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ABSTRACT

Infectious bronchitis (I1B) is an acute, highly cagibus, and economically important viral diseasehitkens.
The S1 subunit from Spike (S) protein plays theamgjle in protective immunity and is involved imet host-
virus interactions, as well as infectious bronehitirus (IBV) serotyping. Aim of the present stuslgs multi-
aspect analysis of the molecular and immunologieatures of 5' part belonging to the S1 glycoprotei
sequence of Iranian 793/B IBV strain isolates. Timight ideally help in characterization, preventi@md
vaccine development. The tissue samples were m@péollowed by virus isolation, reverse transéoipt
polymerase chain reaction and restriction fragnfemgth polymorphism analysis. In addition, sequegand
registration of the sequences in the National CeoteBiotechnology Information were performed. Mover,
12 sequences were retrieved from Fars provincen. Irdihe next steps included evaluation of
conservation/variability along the sequences, gistetic analysis, estimation of the average ewiaty
divergence over all the sequence pairs, predittiagphosphorylation/N-glycosylation/palmitoylatisites, and
the final analysis of antigenicity. The findings alignment, entropy plot, and pairwise similarityabysis
revealed 17 hypervariable regions. The isolatesnatg to Tehran were clustered in phylogenetie, temd the
most similar isolates to them were ADW11182 and ADWMB3. Location of some of the N-
glycosylation/phosphorylation/palmitoylation pointglicated that these sites were conserved amengatates.
Furthermore, the frequency of epitopes and thairescreflect the high immunogenicity of S1 protigiry93/B
serotype. Analysis of the primary and secondaryctires demonstrated that their parameters hadblari
values and were different regarding the numberlacation of -helix, -strand, and coils. According to our
findings, the Iranian isolates of 793/B serotyparge their molecular characteristics during time @m
different geographical regions. These alteratiorighinaccount for failure in prevention programs and
differences in virulence and pathogenicity.
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Séquencage et Analyse In silico d’Aspects multiplede la Glycoprotéine S1 dans le Sérotype 793/B de |
bronchite Infectieuse Isolé en I'lran dans les Anregs 2003 et 2011

Résumé: La bronchite infectieuse (Bl) est une maladie lgiraaigué, hautement contagieuse et
économiquement importante chez les poulets. La-soité S1 de la protéine Spike (S) joue un rbleemaj
dans l'immunité protectrice et est impliquée dassihteractions hote-virus, ainsi que dans le gpagle du
virus de la bronchite infectieuse (IBV). Le but dette étude était l'analyse de plusieurs aspecs de
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caractéristiques moléculaires et immunologiquesadeartie 5 ‘appartenant a la séquence glycoprotetfl
d'isolats de souche IBV 793 / B iraniens. Cela puuidéalement aider a la caractérisation, a é&vention et

au développement de vaccins. Les échantillondsde bnt été préparés, le virus a été ensuite éalne
réaction en chaine par polymérase en transcripti@rse a a été menée pour I'analyse du polymarghie la
longueur des fragments de restrictio@e plus, le séquencage et I'enregistrement des séquenceétént
effectués dans le Centre national d'informationiainiotechnologieDouze séquences ont été récupérées de la
province de Fars, en Iran. Les étapes suivantepmraient I'évaluation de la conservation / valigbdes
séquences, l'analyse phylogénétique, I'estimatiotadlivergence évolutive moyenne sur toutes laepae
séguences, la prédiction des sites de phosphanylatN-glycosylation / palmitoylation et I'analyfinale de
l'antigénicité.Les résultats de l'alignement, du tracé d'entrepie I'analyse de similarité par paires ont révélé
17 régions hypervariables. Les isolagrovenant de Téhéraegroupés dans un arbre phylogénétique et les
isolats les plus similaires étaient ADW11182 et ADW83. L'emplacement de certains des points de N-

glycosylation / phosphorylation / palmitoylatiordique que ces sites sont conservés parmi lesss@at plus,
la fréquence des épitopes et leurs scores refléiemiunogénicité élevée de la protéine S1 darstletype
793 / B. L'analyse des structures primaires etrs#mioes a montré que leurs parametres avaientaesrs
variables et étaient différenfmur le nombre et la localisation de I'nélicedu brin et des spires. Selon nos
résultats, les isolats iraniens de sérotype 7980Hifient leurs caractéristiques moléculaires aursau temps
et selon les différentes régions géographiques.n@efbfications pourraient expliquer I'échec desgpammes
de prévention et les différences de virulence giathogénicité.

