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ARTICLE INFO ABSTRACT
Article history: Background: Rhinoviruses (RV) are associated with the development and exacerbations of asthma and
Received 11 July 2021 chronic obstructive pulmonary disease. They’ve also been linked to more severe diseases like pneumonia,
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acute bronchiolitis, croup, and otitis media. Because of the hypervariable sequences in the same serotypes,
Accepted 1 September 2021

no effective vaccine against rhinoviruses has been developed to date. With the availability of new full-
length genome sequences for all RV-A and RV-B serotyped strains, this study used bioinformatics to find
a suitable RV strain with the highest similarity matrices to the other strains.

Methods: The full genomic sequences of all known different RV-A and -B prototypes were downloaded
from the National Centre for Biotechnology Information (NCBI) and divided into minor low-density
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Reverse vaccinology lipoprotein receptor (LDLR) and major intercellular adhesion molecule groups (ICAM). The sequences
Rhinoviruses were edited using Biological Sequence Alignment Editor, v 7.2.0 (BioEdit software) to study each capsid
Vaccine protein (VP1, VP2, VP3, and VP4) and analyzed using the EMBL-EBI ClustalW server and the more current

Clustal Omega tool for the calculation of the identities and similarities.
Results: We analyzed and predicted immunogenic motifs from capsid proteins that are conserved across
distinct RV serotypes using a bioinformatics technique. The amino acid sequences of VP3 were found
to be the most varied, while VP4 was the most conserved protein among all RV-A and RV-B strains.
Among all strains studied, RV-74 demonstrated the highest degree of homology to other strains and
could be a potential genetic source for recombinant protein production. Nine highly conserved regions
with a minimum length of 9-mers were identified, which could serve as potential immune targets against
rhinoviruses.
Conclusion: Therefore, bioinformatics analysis conducted in the current study has paved the way for
the selection of immunogenic targets. Bioinformatically, the ideal strain’s capsid protein is suggested to
contain the most common RVs immunogenic sites.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Rhinoviruses (RVs), which were formerly known as human rhi-
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A. Similarity of HRV-74 VP1 (aa) within RV-A serotypes
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B. Similarity of HRV-74 VP2 (aa) within RV-A serotypes
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Fig. 1. Similarity of HRV-74 VP1 aa with other serotypes within RV-A. HRV-74 VP1 identity within the RV-A group ranged from a low of 61.62% (HRV-8) to a high of 92%
(HRV-15) with a median identity of 75%. B. The similarity of HRV-74 VP2 (aa) with other serotypes within RV-A. HRV-74 VP2 identity within the RV-A group ranged from
a low of 72.03% (HRV-8) to a high of 94.27% (HRV-15) with a median identity of 81.37%. C. The similarity of HRV-74 VP3 aa with other serotypes within RV-A. HRV-74 VP3
identity within the RV-A group ranged from a low of 67.23% (HRV-45) to a high of 91.6% (HRV-15) with a median identity of 78.24%. D. The similarity of HRV-74 VP4 aa with
other serotypes within RV-A. HRV-74 VP4 identity within the RV-A group ranged from a low of 89.86% (HRV-71) to a high of 100% (24 serotype pairs) with a median identity

of 97.35%.

their discovery, RVs have been divided into three groups, RV-A,-B,
and C, with the latter, RV-C, being reported relatively recently in
2007 [4]. Within each group or species, there are multiple RVs vari-
ably designated as “serotypes,” “types,” or “strains.” There are more
than 100 types of RV-A and B, while the discovery of new RV-C con-
tinues [4-6]. The viral capsid, which surrounds the genomic RNA,
is composed of 60 identical copies each of four structural proteins,
designated as VP1, VP2, VP3, and VP4. The three more abundant
proteins (VP1, VP2, and VP3) are exposed on the capsid surface and
account for the virus’ antigenic diversity, while the smallest one
(VP4) lies at the interface between the capsid and the viral genome.
Among the four capsid proteins, VP1 is the largest and the most
exposed, and it serves as the site of attachment to the cell surface
receptors [7,8]. The surface of the RVs capsid contains neutraliza-
tion antigenic and host cell-binding sites, which allow the virus to
start its replication cycle by attaching to the host cell receptors [9].

