-A*02:03 11.94 370 CMYSKTEGA HLA-A*02:03 11.94
379 LTTPYMALK HLA-A*11:01 46.45 379 LTTPYMALK HLA-A*68:01 12.17
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LaSota Genotype VII
Start Peptide Allele 1Csx Start Peptide Allele 1Cx
. HLA-A*02:03 18.37
384 LTTPYMALK  HLA-A*68:02 22.29 383 YMALKGSVI HLA-B*08-01 38.30
421 MTIKGSVIA HLA-A*02:06 35.50 427 LSIDGITLR HLA-A*68:01 13.47
NO NO NO NO 442 ATYQKNISI HLA-A*32:01 35.05
472 KQSCNVLSL HLA-A*11:01 40.11 480 KLAESNSKL HLA-A*02:03 12.99
487 NSISNALNK HLA-A*02:01 47.10 487 KLDKVNVRL HLA-A*02:01 36.41
NO NO NO NO 490 KVNVRLTSA HLA-A*30:01 23.22
494 KLDKVNVRL  HLA-A*02:03 27.46 494 RLTSASALI HLA-A*02:03 31.32
HLA-A*68:02 7.18
497 KLTSTSALI HLA-A*02:03 39.18 497 SASALITYI HLA-A*68:02 31.32
HLA-A*68:01 49.11
498 SASALITYI HLA-A*30:01 46.48 498 CTRIVTFPM HLA-A*30:01 44.88
HLA-A*02:03 47.01 HLA-A*02:03 46.64
500 CTRIVTFPM HLA-A*02:01 49.62 500 ALITYIVLT HLA-A*02:01 48.77
NO NO NO NO 501 LITYIVLTV HLA-A*02:03 28.08
HLA-A*02:06 15.78 HLA-A*02:06 16.30
505 ALITYIVLT HLA-A*02:03 33.52 505 IVLTVISLV HLA-A*02:03 33.03
HLA-A*02:01 42.93 HLA-A*02:01 46.52
HLA-A*68:02 8.01
HLA-A*02:06 9.93 HLA-A*68:02 8.02
508 IVLTVISLV. 1) A A%02:01 22,40 S08  TVISLVFGA A A%02:06 1581
HLA-A*02:03 29.89
-
HLA-A*68:02 17.94 AN Sl
512 TVISLVFGA HLA-A*02:03 23.35 512 LVFGALSLV HLA- A*68:02 16 15
HLA-A*02:01 27.04 : '
HLA-A*02:01 2247
HLA-A*03:01 8.35 HLA-A*03:01 8.76
520 LVFGALSLI HLA-A*11:01 14.96 520 VLACYLMYK HLA-A*11:01 12.93
HLA-B*58:01 5.91 HLA-B*58:01 5.91
530 VLACYLMYK HLA-B*57:01 18.02 530 KAQQKTLLW HLA-B*57:01 18.02
536 KAQQKTLLW  HLA-A*02:01 27.95 536 LLWLGNNTL HLA-A*02:01 27.95
NO: Not predicted
The cutoff for the peptide selection was < 50.
Table 4. The MHC-II binding predictions of NDV fusion protein based on 7-allele method.
LaSota Genotype VII
. Median consensus . Median
Start Peptide - Start Peptide consensus
percentile .
percentile
11 APMTLTIRVALVLSC 15.0 11 VPLRLITRVMLILSC 9.8
61 IIVKLLPNMPKDKEA 11.0 61 IIVKLLPNMPKDKEA 9.8
NO NO NO 96 GDSIRRIQGSVSTSG 15.0
NO NO NO 111 GRRRKRFIGAVIGSV 18.0
NO NO NO 116 RFIGAVIGSVALGVA 17.0
311 TKGFASALVPKVVTQ 19.0 311 TKGFASALVPKVVTQ 19.0
381 TPYMALKGSVIANCK 16.0 381 TPYMALKGSVIANCK 12.0
NO NO NO 491 VNVRLTSASALITYI 14.0
501 LITYIVLTVISLVFG 15.0 501 LITYIVLTVISLVFG 17.0
511 SLVFGILSLILACYL 17.0 NO NO NO

NO: Not predicted

The cutoff for the peptide selection was < 20.