Mots-clés: Sérotype 793/B, Bioinformatique, Virus de la Bromehnfectieuse, Caractéristiques Moléculaires,

Glycoprotéine S1

INTRODUCTION

Infectious bronchitis (IB) is a common, highly
contagious, acute, and economically important viral

structural protein that determines the antigenicty
infectious bronchitis virus (IBV) is S protein. i
composed of S1 and S2 subunits with the same
molecular weights. The S1 subunit is essential for

disease of chickens caused by a coronavirus of induction of protective immunity and has most o th

Coronaviridae family. It has adverse effects on egg
quality and production factors in layers. In broile
chickens, IB leads in reduced weight gain and feed

virus neutralizing epitopes, including the serotype
specific epitopes (Cavanagh et al., 1992). The S1
protein is expressed in the membrane of host cell.

efficiency*. Serous, catarrhal, or caseous exudates areTherefore, the combination of S1 protein and S1

observed in the trachea, nasal passages, and siofuse
the infected chickens. IB can also be associatéd wi
swollen pale kidneys and visceral urate depositions
The disease has been identified in chicken flodks o
Iran by serological and virus isolation methodsf(8a
al., 2011). This virus has a single stranded liflsA

as genome with the molecular weight of 27.6 kb
(Bochkov et al.,, 2006). The four structural pragein
which form the viral virion include spike glycopeirn
(S), an integral membrane glycoprotein (M), a
nucleocapsid protein (N), and a small membrane
envelope protein (E) (Saif et al.,, 2011). The main

receptor is crucial for the fusion of virus and thosll.
Furthermore, S1 protein can act as a site of tissue
tropism and accounts for virulence of IBV. The gene
part that encodes the S1 subunit of spike glycepras
usually used for genotyping of IBV. As a resulteev
some small changes in S1 amino acid composition may
cause changes in IBV serotype (Cavanagh et al2)199
These alterations result in epitopes variations
responsible for virus neutralization, whereas some
larger mutations at other parts of S1 might not be
effective enough to change the virus antigenicity.
means that IBVs of different serotypes/genotypets no
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only have different epitopes, but also share common changes in virulence, cellular tropism in enzynss]

epitopes, which have important role in cross-imrtyuni
and cell-

Cavanagh et al., 1992). Adzhar et al. (1997) ifiedti
the differences between 793/B (also known as 4f@l a
CR88 serotypes) and other known strains using

survival of viruses (Vigerust and Shepherd, 2007).
Palmitoylation is one of the post-translational
modification processes involving lipids (Linder and
$ % &' &t ( %

surface hydrophobicity, membrane affinity, and

molecular techniques. They also stated that the newaggregation. Furthermore, plays an important role i

isolates could be divided into three subgroups fadz
et al., 1997). Regular vaccination with live attataal
and inactivated vaccines of mass strains is pegdrim
Iran. However, an epidemiological survey showed tha
IBV is still present in Iran resulting in seriouedncial
losses in poultry industry. In recent years, sdvera

researchers have reported the prevalence of a newphysiological

serotype, known as 793/B in lIran by reverse
transcription polymerase chain reaction (RT-PCR)
technique
2008). This finding may partially explain the faiuof
Mass-type vaccines in protecting the chicken flocks
and importance of revising the prevention programs
against IB in Iran. Virus-related databases and
bioinformatics analysis are crucial for understagdi
the relationships within complex datasets regarding
viruses, virus-host interactions, and immune resesn
(Ranjbar et al., 2015, Dadmanesh, et al., 2015jbRan
et al., 2014). Prediction of different featureg;hsas N-
glycosylation sites, epitope recognition, similgritn
addition to the primary and secondary structures of
proteins are essential for analyzing the structure-
function relationship of the proteins encoded blvi
genomes (Yan, 2008, Keyvani et al., 2016). Antigeni
variations of the IBV strains are usually investighby
nucleotide sequencing of the gene coding S protein,
more specifically, by amino acid sequencing of #ie
subunit in S protein, to which most of the neurat

" n#
Various serotypes generally have large differerices

modulating membrane trafficking of the proteins,
stability, cell signaling, and apoptosis (Draperaét
& ) $ % &# *
methods that identify the potential of palmitoybati
provide useful information. Protein phosphorylatien
of importance in modulation and regulation of
functions of virus proteins during
% (+ + ¢
al., 2007). With this background in mind, the prese
study aimed to sequence and analysis the molecular
features of the 5' part belonging to the S1 glyotgin
in IBV serotype 793/B isolates from Tehran and Fars
provinces in two different years. Consequently, the
differences in their molecular and biological pnadjgs
are revealed.