Many molecular epidemiological studies of RVs conducted in
different regions have revealed that there are no predominant
circulating serotypes that could be considered for vaccine develop-
ment [10,11]. With the high RV burden, which is poorly responsive
to the current therapies, alternative approaches to overcome
their infections are therefore needed. Eliciting cross-neutralizing
antibodies has been considered the holy grailin the search for
effective RV vaccines. Capsid proteins (VP1-4) or antigenic pep-
tides corresponding to one of them have been claimed to induce
cross-neutralizing antibodies against different RV strains [12,13].
Hence, alternative strategies were applied in an attempt to design
a broad-spectrum RV vaccine based on the opposite approach. In
the era of genomics, the starting point of designing an ideal vac-
cine against RVs could be from the available information on their
genomes. Recently, the full-length genome sequences of all RV-
A and RV-B serotyped strains have been reported [14]. Therefore,

this study aimed to use bioinformatics approaches to characterize
the sequences of the four capsid proteins (VP1, VP2, VP3, and VP4)
of known RV-A and RV-B serotypes to determine the phylogenetic
relationship between strains and to reveal the ideal strain that pos-
sesses genome sequences that are highly identical to other strains
and ultimately to identify the highly conserved antigenic regions
across the majority of RVs A and B within the capsid proteins to
serve as vaccine candidates in future studies.

Materials and methods
Data collection

The complete genome sequences of all known distinct RV-
A and-B prototypes downloaded from the National Centre for
Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov)
except HRV-87 as it had been reclassified as a human enterovirus
[15]. VP1 data under GenBank accession number AY355180 to
AY355281, as described [16], was adapted to confirm the accuracy
of the analysis.

Characterization of rhinovirus (RV) capsid protein VP1, VP2, VP3,
and VP4

The obtained RV sequences (RV-A, n=75; RV-B, n=25) were
grouped based on their original classification. The RV-A group
was divided into two sub-groups: minor low-density lipoprotein
receptor (LDLR) (n=12) and major intercellular adhesion molecule
(ICAM) (n=63). Upon grouping, the sequences were edited using
Biological Sequence Alignment Editor, v 7.2.0 (BioEdit software) to
study each capsid protein (VP1, VP2, VP3, and VP4) independently
[17]. Sequence alignments were performed for all the available
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complete capsid proteins from both HRV-A and B by using the
MUSCLE multiple sequence alignment algorithms which offers a
range of options that provide improved speed and/or alignment
accuracy compared with currently available programs and is the
fastest of the tested methods for large numbers of sequences [18].
The conserved regions that are common across all RV-A and B
serotypes, exhibiting at least 80% representation, were selected.
Similarly, selected sequences were further analyzed using the
EMBL-EBI ClustalW server and the more current Clustal Omega tool
(The European Bioinformatics Institute; http://www.ebi.ac.uk) for
the calculation of the identities and similarities for the selected
sequences. Subsequently, consensus sequences and distance matri-
ces were generated for each VP protein.

Entropy calculation

Mining for conserved sequences among the aligned sequences
was performed by determining the entropy of regions with at least
nine amino acids in the length and maximum average entropy of
0.2. The maximum entropy per position was 0.2, with gaps limited
to 2 per segment. Contiguous gaps were limited to 1 in any seg-
ment. This minimum length of amino acids was chosen because it
represents the binding core length of a majority of human leukocyte
antigen (HLA) restricted T-cell determinants [19,20].

B-cell epitope prediction

There are several bioinformatics tools for assessing and predict-
ing B cell epitopes [14,21]. We chose to determine the continuous
B cell epitopes as it is mainly based on the properties of the amino
acids in the peptide, such as the hydrophilicity, charge, exposed
surface area, and secondary structure. For discontinuous epitope
prediction, a pre-requisite is the 3-D structure of the antigen. We
used the ABCPred software (www.imtech.res.in/raghava/abcpred/
) for continuous B-cell epitope prediction. Briefly, the amino acid
sequence of the VP candidate genes was uploaded to the ABCPred
server to be tested against a preselected dataset of 700 unique
experimentally proven B-cell epitopes, which is a subset of the
BCIPEP database, as well as 700 non-epitopes or random peptides.
The default threshold was chosen for the analysis.

Results

Phylogenetic analysis of the retrieved sequences of the RV cap-
sid proteins was performed for the future goal of constructing
recombinant proteins for use as vaccine candidates. This facili-
tated the determination of the relationships between strains and
identification of the idealstrain among strains that are highly iden-
tical to other strains. Also, the prior knowledge of the variability
among prototype strains has provided a unique opportunity to
enhance the optimal selection of the immunogens, and afterward,
the selection of strains examined for cross-reactivity. Alignment
analysis showed that full-length VP1, VP2, and VP3 amino acid (aa)
sequences were found to be variable between strains and varied
in length, with VP4 as the exception. VP4 possessed the shortest
sequence with only 69 aa residues in length and was found to be
the most conserved protein among all capsid proteins.