MHC-I at positions 491 and 501 were overlapped with MHC-II
epitopes in genotype VII, while the number of overlapping was
increased to eight for the LaSota strain.

Similar predictions were applied for HN protein (Tables 5
and 6). The top epitopes in both genotypes that linked with
more alleles were located in the middle to the end of the protein
sequence. Only two epitopes residues of HN protein from
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Table 5. The MHC-I binding predictions of NDV hemagglutinin-neuraminidase protein to the most frequent HLA-A
and —B alleles. The cutoff for the peptide selection was < 50.

LaSota Genotype VII
Start Peptide Allele 1Csx Start Peptide Allele ICsx
15 R%V“RKI[\‘T HLA-B*40:01  18.33 15 REAKI'_\‘TWR HLA-B*20:01  18.33
5 KNTWRL  HLA-A®IOL 1753 5 KNTWRLVF  HLA-A®IOL 1479
IFR HLA-A*68:02  34.04 R HLA-A*68:02 3297
HLA-A*02:03 2611 -
22 RL'FLR'A' HLA-A*02:06 3132 | 22 RLVFRITVL Etﬁ:ﬁ*gégg igg?
HLA-A*02:03  37.65 : :
HLA-A*02:03 1278 ﬂtﬁ:ﬁzggfgé %ﬁ'eﬁ
FLTWT  HLA-A%02:01 1451 LLMVMTLA : :
31 : 31 HLA-A*68:02 2511
LAI HLA-A*02:06  47.99 | - o8:
AN HLA-A*02:06 3536
' : HLA-A*02:03  28.61
TLAISVA - MTLAISAA  HLA-A*68:02 569
36 N HLA-A*02:03 1731 | 35 '\ A Axace o0
AISVASL  HLA-A*I1:01 4687 AISAAALA o
38 A HAAs00s 4805 | 38 Y HLA-B*15:01  47.43
HLA-A*02:06  24.78
40 S\\/(éls\/ll_l_ HLA-A*68:02 2550 | 40 SAA?ALAYS HLA-B*35:01  14.17
HLA-A*02:03  44.46
66 AFENITS  hiamwo0or 1398 | e TOMVTS HLABM00L 2418
NO NO NO NO 72 SLLSSSODV _ HLA-A*02:03 __ 3851
99 TEJ;'M HLA-B*40:01 4027 | 99 TESIIMNAI  HLA-B*40:01  38.29
HLA-A®02:03 1247
_A*0D-
102 T'MS'}'_A'T Etﬁ_ﬁ*ggjgg ;?;g 102 IIMNAITSL  HLA-A*02:06  16.05
: : HLA-A%02:01  27.14
109 SL%YE'N HLA-A%02:03 3001 | 109  SLSYQINGA HLA-A*02:03 3101
HLA-A*02:03 3101
NO NO NO NO 140 LIVDNISDV [ A-iess  ios
DASDVT  HLAB*35.01 2296 HLA-A*68:01 _ 38.08
144 SFY HLA-A*26:01  47.80 | 144 NISDVISFY n A%o6:01 4533
HLA-A*30:02 2415
NO NO NO NO 148 VTSFYPsAy  [-ASYOE 20
LaSota Genotype VII
Start Peptide Allele I1Cs Start Peptide Allele I1Cx
. HLA-A2402 3317
154 SAFQGHLNF  HLA-B*3501 2798 | 152  YPSAYQEHL I -iedoe o=/
150 HLNFIPAPT __ HLA-B*1501 _ 47.96 | 159 HLNFIPAPT _ HLA-A*02:03 _ 47.96
NO NO NO NO 109 HSHSHQYLA HLA-A*30:01 _ 2351
HLA-A*02:06 3383 HLA-A31.01 3572
YQYLALGY  HLA-A*31:01  35.72 HLA-A*33:01  38.71
203 L HLA-A*33:01 3871 | 293 HQYLALGVL A Ax02:03  39.11
HLA-A*02:03  39.11 HLA-B*15:01 4827
261 DYNSAVET jiaaszor 3207 | NO NO NO NO
RMVHGRLG  HLA-B*1501 _ 13.10 _
269 . A owool  p70 | 269 SMVHGRLGF HLAB*501 2170