MATERIALS AND METHODS

Sampling. Tissue samples, including lung, trachea,
and kidney taken from broiler and layer flocks were
submitted to the avian virology laboratory of the
department of poultry diseases in order to isolate
respiratory viruses. Twenty IBV isolates obtaineshf
the different parts of Irawere isolated in embryonated
chicken eggs. Infected embryos displayed stunting,
urate deposition in the mesonephros, or death after
three passages. The whole S1 gene of the threk loca
IBV isolates showed a band of above 1600 base pair
(bp) in gel electrophoresis following RT-PCR.
Restriction fragment length polymorphism (RFLP)
analysis using three restriction enzymes (Haelll,

the deduced amino acid sequences of the S1 subunitHindlll, and Ecorl) revealed the 793/B serotype
(Kusters et al., 1989). Glycoprotein N-glycosylatio pattern. The S1 gene of these strains was sequenced
products have become an area of intense interest inaccording to the method of Vasfi Marandi et(dhsfi
recent years, and are shown to be associated withMarandi et al., 2007).
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glycoprotein in the IBV isolated from two different

sequence data were edited and then the S1 spikeprovinces of Iran. Trees were constructed using the

glycoprotein nucleotide sequences were registaned i
National Center for Biotechnology Information
(NCBI). GenBank approved this sequence with the
accession numbers (AC) of AAS48624, AAS48625,
and AAS48626 (http://ncbi.nim.nih.gov). In the next
steps, the amino acid sequences related to theelsd g
were used for comparison purposes.

Retrieving Iranian S1 Serotype, Alignment, and
Entropy Plot for Conserved and Hypervariable
Regions. Spike (S1) glycoprotein sequences of all
Iranian IBV isolates already registered by othanian
researchers were retrieved from  UniprotKB
(http://www.expasy.org/uniprot) database. The
accession numbers included ADW11164, ADW11165,
ADW11167, ADW11168, ADW11169, ADW11173,
ADW11180, ADW11181, ADW11182, ADW11183,
ADW11184, and ADW 11185. All of the existing S1
glycoproteins were reported by Boroomand et al.
(2011) and Poorbaghi et al. (2011) in Fars province
Iran and belonged to the 793/B serotype of IBV.

neighbor-joining (NJ) algorithm under the globapga
removal option and Kimura's two-parameter
substitution model. Robustness of phylogenetic
analysis was measured using bootstrap analysis with
10,000 replications. The percentage of replicatestr

in which the associated taxa clustered together in
bootstrap test, is shown next to the branches.

Estimates of Average Evolutionary Divergence
over All Sequence PairsThe number of amino acid
substitutions per site were calculated based on the
average sequence, and standard error estimate(s).
Fifteen sequences from two provinces were analyzed
by the Poisson correction model. All the positions
containing gaps and missing data were eliminated an
there were a total of 346 amino acids. Evolutionary
divergence analyses were conducted using the
MEGADS.

Prediction of N-glycosylation. The NetNGlyc 1.0
Server (http://www.cbs.dtu.dk/services/NetNGlyc)swa
used for predicting the N-glycosylation sites in S1

Tehran and Fars S1 protein sequences were intégrate glycoprotein using artificial neural networks. Thes

into a FASTA file and aligned using ClustalW,
followed by analysis and trim in CLC sequence viewe
software version 6.6.2. At the final step, the sneéh

networks examine the sequence context of Asn-Xaa-
Ser/Thr sequons. By default, predictions are peréar
only on the Asn-Xaa-Ser/Thr sequons (including Asn-

ambiguous alignment were excluded from the analyses Pro-Ser/Thr).