Characterization of VP1 sequence

The pair-wise analysis revealed that VP1 amino acid sequences
within individual groups were not well conserved with an average
identity of 70.61% for RV-A, which ranged from 57.24% (HRV-45 and
HRV-49) to 98.59% (HRV-8 and -95). On the other hand, the average
identity of VP1 aa within RV-B was 76.27%, with a range of 66.9%
(HRV-14 and -84) t0 93.24% (HRV-70 and -91). There were eighteen
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and seven pairs of serotypes with a similarity of 90% or more for RV-
A and RV-B, respectively. Among the RV-A strains analyzed (n=75),
the VP1 amino acid sequence of HRV-74 had the highest degree
of median identity to the other strains (75%), while the lowest
median identity was demonstrated by HRV-45 (62.09%). Besides,
a consensus sequence (305 aa) that represented the 75 aligned
VP1 aa sequences was obtained from multiple sequence align-
ment. Further analysis shows HRV-74 has the highest homology
to this consensus sequence (86%) Based on these findings, HRV-74
has been shortlisted as the template source for the bioinformatics
design of recombinant proteins to be used in future vaccine devel-
opment studies. Hence, as shown in Fig. 1, when we used HRV-74 as
the baseline for comparison to the VP1 sequences from other RV-A
strains, identity within the RV-A group ranged from a low of 61.62%
(HRV-8) to a high of 92% (HRV-15). Further, Fig. 2 help in under-
standing the sequence of alignment of the HRV74 VP1 aa sequence
against the consensus VP1 sequence.

Fig. 2 depicts the sequence alignment of the HRV74 VP1 aa
sequence against the consensus VP1 sequence.

Characterization of VP2 sequences

The level of VP2 aa identity withinRV-A ranged from 70.11%
(HRV-23 and -8) t0 99.23% (HRV-8 and 95) with a median identity of
80.27%. Meanwhile, RV-B VP2 amino acid sequence identity ranged
from 73.95% (HRV-79 and 84) to 96.18% (HRV-70 and HRV-17) with
a median identity of 81.28%. There were eighty and twenty-four
serotype pairs that have an amino acid sequence identity of more
than 90% for RV-A and -B, respectively. Also, a consensus sequence
(270 aa) that represented the 75 aligned VP2 aa sequences was
obtained. The consensus identity within the RV-A group ranged
from 74.7% (HRV-8) to 91.92% (HRV-21), with a median identity of
84.7%. Our analysis also showed that 130 residues (48.14% of the
VP2 full length) at different positions were 100% conserved across
all RV-A. Fig. 3 shows the sequence alignment of HRV74 VP2 aa to
the consensus sequence.

Characterization of VP3 sequences

Within RV-A, the level of VP3 aa identity ranged from 63.14%
(HRV-30 and 8) to 100% (HRV-8 and 95) with a median identity of
76.11%. On the other hand, the RV-B amino acid sequence identity
of the respective protein ranged from 71.61% (HRV-3 and 27) to
97.88% (HRV-70 and HRV-17) with the median identity of 81.38%.
There were sixty-one, and twenty-seven serotype pairs that have
an amino acid sequence identity of more than 90% for RV-A and
-B, respectively. Besides, the cconsensus sequence (241 aa) that
represented the 75 aligned VP3 aa sequences of RV-A serotypes was
generated. The consensus identity within the RV-A group ranged
from 72.27% (HRV-8 and 95) to 88.24% (HRV-43) with a median
identity of 80.38%. Our analysis also showed that 90 residues (37.3%
of the VP3 full length) at different positions are 100% conserved
across all RV-A. The sequence alignment of HRV74 VP3 aa to that
of the consensus sequence is shown in Fig. 4.

Characterization of VP4 sequences

Lastly, within RV-A, the level of VP4 aa identity ranged from
88.41% (several serotypes) to 100% (332 serotypes pairs) with a
median identity of 95.91%. Meanwhile, RV-B amino acid sequence
identity ranged from 88.41% (HRV-26 and 48) to 100% (5 serotype
pairs) with a median identity of 95.3%,oted that VP4 is the only cap-
sid protein whose median identity of serotype pairs within-group
ais more than group B. In contrast to other capsid proteins, only
seventy-six and seven serotype pairs have an amino acid sequence
identity less than 90% for RV-A and B, respectively. Besides, the
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CLUSTAL O (1.2.4) multiple sequence alignments

VPl-cons NPVENYVDEVLNEVLVVPNIKESHPTTSNSAPALDAAETGHTSNVQPEDHIETRYVQTSQ 60
[A74] NPVENYIDEVLNEVLVVPNIRESHSSTSNSAPALDAAETGHTSNVQPEDNVETRYVQTSQ 60

