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Abstract: Background: Acquired immune deficiency syndrome (HIV/AIDS) has been a major
global health concern for over 38 years. No safe and effective preventive or therapeutic vaccine has
been developed although many products have been investigated. Computational methods have fa-
cilitated vaccine developments in recent decades. Among HIV-1 proteins, p24 and Nef are two suit-
able targets to provoke the cellular immune response. However, the fusion form of these two pro-
teins has not been analyzed in silico yet.

Objective: This study aimed at the evaluation of possible fusion forms of p24 and Nef in order to
achieve a potential therapeutic subunit vaccine against HIV-1.

Method: In this study, various computational approaches have been applied to predict the most ef-
fective fusion form of p24-Nef including CTL (Cytotoxic T lymphocytes) response, immunogenic-
ity, conservation and population coverage. Moreover, binding to MHC (Major histocompatibility
complex) molecules was assessed in both human and BALB/c.
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ﬁgg;;iﬂ;?ggi’:nﬁ;;?;?g(‘ﬁg Results: After analyzing six possible fusion protein forms using AAY linker, we came up with the
most practical form of p24 from 80 to 231 and Nef from 120 to 150 regions (according to their ref-
DOI: erence sequence of HXB2 strain) using an AAY linker, based on their peptides affinity to MHC
10.2174/1570162X17666190102151717 molecules which are located in a conserved region among different virus clades. The selected fusion
protein contains seventeen MHC I antigenic epitopes, among them KRWIILGLN, YKRWIILGL,
@ Coosshiarkc DIAGTTSTL and FPDWQNYTP are fully conserved between the virus clades. Furthermore, ana-
lyzed class I CTL epitopes showed greater affinity binding to HLA-B 57*01, HLA-B*51:01 and
HLA-B 27*02 molecules. The population coverage with the rate of >70% coverage in the Persian
population supports this truncated form as an appropriate candidate against HIV-I virus.

Conclusion: The predicted fusion protein, p24-AAY-Nef in a truncated form with a high rate of T
cell epitopes and high conservancy rate among different clades, provides a helpful model for devel-
oping a therapeutic vaccine candidate against HIV-1.

Keywords: HIV-1 vaccine, p24-Nef-fusion protein, truncated protein, cytotoxic T lymphocytes, combination antiretroviral
therapy, major histocompatibility complex.

1. INTRODUCTION with HIV live longer beside its side effects and costs [4, 5].
Vaccination has been widely considered as the most effec-
tive medical strategy to control infectious disease. Conven-
tional vaccines stimulate the humoral immune response
which acts through the induction of antibodies (Ab) with
neutralizing power [6, 7]. Nonetheless, serious hardships
stand in the way of a successful HIV vaccine. This stems
from largely inaccessible neutralizing epitopes that are lo-
cated beneath a glycan shield, the enormous genetic diversity
within and between HIV subtypes and generation of suffi-
ciently immunogenic antigens [8, 9].

Human Immunodeficiency virus type 1 (HIV-1) remains
a considerable global health challenge, with almost 36.7 mil-
lion HIV infected individuals and prevalence of 0.8% among
adults by 2017 [1, 2]. The development of combination
antiretroviral therapy (cART) has changed the mortality rate
from this virus to chronic manageable disease [3]. However,
it cannot eliminate the virus, only helps infected individuals
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munity to eliminate virally infected cells [10]. There has
been substantial progress in generating recombinant DNA
technology which has resulted in the development of fusion
proteins in recent past decades [11, 12]. Indeed, fusion pro-
teins are new biomolecules got by genetically fused two or
more genes that originally code for different proteins. Con-
sequently, fusion proteins have different functions derived
from their domains [13, 14].

In comparison to traditional vaccines, synthetic fusion
protein-based vaccines are more advanced and practical es-
pecially for such pathogenic virus with a great amount of
mutation and limited possibility of culture in cell lines [15,
16]. In fact, this kind of vaccine provides opportunities for
specific purposes and makes it possible to exclude deleteri-
ous sequences from full-length genome [17, 18]. Since most
of the biological functions of proteins are based on their 3D
structure; stability, interaction between domains and also
proper folding, these features must be considered in vaccine
design [19, 20]. Moreover, Fusion proteins are often more
susceptible to misfolding than single-domain proteins be-
cause of the interaction between different peptide domains.
Therefore, in silico analysis of multi-domains proteins is an
essential estimation in fusion protein generating projects. In
other words, it is based on computational approaches in or-
der to clarify immunogenic residues [19, 21].

HIV-1 genome in form of single-strand RNA (ssRNA)
with 9181 nucleotides encodes three main proteins (Gag,
Pol, Env) and some accessory proteins like Nef in an open
reading frame (ORF) with two long terminal repeat (LTR) at
the two ends [8]. Two of the most investigated HIV-1 pro-
teins in vaccine studies are Gag and Nef due to their signifi-
cant potency to call cellular immune response [22-24].

Capsid or p24; the 231 aa (amino acids) product of Gag
precursor; plays crucial roles in particle assembly and entry
into a new target cell. This protein forms the shell of the core
with two different domains linked by a flexible loop. The
two CA (p24) domains play different roles in virus morpho-
genesis [25]. The N-terminal domain is essential for the for-
mation of the mature core, whereas the C-terminal CA do-
main is crucial for core and particle assembly, too [26, 27].

A stretch of twenty residues is located at the C-terminal
p24 domain which is called the major homology region
(MHR) due to its conservation among unrelated retroviruses.
This uniquely conserved region suggests a critical role in the
retroviral life cycle. It has been shown that MHR is essential
for virus replication by genetic analysis and has vital roles in
assembly and at post-assembly stages both [27-30].

One of the earliest HIV-1 translation products after entry
is Nef protein which yields 200 to 215 aa but in the form of
206 aa is the most common. It is composed of an N terminal
domain (anchor), a core domain, and a flexible C-terminal
domain [31]. In many studied infected people with Nef-
deleted HIV-1s, lack of disease progression was observed
[31, 32]. This fact defines Nef as a pathogenic factor with
pleiotropic properties and a great number of interaction part-
ners [33]. The well-studied Nef activities which assess pos-
sible roles for each function in pathogenesis are down-
regulation of CD4, CD8, CD3 and major histocompatibility
complex I (MHCI), modulation of cellular activation and
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signaling pathways, and giving rise to virion infectivity [34,
35].

Each of the mentioned Nef functions could serve as con-
tributors to its elusive role in pathogenesis and replication.
Nef contains variable regions among different HIV-1 iso-
lated and it goes through many mutations to escape the im-
mune system [36, 37].

p24 and Nef proteins are particularly important for vac-
cine development as they mediate virus assembly, entry,
pathogenesis and replication. They are also the primary tar-
gets of a cellular immune response. Well-characterized pro-
tective effects of these proteins based on T-cell epitopes can
be a great effort for effective therapeutics over the current
treatment [36, 38, 39]. Computational approaches have been
applied to facilitate immunological characterizing of residues
in order to achieve hypothetical vaccine candidates [40, 41].

To our best of knowledge, the fusion form of p24 and
Nef as a truncated protein has not been studied in silico or in
vitro yet. So, in the present study we aimed at immunoin-
formatic analysis of conserved and immunogenic p24-Nef-
fusion protein with a flexible linker (AAY) using bioinfor-
matics tools, to evaluate and compare T-cell epitopes in hu-
man and BALB/c, Conservancy of possible fusion forms and
determine the vaccine antigenic constructs to include short
protein sequences present at high frequencies in natural virus
serotypes for further experimental study.