NO NO NO NO 288 TTVLFKDWV _HLA-A®68:02 _ 21.93
YPGVGGGS  HLA-B*3501 1938 HLA-B*35:01 _ 19.38
299 F HLA-B*07:02 3386 | 299  YPGVGGGSF ' Bx07.020  33.86
HLA-B*58:01 1148 HLA-B*58:01 1113
305  GSFIDSRVW /A ga57:01 1943 | 992 GSFIDSRVW i B#57.01  24.60
NO NO NO NO 354 MAKSSYKPK HLA-A*30:01 __ 6.77
368 RIQQAILSI  HLA-A*32.01 203l | 368 RVQOAILSI  HLA-A*32:01 _ 17.30
HLA-A*68:02  27.55 HLA-A*68:02  27.55
404  ILTVGTSHF  HLA-A*30:02 3404 | 404  ILTVGTSHF  HLA-A*30:02  34.04
HLA-B*15:01  42.82 HLA-B*15:01  42.82
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HLA-A*31.01 __ 8.76 HLA-A*31.01 _ 8.76
408 GTSHFLYQR HLA-A*68:01 1589 | 408  GTSHFLYQR HLA-A*68:01  15.89
HLA-A*11:01 2155 HLA-A*11:01 2155
HLA-B*1501 _ 7.78 HLA-B*1501 _ 7.78
HLA-A*24:02  14.61 HLA-A*24:02 1461
412 FLYQRGSSY A axp3i01 2133 | 412 FLYQRGSSY i A%301 2133
HLA-B*35:01  43.63 HLA-B*35:01  43.63
410 SYFSPALLY _ HLA-A*30:02 3222 | 419 SYFSPALLY  HLA-A*30:02 3222
HLA-A*30:02 __ 9.25 HLA-A*30:02 9.2
HLA-A*32:01  18.14 HLA-A*32:01  18.14
434 KTATLHSPY A B*15:01 2584 | 434 KTATLHSPY i Bxs5:01 2584
HLA-B*58:01  31.24 HLA-B*58:01  31.24
LaSota Genotype VII
Start Peptide Allele ICs Start Peptide Allele ICx
HLA-A*0L.01  12.22 HLA-A*0L.01 1222
469 VYTDPYPLI  HLA-A*24:02 3566 | 469  VYTDPYPLI  HLA-A*24:02 3566
HLA-A*23:01 3953 HLA-A*23:01 3953
HLA-A*31.01 1163 ,
476  LIFYRNHTL  HLA-A*33:01 2135 | 476  LIFYRNHTL Htﬁ:@:gg;gi g%gg
HLA-B*08:01  23.80 ' :
491 MLDGVQARL HLA-A*02:01 2009 | 491  MLDGVQARL _ HLA-A*0201 _ 29.10
HLA-B*15:01 501 HLA-B*15.01 501
498 RLNPASAVE /A ax3p:01 1371 | 498 RLNPASAVE A a%32:01  7.79
503 SAVFDSTSR  HLA-A*68:01 1850 | 503  SAVFDSTSR  HLA-A*68:0L  14.69
HLA-A*30:01 _ 7.13 HLA-A*31.01  18.22
508 STSRSRITR  HLA-A*31:01 1599 | 508  STSRSRITR  HLA-A*68:0L  30.49
HLA-A*68:01  16.68 HLA-A*31:01 4655
HLA-A*30.01 _ 7.38
NO NO NO NO 511 RSRVTRVSS o000
518 SSSSTKAAY  HLA-A*30:01 2335 | 518  SSSSIKAAY  HLA-A*30:02  29.48
HLA-A*68:02 1241 HLA-A*68:02 1241
524 AAYTTSTCF  HLA-A*02:06 2040 | 524  AAYTTSTCF  HLA-A*02:06  20.40
HLA-B*15:01  46.76 HLA-B*15:01  46.76
536 KTNKTYCLS  HLAA®30:01 4394 | 536  KINKTYCLS _ HLA-A*30:0L _ 43.86
HLA-A*02:03 1861 HLA-A*02:03 1861
544  SIAEISNTL  HLA-A*68:02  27.37 | 544  SIAEISNTL  HLA-A*68:02  27.37
HLA-A*02:06  42.95 HLA-A*02:06 4295
HLA-A*02:03 _ 10.07 HLA-A*02:03 _ 10.07
551 TLFGEFRIV  HLA-B*0:01 1229 | 551  TLFGEFRIV  HLA-B*40:01  12.29
HLA-A*02:01  47.49 HLA-A*02:01  47.49
557 HLA-A*02:06  14.23
RIVPLLVEI  HLA-A*32:01 2071 | NO NO NO NO
HLA-A*02:03 3581