VPl-cons TRDEMSIESFLGHSGCIHISTLEVDSDYDMYNDVYNAEGEHFTKWKINLQEMAQIRRKFE 120
[A74] TRDEMSVESFLGRSGCIHISHLKIDY ------TNYNVEGKNFTKWQINLKEMAQIRRKFE 114

VPl-cons LFTYVRFDSEITLVPCIAAKGDDIGHVVMQYMY VPPGAPIPKKRDDYTWQSGTNASVFWQ 180
[A74] LFTYVRFDSEVTLVPCIAAKSDNIGHVVMQYMY VPPGAPLPKKRDDYTWQSGTNASVFWQ 174

VPIl-cons HGQPYPRFSLPFLSIASAYYMFYDGYDGDSPGSRYGTVVTNDMGTLCSRIVTEEKQKHKYV 240
[A74] HGQPYPRFSLPFLSIASAYYMFYDGYDGDSTESHYGTVVTNDMGTLCSRIVTEEH DARV 233

VP1-cons EITTRIYHKAKHVKAWCPRPPRAVEPYTHTHVTN YKPQDGEPTVEVTTAIKPRANIKTVT 300
[A74] EITTRVYHKAKHVKAWCPRPPRAVE-YTHTHVTNYKPQEGDVTTVIPT----RRSIVNV- 287

VPl-cons AVEN 304
[A74] 287

Fig. 2. Alignment of the RV-A VP1 consensus sequence and HRV-74 VP1 sequence. The consensus sequence was built based on the 75 full-length RV-A VP1 aa sequences. An

*(asterisk) indicates positions that have a single, fully conserved residue. A: (colon) indicates conservation between groups of strongly similar properties. A. (dot) indicates
conservation between groups of weakly similar properties.

CLUSTAL 2.1 multiple sequence alignment

VP2-A-cons VWPHYLTPQDATATIDKPTQPDTSS 68
[a74] WPHYLTPEDATAIDKPSHFDTSA 6@
WP2-A-cons /QCNASKFHOGE 128
[a74] QC‘JSS}F-IQG 128
WP2-A-CONS 118 I"-.‘-Z-I'IPEHQ' fsc-TTGr.rnTAGYWTHPGEAG“D«‘GQﬂ=EN~1‘ DKQPSDDNWLNFDGT 188
[a74] (LTHPGEAGRDVSITTAEHTS - “Q-"SDD‘-I' LNFDGT 173
VP2-A-cOns LLGNITIFPHQS TNLRSNNSAT I IVEYVHAYPMDSMLRHNNIWSLYIIPICPLESDGGATN 248
[a7a] LLGNITIF F'HQ THLRSNNSATLIVEYVNAVFUDSHLRHNNSLVT TP ICFLEVSGNEVN 238
WP2-A-cons TVPITISISPMCAEFSGARARARSQAAAQD 278

[a74] T‘». F'ITISISF‘r “‘.EFSG-—\F‘ Q------- 262

Fig. 3. Alignment of consensus of the RV-A VP2 sequence and HRV-74 VP2 sequence. The alignment shows a homology of 87.2% between both sequences. The consensus
was built based on the 75 full-length RV-A VP2 aa sequences. An * (asterisk) indicates positions that have a single, fully conserved residue. A : (colon) indicates conservation
between groups of strongly similar properties. A. (dot) indicates conservation between groups of weakly similar properties.

CLUSTAL 2.1 multiple sequence alignment

[474] GLPVMMTPGSGOFMT TDDFQSPSALPHFHPTKELSIPGQVRENLVEMCQVDTLIPINNTAG &8
WP3-A-Cons GLPVMLTPGSGQFMT TDDFQSPSALPHFHPTKEI FIPGEVKNL IEMOQVDTL IPTNNTEA. €8
[a74] N-VNNVNMYTVLLERKPD- - LMQEVE ATKVDIASQPLATTMIGEISSYFTHWTGSLRFSE 117
WP3-A-Cons

[a74] MFCETANSTLEL WWSASHFRN 177
WP3-A-Cons MFCGTANTTLY WSASHFRN 178
[a74] TTPDTFSSAGFITCW ‘r’QTNL'\"\'PF‘JTP‘ TARMLCFVSGCKDECLAN

WP3-A-Cons TTPDTYSLAGYIT

[474] Q 238

VP3-A-Cons Q 239

Fig. 4. Alignment of consensus of the RV-A VP3 sequence and HRV-74 VP3 sequence. The alignment shows homology of 87% between both sequences. The consensus was
built based on the 75 full-length RV-A VP3 aa sequences. An * (asterisk) indicates positions that have a single, fully conserved residue. A: (colon) indicates conservation
between groups of strongly similar properties. A. (dot) indicates conservation between groups of weakly similar properties.
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CLUSTAL 2.1 multiple sequence alignment