Entropy values (Hx) were measured as the variaabns Analysis of Potential Phosphorylation Sites.
each amino acid position in the set of aligned Potential phosphorylation sites were determinedgusi
sequences. The values could vary from 0 (i.e., no the website http://www.cbs.dtu.dk/services/NetPhos.
variation seen) to 3.04 (i.e., all the possiblea?2@no The NetPhos 2.0 server produces neural network
acids or a gap occur with equal frequency). Evalnat  predictions for serine, threonine, and tyrosine
of the most conserved and variable regions is phosphorylation sites in eukaryotic proteins.
demonstrated in figures 1 and 2. The sequence Analysis of the S Glycoprotein Primary Structure
AAS48624 was used for further analysis due to the and Amino Acid Distributions. The primary structure
complete similarity between AAS48624 and (sequence statistics) of S1 glycoprotein belongmg
AAS48625. In all the isolates, size of the targat the IBV was investigated in terms of length, molacu
S1 protein was 346 amino acids in length after weight (MW), isoelectric point (pl), and amino acid
alignment and edition. distribution. The outcomes were arranged in tables
Phylogenetic Analysis. The phylogenetic analysis the Expasy tools (http://us.expasy.org/tools/pil.too
was conducted by MEGA 5.3 software package based html). In order to evaluate the amino acid disttitm
on different sets of aligned sequences of the S1 we applied http://www.lrrfinder.com/Irrfinder.php.
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Prediction of S Glycoprotein Secondary Structures
The secondary structures (i.e., alpha helix, betad,
and random coil) of the protein were predicted gisin
the bioinformatics tools available on website
http://npsa-pbil.ibcp.fr.  The method of GOR4
(http://npsa-pbhil.ibcp.fr/cgi-bin/npsa_automat.@@p=
npsa_gor4.html) was used to identify the alphachsli
beta strands, and coil residues. A minimum of tlaree
more turns were taken into account for one helix,
strand, or coil in the structure of spike glycopiot

Prediction of Palmitoylation Sites. Palmitoylation

187

168-169, 185-187, 266-267, 285-286, 288-289, and
332-333. The amino acids 53-56 and 116-120 showed
the highest variability among all.

Phylogenetic Study.For the phylogenetic analysis of
S1 glycoprotein in the IBV isolated from the two
different provinces of Iran, amino acid sequencks o
Tehran and Fars isolates were aligned, compare, an
edited using CLC sequence viewer 6.6.2. The MEGA
5.3 software package was utilized to construct the
phylogenetic tree (Figure 3). The results demotestra
that the Tehran isolates are clustered in a bramch

sites were assessed with the medium threshold are more similar to each other, compared to the Far

frequency through services at http://csspalm.bikaoc
org/prediction.php. In addition, we used CSS-Paléh 2
software to predict the palmitoylation sites.
Antigenicity Prediction Based on Kolaskar and
Tongaonkar Method. The antigenic epitopes of S1
glycoprotein in the IBV were determined using the
method of Kolaskar and Tongaonkar. This predicison

isolates. In addition, close relationships wereeolex
between the Tehran isolates with AC ADW11182,
ADW11184, ADW11181, and ADW11180 from Fars
isolates.  Furthermore, AC ADW11169 and
ADW11183 have the least similarity to the other
sequences from both Tehran and Fars.

Estimate of Average Evolutionary Divergence over

a semi-empirical approach developed based on theAll the Sequence Pairs.The mean pair-wise distance

physico-chemical properties of amino acid residues
hydrophilicity, accessibility, and flexibility) antheir

and standard error for the set of sequences uhady s
were computed. The findings revealed that the mean

frequencies among the 156 experimentally determined distances for all the sequences, Tehran isolates, a

epitopes from 34 different proteins. This approbhek
the accuracy of 75% in detecting the antigenicidept

RESULTS

Alignment. Alignment results revealed an almost

complete similarity between the isolates of Tehran.

Fars isolates were 0.298, 0.027, and 298, respéctiv
Moreover, the standard errors for all the sequences
Tehran isolates, and Fars isolates were 0.021,70.00
and 0.021, respectively.

Prediction of N-glycosylation. A range of 10-14 and
12 N-glycosylation sites were found in the isolates

However, there were significant differences between from Fars and Tehran, respectively. Conservation of
the S1 glycoproteins of IBVs from Tehran and Fars some N-glycosylation sites and total number ofihe

(Figure 1). Pair-wise comparison between the iedlat
viruses revealed that among Fars isolates the segue

glycosylation sites are indicated in details in [€ab.
The results demonstrated that most of the N-

closest to AAS48624 (after Tehran sequences) was glycosylation sites were conserved within Tehrad an

ADW11181 with 92% similarity. Moreover, the

sequences closest to AAS48626 were ADW11181,

ADW11182, and ADW11184, all with 92% similarity.
Based on alignment and entropy plot the

hypervariable regions (HVR) were observed in the potential

Fars isolates.