NO: Not predicted
The cutoff for the peptide selection was <
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Table 6. The MHC-II binding predictions of NDV hemagglutinin-neuraminidase protein based on 7-allele method.

LaSota Genotype VII
Median consensus Median consensus
Start Peptide ] Start Peptide )
percentile percentile
16 EAKNTWRLIFRIAIL 17.0 NO NO NO
21 WRLIFRIAILFLTVV 7.6 21 WRLVFRITVLLLMVM 14.0
26 RIAILFLTVVTLAIS 18.0 NO NO NO
31 FLTVVTLAISVASLL 16.0 31 LLMVMTLAISAAALA 6.7
NO NO NO 91 ESPLALLNTESIIMN 18.0
NO NO NO 96 LLNTESIIMNAITSL 17.0
101 TTIMNAITSLSYQIN 11.0 101 SIIMNAITSLSYQIN 9.8
NO NO NO 136 IGKELIVDNISDVTS 11.0
206 LALGVLRTSATGRVF 7.3 206 LALGVLRTSATGRVF 7.3
216 TGRVFFSTLRSINLD 14.0 216 TGRVFFSTLRSINLD 14.0
221 FSTLRSINLDDTQNR 18.0 221 FSTLRSINLDDTQONR 18.0
NO NO NO 291 LFKDWVANYPGVGGG 19.0
346 DEQDYQIRMAKSSYK 19.0 346 DQQDYQIRMAKSSYK 17.0
NO NO NO 351 QIRMAKSSYKPKRFG 20.0
366 GKRIQQAILSIKVST 16.0 366 GKRVQQAILSIKVST 17.0
371 QAILSIKVSTSLGED 17.0 371 QAILSIKVSTSLGKD 12.0
476 LIFYRNHTLRGVFGT 15.0 501 PVSAVFDSISRSRVT 18.0
531 CFKVVKTNKTYCLSI 13.0 526 YTTSTCFKVVKTNKV 17.0
551 TLFGEFRIVPLLVEI 18.0 545 CFKVVKTNKVYCLSI 8.0

NO: Not predicted
The cutoff for the peptide selection was <20.