VP4-A-Cons
VP4-A74

LNYFNINYF
LNYFNINYF

S

FTDPVEDV &0

VP4-A-Cons
VP4-A74

LEKGIPTLQ 69
LEKGIPTLQ 69

Fig.5. Alignment of consensus of the RV-A VP4 sequence and HRV-74 VP4 sequence.
The alignment shows a homology of 100% between both sequences. The consensus
was built based on the 75 full-length RV-A VP4 aa sequences. An * (asterisk) indicates
positions that have a single, fully conserved residue.

consensus sequence (69 aa) that represented the 75 aligned VP4 aa
sequences of RV-A serotypes was generated. The consensus identity
within the RV-A group ranged from 89.86% (HRV-71) to 100% (25
serotype pairs) with a median identity of 97.37%. Fig. 5 depicts the
sequence alignment between the consensus sequence and HRV74
aa sequence of VP4. Further analysis also showed that 55 residues
(79.7% of the VP4 full length) at different positions are 100% con-
served across all RV-A.

Identification of potential rhinovirus VP1, VP2, VP3, and VP4
conserved regions

In this study, upon multiple alignments of VP1 aa sequences,
several conserved regions across each selected group with a mini-
mum length of 9 residues and maximum entropy 0.2 were found.
Our analysis showed that there were three conserved regions in the
RV-A major receptor group, while six motifs were detected among
the minor receptor group (Table 1). Upon multiple sequence align-
ment of all RV-A, we identified three highly conserved regions for
the VP1 I-CAM1 region (Underlined in Table 1). Meanwhile, our
analysis of RV-B showed no conservative motifs using the applied
criteria as described. However, several conserved motifs within the
group were observed once the maximum entropy was changed
to 0.5, as shown in Table 1. Also, several residues appeared to be
conserved across all studied RV prototype strains (RV-A & -B).

Our analysis of the VP2 aa sequence indicated that the VP2 aa
sequence was more conserved and showed less variability in both
groups as compared with VP1 protein. Several conserved regions
across each selected group with a minimum length of 9 residues
and maximum entropy of 0.2 were found. The analysis of the RV-A
major receptor group showed three conserved regions, while seven
motifs were detected among the minor receptor group (Table 2).
Unlike VP1, VP2 of RV-B shows six conserved motifs using the
applied criteria, as shown in Table 2. Also, several residues within
the detected regions appear to be conserved across all studied RV
(RV-A & -B) prototype strains (Table 2).

Our findings revealed that the VP3 aa sequences were the most
variable among the VP1-4 capsid proteins. Unlike other capsid pro-
teins, no conserved region in group A with a minimum length of 9
residues and maximum entropy 0.2 was found. However, once we
modified the selection to 9 residues and maximum average entropy
of 0.2 with disabling of the maximum entropy per position, five
not so well-conserved motifs were observed within RV-A ICAM-1
group (Table 3). On the other hand, the analysis of the minor recep-
tor (LDLR) group protein shows five highly conserved regions, with
only two detected among RV-B for the respective protein (Table 3).
Besides, there were fewer residues within the detected regions that
appear to be conserved across all studied RV (RV-A & -B) prototype
strains (highlighted in Table 3).

In contrast with VP3, our results showed that the VP4 aa
sequence was the most conserved compared to the other four VPs.
Our analysis showed that 72% of the VP4 sequence is highly con-
served within the HRV-A primary receptor. Furthermore, VP4 of
the minor receptor (n=10) contained three highly conserved seg-
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ments, which account for 85% of its total length. HRV-B VP4, in
contrast, contains less conserved regions, which exhibited only 25%
of the protein’s total length. Upon multiple sequence alignment of
all HRV-A, three highly conserved regions were identified for VP4
(Underlined in Table 4).

Prediction of continuous B-cell linear epitopes

The B-cells epitopes prediction was performed using ABCPred
Prediction Software among the conserved regions identified within
the VP1, VP2, VP3, and VP4 protein sequences, as shown in Table 5.
Among these, VP4 was found to have the ideal epitope regions fol-
lowed by VP2. VP1 and VP3 did not have any regions that satisfied
the minimum threshold of the epitope prediction software. Our
findings indicate that the conserved regions identified within the
VP4 region of the protein sequences are potential immune targets
against RVs.

The predicted B cell epitopes are ranked according to their score
obtained by the trained recurrent neural network. A higher score of
the peptide means a higher probability of being as an epitope. All
the peptides shown with * are above the threshold value chosen.