Analysis of Potential Phosphorylation Sites.
According to the analysis of potential phosphoigtat
sites, there were differences in number and site of
phosphorylated peptides in the S1

amino acids 22-24, 37-39, 53-56, 62-64, 86-89, 116- glycoprotein amino acid sequences (Figure 4 andeTab
120, 129-130, 142-145, 156-157, 155-156, 166-167, 2). Details of the phosphorylation analysis areicted
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in Figure 4. In the isolates from Tehran, serine
phosphorylation sites at positions Ser80, Ser98,35¢

Vasfi Marandi et al / Archives of Razi Institute,dl. 73, No. 3 (2018) 183-198

However, the ranges of different parameters argseclo
to each other. The average length of protein semsen

Serl51, Serl53, Serl57, Ser227, Ser264, and Ser26&mnd molecular weight of constructs are mentioned in

were found to be conserved. In addition, the camskr
threonine phosphorylation sites included Thr69,
Thrl79, and Thr268. The conserved tyrosine
phosphorylation sites entailed Tyr21, Try26, Try56,
Try71, Tryl55, Try 185, Try212, Try246, Try305,
Try318, and Try325. In Fars isolates, the serine
phosphorylation sites at positions Ser37, Ser622Se
Ser265, and Ser303 were found as conserved.
ADW11169 and ADW11183 had similar pattern of
serine phosphorylation but were different from the
others. Furthermore, the conserved threonine
phosphorylation sites were 179 and to some exg@ht 2
and 268. Again ADW11169 and ADW11183 had a
similar pattern of threonine phosphorylation butreve
different from the others. It was observed that the
conserved Tyrosine phosphorylation sites were 246,
well as 305 and to some extent 318.

Antigenic Determinants Analysis. The approach
introduced by Kolaskar and Tongaonkar is known as
the simplest and most applicable for prediction of
antigenic determinants (Kolaskar and Tongaonkar,
1990). The mentioned method relies on occurrence of
the amino acid residues in experimentally deterchine
epitopes. Antigenicity prediction plots for a paftS1
glycoprotein in the IBV isolated from two different
provinces of Iran using Kolaskar-Tongaonkar
algorithm is represented in Figure 5. The method of
Kolaskar-Tongaonkar evaluates hydrophilicity,
accessibility, and flexibility together to predithe
epitopes. The findings show that about 235 epitapes
all sequences were predicted. It could be concltiuked
these epitope frequencies and their scores shagha h
immunogenicity for S1 protein (Figure 5).

Analysis of Primary Structure and Amino acid
Distribution in a Part of S1 Glycoprotein. The data
obtained from Expasy's ProtParam regarding the
primary structures are demonstrated in Table 3.
Analysis of the primary structure showed that ekcep
instability index I, all parameters had variabldéues.

the table. Isoelectric Point (pl) is the pH pomtwhich
the surface of protein is covered with charges|enthie
net charge of protein is zero. The isoelectric pt)
is essential for estimation of solubility and mdiin
an electric field. The calculated isoelectric pgifgl) in
Tehran isolates were 7.52 and 6.69. It reflects the
neutral nature of protein and a little tendencymfro
neutral point to basic and acidic pH. All the valder
Fars province isolates are above seven, indicafitiee
basic nature for the S1 glycoprotein in these fssla
The instability index provides an estimation of the
protein in-vitro stability. Regarding the instahyjilindex
results, all the S1 glycoproteins of isolates can b
classified as stable protein. The high aliphatidei
(range of 69.02-73.79 in both isolates) indicales the
S1 protein is stable in a range of temperatureg Th
grand average of hydropathicity values were negativ
in most of the isolates, except the four isolateBars
province that are a little positive. The latter ules
indicates a high hydrophilicity for the proteinsdaa
high interaction between the protein and surroundin
water molecules. Finally, the data obtained cariogr
the primary structure and amino acid distribution
(Figure 6) showed differences in various physical a
chemical parameters, in addition to the hydrophobic
and hydrophilic nature of all the isolates. Thigaas a
relative variability in the strains regarding thed S
glycoprotein.