The Secondary Structure Predictions

The predicted secondary structures of F and HN proteins in
alpha helix, extended strand, and random coil features were
relatively similar in  both genotypes (Fig. 1). The
transmembrane topology analysis of F protein revealed that the
number of transmembrane helices was varied between the two
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genotypes. As shown in Fig. 2, one helix with the lengths of
amino acid sequences at 117-139 was predicted for genotype
1. In addition to this sequence, another helix at 503-525 was
also predicted for genotype VII. The HN protein had one
transmembrane helix at 23-45 in both genotypes.
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Fig. 1. Secondary structures of NDV fusion protein of genotypes Il and VII (A, B) and hemagglutinin-neuraminidase protein of
genotypes Il and VII (C, D). The helix, strand, and coil are shown in pink, yellow, and gray, respectively.
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Fig. 2. Transmembrane helices of NDV fusion protein of genotypes Il and VII (A, B) and hemagglutinin-neuraminidase protein of genotypes
Il and VII (C, D). The transmembrane, inside, and outside are shown with red, blue, and pink lines, respectively.

According to the results of physicochemical parameters
analysis shown in Table 7, the theoretical pl, and the negatively
and positively charged of each F and HN proteins were similar
between the NDV genotypes. The instability index of these
proteins was ranged between 30.69 and 37.64. A level smaller
than 40 indicates the potential stability of these proteins, which
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is confirmed by the positive aliphatic index. Relative volumes
occupied by aliphatic side chain amino acids (alanine,
isoleucine, leucine, proline, and valine) of F and HN proteins
were positive for both genotypes. GRAVY index indicates the
solubility of the proteins and is calculated as the sum of the
hydropathy values for all the amino acids in a protein divided
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by the total number of residues in it. The predicted GRAVY
values indicate that the HN protein is non-polar and
hydrophilic, and the F protein is polar and hydrophobic.

Newcastle Disease Genotypes

Moreover, the LaSota HN protein had a moderate aliphatic
index (~80) which indicates stability in a wide spectrum of
temperatures.

Table 7. Physicochemical parameters analysis of NDV fusion protein and hemagglutinin-neuraminidase
protein of genotypes Il and VII.

Theoretical . - - . .
isoelectric Negatively Positively In§tab|I|ty AI_|phat|c GRAVY
. charge charge index index
point

F 1l 8.53 37 43 37.67 109.17 0.188
F VII 8.58 38 44 33.78 110.76 0.223
e 753 52 53 30.69 81.00 0.152
Vil 8.64 46 53 34.00 83.11 -0.125

DISCUSSION

Prevention of avian respiratory viral diseases such as ND is
important for public health worldwide. Genetic divergence and
the antigenic difference between the field isolates and vaccine
strain arise the question of insufficient protection against NDV
in areas of intense poultry production. Characterization of the
molecular properties of NDV isolates along with analyzing the
virus proteins in affinity binding to B- and T-cells are crucial
for proposing appropriate approaches for designing of an
effective vaccine. The difference in antigenic determinants to
trigger immune responses and production of protective
antibodies is the main factor that defines the poor cross-
immunity between the vaccine and field virus strains [22-24].
The F and HN of NDV are the major immunogens and
responsible for the induction of virus-neutralizing antibody
responses [25, 26]. In this study, we used bioinformatics
analyses to evaluate the possible impacts of genetic divergence
between the genotype VII and LaSota vaccine strain on the
immunity against NDV by focusing on the F and HN
glycoproteins.

Results associated with B-cell epitopes showed that there
were many similarites between the predicted antigenic epitopes
in the F protein of these genotypes. However, the antigenicity
value was higher for the HN LaSota strain than genotype VIl
virus. The B-cell epitopes with high antigenicity values were
located at position 108 to the end of the LaSota HN sequence,
which possessed the ability to bind MHC-I and/or MHC-II.
Such associations with both B- and T-cells indicate how a
traditional live attenuated NDV vaccine (prepared by genotype
I1) can induce neutralizing antibody responses and also provide
protection against NDV.