Discussion

In this study, we adopted bioinformatics analysis on available
RV prototype strains intending to characterize and understand the
relationship between strains, to identify a potent strain that is
highly and ideally similar to other strains, and to analyze all the
immunogenic capsid proteins of all strains to identify the highly
conserved amino acid sequences. Through aa sequence analysis, the
four capsid proteins (VP1-4) were found to be variable in length
and sequence among different strains. Our results revealed that
VP3 is the most variable protein, followed by VP1 and VP2 pro-
teins, while VP4 is the most conserved protein. Our findings in this
study are in agreement with previous studies [23,24].

Our findings demonstrated that within the group, the amino
acid sequences of VP4 have the most significant degree of identity,
ranging from as low as 88.41% (several serotype pairs) to as high
as 100% (337 serotype pairs). Even though VP4 is located inside
the virion, the bioinformatics findings strongly suggest that VP4
may be considered an immunogenic particle. A previous study [26]
showed that antibodies against the N-terminus of VP4 HRV14 are
capable of neutralizing viral infectivity. Another study [25], also
demonstrated that the HRV14 capsid is dynamic and transiently
displays the buried N-termini of viral VP1 and VP4 by breathing
phenomenon. Meanwhile, a recent study also indicated that VPO
(VP4 +VP2) induces cross-reactive immune responses. Hence, it is
strongly suggested that VP4 could be a candidate for the RV vaccine
[27]. Meanwhile, VP1-3 proteins are known to be located on the
surface of the RV capsids [28]. Hence, these VP1-3 capsid proteins
are expected to be amenable to vaccine development. However, our
findings revealed that they are highly variable antigenic proteins,
which could hinder their potential as vaccine candidates that could
elicit cross-neutralizing antibodies in our case. Furthermore, there
is limited evidence for their implications in vaccination. Previous
studies reported that VP1 protein had been considered as having
the highest potential as a vaccine candidate [8,29] because it is the
most surface-exposed and immunodominant of all the four capsid
proteins.

The cryoelectron microscopy of rhinovirus 14 virions contains
the octanucleotide high-density segment of the RNA genome that
binds with the VP-2 subunits. It has been shown that the binding of
ICAM-1 to rhinovirus 14 is needed to prepare the virus for genome
discharge at acidic pH. Arrangement of the rhinovirus 14-ICAM-1
complex incites conformational changes to the rhinovirus 14 cap-
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Table 1
Conserved sequences identified within RV-VP1 capsid proteins.
Sp. Receptor No. Peptide length Region™* Consensus
1 9 11to 19 LNEVLVVPN
ICAM-1 2 9 34to42 LDAAETGHT
3 11 197 to 207 ASAYYMFYDGY
1 11 9to 20 EVLNEVLVVPNI
RV-A 2 16 34to49 LDAAETGHTSNVQPED
LDLR 3 9 68 to 76 ESFLGRSGC
4 10 103 to 112 LQEMAQIRRK
5 11 143 to 153 MQYMYVPPGAP
6 11 190 to 200 ASAYYMFYDGY
1 9 70 to 78 FLGRAACVH
2 10 114 to 123 LSSLVQLRKK
3 15 127 to 141 FTYVRFDSEYTILAT
RV-B ICAM-1 Rk
4 14 173 to 186 DYTWQSASNPSVFF
5 14 202 to 215 ASAYNCFYDGYSHD
6 10 221to0 230 YGINVLNHMG

Hok ok Lk ok ok K K K

Sp.: Species. No.: Peptide No. detected in each sub-group. (**): Numbering of amino acids is based on consensus sequence generated for the studied protein. The underlined
sequence is the consensus of highly conserved motifs across all RV-A (n=75). Highlighted residues are conserved across all studied RV-A & -B (n=100). An * (asterisk) indicates
positions that have a single, fully conserved residue. A : (colon) indicates conservation between groups of strongly similar properties. A. (dot) indicates conservation between

groups of weakly similar properties.

Table 2
Conserved sequences identified within RV-VP2 capsid proteins.
Species Receptor No. Segment length Region™* Consensus
1 9 4to12 VEACGYSDR
VP2-ICAM 2 10 77 to 86 GWWWKLPDAL
3 11 207 to 217 PYVNAVPMDSM
1 10 4to13 VEACGYSDRI
2 17 15to 31 QITRGDSTITSQDVANA
RV-A 3 11 56 to 66 PDTSSNRFYTL
VP2-LDLR 4 12 75 to 86 SKGWWWKLPDAL
5 11 173 to 183 WLNFDGTLLGN
6 14 188 to 201 PHQFINLRSNNSAT
7 11 205 to 215 PYVNAVPMDSM
1 9 5to13 EACGYSDRV
2 12 19to 30 GNSTITTQEAAN
3 13 75to 87 SKGWCWKLPDALK
RV-B VP2 -ICAM 4 12 109 to 120 HVQCNATKFHSG
5 16 183 to 198 IFPHQFINLRTNNTAT
6 13 202 to 214 PYINSVPMDSMTRHNN