2. MATERIALS AND METHODS

The outline of applied methodology has been illustrated
in Fig. (1).
2.1. Amino Acid Sequence Retrieval

Totally, 29 protein sequences of p24 and 22 protein se-
quences of Nef were selected (accession number of p24 of

different clades: NP 579880 (reference sequence),
BAM37368, BAM37377, BAM37395, BAM37404,
BAM37413, BAM37422, BAM37431, BAM37440,
CAB86989,  CABS87170, CABS87070, CAT99391,
CAT99401, CAT99384, CAB&87008, CAB87186,
CAT99436,  CAB87015, CABS87183, CABS87119,
CAB87017,  CAT99442,  CAB87090, CAB86999,

CAB87037, CAB87085, CAB87102, CAB87065, accession
number of Nef of different clades: NP_057857 (reference

sequence), BAM37376, BAM37385, BAM37394,
CAA13437, CAA13440, CAA13460, CAA13483,
CAA13494, CAA13497, AAL06124, AAL06122,
AAL06127, CAA13463, CAA13464, CAA13465,
CAA13466, CAA13467, CAA13468, CAA13473,

CAA13472, CAA13471) in FASTA format were obtained
from GenBank of National Center for Biotechnology Infor-
mation (NCBI) including different HIV-1 clades and also
CREF 35, the circulating form among Iranian population. We
considered at least three sequences for each obtained sub-

types.

2.2. Conserved Regions Determination

To align the retrieved sequences and obtain conserved
regions we applied MEGAG6.0 using ClustalW by comparing
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Fig. (1). Flowchart representing the immune informatics prediction of potential T lymphocyte epitopes and screening procedure of modeled

structures for the development of fusion protein p24-Nef.

the whole length amino acid of p24 and Nef against refer-
ence sequences [42]. These two proteins were analyzed for
conserved domains in NCBI-Conserved Domains (http:/
www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=11176
0).

2.3. T -cell Epitope Prediction in BALB/c and Human

In order to predict binding of peptides to MHC class I
and II molecules; the reference sequence of p24 and Nef in
the form of fusion protein by a flexible linker with a protea-
some cutting site (AAY) were submitted in MHC I and
MHC II binding prediction tool (http://tools.iedb.org/ mhc/n)
in IEDB. Prediction methods include Stabilized Matrix
Method (SMM), Artificial Neural Network (ANN), or Scor-
ing Matrices derived from Combinatorial Peptide Libraries
(Comblib_Sidney2008) method. We also used MHC-NP
(http://tools.immuneepitopes.org/mhenp), net CTLpanl.1
server (http://www.cbs.dtu.dk/services/NetCTLpan/) [43-45]
and RankPEP server (http://imed.med.ucm.es/ tools/ rank-
pep.html). The obtained results from all different tools were
in a similar range, so here we report IEDB output. Epitopes
lengths were set as 9-mer for MHC class I and 15-mer for
MHC class II separately for mice and human. BALB/c MHC
class I alleles including H2-Dd, H2-Kd and H2-Ld and MHC
class II alleles including H2-IAd and H2-IEd were investi-
gated. Due to the fact that diversity of antigens among dif-
ferent strains and the extent of recognition by the variable
HLA molecules in the recipient population may affect on
subunit vaccine and in order to include the most popular
HLA in Persian population based on the available report
(http://www.allelefrequencies.net) [46-48], we selected
HLA-A*01, 02, 03, 11, 24, 26, 32, HLA-B*35, 51, 50, 27,
57 for MHC class I and HLA-DRB1*15, 11, 13, 03, 04, 07
for MHC class II. The conserved peptides which bind to
MHC class I and II molecules were sorted by their percentile
rank and those <1 were selected. Subsequently, we chose the

top model of predicted fusion proteins to evaluate HLA bind-
ing potency.

2.4. Prediction of p24-Nef Antigenicity

The antigenicity scores of all the predicted binders were
achieved by VaxiJen v2.0 online antigen prediction tool
(http://www.ddg-pharmfac.net/vaxijen/) [49, 50]. This tool
provides antigen sorting based on the protein physicochemi-
cal qualities without the usage of sequence alignment. Epi-
topes with antigenic score > 0.5 were considered antigenic.

2.5. Population Coverage and Epitope Conservancy

MHC I and MHC II potential binders from the selected
fusion form of p24-AAY-Nef were assessed for population
coverage analysis against the whole world population, espe-
cially Persian population, with the selected human MHC I
and MHC I interacting molecules using IEDB population
coverage calculation tool (http://tools.iedb.org/ tools/ popula-
tion/iedb_input). Population coverage calculation is based on
total HLA hits score which is obtained from IEDB, these
data derived from the relative frequency of an allele at a par-
ticular locus in a population (Sequence identity thresh-
o0ld=>100). Moreover, we evaluated the conservancy level of
each potential epitope by searching identities in 29 amino
acid sequences of p24 and 22 amino acid sequences of Nef
from different clades retrieved from the database (http://
tools.iedb.org/conservancy/iedb_input) [51].

2.6. Toxicity Analysis

At the final step, we examined the selected model of p24-
AAY-Nef for toxicity using ToxinPred (http://crdd.osdd.net/
raghava/toxinpred/) [52]. This website provides the confir-
mation of non-toxicity of epitopes for the host according to
all physic-chemical parameters (http://crdd.osdd.net/raghava/
toxinpred/).
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2.7. Primary Structure Analysis

Expasy’s ProtParam server (http://web.expasy.org/ prot-
param/) was used [53] to analyze physicochemical properties
of fragments including molecular weight, theoretical pl,
atomic composition, extinction coefficient, estimated half-
life, aliphatic index and Grand average of hydropathicity
(GRAVY) with a flexible linker, which includes proteasome
cleavable site.

2.8. Secondary Structure Analysis and Disulfide Connec-
tivity

Self-Optimized Prediction Method with Alignment
(SOPMA) (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?
page=/NPSA/npsa_sopma.html) and Jpred (http://www.
compbio.dundee.ac.uk/jpred/) tools was used to predict sec-
ondary structure and calculation of the number of a-helix, b
sheets, random coils, and extended strands of p24-AAY-Nef
protein [54, 55]. Disulfide connectivity of p24-AAY-Nef-
fusion protein was checked using DIANNA tool which is a
neutral network application to predict cysteine states of
protein. Cys-cys linkages are the other crucial factor in un-
derstanding the secondary and tertiary structure of protein
due to its important role in fold stabilization [56].

2.9. Homology Modeling Validation

The 3D model was obtained using the Iterative Threading
ASSEmbly Refinement (I-TASSER) online server program
which generates 3D models along with their confidence
score (C-Score). C-Score is calculated based on the impor-
tance of threading template alignments and the proximity
parameters of the structure assembly reproductions [57]. The
further analysis of pattern was done by three indicators: C-
score, DFIRE2 energy profile and Stereochemical qualities
[58]. The Stereochemical analysis of obtained 3D model was
done by PROCHECK, ERRAT, VERIFY 3D and was
proved by Structural Analysis and Verification Server
(SAVES;http://nihserver.mbi.ucla) and Ramachandran plot
assessment (RAM-PAGE; mordred.bioc.cam.ac.uk/~rapper/
rampage.php) [59-61].

2.10. Statistics Analysis

We applied Student’s T-test using SPSS 19 to evaluate
variable parameters and a p-value < 0.05 was considered
significant.