Protein structure plays a significant role in the critical
functions of viruses and any structural changes may directly
influence them. The genomic diversity between genotype 1l and
genotype VII did not alter secondary structures of F and HN
proteins. In search for transmembrane helix within the
sequences, a helical motif in the range of 17-25 amino acids
was proposed at positions 23-45 for HN protein for the both
genotypes. Interestingly, two helical domains were predicted
for the F protein of genotype VII, one after the proteolytic
cleavage site and another at the end of the sequence. The latter
was not predicted for the LaSota strain. The addition of another
helix is probably related to the differences in epitope prediction
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or allelic binding at positions 421 to 512 between the two
genotypes.

The transmembrane helices require multiple hydrophobic
residues for peptide binding to MHC-1 and the presence of
these residues in close proximity of each other is a hallmark of
the helices [27]. The predicted epitopes for genotype VII are
predominantly hydrophobic, which may be the reason for the
formation of another helix in this region. This finding could be
responsible for any differences in immunological responses
against two genotypes in fields. In physicochemical analysis,
HN protein had a negative GRAVY value compared to the F
protein indicating that HN is hydrophilic and accessible on the
surface. The pl of proteins is mainly dependent on the polar
amino acids in their structure. A protein with a pl of 7 will be
positively charged and is accessible to surrounding water
molecules, as predicted for the LaSota strain. Surface
accessibility and characteristic solubility are important
parameters for potential immunogenicity of a protein [28].
Compared to genotype VII, the lower GRAVY and pl values of
HN in LaSota strain improve the solubility of the protein,
resulting in better interaction with antibody molecules through
polar interactions. Taken together, there was no major
difference between the predicted antigenicity values, epitope
regions, affinity binding to MHC-1 and MHC-II, secondary
structures, and physicochemical properties for these
immunogens between the LaSota strain and genotype VII.

Poor cross-immunity between the vaccine virus and the
field isolates does not seem the right claim in response to
outbreaks of virulent NDV among vaccinated chickens.
However, revising the NDV vaccination strategy is needed to
increase the protection, reduce the viral shedding, and deal with
the repeated outbreaks. Studies have been conducted to
introduce the live genotype-matched vaccines that could be
sufficient to protect against the prevalent and the newly
emerging NDVs. This process is currently not realized because
a genotype VII strain that is adapted to the embryonated egg
propagation and gives optimal protection has not yet been
introduced as an alternative to the classical strain. Since only
the lentogenic NDV strains with an ICPI value greater than 0.4
are recommended as a vaccine strain [29], new vaccines have
been developed through vector-based recombinant and reverse
genetics techniques. These vaccine candidates include a
recombinant plant, fowlpox virus- and herpesvirus-vectored,
and reverse genetic LaSota vaccines, expressing virulent F
and/or HN proteins [14, 30, 15, 31, 16, 17]. Although the
vaccines are able to protect chickens from virulent NDV
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challenges and significantly reduce virus shedding in the
vaccine efficacy trials, their administrations are affected by the
cell-associated factors, and the presence of maternal antibodies,
which neutralize the antigenicity of the vaccine [32]. Intensive
immunizations with the commercially NDV vaccines have
revealed that the genotype Il viruses can still provide a good
protection level against genotype VII viruses; hence, the use of
conventional vaccines in ND control programs is inevitable.
Due to the importance of local mucosal immunity induced by
live vaccines, a combination schedule of attenuated vaccine and
the inactivated vaccine has been suggested to gain better
protection against virulent NDVs [32, 33].

Current NDV vaccines are consisted of live attenuated and
inactivated genotype Il and genotype I-based viruses, which are
used depending on the disease situation and the national
requirements. It has been suggested that the genotype VII-
matched vaccines provide better protection from NDV
challenge with the highest cell-mediated immune response and
HI titers [34, 35, 24]. In conclusion, the use of genotype VII
inactivated vaccine instead of genotype | might help to control
frequent ND outbreaks. However, to screen a suitable vaccine
seed candidate, many passages in the chicken embryo or cell
line should be applied. Besides the removal of limiting factors
in the development of a genotype-matched vaccine, proper
compliance biosecurity practices are also necessary to prevent
the failure of a vaccination strategy.
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