H ok R K K LK R K R R Rk K

(**): Numbering of amino acids is based on the consensus sequence generated for the studied protein. The underlined sequence is the consensus of fully conserved motifs
across all RV—A (n=75). Highlighted residues are conserved across all studied RV—A & -B (n=100). An * (asterisk) indicates positions that have a single, fully conserved
residue. A: (colon) indicates conservation between groups of strongly similar properties. A. (dot) indicates conservation between groups of weakly similar properties.

sid, including the movement of the C ends of VP4 subunits, which
become ready for discharge through pores that open in the cap-
sids of initiated particles. [30]. However, further details for VP1 and
others remain elusive even though several studies have been con-
ducted for decades [31]. VP2 is highly suggested to be considered
in the vaccination approach. In particular, VP2 has been consid-
ered in several studies as a target for RV vaccine development,
anti-peptides derived from VP2 showed neutralizing activity and
have been suggested to play a role in the future of RV vaccination
[32-34].VP3 is quite different from VP2. First, it is shorter (236-241
aa) but is more variable in contrast to VP4, which is shorter (69
aa) but more conserved. The median identity of VP3 within group
A is 76.1%, while it is 80.3% for B. The analysis carried out shows
that there are 90 residues (37.3% of the full length) that are fully
conserved across all RV-A. In terms of numbers, VP3 is more con-
served than VP1, but no well-conserved motifs with nine residues
or more were identified. This feature has allowed its categorization
(VP3) as the most variable protein among the four studied pro-

teins. Just like the bioinformatics analysis, limited studies explain
the role of VP3 in immunogenicity. Very recently, those who inves-
tigated the specificities of antibody responses in individuals (with
and without asthma after experimental HRV-16 infection) found no
relevant antibody responses specific for either VP3 or VP4. Another
study investigated the most highly immunogenic neutralization
antigens using neutralizing monoclonal antibodies raised against
native virion [35,36]. This is one of the early pieces of evidence
that shows VP1-VP3 playing a role in RVs immunogenicity. To date,
NimIA-NimlII has been displayed as raised features in all resolved
structures of RV-A and -B strains. In contrast to VP1, the physi-
cal loops of HRV-C15 for putative NimlIl and NimlII analogs were
found to be similar to HRV-A16 and HRV-B14 [37].In contrast to the
three surface-exposed proteins, only seventy-six (2.7%) and seven
(2.3%) serotype pairs had an amino acid sequence identity of less
than 90% for VP4 of RV-A and B, respectively. Interestingly, the
average of median identities in the respective groups was 95.91%
(90.95%-97.35%) versus 95.3%. It is the only capsid protein whose

1608



AS.Alshrarietal.

Journal of Infection and Public Health 14 (2021) 1603-1611

Table 3
Conserved sequences identified within RV-VP3 capsid proteins.
Species Group Receptor No. Segment length Region™* Consensus
1 12 7to 18 TPGSGQFMTTDD
2 18 112to 119 THWTGSLRFSFMFCGTA
VP3-ICAM 3 11 158 to 168 WDVGLQSTISM
RV 4 9 171to 179 PWVSASHFR
A 5 15 219to 233 CKDFCLRMARDTNLH
1 12 7to 18 TPGSGQFMTTDD
2 11 24to 34 ALPWYHPTKEI
VP3-LDLR 3 14 107 to 120 THWTGSLRFSFMFC
4 11 128 to 138 KLLLAYTPPGI
5 12 216 to 227 CKDFCLRMARDT
RV- VP3-ICAM 1 13 12to 24 QFLTTDDRQSPSA
B B 2 12 116 to 127 MYTGPALSSAKL

(**): Numbering of amino acids is based on the consensus sequence generated for the studied protein. No fully conserved motifs across all RV-A (n="75). Highlighted residues
are conserved across all studied RV-A & -B serotypes (n=100). An * (asterisk) indicates positions that have a single, fully conserved residue. A : (colon) indicates conservation
between groups of strongly similar properties. A. (dot) indicates conservation between groups of weakly similar properties.