3. RESULTS

3.1. Retrieval of Protein Sequences, Identification and
Selection of Conserved Domains

At this step, we aimed at choosing the highly conserved
regions among all clades. Consequently, for generating
proper truncated forms the first 79 amino acids of p24 were
excluded and 70-150 region of Nef was investigated (Fig. 2a,
b). Based on the sequence alignment, the most conserved
regions are located between 80-231 amino acid sequence of
p24 and 70-90 and 120-150 amino acid sequences of Nef
protein. According to this analysis, six possible arrangements
of p24-AAY-Nef protein by AAY (a flexible linker) were
selected for further assessment (Fig. 3a, b).
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3.2. MHC class I and II Binding Prediction in BALB/c

In order to design a preferable vaccine model, we looked
for a premium length with 9-mer coverage of T-cell epitopes.
To achieve that, p24 and Nef-fusion protein forms were sub-
jected to IEDB MHC I binding prediction tool. The IEDB
recommended, MHC-NP, net CTLpanl.l, RANKPEP and
netMHCpan3.0 server which were used to predict the potent
epitopes from HIV-1 p24 and Nef. T-cell epitopes which
were evaluated by at least four tools were selected to im-
prove the accuracy of prediction. In contrast with Model 1,
the two truncated Model 5 and Model 6 have fewer MHC
binders with high antigenicity score which are placed in the
most conserved regions. High affinity (percentile rank < 1)
peptides with the antigenic property are listed in Table 1.
The six predicted models of fusion protein were subjected to
MHC II binding prediction tool. In the full-length form of
p24-Nef-fusion protein, 5 predicted epitopes were found to
interact with MHC 1II different molecules. High affinity (per-
centile rank < 1) peptides interacting with MHC I and II with
antigenic property are listed in Tables 1 and 2. Models 2, 3
and 4 showed less affinity than Model 5 and 6. (For other
predicted models see Supplementary Tables 1 and 2)

In a comparison of Model 1 and other predicted models,
the two truncated Models 5 and Model 6 indicate more con-
served regions. Furthermore, they include MHC I and II
binder peptides with high antigenicity score. As a result,
these two truncated models provide better immunogenic con-
served peptides than other predicted models. In addition to
all above, the truncated Models 5 and 6 contain similar MHC
class I. As we look for a conserved model in comparison to
the full-length form, these two models both contain antigenic
epitopes GGPGHKARYV and PGPGVRYPL. For MHC class
II, Model 5 includes 5 epitopes like the full-length form from
which  YKTLRAEQASQEVKN and FYKTLRAE-
QASQEVK are antigenic. Model 6 has three epitopes which
include the same antigenic peptides with Model 5.

3.3. MHC Class I and II Binding Prediction in Human

At the next step and to come up with the best fusion
model, we submitted these two selected fusion protein se-
quences using IEDB MHC prediction tool against human
MHC class I and II with more frequency among Persian
population. The differences in MHC class I binding peptide
frequency in the two mentioned truncated proteins are shown
in Tables 3 and 4 (for more details see supplementary Tables
3 and 4). Model 6 includes 25 epitopes from those 17 pep-
tides are antigenic. Model 5 contains 11 anitgenic epitopes of
total 19 peptides interacting with MHC class I. It seems that
Model 6 with more antigenic regions has greater chance to
call cellular immune response although it is not statistically
significant (p-value > 0.05). However, there was no differ-
ence in MHC class II binding power between them for the
reason that the part of the fusion protein which interacts with
MHC II molecule (<1 at percentile rank) is only p24 which is
the same in the both of predicted models. For MHC class II
there is a great number (>60 epitopes) of binders related to
the selected HLAs (See Supplementary Tables 5 and 6). The
summary of the predicted epitopes is in Table 5.
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Fig. (2). Representative multiple sequences alignment of HIV-1 p24 (A) and Nef (B) regions among different subtypes. As it is clear, p24
from 80 to 231 aa has acceptable conservancy which suggests this region has a crucial role in the virus life cycle. Nef shows more variety as it
is a key factor for viral immune evasion. There are two regions from 70-90 and 120-150 aa which seem to be more conserved between the

clades.
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Fig. (3). Schematic representation of HIV genome arrangement indicating p24 and Nef origins (A). Schematic representation of six predicted
models from HIV-1 p24 and Nef sequences (B), The amino acids from p24 (a), The flexible spacer (b), The amino acids from Nef (¢).

Table 1. Insilico analysis of predicted BALB/c MHC class I epitopes.

Antigenicity Score Percentile Rank Allele Length *Position Peptide
Predicted Model 1
0.400 0.4 H-2-Dd 9 15-23 ISPRTLNAW
0.658 0.4 H-2-Dd 9 32-40 FSPEVIPMF
1.763 0.4 H-2-Dd 9 363-371 PGPGVRYPL
-0.099 0.5 H-2-Kd 9 142-150 VRMY SPTSI
0.450 0.6 H-2-Kd 9 233-241 AYMGGKWSK
0.228 0.7 H-2-Kd 9 7-15 QGQMVHQAI
0.324 0.7 H-2-Dd 9 83-91 VHPVHAGPI
1.880 0.7 H-2-Dd 9 222-230 GGPGHKARV
0.786 1 H-2-Ld 9 2-10 IVQNIQGQM
-0.317 1 H-2-Dd 9 88-96 AGPIAPGQM

(Table 1) contd....
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Antigenicity Score Percentile Rank Allele Length *Position Peptide

Predicted Model 5

-0.099 0.5 H-2-Kd 9 63-71 VRMYSPTSI
0.324 0.7 H-2-Dd 9 4-12 VHPVHAGPI
1.880 0.7 H-2-Dd 9 143-151 GGPGHKARV
-0.317 1 H-2-Dd 9 9-17 AGPIAPGQM
1.763 0.4 H-2-Dd 9 165-173 PGPGVRYPL

Predicted Model 6

1.763 0.4 H-2-Dd 9 165-173 PGPGVRYPL
-0.099 0.5 H-2-Dd 9 63-71 VRMY SPTSI
0.324 0.7 H-2-Dd 9 4-12 VHPVHAGPI
1.880 0.7 H-2-Dd 9 143-151 GGPGHKARV
-0.317 1 H-2-Dd 9 9-17 AGPIAPGQM

BALB/c MHC I interacting with 9-mer peptides of predicted models were sorted based on percentile rank calculated by IEDB tools. Model 1: Full p24-AAY-Nef, Model 5: p24 (80-
231)-AAY-Nef (70-90), Model 6: p24 (80-231)-AAY-Nef (120-150).

*Positions for peptides are as: Model 1:1-231 aa of p24, 232-234 aa of linker, 234-440 aa of Nef.

Model 5: 1-152 aa of p24, 153-155 aa of linker, 156-176 aa of Nef.

Model 6: 1-152 aa of p24, 153-155 aa of linker, 156-186 aa of Nef

Antigenicity scores > 0.5 are shown in bold.

Table 2. Insilico analysis of predicted BALB/c MHC class II.

Am;%f)’ic“y Pel?:::ltﬂe Allele Length *Position Peptide
Predicted Model 1
0.170 0.28 H2-TAd1 15 310-324 LRPMTYKAAVDLSHF
0.216 0.62 H2-TAd1 15 167-181 RFYKTLRAEQASQEV
0.397 0.62 H2-IAd1 15 309-323 PLRPMTYKAAVDLSH
0.583 0.64 H2-TAd1 15 169-183 YKTLRAEQASQEVKN
0.548 0.96 H2-TAd1 15 168-182 FYKTLRAEQASQEVK
Predicted Model 5
0.170 0.28 H2-TAd1 15 162-176 LRPMTYKAAVDLSHF
0.397 0.61 H2-IAd1 15 161-175 PLRPMTYKAAVDLSH
0.216 0.62 H2-TAd1 15 88-102 RFYKTLRAEQASQEV
0.583 0.64 H2-TAd1 15 90-104 YKTLRAEQASQEVKN
0.548 0.95 H2-TAd1 15 89-103 FYKTLRAEQASQEVK
Predicted Model 6
0.216 0.62 H2-TAd1 15 88-102 RFYKTLRAEQASQEV
0.583 0.64 H2-TAd1 15 90-104 YKTLRAEQASQEVKN
0.548 0.95 H2-TAd1 15 89-103 FYKTLRAEQASQEVK

BALB/c MHC II interacting with 15-mer peptides of predicted models were sorted based on percentile rank calculated by IEDB tools. Model 1: Full p24-AAY-Nef, Model 5: p24
(80-231)-AAY-Nef (70-90), Model 6: p24 (80-231)-AAY-Nef (120-150). Antigenicity scores >0.5 are shown in bold.

*Positions of peptides are as: Model 1:1-231 aa of p24, 232-234 aa of linker, 234-440 aa of Nef.

Model 5: 1-152 aa of p24, 153-155 aa of linker, 156-176 aa of Nef.