Secondary Structure of S1 Glycoprotein. Results
of the secondary structures evaluation are pregente
Figure 7. Both the Fars and Tehran isolates hiagb th
or four -helix structures in the same or different
locations of their S1 glycoprotein belonging to 1B¥.
The numbers of -strands in the Tehran isolates were
25 positions and ranged from 23 to 30 in the Fars
isolates. Furthermore, calculation of the coilstdbe
turns) revealed 27 and 28 coils in the Tehran tssla
and a range of 27 to 33 coils in the Fars isolates.
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Table 1. Predicted N-glycosylation sites. For picking up tNeglycosylation sites with high specificity (aspgines very likely to be
glycosylated), only the (+) predictions were usadd(better) for asparagines that occured withinAthie Xaa-Ser/Thr triplet (no proline at the
Xaa position). Note that identifying the sites bigtmethod would include sensitivity

A ADW1 ADW1 ADW1 ADW1 ADWI1 ADW1 ADW1  ADW1 ADW1 ADW1 ADW1 ADW1
C. 1164 1165 1167 1168 1169 1173 1180 1181 1182 1183 1184 1185

N- 24, 24, 24, 24, 51, 24, 23, 23, 23, 51, 23, 51,
gt 51, 51, 51, 51, 75, 51, 54, 54, 54, 75, 54, 77,
75, 75, 75, 75, 103, 75, 75, 54, 75, 103, 75, 103,
103, 103, 103, 103, 147, 103, 103, 103, 103, 147, 103, 147,
147, 147, 141, 147, 166, 147, 147, 147, 147, 166, 147, 166,
166, 166, 147, 166, 181, 166, 166, 166, 166, 181, 166, 181,
181, 181, 166, 181, 215, 181, 181, 181, 181, 215, 181, 215,
215, 215, 181, 215, 250, 215, 215, 215, 215, 250, 215, 240,
240, 240, 215, 240, 265, 240, 240, 240, 240, 265, 240, 250,
250, 250, 240, 250, 274 250, 250, 250, 250, 274 250, 274
267, 267, 250, 267, 267, 267, 267, 267, 267,
274, 274, 267, 274, 274, 274, 274, 274, 274,
279 279 274, 279 279 279 279 279 279
279
T 13 13 14 13 10 13 13 13 13 10 13 10

*N-glycosylation siteg* Total number

AC. AAS48624 AAS48626
N-glycosylation sites 23, 75, 103, 147, 166, 18R, 240, 250, 23, 75, 103, 147, 166, 181, 215, 240, 250,
267, 274, 279 267, 274, 279
Total number count 12 12

Table 2 Phosphorylation site predictions

AC Serine Threonine Tyrosine
phosphorylation phosphorylation sites phosphorylation
sites sites
AAS48624 9 3 12
AAS4862¢ 10 4 11
ADW1116¢ 7 2 7
ADW11165 7 2 7
ADW11167 5 3 7
ADW11168 7 2 7
ADW11169 4 5 6
ADW1117: 7 2 7
ADW11180 13 2 11
ADW11181 7 4 11
ADW11182 7 4 11
ADW11183 4 5 6
ADW11184 7 4 11
ADW1118¢ 9 2 9
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Table 3. Parameters computed using Expasy’s ProtParam
AC AAS AAS ADW ADW ADW ADW ADW ADW ADW ADW ADW ADW ADW  ADW
48624 48626 11164 11165 11167 11168 11169 11173 11180 11181 11182 11183 11184 11185
M W 3852 3836 38248 38248 38322. 38248. 38568. 38248. 38465. 38530. 38560.5 38496.5 38560 38056.6
7.4 7.0 1 0 5 3 4 .5
pl 7.52 6.69 7.10 7.10 7.97 7.10 7.50 7.10 8.65 8.21 8.40 7.93 8.40 8.22
Total-R&+R 20,21 22,21 19,19 19,19 18, 20 19,19 22,23 19,19 37,219, 22 19, 23 22,24 19, 23 15, 18
Il stable stable stable stable stable stable stable stable stable stable stable stable  stable stable
Al, GRAVY 69.02, 67.05, 70.69, 70.69, 69.57, 70.69, 7266, 70.69, 67.63, 70.72, 71.85,- 73.79, 71.85, 68.44,
-0.060 -0.144 0.009 0.009 -0.040 0.009 -0.135 0.009 -0.086 -0.067 0.053 -0.114  -0.053 -0.084

MW: molecular weight; pl: theoretical isoelectrioipt; -R: number of negatively-charged residuesgfArys); +R:

number of positively-charged

residues (Asp+Gl II: instability index; Al: aliphatic index; GRAVYgrand average of hydropathicity