Table 4
Conserved motifs identified within RV-VP4 capsid protein.
Species Group Receptor No. Segment length Region™* Consensus
1 17 1-17 MGAQVSRQNVGTHSTQN
VP4- ICAM 2 17 22-38 GSSLNYFNINYFKDAAS
RV-A 3 16 46-61 FSQDPSKFTDPVKDVL
1 17 1-17 MGAQVSRQNVGTHSTQN
VP4- LDLR 2 20 19-38 VSNGSSLNYFNINYFKDAAS
3 22 48-69 QDPSKFTDPVKDVLEKGIPTLQ
1 12 27-38 FTVINYYKDAAS
RV-B VP4-ICAM 2 13 47-59 SMDPSKFTEPVKD

(**): Numbering of amino acids is based on the consensus sequence generated for the studied protein. Highlighted residues are conserved across all studied RV-A & -B

serotypes (n=100).

Table 5
Prediction of B-cell epitopes within conserved regions identified within VP1, VP2, VP3, and VP4 protein sequences from ABCPred Prediction Software Server.
[22] Rank Sequence Start position Score
VP4.1* MGAQVSRQNVGTHSTQN 2 0.64
MGAQVSRQNVGTHSTON 1 0.61
MGAQVSRQNVGTHSTQN 5 0.57
VP4 .2* GSSLNYFNINYFKDAAS 1 0.78
GSSLNYFNINYFKDAAS 2 0.62
GSSLNYFNINYFKDAAS 5 0.58
GSSLNYFNINYFKDAAS - -
VP4.3* FSQDPSKFTDPVKDVL 2 0.77
FSQDPSKFTDPVKDVL 3 0.64
VP2_1* GWWWKLPDAL 1 0.67
VP2.2* PYVNAVPMDSM 2 0.55
VP11 ASAYYMFYDGY - -

median identity of serotype pairs within group A was more than
that of group B. Within the group, HRV-74 VP4 showed a median
identity of 97.35% with 24 serotypes that are 100% identical. Inter-
estingly, all the RV-A serotypes except for one (A71) show identity
by 90% or more to HRV-74 VP4.

Interestingly, our current results demonstrated that HRV-74
has the highest identity and homology as compared to other HRV
strains among all capsid proteins studied. This is an excellent indi-
cator to employ such a strain in future RV vaccine development.
For example, HRV-16 and -89 have been selected as the strains of
choice for vaccine projects in previous studies [38]. In their studies,
within-group A, the median identity of HRV-16 and HRV-89 is 70%
and 67.7%, respectively. However, in our study, HRV-74 showed
more than 80% identity in all capsid proteins studied. Hence, it is
highly suggested that HRV-74 could be a better choice for the devel-

opment of vaccines. Significant sequence variations between the
four capsid proteins of the RV serotypes have always been an issue
in the development of a vaccine that provides potent protection
against each serotype. Therefore, a highly conserved region across
a pathogen strain has always been considered to be an excellent
choice to solve such an issue [39,40].

The N-terminus of VP1 and VP4 in several closely related
Picornaviruses has been suggested to be externalized during the
uncoating process. Together, they allow the viral particle to interact
directly with the host cell by shaping a pore in the cell membrane,
through which the viral RNA is released to the cytoplasm [41].
If this is the case, blocking such a viral site by an antibody will
probably prevent the viral genome from being translocated to the
host cytoplasm and, consequently, viral infectivity. Apart from that,
and more interestingly, most residues of three conserved motifs

1609



AS.Alshrarietal.

detected in RV-A VP2 are also highly conserved in RV-B. Just like
VP1, two of the identified motifs are located at the VP2 N-terminus,
while the third (207 PYVNAVPMDSM 217) is at the C-terminus.
Unlike both proteins, the VP4 aa sequence was found to be the most
conserved protein.

Interestingly, the analysis shows that 72% and 85% of the VP4
sequence is highly conserved among the HRV-A major and the
minor receptor groups, respectively. HRV-B VP4, in contrast, con-
tains less conserved regions, which exhibit only 25% of the protein’s
total length. Upon multiple sequence alignment of all HRV-A,
three highly conserved regions were identified for VP4. The B-
cell epitopes predicted from the ABCPred server could serve as
potential experimental validation targets for the RV vaccine devel-
opment. Therefore, our future work will be an in vivo study that
involves immunogenicity and humoral responses in animal protec-
tion experiments, serologic and functional assays so as to determine
the efficacy of the peptide vaccine and file a patent of the same.

Conclusions

In conclusion, this study, therefore, identified and character-
ized highly conserved regions with a minimum length of 9-mers
within the VP1, VP2, and VP4 protein sequences using bioinfor-
matics. These conserved regions across the majority of RV-A, and
may represent potential immune targets. Remarkably, these con-
served regions have shown stability over the entire history of RV-A
sequences deposited in the NCBI database, as illustrated by their
low entropy values and variant frequencies. The recombinant pro-
teins could be potential candidate vaccine against RV infection in
future studies after more extensive research such as in vivo animal
model testing and other procedures.
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