Model 6: 1-152 aa of p24, 153-155 aa of linker, 156-186 aa of Nef

Peptides with antigenicity score > 0.5 are bold.
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Toxicity Antigenicity Percentile Rank HLA class I Length *Position Peptide
Non-Toxin 0.9776 0.3 HLA-B*57:01 9 30-38 STLQEQIGW
Non-Toxin 0.1162 0.4 HLA-A*32:01 9 64-72 RMYSPTSIL
Non-Toxin 0.1544 0.4 HLA-B*35:03 9 154-162 AYVTPQVPL
Non-Toxin 1.0925 0.4 HLA-B*51:01 9 42-50 NPPIPVGEIL
Non-Toxin 0.3978 0.45 HLA-B*57:01 9 97-105 QASQEVKNW
Non-Toxin 0.1389 0.5 HLA-A*32:01 9 165-173 MTYKAAVDL
Non-Toxin 2.0840 0.5 HLA-B*27:05 9 52-60 KRWIILGLN
Non-Toxin -0.6939 0.55 HLA-A*11:01 9 83-91 RDYVDRFYK
Non-Toxin -0.6939 0.6 HLA-A*03:01 9 83-91 RDYVDRFYK
Non-Toxin 1.6770 0.6 HLA-B*27:05 9 51-59 YKRWIILGL
Non-Toxin 0.2740 0.6 HLA-B*27:02 9 63-71 VRMY SPTSI
Non-Toxin 0.7651 0.6 HLA-B*51:01 9 152-160 LAAYVTPQV
Non-Toxin -2.0476 0.6 HLA-A*01:01 9 82-90 FRDYVDRFY
Non-Toxin 2.3974 0.65 HLA-A*03:01 9 71-79 ILDIRQGPK
Non-Toxin 0.9826 0.65 HLA-B*57:01 9 168-176 KAAVDLSHF
Non-Toxin 0.5307 0.75 HLA-A*26:01 9 24-32 DIAGTTSTL
Non-Toxin 1.5757 0.8 HLA-B*35:01 9 5-13 HPVHAGPIA
Non-Toxin -0.2336 0.8 HLA-A*11:01 9 160-168 VPLRPMTYK
Non-Toxin 0.6413 0.8 HLA-B*57:01 9 124-132 KALGPAATL
Non-Toxin 0.1162 1 HLA-A*03:01 9 64-72 RMYSPTSIL
Non-Toxin -0.2336 1 HLA-A*03:01 9 160-168 VPLRPMTYK
Non-Toxin 1.1492 1 HLA-B*51:01 9 114-122 NANPDCKTI

HLA: Human Leucocyte Antigen. Most probable predicted epitopes interacting with different MHC class I alleles of Model 5[p24(80-231)-AAY-Nef(70-90)]. The toxicity of each

peptide is also predicted.
*Positions of peptides are as: 1-152 aa of p24, 153-155 aa of linker, 156-176 aa of Nef.
Peptides with antigenicity score > 0.5 are bold.

3.4. Population Coverage and Conservancy Analysis

Peptides that are predicted to interact with MHC I and 1I
molecules in the selected Model 6 were tested for population
coverage analysis using the IEDB population coverage tool
to cover most HIV chronic infected individuals specifically
Persian population. In addition, we selected Southwest Asia,
South Asia, Europe, North America, South America and
Africa  continent.  (http://tools.immuneepitope.org/tools/
population/iedb_input. The results of total population cover-
age in Persian and the other populations are listed in Table 6.
The selected Model 6 has an acceptable coverage of 73.67%
for MHC class 1 and 85.21% for MHC class II in Persian
population (For predicted model 5 see supplementary Table
7).

In order to testify the Conservancy of predicted peptides
of Model 6, we used IEDB tool (http://tools.iedb.org/ con-
servancy/). Thus all peptides (with an antigenic score >0.5)

were submitted against related p24 and Nef sequences at a
high threshold. Subsequently, we identified fully conserved
(100%) epitopes, KRWIILGLN, YKRWIILGL, FPDWQ
NYTP and DIAGTTSTL, which suggest important roles in
the virus life cycle and infectivity. Moreover, ILDIRQGPK
(96.3%) and RYPLTFGWC (95%) and NPPIPVGEI
(85.19%) were greatly preserved among all clades.

3.5. Toxicity Analysis

An important feature of a vaccine is the ability to induce
a particular immune response which only targets the virus,
not the host tissue. To achieve that, Model 6 at the final step
was examined for toxicity using ToxinPred tool. As shown
in Table 5, it is evaluated non-toxic in all 15-mer peptides
and also it is non-toxic as a protein in form of the full-length
sequence.
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Table4. Predicted epitopes of Model 6 interacting with human MHC class 1.
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Toxicity Antigenicity World Percentile HLA class I Length *Position Peptide
PPC% Rank
Non-Toxin 1.9654 1.49 0.2 HLA-B*27:02 9 169-177 VRYPLTFGW
Toxin 1.4541 19.0 0.2 HLA-B*35:01 9 171-179 YPLTFGWCY
Non-Toxin 0.5029 17.72 0.3 HLA-A*26:01 9 163-171 YTPGPGVRY
Non-Toxin 0.9776 3.47 0.3 HLA-B*57:01 9 30-38 STLQEQIGW
Non-Toxin 0.5922 3.47 0.35 HLA-B*57:01 9 152-160 LAAYYFPDW
Non-Toxin 0.1162 16.06 0.4 HLA-A*32:01 9 64-72 RMYSPTSIL
Non-Toxin 1.0905 9.96 0.4 HLA-B*51:01 9 42-50 NPPIPVGEIL
Non-Toxin 0.3978 3.47 0.45 HLA-B*57:01 9 97-105 QASQEVKNW
Non-Toxin 2.0840 3.59 0.5 HLA-B*27:05 9 52-60 KRWIILGLN
Non-Toxin -0.0640 3.47 0.5 HLA-B*57:01 9 148-156 KARVLAAYY
Non-Toxin -0.6939 26.29 0.55 HLA-A*11:01 9 83-91 RDYVDRFYK
Non-Toxin -0.6939 26.29 0.6 HLA-A*03:01 9 83-91 RDYVDRFYK
Non-Toxin 1.6770 3.59 0.6 HLA-B*27:05 9 51-59 YKRWIILGL
Non-Toxin -0.1074 3.59 0.6 HLA-B*27:05 9 149-157 ARVLAAYYF
Non-Toxin 1.4425 3.36 0.6 HLA-B*35:03 9 157-165 FPDWQNYTP
Non-Toxin 0.2740 1.49 0.6 HLA-B*27:02 9 63-71 VRMY SPTSI
Non-Toxin 1.4541 9.96 0.6 HLA-B*51:01 9 171-179 YPLTFGWCY
Non-Toxin -2.0476 13.77 0.6 HLA-A*01:01 9 82-90 FRDYVDRFY
Non-Toxin 2.3974 26.29 0.65 HLA-A*03:01 9 71-79 ILDIRQGPK
Non-Toxin 0.5029 13.77 0.65 HLA-A*01:01 9 163-171 YTPGPGVRY
Non-Toxin 0.5307 17.72 0.75 HLA-A*26:01 9 24-32 DIAGTTSTL
Non-Toxin -0.1074 1.49 0.8 HLA-B*27:02 9 149-157 ARVLAAYYF
Non-Toxin 1.5757 19.0 0.8 HLA-B*35:01 9 5-13 HPVHAGPIA
Non-Toxin 0.6413 3.47 0.8 HLA-B*57:01 9 124-132 KALGPAATL
Toxin 0.8826 3.47 0.8 HLA-B*57:01 9 173-181 LTFGWCYKL
Non-Toxin 0.1162 26.29 1 HLA-A*03:01 9 64-72 RMYSPTSIL
Non-Toxin 0.7327 22.38 1 HLA-A*24:02 9 155-163 YYFPDWQNY
Non-Toxin 1.4649 22.38 1 HLA-A*24:02 9 170-178 RYPLTFGWC
Non-Toxin 1.1841 9.96 1 HLA-B*51:01 9 114-122 NANPDCKTI