Table 4. Details of palmitoylation sites predictions

AC Position Peptide Score Cut-off Cluster
AAS4862: 13,16,65 LLLVTLWCALCSALL,VTLWCALCSALLYDN, AGSAPECTAGTFYEO0.648, 1.314, 1.347.308, 1.225, 1.225 AC,C
AAS4862¢ 13, 16, 65 LLLVTLRCALCSTLL, VTLRCALCSTLLYDN, 0.686, 1.298, 1.240.308, 1.225, 1.225 A C,C

NAGSASECTAGTFYE
ADW11164 16, 65 VTLLFALCSAALFDN, NAGSSSECTAGAIYW 1.426, 1.28 0.497, 1.225 B,C
ADW11165 16, 65 VTLLFALCSAALFDN, NAGSSSECTAGAIYW 1.426, 1.28 0.497, 1.225 B,C
ADW11167 16, 65 VTLLFALCSAALFDN, NAGSSTQCTAGAIYW 1.417,1.31 0.497, 1.225 B,C
ADW1116€ 16, 65 VTLLFALCSAALFDN, NAGSSSECTAGAIYW 1.426, 1.28 0.497, 1.225 B,C
ADW11169 13, 163 LLLVTLWCALCSALL, PVFKSLHCLNNDTSV 0.552, 0® 0.308, 0.308 A A
ADW1117% 16, 65 VTLLFALCSAALFDN, NAGSSSECTAGAIYW 1.426, 1.28 0.497, 1.225 B,C
ADW11180 13,65 LLLVTLWCALCSALL, NAGSSSDCTAGTFYE 0.605, 1.42 0.308, 1.225 A C
ADW11181 13,65 LLLVTLWCALCSALL, NAGSSSDCTAGTFYE 0.624,1.42 0.308, 1.225 A C
ADW1118z 13,65 LLLVTLWCALCSALL, NAGSSSDCTAGTFYE 0.624,1.42 0.308, 1.225 A C
ADW11183 13,163 LLLVTLWCALCSALL, PVFKSLHCLNNDTSV 0.552, 0® 0.308, 0.308 A A
ADW11184 13, 65 LLLVTLWCALCSALL, NAGSSSDCTAGTFYE 0.624,1.42 0.308, 1.225 A C
ADW11185 13, 16, 98 LLLVTLLCALCSAAL, VTLLCALCSAALYDS, 0.967, 1.667, 1.4790.308, 0.497, 1.225 A B, C
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Figure 1. Comparison of amino acid sequences in the S1 gipteip of Iranian IBV isolates. Gene bank accessiombers are shown.
All the sequenced proteins have been used forrakgi. Identical, conserved, and semi-conserve@mnsgilong the spike glycoprotein
sequences in IBV can be seen. All the residuesatetdentical to the top sequence in an alignnaeatmarked by a dot (."). The
consensus and rate of conservation are indicatdgaibottom pane
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Figure 2. Variations along the 5' part of the S1 glycopraten the IBV shown by entropy plots. Circles shitvr borderline variations not
included in the variation analysis.
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Figure 5. Antigenicity prediction plots for part of the Slygoprotein in Iranian infectious bronchitis virisolates using Kolaskar-
Tongaonkar algorithm. Regions with antigenic pragignscale of >1 are antigenic regions. Threshalderage, maximum, and
minimum antigenicity are 1, 1.033, 1.215, and 0,888pectively. Window size and center positionenveéand 4, respectively. A to L:
ACs from ADW11164 to ADW11185. The bottom figurempett Tehran isolate S1 glycoprotein, ACs AAS48QY and AAS48626
(N). Threshold, average, maximum, and minimum amtigjty are 1, 1.036, 1.196, and 0.895, respegtivel
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Figure 6. Amino acid distribution. Frequency of hydrophobigdrophilic, positive, and negative R-groups (11R). The bottom left
(AAS48624) and right (AAS48626) panels show seqasnef S1 glycoprotein for Tehran and Fars isolafes, ADW11164 to
ADW11185
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Figure 7. GOR IV secondary structure prediction metl(graphic visualization of the prediction); blue-helix; red: extended strand-
strand); violet: other states (coils)
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Palmitoylation Sites. The strains of ACs AAS48624,
AAS48625, and AAS48626 had 3 palmitoylation sites.
On the other hand the ADW11164, ADW11165,
ADW11167, ADW11168, ADW11169, ADW11173,
ADW11180, ADW11181, ADW11182, ADW11183,
and ADW11184 (but not ADW11185) all possessed 2
palmitoylation sites (Table 4). It should be nothkdt