HLA: Human Leucocyte Antigen. Most probable predicted epitopes interacting with different MHC class I alleles of Model 6 [p24 (80-231)-AAY-Nef (120-150)].
*Positions of peptides are as:Model 6: 1-152 aa of p24, 153-155 aa of linker, 156-186 aa of Nef

The toxicity of each peptide is also predicted.
Peptides with antigenicity score >0.5 are bold.
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TableS. List of epitopes with high affinity to human MHC class II alleles of selected Model 6.
Toxicity Antigenicity | World PPC% | Percentile Rank *Position HLA class 1T Peptide
0.07 HLA-DRB1*15:02
0.11 HLA-DRB1*04:09
0.12 HLA-DRB1*04:08
0.13 HLA-DRB1*04:06
0.13 HLA-DRB1*04:03
0.14 HLA-DRB1*04:10
0.2 HLA-DRB1*11:04
0.2 HLA-DRB1*11:06
0.27 HLA-DRB1*04:02
0.32 HLA-DRB1*04:07
0.33 HLA-DRB1*11:07
Non-Toxin 0.5393 56.84 0.33 61-75 HLA-DRB1*11:02 KIVRMY SPTSILDIR
0.37 HLA-DRB1*04:01
0.39 HLA-DRB1*04:04
0.44 HLA-DRB1*13:01
0.44 HLA-DRB1*07:03
0.52 HLA-DRB1*11:01
0.59 HLA-DRB1*13:07
0.62 HLA-DRB1*13:05
0.69 HLA-DRB1*13:10
0.74 HLA-DRB1*13:09
0.81 HLA-DRB1*13:03
0.89 HLA-DRB1*04:05
0.07 HLA-DRB1*15:02
0.12 HLA-DRB1*04:08
0.14 HLA-DRB1*04:10
0.2 HLA-DRB1*11:04
0.2 HLA-DRB1*11:06
0.27 HLA-DRB1*04:02
0.33 HLA-DRB1*11:07
Non-Toxin 0.6369 48 0.33 62-76 HLA-DRB1*11:02 IVRMYSPTSILDIRQ

0.41 HLA-DRB1*04:04
0.44 HLA-DRB1*13:01
0.44 HLA-DRB1*07:03
0.55 HLA-DRB1*11:01
0.57 HLA-DRB1*04:01
0.59 HLA-DRB1*13:07
0.62 HLA-DRB1*13:05

(Table 5) contd....



332 Current HIV Research, 2018, Vol. 16, No. 5 Larijani et al.
Toxicity Antigenicity | World PPC% | Percentile Rank *Position HLA class IT Peptide

0.07 HLA-DRB1*15:02
0.44 HLA-DRB1*13:01

Non-Toxin 1.0474 20.9 0.44 63-77 HLA-DRB1*07:03 VRMYSPTSILDIRQG
0.53 HLA-DRB1*11:02
0.95 HLA-DRB1*04:02
0.4 HLA-DRB1*15:02

Non-Toxin 0.7361 113 0.55 47-61 HLA-DRB1*13:05 VGEIYKRWIILGLNK
0.77 HLA-DRB1*07:03
0.4 HLA-DRB1*15:02
0.45 HLA-DRB1*13:07

Non-Toxin 0.5159 11.59 0.55 48-62 HLA-DRB1*13:05 GEIYKRWIILGLNKI
0.6 HLA-DRB1*04:08
0.77 HLA-DRB1*07:03

The predicted epitopes interacting with different MHC class II alleles of Model 6 [p24(80-231)-AAY-Nef(120-150)]. The toxicity of each peptide is also predicted.

*Positions of peptides are as: 1-152 aa of p24, 153-155 aa of linker, 156-186 aa of Nef.
Peptides with antigenicity score >0.5 are bold.

Table 6. Population coverage of selected Model 6.

Population MHC I PPC Average of Epitope Hits MHC II PPC Average of Epitope Hits

IRAN 73.67% 2.08 85.21% 12.05

Southwest Asia 64.89% 1.08 60.48% 7.94

South Asia 75.96% 2.25 66.14% 8.06

Europe 84.15% 3.19 72.28% 8.65

North America 71.44% 2.25 72.08% 8.49

South America 50.67% 1.3 53.48% 593

Africa 43.95 1.22 36.65% 448

PPC: Percent of Population Coverage. Model 6 evaluation of population coverage for MHC I and MHC II using IEDB tool shows an acceptable average of coverage among different

population worldwide.

3.6. Primary Structure Analysis

Physiochemical characterization of selected Model 6 fu-
sion protein was obtained using Expasy’s ProtParam server
which estimated molecular weight, theoretical isoelectric
point and average hydropathicity that indicates the solubility
and hydrophobicity of protein. The fusion Model 6 with 186
amino acids and 20.958 Da with pl: 8.75 and 17 positively
charged residues (Arg+ Lys) in the polypeptide and 20 nega-
tively charged residues (Asp+Glu). This Model is also pre-
dicted to be soluble and hydrophilic (Grand average of hy-
dropathicity (GRAVY): -0.397).

3.7. Secondary Structure Analysis and Disulfide Connec-
tivity

We applied SOPMA tool to predict secondary structure
of Model 6 features including beta turns, helices, random

coils contribution and C-score. The greater ratio of random
coils and extended strands is correlated with an increase in

forming of protein antigenic epitope. As the result, it is com-
posed of 35.48% a-helix and 6.99% f-sheet which besides the
highest level of random coils (41.40%) can form higher anti-
genic epitopes. Fusion protein Model 6 has 1 predicted Disul-
fide Bridge at 139 — 178 (p24: EMMTACQGVGG — Nef:
LTFGWCYKLVP) which renders extracellular stability.

3.8. Tertiary Structure Prediction and Validation

Three-dimensional structure of Model 6 was predicted
using the I-TASSER online server which generates five top
models with C-scores ranging from-5 to 2. The one with the
highest C-score represents the best model. This value of se-
lected Model 6 was in the acceptable confidence (—1.93).
Chimera version v1.2 was applied to generate the protein
image [62]. Moreover, Ramachandran plot analysis through
RAMPAGE of the predicted Model 6 resulted in 8§1% in the
favored region and showed that most of the residues are in
the allowed regions (Fig. 4).
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Fig. (4). Sequence and structural analysis of Model 6. Secondary structure of the protein with respect to protein sequence (A) and Pre-
dicted 3D model of selected P24-AAY_Nef protein obtained from I-TASSER with the epitopic regions indicated in circles (B). Image was
produced using the Swiss PDB viewer and chimera version v1.2. (C) Ramachandran plot is showing validation of protein structure using the
phi and psi angles distribution in the protein. The Ramachandran plot shows that 81 % of amino acid residues of modeled structure were in-
corporated in the favored regions of the plot. Ninety-two percent of the residues were in allowed regions of the plot and 9.8 % of residues

were in outlier regions.

4. DISCUSSION

The ability of HIV-1 virus to develop high levels of ge-
netic diversity, and therefore acquiring mutations to escape
immune pressures, leads to the difficulties in producing a
vaccine [63].

The other main cause of this failure may stem from the
fact that in infected patients, continuous antigenic stimula-
tion leads to defect in cytotoxic T lymphocytes (CTLs) acti-
vation [27, 63]. Therefore, the immunogenic parts of the
virus with the ability to recall the cellular immune response
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would be a great approach in a therapeutic vaccine model. In
silico study lets us have a pre-experimental vision and the
opportunity to evaluate these parameters based on the pool of
submitted data from all over the world in order to carry out
the more accurate experiment [64]. Compared to safety and
cost limited experimental procedures in vaccine develop-
ment, bioinformatics analysis provides us with a significant
possibility to design vaccines on the basis of numerous tools,
methods and databases [65, 66].

In the current study, we have predicted a fusion protein
of two highly immunogenic HIV-1 proteins, p24 and Nef for
designing a subunit therapeutic vaccine. Subunit vaccine
which targets a specific immunogenic protein would be help-
ful in generating a strong immune response in the host [67,
68]. These two proteins first were studied by Mahdavi et al,
as a fusion peptide vaccine p24 (aal59-173) and Nef
(aal02-117). They applied this fusion peptide with complete
Freund's adjuvant on BALB/c mice. As they reported, the
adjuvanted fusion peptide induced lymphocyte proliferation,
CTL response, and cytokines and IL-4 and IFN-y in the Thl
pathway. They also stated that humoral immune response to
the adjuvanted fusion peptide led to an increase in IgG2a
more than IgG1 subtype which indicates that the applied
HIV-1 peptide construct can elicit both cellular and humoral
immune responses in an animal model [69].

Gonzalez et al. investigated the immunogenicity of p24-
Nef in mice, using cholera toxin B subunit as an adjuvant.
They used purified chloroplast-derived p24 and immunize
BALB/c mice and claimed that this purification method elic-
ited a strong antigen-specific serum IgG response in com-
parison with that produced by Escherichia coli-derived p24.
They also reported that oral administration of a partially pu-
rified preparation of chloroplast-derived p24-Nef-fusion pro-
tein as a booster either Nef or p24, resulted in strong antigen-
specific IgG1 and IgG2a associated responses and concluded
that HIV-1 p24-Nef is a promising strategy as a component
of a subunit vaccine [70]. These two studies suggest that the
fusion form of p24-nef as a peptide and protein vaccine have
resulted in acceptable cellular and humoral responses in
BALB/c.

The present study aimed at a full investigation of in silico
design to choose the best region of these proteins.

There is no doubt that in such variable and highly mu-
tated virus, designing a subunit vaccine based on the most
conserved area with the affinity to MHC class I and also
class II molecules is highly reasonable [71, 72].

We applied Nef because it is highly variable and immu-
nogenic among HIV-1 serotypes [73]. What is more, Nef is
the most important viral proteins in immune evasion [74,
75]. In addition, p24 is immunologically important and is the
key factor for viral maturation and assembly [76]. Moreover,
it is highly conserved at a stretch of 20 residues (from 152
to173 amino acid). This uniquely conserved region at the C-
terminal of p24 suggests an important role in the retroviral
life cycle [29, 77, 78]. In our study, we focused on the region
from 80-231 with 152 amino acids with a high rate of con-
servancy containing MHR, too.

Available submitted sequences of HIV-1 in NCBI data-
base including those from Persian isolates were aligned and
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compared to the reference sequences of both protein. At the
next step, we evaluated six possible fusion forms of these
two HIV-1 proteins in a full length and truncated forms, too.
Generally, the full lengths of both proteins include more
MHC molecule binding regions. Nevertheless, they are not
all conserved nor epitopic. According to our result, we fo-
cused on the two truncated possible forms, Model 5 and
Model 6 based on the T -cell epitopes localization in con-
served regions. Then, we compared them on the basis of
their physiochemical properties, ability to human HLA bind-
ing for both classes I and II, antigenicity and toxicity score.
Although the estimated scores in physiological and structural
parameters were almost similar between the two forms, their
ability for CTL binding was different.

Fusion protein Model 6 contains five regions which in-
teract with BALB/c MHC class I molecules. Among them,
PGPGVRYPL and GGPGHKARV show the high
antigenicity score, too. In comparison with the full-length
protein, Model 1, which contains 10 peptides with affinity to
MHCI, only 4 peptides have high antigenicity scores. It is to
say that, the frequency of binders are higher in the full-length
fusion form of p24 and Nef, however, only less than half of
them are epitopic regions.

To insure that this is the more preferable form, we also
examined human MHC class I and class II for both truncated
models. According to the summarized results (Tab.4), the
truncated Model 6 contains 25 peptides which have an
affinity to MHC class I molecules, from which seventeen
epitopes with high antigenicity score were determined. The
number of peptides reduces to 19 with 11 epitopic regions in
Model 5 for selected types of HLAs with a higher rate of
prevalence in the Persian population.

Among all the predicted MHC I epitopes, ILDIRQGPK
and KRWIILGLN have higher Vaxijen scores which derived
from p24 protein (2.3974, 2.0840). In addition to antigenic
nature, they are highly conserved among different subtypes
with 96.3% and 100% conservancy. What is more, YKRWI-
ILGL, DIAGTTSTL and FPDWQNYTP epitopes show
100% conservancy between the clades. There are also two
epitopes, VRYPLTFGW and RYPLTFGWC, with high anti-
genicity score which stem from Nef. On the other words,
both parts of the fusion protein contain immune dominant T -
cell epitopes. Taken together, this fusion protein includes
highly conserved antigenic T -cell epitopes from both p24
and Nef fragments. From another point of view,
YPLTFGWCY interacts with HLA-B*35:01 and HLA-
B*51:01 and NANPDCKTI interacts with HLA-B*51:01
which are common in the Persian population. Moreover,
ILDIRQGPK interacts with HLA-A*03:01 which is popular
among most of the world population.

The predicted peptides of the chosen Model 6 with affin-
ity to human MHC I, showed 73.67% Persian population
coverage and nearly 63% whole world coverage, too. There
are also 63 peptides that have an affinity to MHC class II
with 85.21% Persian population coverage. It also has high
population coverage in Europe, America and Southwest Asia
for both MHC classes (Table 6). The toxicity examine
showed that this fusion protein is totally non-toxic. In other
words, the fusion Model 6, has acceptable population cover-
age and preferably is non-toxic.
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Finally, we came up with the most suitable fusion model
6 based on containing more HLA class I binders which are
conserved and epitopic with acceptable population coverage.
Therefore this protein would be capable to trigger the
cellular immune response in BALB/c.

Eventually, a new fused construct of HIV-1 proteins in-
cluding p24 (80-231) and Nef (120-150) [NP_579880 and
NP_057857] was selected among six possible fusion forms
for further evaluation of cellular immune response as a
therapeutic vaccine in BALB/c.

CONCLUSION

The procedure of this study provides us with an analysis
of possible fusion forms of two immunogenetic HIV-1 pro-
teins to design the lab experiment. In silico study of p24 and
Nef as a newly designed construct with a truncated form of
both fragments showed strong MHC binders and CTL epi-
topes which are supposed to provoke a cellular immune re-
sponse with a high rate of Persian population coverage.
Therefore, this data as the first step supports p24 (80-231)-
AAY-Nef (120-150) as a therapeutic vaccine formulation
which may help us to achieve a novel strategy against HIV-
1.

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

No Animals/Humans were used for studies that are the
basis of this research.

CONSENT FOR PUBLICATION
Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

M. Sadat Larijani was supported by Pasteur Institute of
Iran to pursue her study in the Ph.D. thesis.

SUPPLEMENTARY MATERIAL

Supplementary material is available on the publishers
web site along with the published article.

REFERENCES

[1] Koff WC. A shot at AIDS. Curr Opin Biotechnol 2016; 42: 147-51.

[2] HIV/AIDS JUNPo. UNAIDS. 2017.

[3] Baeten JM, Donnell D, Ndase P, et al. Antiretroviral prophylaxis
for HIV prevention in heterosexual men and women. N Engl J Med
2012;367(5): 399-410.

[10]

[11]

[12]

[13]

[14]

[15]

[20]

[21]

[22]

(23]

[24]

Current HIV Research, 2018, Vol. 16, No. 5 335

Shin SY. Recent update in HIV vaccine development. Clin Exp
Vaccine Res 2016; 5(1): 6-11.

Pollara J, Easterhoff D, Fouda GG. Lessons learned from human
HIV vaccine trials. Curr Opin HIV AIDS 2017; 12(3): 216-21.

M Barry S. Trial, Error, and Breakthrough: A Review of HIV Vac-
cine Development. J AIDS Clin Res 2014; 05(11).

Fischer W, Perkins S, Theiler J, et al. Polyvalent vaccines for op-
timal coverage of potential T-cell epitopes in global HIV-1 vari-
ants. Nat Med 2006; 13: 100-6.

David M. Knipe PH. Fields Virology sixth edition2013.

Katlama C, Deeks SG, Autran B, et al. Barriers to a cure for HIV:
new ways to target and eradicate HIV-1 reservoirs. Lancet 2013;
381(9883): 2109-17.