Vasfi Marandi et al / Archives of Razi Institute,dl. 73, No. 3 (2018) 183-198

epitopes. This can be helpful in preparing the wessc
with high cross-protection efficacy. Several aeticl
have reported the level of homology in the S1
gene/protein or a part of it and the level of cross
% *7 . # 2
results showed that there is a higher chance tdtsai
cross protection between the strains isolated dgutia

13, 16, 65, and 163 seemed to be conserved sites fo same time and from the same geographical regitve. T

palmitoylation in almost all the isolates.

DISCUSSION

The previous studies on molecular characteristics o
complete or part of S1 glycoprotein sequence of893

vaccines against S1 glycoprotein of IBV strainst tha
differ from the other strains in only a few amintds
provide a significant cross-protection (Abdel-Manei
et al., 2006). There are reports on the differ&Y |
strains from other known IBVs isolated from various

IBV in Massachusetts and other serotypes revealed ageographical regions based on analysis of S1 segquen

high degree of variation and complexity for thistpin

(Abro et al., 2012). Modifications such as
glycosylation, palmitoylation, and phosphorylation
have enormous effects on folding, transportation,
replication, assembly, infectivity, pathogenicity,
immunogenicity, and virulence of the relevant virus
particles (Veit and Schmidt, 2006). In the prestndy

computational and in silico prediction approachgs b
public databases, as well as the bioinformaticéstoo

(Shimazaki et al., 2008). Conserved palmitoylation
sites introduced in this study may reveal someiapec
features of the 793/B strains (Table 4). The
palmitoylation and glycosylation sites have been
evaluated in influenza virus (Melkonian et al., 999

and Human Immunodeficiency Virus-1 (Zhang et al.,

+ a# 3 ,

studies show that these changes have impacts an vir
biology and functions. An average of 12 N-

were used to analyze the S1 sequences of 793/Bglycosylation sites and some conserved sites were

serotype of IBV strains isolated from two provinads
Iran. Our findings showed that there were high
similarities and phylogenetic diversities among I
strains isolated from the two different provincékese
might result from the common mutations within tHe S
gene of the virus. Moreover, it was observed that t
isolates from the two different provinces had low
homology. There was much higher homology among
the viruses isolated during the same period of tme
from the same geographical origin. These resulidar

found in the partial protein sequence analysis bf S
protein in Tehran and Fars isolates. Abro et al.
investigated the S glycoprotein for N-glycosylatemd
found 30 and 35 N-glycosylation sites in the
Massachusetts and QX-like strains, respectively.
Furthermore, the N-glycosylation sites of ASN-Xaa-
SER/THR-55, -147, -200, and -545 were presenten th
spike gene of QX-like strains. They finally conchad
that most of the N-glycosylation sites were conserv
within the genotype of the mentioned strains, ekoep

some extent similar to the previous studies that the strain CK/SWE/082066/10 that had lost ASN-Xaa-

assessed the different isolates, as well
phylogeny and simila ) 4"

al., 2008). Analysis of the different parts in Shym

indicate different levels of homology and similgyit

especially if it includes different HVRs (Wang 6, a

5% 6 "# Antigenicity analysis of the 5'

part in the S1 protein revealed the presence okdha

as their SER/THR-533.

According to the findings of the current study,
analysis of the potential phosphorylation sitesated
that the potential phosphorylated peptides in the S
glycoprotein were different regarding the nhumbed an
location. These results are consistent with theipus
study on Massachusetts and QX-like strains (Abro et
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al., 2012). The primary structure analysis in IBV

isolates demonstrated that all the parameters had Borisov,
variable values, although the differences are not

significant. These results are as well repeatedter

secondary structures. There is a discrepancy betwee

the studies on these values and the overall nundbers
structures, which depends on either partial or detap
evaluation of the S (or S1) protein (Abro et aQ12).
The findings of our study suggest that the
characteristics of the Iranian IBVs might have geth
during time and in different geographical regions.
Analysis of the genomic/proteomic data and
understanding the structure and function of imprta
proteins in the viruses are necessary. These diaisa
can provide essential information for vaccine
development, diagnostic methods, potential anglvir
therapy, viral characteristics, pathogenicity, and
epidemiological practices. However, in order tonde
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