Bayon E, Morlieras J, Dereuddre-Bosquet N, et al. Overcoming
immunogenicity issues of HIV p24 antigen by the use of innovative
nanostructured lipid carriers as delivery systems: evidences in mice
and non-human primates. NPJ Vaccines 2018; 3(1): 46.

Yasmin T, Akter S, Debnath M, ef al. In silico proposition to pre-
dict cluster of B- and T-cell epitopes for the usefulness of vaccine
design from invasive, virulent and membrane associated proteins of
C. jejuni. In Silico Pharmacol 2016; 4(1): 5.

Munson P, Liu Y, Bratt D, ef al. Therapeutic conserved elements
(CE) DNA vaccine induces strong T-cell responses against highly
conserved viral sequences during simian-human immunodeficiency
virus infection. Hum Vaccin Immunother 2018; 14(7): 1820-31.
Shamriz S, Ofoghi H. Design, structure prediction and molecular
dynamics simulation of a fusion construct containing malaria pre-
erythrocytic vaccine candidate, PfCelTOS, and human interleukin 2
as adjuvant. BMC Bioinformatics 2016; 17: 71.

Liu Y, Rao U, McClure J, et al. Impact of mutations in highly
conserved amino acids of the HIV-1 Gag-p24 and Env-gp120 pro-
teins on viral replication in different genetic backgrounds. PLoS
One 2014; 9(4): €94240.

Courant T, Bayon E, Reynaud-Dougier HL, ef al. Tailoring nanos-
tructured lipid carriers for the delivery of protein antigens: Phys-
icochemical properties versus immunogenicity studies. Biomateri-
als 2017; 136: 29-42.

McMichael AJ, Haynes BF. Lessons learned from HIV-1 vaccine
trials: new priorities and directions. Nature Immunology 2012; 13:
423.

Viraj Kulkarni AV, Margherita Rosati, Morgane Rolland, James 1.
Mullins, George N. Pavlakis. HIV-1 Conserved Elements p24CE
DNA Vaccine Induces Humoral Immune Responses with Broad
Epitope Recognition in Macaques. PLoS One 2014; 9(10).

Rolland M, Heckerman D, Deng W. ef al. Broad and Gag-Biased
HIV-1 Epitope Repertoires Are Associated with Lower Viral
Loads. PLoS One 2008; 3(1): e1424.

Awad-Elkareem MA-E, Osman SA, Mohamed HA, et al. Predic-
tion and Conservancy Analysis of Multiepitope Based Peptide
Vaccine Against Merkel Cell Polyomavirus: An Immunoinformat-
ics Approach. Immun Res 2017; 13: 134.

He L, Zhu J. Computational tools for epitope vaccine design and
evaluation. Cur Opin Virol 2015; 11: 103-12.

Hekmat SS, Siadat SD, Aghasadeghi MR, et al. From in-silico
immunogenicity verification to in vitro expression of recombinant
Core-NS3 fusion protein of HCV. Bratislava Med J 2017; 118(04):
189-95.

Steers NJ, Peachman KK, McClain SR, Alving CR, Rao M. Human
Immunodeficiency Virus Type 1 Gag p24 Alters the Composition
of Immunoproteasomes and Affects Antigen Presentation. J Virol
2009; 83: 7049-61.

Krupkaa M, Zachova K, Cahlikovaa R, ef al. Endotoxin-minimized
HIV-1 p24 fused to murine hsp70 activatesdendritic cells, facili-
tates endocytosis and p24-specific Thl responsein mice. Immunol
Lett 2015; 166: 36-44.

Gandhi RT, Kwon DS, Macklin EA, ef al. Immunization of HIV-1-
Infected Persons With Autologous Dendritic Cells Transfected
With mRNA Encoding HIV-1 Gag and Nef: Results of a Random-
ized, Placebo-Controlled Clinical Trial. J Acquir Immun Defic
Syndr 2016; 71(3): 246-53.

Pankrac J, Klein K, McKay PF, et al. A heterogeneous human
immunodeficiency virus-like particle (VLP) formulation produced
by a novel vector system. NPJ Vaccin 2018; 3(1): 40-6.

Freed EO. HIV-1 assembly, release and maturation. Nat Rev Mi-
crobiol 2015; 13: 484.



336

[27]

[31]
[32]

[33]

[36]

Current HIV Research, 2018, Vol. 16, No. 5

Dai B, Xiao L, Bryson PD, Fang J, Wang P. PD-1/PD-L1 blockade
can enhance HIV-1 Gag-specific T cell immunity elicited by den-
dritic cell-directed lentiviral vaccines. Mol Ther 2012; 20(9): 1800-
9.

Molly A. Accola SHG, Heinrich G. Go Ttlinger. A Putative a-
Helical Structure Which Overlaps the Capsid-p2 Boundary in the
Human Immunodeficiency Virus Type 1 Gag Precursor Is Crucial
for Viral Particle Assembly. J Virol 1998; 72: 2072-8.

Bowzard JB, Bennett RP, Krishna NK, Ernst SM, Rein A, Wills
JW. Importance of Basic Residues in the Nucleocapsid Sequence
for Retrovirus Gag Assembly and Complementation Rescue. J Vi-
rol 1998; 72: 9034-44.

Alin K, Goff SP. Amino Acid Substitutions in the CA Protein of
Moloney Murine Leukemia Virus That Block Early Events in In-
fection. Virology 1996; 222: 339-51.

Foster JL, Garcia JV. HIV-1 Nef: at the crossroads. Retrovirology
2008; 5: 84.

Foster JL Garcia JV. Role of Nef in HIV-1 replication and patho-
genesis. Adv Pharmacol 2007; 55: 389-409.

Simmons A, Aluviahare V, McMichael A. Nef Triggers a Tran-
scriptional Program in T Cells Imitating Single-Signal T Cell Acti-
vation and Inducing HIV Virulence Mediators. Immunity 2001; 14:
763-717.

Maccormac LPJ, Jean-Marc Chain, Benjamin. The functional con-
sequences of delivery of HIV-1 Nef to dendritic cells using an ade-
noviral vector. Vaccine 2004; 22(3-4): 528-35.

Chen DY, Balamurugan A, Ng HL, Cumberland WG, Yang OO.
Epitope targeting and viral inoculum are determinants of Nef-
mediated immune evasion of HIV-1 from cytotoxic T lymphocytes.
Blood 2012; 120(1): 100.

Shinya E, Owaki A, Shimizu M, et al. Endogenously expressed
HIV-1 nef down-regulates antigen-presenting molecules, not only
class I MHC but also CD1a, in immature dendritic cells. Virology
2004; 326(1): 79-89.

Pawlak EN, Dikeakos JD. HIV-1 Nef: a master manipulator of the
membrane trafficking machinery mediating immune evasion. Bio-
chimica et Biophysica Acta (BBA) - General Subjects. Biochim
Bhiophys Acta 2015; 1850(4): 733-41.

Mangasarian A, Piguet V, Wang JK, Chen YL, Trono D. Nef-
Induced CD4 and Major Histocompatibility Complex Class I
(MHC-I) Down-Regulation Are Governed by Distinct Determi-
nants: N-Terminal Alpha Helix and Proline Repeat of Nef Selec-
tively Regulate MHC-I Trafficking. J Virol 1999; 73: 1964-73.
Hung CH Thomas L, Ruby CE, et al. HIV-1 Nef assembles a Src
family kinase-ZAP-70/Syk-PI3K cascade to downregulate cell-
surface MHC-I. Cell Host Microbe 2007; 19: 121-33.

Khalili S, Jahangiri A, Borna H, Ahmadi Zanoos K, Amani J.
Computational vaccinology and epitope vaccine design by immu-
noinformatics. Acta Microbiol Immunol Hung 2014; 61(3): 285-
307.

Wong TM, Ross TM. Use of computational and recombinant tech-
nologies for developing novel influenza vaccines. Exp Rev Vaccin
2016; 15(1): 41-51.

Tamura K SG, Peterson D, Filipski A, Kumar S. MEGAG6: Molecu-
lar Evolutionary Genetics Analysis Version 6.0. Mol Biol Evol
2013;30: 2725-9.

Reche PA, Glutting JP, Zhang H, Reinherz EL. Enhancement to the
RANKPEP resource for the prediction of peptide binding to MHC
molecules using profiles. Immunogenetics 2004; 56: 405-19.
Stranzl T, Larsen MV, Lundegaard C, Nielsen M. NetCTLpan:
Pan-specific MHC class I pathway epitope predictions. Immunoge-
netics 2010; 62: 357-68.

Giguere S, Drouin A, Lacoste A, Marchand M, Corbeil J, Lavio-
lette F. MHC-NP: Predicting peptides naturally processed by the
MHC. J Immunol Methods 2013; 400-401: 30-6.

Abroun SFM. Iran Royan Cord Blood Bank: Royan Cord Blood
Banking; 2010.

Shaiegan MYF, Abolghasemi H, Bagheri N, ef al. Allele Frequen-
cies of HLA-A, B and DRB1 among People of Fars Ethnicity Liv-
ing in Tehran. IJBC 2011: 55-9.

Esmaeili A, Rabe SZT, Mahmoudi M, Rastin M. Frequencies of
HLA-A, B and DRBI alleles in a large normal population living in
the city of Mashhad, Northeastern Iran. Iran J Basic Med Sci 2017,
20(8): 940-3.

[69]

[70]

[71]

[72]

(73]

Larijani et al.

Doytchinova IA, Flower DR. Identifying candidate subunit vac-
cines using an alignment-independent method based on principal
amino acid properties. Vaccine 2007; 25: 856-66.

Doytchinova IA, Flower DR. VaxiJen: a server for prediction of
protective antigens, tumour antigens and subunit vaccines. BMC
Bioinformatics 2007; 8: 4.

Bui HH, Sidney J, Li W, Fusseder N, Sette A. Development of an
epitope conservancy analysis tool to facilitate the design of epi-
tope-based diagnostics and vaccines. BMC Bioinformatics 2007; 8:
361.

Gupta S, Kapoor P, Chaudhary K, ef al. In Silico Approach for
Predicting Toxicity of Peptides and Proteins. PlosS One 2013; 8(9):
e73957.

Wilkins MR, Gasteiger E, Bairoch A, et al. Protein identification
and analysis tools in the ExXPASy server. Methods MolBiol 1999;
112:531-52.

Geourjon C Deleage G. SOPMA: significant improvements in
protein secondary structure prediction by consensus prediction
from multiple alignments. Comput Appl Biosci 1995; 11: 681-4.
Cuff JA, Clamp ME, Siddiqui AS, Finlay M, Barton, GJ. JPred: a
consensus secondary structure prediction server. Bioinformatics
1998; 14: 892-3.

Ferre F, Clote P. DIANNA: a web server for disulfide connectivity
prediction. Nucleic Acids Res 2005; 33: W230-2.

Zhang Y. I-TASSER server for protein 3D structure prediction.
BMC Bioinformatics 2008; 9: 40.

Yuedong Yang YZ. Specific interactions for ab initio folding of
protein terminal regions with secondary structures. Proteins 2008;
72:793-803.

Laskowski RA, Macarthur MW, Moss DS, Thornton JM.
PROCHECK -a program to check the stereochemical quality of
protein structures. J App Cryst 1993; 26: 283-91.

Colovos C, Yeates TO. Verification of protein structures: patterns
of non-bonded atomic interactions. Protein Sci 1993; 9: 1511-9.
Bowie JU, Luthy R, Eisenberg D. A method to identify protein
sequences that fold into a known three-dimensional structure. Sci-
ence 1991; 253: 164-70.

Pettersen EF Goddard TD, Huang CC, ef al. UCSF Chimera--a
visualization system for exploratory research and analysis. J Com-
put Chem 2004; 25(13): 1605-12.

Nickle DC, Rolland M, Jensen MA, et al. Coping with Viral Diver-
sity in HIV Vaccine Design. PloS Comput Biol 2007; 3(4): e75.
Nandy A, Basak SC. A Brief Review of Computer-Assisted Ap-
proaches to Rational Design of Peptide Vaccines. Int J] Mol Sci
2016; 17(5): 666.

Perez-Martinez AP, Ong E, Zhang L, Marrs CF, He Y, Yang Z.
Conservation in gene encoding Mycobacterium tuberculosis anti-
gen Rv2660 and a high predicted population coverage of H56 mul-
tistage vaccine in South Africa. Infection, Genetics and Evolution.
2017; 55: 244-50.

Afzal S, Idrees M, Hussain M. De Novo modeling of Envelope 2
protein of HCV isolated from Pakistani patient and epitopes predic-
tion for vaccine development. J Trans Med 2014; 12(1): 115.
Rappuoli R, Bottomley MJ, D’Oro U, Finco O, De Gregorio E.
Reverse vaccinology 2.0: Human immunology instructs vaccine an-
tigen design. JEM 2016; 213(4): 469.

Moyle PM, Toth I. Modern subunit vaccines: development, com-
ponents, and research opportunities. ChemMedChem 2013; 8(3):
360-76.

Mahdavi M. Ebtekar M, Azadmanesh K, et al. HIV-1 Gag p24-Nef
fusion peptide induces cellular and humoral immune response in a
mouse model. Acta Virol 2010; 54: 131-6.

Gonzalez-Rabade N, McGown EG, Zhou F, et al. Immunogenicity
of chloroplast-derived HIV-1 p24 and a p24-Nef fusion protein fol-
lowing subcutaneous and oral administration in mice. Plant Bio-
technol J 2011; 9: 629-38.

Kuo LS, Baugh LL, Denial SJ, ef al. Overlapping effector inter-
faces define the multiple functions of the HIV-1 Nef polyproline
helix. Retrovirology 2012; 9: 47.

Popov S, Popova E, Inoue M, Gottlinger HG. Human immunodefi-
ciency virus type 1 Gag engages the Brol domain of ALIX/AIP1
through the nucleocapsid. J Virol 2008; 82(3): 1389-98.

Jia X, Singh R, Homann S, ef al. Structural basis of evasion of
cellular adaptive immunity by HIV-1 Nef. Nature Struct Mol Biol
2012;19: 701.



In Silico Design and Immunologic Evaluation

[74]

[75]

[76]

Wonderlich ER, Leonard JA, Collins KL. HIV immune evasion
disruption of antigen presentation by the HIV Nef protein. Adv Vi-
rus Res 2011; 80: 103-27.

Hanna E, Hoyne GF. The Role of the Nef Protein in MHC-I Down-
regulation and Viral Immune Evasion by HIV-1. J Clin Cell Immu-
nol 2015; 7: 375.

Abdel-Motal UM, Wang S, Awad A, et al. Increased immuno-
genicity of HIV-1 p24 and gpl120 following immunization with
gp120/p24 fusion protein vaccine expressing alpha-gal epitopes.
Vaccine 2010; 28(7): 1758-65.

[77]

(78]

Current HIV Research, 2018, Vol. 16, No. 5 337

Piguet V, Wan L, Borel C, et al. HIV-1 Nef protein binds to the
cellular protein PACS-1 to downregulate class I major histocom-
patibility complexes. Nat Cell Biol 2000; 2: 163-7.

Burinston MT, Cimarelli A, Colgan J, Curtis SP, Luban J. Human
Immunodeficiency Virus Type 1 Gag Polyprotein Multimerization
Requires the Nucleocapsid Domain and RNA and Is Promoted by
the Capsid-Dimer Interface and the Basic Region of Matrix Protein.
J Virol 1999; 73: 8527-40.



	In Silico Design and Immunologic Evaluation of HIV-1 p24-Nef FusionProtein to Approach a Therapeutic Vaccine Candidate
	Abstract: Background
	Objective:
	Method:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	Fig. (1).
	3. RESULTS
	Fig. (2).
	Fig. (3).
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.
	Table 6.
	Fig. (4).
	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES



