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ABSTRACT

Objectives: To analyze the characteristics of gp120 gene sequence and protein structure of HIV-1 CRF01_AE and to predict B- and T-cell
epitopes and to forecast binding sites between gp120 and mD1.22 by using bioinformatics in order to lay a foundation for the research and
development of AIDS vaccines and peptide-based drugs.

Methods: The gene sequences and the amino acid sequences of gp120 were obtained from NCBI GeneBank database. Physicochemical property,
membrane-panning region, PTMs sites of gp120 and secondary structure were analyzed by Expasy ProtParam, TMpred, NetPhos and GlycoMine
and SOPMA, respectively. Epitopes of B-cell were predicted by VaxiJen v2.0, AllerTOP v2.0 and IEDB while epitopes of T-cell were predicted by
IEDB. Protein-protein docking were forecast by Z-dock, pymol and so on.

Results: The calculation formula of gp120 is C1033H1633N2990319S9. The number of amino acids is 211, and the molecular weight is 23633.68.
The theoretical isoelectric point (pI) is 7.76. It is estimated that 17 residues are phosphorylation sites, while gp120 has more than 5 glycosylation
sites. The protein contains alpha helix (blue mark), beta turn (green mark), random coil (purple mark) and thin slice (red mark), which are
26.54%, 6.16%, 40.28% and 27.01% respectively.

We selected the top 10 possible epitopes of B cells, but only the top 5 epitopes of MHC-I. The most possible binding site between gp120 and
mD1.22 was showed.

Conclusion: With the potential humoral immunity and cellular immunity, gp120 of HIV-1 is a promising target for HIV-1 treating. The interaction
of gp120 with CD4 is the first step of HIV cycle which allows the entry of HIV into CD4* T-cells. This study has analyzed and predicted the
binding sites between gp120 and mD1.22 and the character and B-cell and T-cell epitopes of gp120, could be a foundation for subsequent study
of developing vaccine and polypeptide drugs.
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INTRODUCTION of these reasons, the treatments had become more difficult.

Nearly 17 years ago China launched its National HIV/AIDS The development of anti-retroviral therapy (ART) is one

Response Program, yet the epidemic still is not slowing. of the medical milestones which could keep the person

who got AIDS on track [3]. ART has significantly reduced

New cases and new deaths increase every year in 2005,
vy AIDS-related morbidity and mortality. However, there are

40 711 people living with human immunodeficiency virus
(HIV; PLWH) were diagnosed and 5729 died, whereas in
2019, 148598 PLWH were diagnosed and 31522 died [1]. At
present, AIDS is at low epidemic state but growth trend. The

several drawbacks which including drug resistance, long-
term drug therapy, toxicity and drug-drug interactions, poor
bio-availability and lack of access to tissues and reservoirs in
the current ART [4]. Therefore, to circumvent the problems
distribution of HIV-1 subtypes and recombinants changed [4] P

L . . mentioned above and effectively treat the HIV infection,
over time in countries, regions, and globally [2]. Because
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recent anti-AIDS therapeutic development efforts have
been focusing on improving drug delivery and not just on
discovering new chemical entities. Efforts have been made
to design novel drug delivery systems for anti-HIV agents to
reduce the dosing frequency, to enhance the bioavailability, to
improve the Central Nervous System (CNS) penetration, to
inhibit the CNS efflux and to deliver them to the target cells
selectively with minimal side effects [4].

Nowadays, antibody and vaccine therapies are promising in
the aera of virus. The conserved regions in HIV envelope
glycoproteins gp41 and gpl20 are involved in binding of
the virus to the host cells [5]. Many targeting strategies have
focused on binding to these protein sequences to achieve
specificity, though the high rates of mutation exhibited by the
retrovirus make it challenging to identify a suitable targeting
sequence on the envelope [6]. The glycoprotein-120 (gp120)
present in the outer envelope of HIV enables the entry of the
virus particles into CD4" T-cells [7] resulting in damaging
the human immune system. Therefore, the binding sites
between gp120 and CD4 cells are particularly important in
the treatment of HIV.

In a recent research, soluble expression, thermal stability
and specificity of mD1.22 are significantly higher than
mD1.2, and can bind and neutralize most of the isolates as
a component of a bispecific multivalent protein [8]. So we
forecast and analyzed the binding sites between gp120 and
D1.22 by using bioinformatics in order to lay a foundation for
the research and development of AIDS vaccines and peptide-
based drugs. The identification of novel potent broadly
neutralizing antibodies (bnAbs) against HIV-1 during the last
several years gave new hopes to the old idea to use antibodies
as anti-HIV-1 therapeutics. Attempts to use bnAbs alone
or in combination or as components of chimeric antigen
receptors (CARs), bispecific T cell engagers (BiTEs) and other
bispecific proteins resulted in promising results both in vitro
and in vivo [9-13]. And in advanced work [14], bispecific
killer cells engagers (BiKEs), which can bind to natural killer
(NK) cells through the activating receptor CD16A and guide
them to cells expressing the HIV-1 envelope glycoprotein
(Env), especially gp120, are a promising new weapon for
elimination of infected cells and eradication of the virus. In
presence of cells expressing HIV-1 envelope glycoproteins
(Envs), these BiKEs induced cytokine production and killed
Env-expressing cells. They also effectively mediated killing
of chronically and acutely HIV-1 infected T cells by human
peripheral blood mononuclear cells (PBMC).

Moreover, vaccine therapy, especially recombinant vaccine,
is another strategy of treating viral infection. Last year, an
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outbreak of coronavirus disease, called COVID-19 started
epidemic in late Dec. 2019 in Wuhan, the provincial capital
of Hubei, China [15]. Numerous ideas of various vaccines
had been put forward. One of those ideas is recombinant
vaccine [16]. In this research, new vaccine candidate could be
conceived by computerized analysis of viral sequences. The
candidate vaccine could be selected eventually by retrieving
the amino acid sequence of COVID-109, selecting of antigenic
proteins, predicting and selecting of T-cell and B-cell
epitopes, evaluating antigenicity and allergenicity, analyzing
the physicochemical parameters, predicting secondary and
tertiary structure and stimulating molecular dynamics [16].
The final designed proteins could direct following research.

Therefore, we consider that these procedures play important
role in constructing antibodies and vaccine of treating HIV-1
envelope glycoprotein, especially gp120, as well. Here, we first
analyze the formation and predict the epitopes, both T-cells
and B-cells, of gp120. Primary classifications were divided
into four groups, including M, N, O, and P, resulted from the
HIV-1 extensive genetic variability. Group M accounts for the
vast majority of global pandemic cases and includes 9 major
subtypes, covering Al, A2, B, C, D, F1, F2, G, H, ], and K
and circulating recombinant forms (CRFs) [17-21]. Initially
within the same individual, multiple infections resulted in
recombinant forms, while favoring recombination between
two distinguishing genomic RNA upon coinfection of the
same cell and production of heterozygous virions [22].

The envelope glycoproteins (Envs) from human
immunodeficiency virus type 1 (HIV-1) mediate viral entry.
The binding of the HIV-1 gp120 glycoprotein to CD4 triggers
conformational changes in gpl120 that allow high-affinity
binding to its coreceptors. In contrast to all other Envs from
the same phylogenetic group, M, which possess a serine (S)
at position 375, those from CRFO1_AE strains possess a
histidine (H) at this location. This residue is part of the Phe43
cavity, where residue 43 of CD4 (a phenylalanine) engages

with gp120 [18].

Originally, CRFs once peculiarly affected Southern Asia.
CRFO1 was first found in central Africa and went through
varieties. On the occasion, in late 1980s, Asian CRF01 began
epidemic from Thailand [19,20]. Over the past decade or
so, CRFO1_AE, a subtype of CRF01, was observed with an
increasingly swift growth rate. Of all national infections,
accounting for 42.5% in China in 2007 [21] while 95% of those
in Thailand in 2004 [22]. Genome of CRF01_AE composed
of the gag-pol region, most accessory genes deriving clade
A while the env gene deriving E [23]. A considerable viral
fitness may make a difference resulted from altering or
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exchanging of genes fragments which encoding crucial
proteins, like envelope (Env) [24-25]. Furthermore, immune
system evasion ability and virulence change can provide
virus evolutionary advantages as well [26]. In this study,
the sequence of CRFO1_AE has been retrieved and other
character been analyzed. Afterward, secondary and tertiary
structure also be predicted. Moreover, tertiary structure has
been refined and validated.

MATERIALS AND METHODS
Retrieval of protein sequences

At the very beginning, the amino acid sequences of gp120
were retrieved from the National Centre for Biotechnology
Information (NCBI) at www.ncbi.nlm.nih.gov. The sequences
were performed in FASTA format and for succeeding analysis.

1. Analysis of structure-founded of gp120

The primary structure of protein is the marshalling sequence
of amino acid residue. All of the residues connect via covalent
linkage. The secondary structure is the way of polypeptide
chain folding and coiling. The secondary structure can be
classified to type-H(a-helix), type-E(B-sheet)and type-C(coil).
Expasy PortParam was used to predict the constitution of
amino acid, the atomic number, molecular formula, relative
molecule mass, isoelectric point and stability of gp120 [27].

1. Analysis of physicochemical property

The composition, quantities of atoms, molecular formular,
relative molecular mass, amount of positive and negative
charges, isoelectric point and stability of amino acid of gp120
were analyzed by using Expasy ProtParam tool at http://www.
expasy.org/tools/protscale.html [28].

1. Analysis of membrane-panning region

Generally speaking, transmembrane proteins do not express
in prokaryotic system. If existing transmembrane domain
in the sequence, eukaryotic system is needed for protein
expression. In this research, the character of transmembrane
domain of gp120 were forecast by using TMpred at https://
embnet.vital-it.ch/software/TMPRED_form.html [29].

1.1 The PTMs site of gp120

Posttranslational modifications(PTMs) are the basis of cell
regulation, which engages in cell signaling transduction
and plays an important role in genetic expression, the
effect of activation and inactivation of enzyme, the process
in protein folding and keeping protein stabilizing as well
as in the interaction between two proteins. Here, we
predicted phosphorylation site and glycosylation site. The
phosphorylation site of gpl20 was forecasted by using
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NetPhos at http://www.cbs.dtu.dk/services/NetPhos/ [30]
and glycosylation site was predicted at GlycoMine at http://
glycomine.erc.monash.edu/Lab/GlycoMine [31].

1.2 Analysis of secondary structure

The secondary structure is the way of polypeptide chain
folding and coiling. The secondary structure can be classified
to type-H(a-helix), type-E(B-sheet)and type-C(coil). The
secondary structure were analyzed by using SOPMA (https://
npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_
sopma.html) [32].

1. Antigenicity evaluation and Prediction of epitope of
B-cell

Antigenicity of gp120 (CRFO1_AE) was predicted via using
the VaxiJen v2.0 server. The VaxiJen classified antigens
based on auto cross-covariance (ACC) transformation of
protein sequences into uniform vectors of principal amino
acid properties which is a novel alignment-independent
method and overcome the limitations of alignment-
dependent sequence methods [33]. The prediction of vaccine
candidate allergenicity is essential. The allergenicity of the
designed protein was computed by AllerTOP (http://www.
ddg-pharmfac.net/AllerTOP/). AllerTOP method predicts
recombinant protein allergenicity on auto cross-covariance
ACC that describe residue hydrophobicity, size, abundance,
helix and b-strand forming propensities [34]. AllerTOP v.2 has
the highest accuracy (88.7%) compared to several servers for
allergen prediction [34].

Immunogenicity is the ability to activate specific immune
response of a substance or a molecule [31]. Stronger
immunogenicity occurs on effective T-cell epitope [35].
Therefore, immunogenicity was screened by using IEDB at
http://tools.iedb.org/immunogenity/. As a consequence, the
immunogenicity of epitope accessed as positive were deemed
to be potential immunogen [36].

The specificity of antigens depends on special sequence and
space structure of amino acid residue located on molecule
surface, which is called epitope or antigenic determinant.
The epitope could be classified into continuous epitope
and noncontinuous one, related to the kinds of amino acid,
marshalling sequence, special genes, space structure, the
nature of charge and hydrophilia of protein. These epitopes
could be recognized by lymphocyte to trigger immune
response, after which antigen-antibody reaction occurs. This
is the basis of specificity of antigen. B-cell epitope forecasting
is the key progress of design of antibody and vaccine.

Selecting the best B-cell epitope from xx protein by using
online tool BepiPred-2.0(http://www.cbs.dtu.dk/services/
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BepiPred/) [37]. BepiPred-2.0 is viewed as the most reliable
tool to predict the epitope of B-cell. Simultaneously using
multiple forecast tools could enhance the precise of prediction.
LBtope assay(http://crdd.osdd.net/raghava//Ibtope/) [38], is
another reliable B-cell epitope prediction tool. ABCpred is
based on Artificial neural network model, tool of forecasting
B-cell epitope, could seek both Bcipep and Swiss-Prot data-
base, accuracy rate could be at 66%.

2. Prediction of epitope of T-cell

T-cell epitope prediction aims to identify the shortest peptides
within an antigen that are able to stimulate either CD4 or
CDS8 T-cells [39].

T-cell epitope is a short-peptide that submitted to T-cell
receptor after APC dealt. T-cell epitope is significant for
research to explore the mechanism and progress of immune
cell action, produce subunit polypeptide vaccine and gene.
Cytotoxic T cell (TCL) recognize the epitope combined with
class 1 MHC molecule leads to killing the target cell. Its
one of important immune defense reactions against tumor,
transplant and kinds of infection. In this research, predicting
T-cell epitope in any special protein could be achieved by
using IEDB tool at http://tools.iedb.org/immunogenity/.

3. Obtaining and preparing the structure of immune
receptors

Swiss-model (https://swissmodel.expasy.org) is used for
homology modelling [44]. The amino acid sequence of gp120
was input in FASTA format, the templates would be provided
subsequently. While the templates search was completed,
templates were ranked according to expected quality of the
resulting models, as estimated by Global Model Quality
Estimate (GMQE) [45].
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After selecting the templates, gp120 was prepared by autodock
software where hydrogen atoms and charge were added to the
structure, while deleting water from the molecule, to make
the it ready for the next step [46].

4. Protein-Protein docking

In a recent research, mD1.22 included broad and potent
neutralizing activity, high speci-ficity, stability, solubility, and
affinity for gp120 and a small molecular size.Therefore,the
binding sites between gp120 and mD1.22 lay a foundation for
the research and development of AIDS vaccines and peptide-
based drugs [8]. After preparation of the gp120, the Z-dock
webserver [47] with default parameters was used to predict
the best positions and orientations where gp120 can have the
highest number of favorable interactions with mD1.22 [8].

The ZDOCK Server provides a fast and effective means to
produce models of protein-protein complexes and symmetric
multimers, via a user-friendly web interface. In addition to
generating and viewing structures of docking models through the
server'’s tools and interface, users have the option of submitting
ZDOCK Server output files directly to several available docking
refinement and post-processing tools (linked from the server
page). In the future, possible developments include clustering
and postprocessing functionality directly on the server itself, in
addition to other improvements based on user requests.[48]

Results
1. Sequence of gp120 (CRF01_AE)

In this study, the sequence of gp120 envelope glycoprotein
of CRFO1_AE subtype of HIV-1 was obtained from NCBI
GenBank
sequence in FASTA format was showed in the following
table (Table 1). The gene ID (FM865531.1, total 636 bp) and

(http://www.ncbi.nlm.nih.gov/genbank).  The

Table 1: FASTA format of gp120 from NCBI.

Protein | S°5S1OM IpAQTA

number

>FM865531.1 HIV-1 CRF01_AE partial env gene for gp160, strain 07CN.HN085, genomic RNA

TGTTAAATGGCAGTCTAGCAGAAGAGGAAATAATAATCAGATCTGAGAATCTCACAAA-
CAATGCCAAGACCATAATAGTGCACCTTAATAAATCTGTAGTAATCGATTGTACCA-
GACCCTCCAACAATACAAGAACAAGTATAACTATAGGACCGGGACAAGTATTCTATAGAA-
CAGGAGAAATAATAGGAGACATAAGAAAAGCATATTGCGAAATTAATAGAACAAATTG-
gpl20  |FM865531.1 GTTTGAAACTTTAAACCAGGTAGCTAAAAAATTAAAAGAGCACTTTCCTAATAAGA-
CAATAAGCTTTCAACCACACTCAGGAGGAGATCTAGAAATTACAACGCATCACTTTAATTG-
TAAAGGGGAATTTTTCTATTGCAATACAAGCCACCTGTTTACGTACAAAGAAAATGAAAC-
CAGAGGGGAAAGTACTAGCACTATCATACTTCCATGCAAGATAAAGCAAATTATAAACCT-
GTGGCAGGGAGTAGGACAAGCAATGTGTGCTCCTCCCATCAGTGGAAGAATTAATTGTG-
TATCAAATATTACAGGAATACTATTAACAAGAGATGGGGGTGATAATGGTAATGATACTGAC-
GAGATCTTCAGACCTGGAGGAGGAAGTATGAGGGACAATTGGAGAA
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accession number (CAR96232.1, total 211 amino acids) were
given on NCBI.

2. Structure foundation of gp120
2.1 Analysis of physiochemical property of gp120

Analyze HIV-1 CRF01 with Expasy PortParam_ Open
reading frame (ORF) of AE strain gp120. The formula of
gp120is C1033H1633N2990319S9, and the total number is
3293. The number of amino acids is 211, and the molecular
weight is 23633.68. Among them, the number of isoleucine
(Ile) is 25, accounting for 11.4% of the total protein, and
other amino acids account for less than 10%. The ratio
of the total number of negatively charged and positively
charged residues is 22:23. The theoretical isoelectric point
(pD) is 7.76. The instability index is 28.38, indicating that the
protein is stable. Its aliphatic index is 79. The total average
value of hydrophilicity is -0.457, indicating that gp120 is a
hydrophobic protein (Figure 1).

22 Analysis of transmembrane domain of gp120
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TMpred is used to predict the transmembrane region and
orientation of gp120. The calculation results were shown in
Table 2 and Figure 2. In TMpred, scores only more than 500
points are considered meaningful. We saw that the scores
for the results from the table are 456 and 354, respectively.
So these results showed that the possible transmembrane
helical region of gp120 was not specific, so gp120 was not a
transmembrane protein.

23 Analysis of ptms sites of gp120

NetPhos and glycosamine are used to predict phosphorylation
sites and glycosylation sites, which are one of ptms
respectively. The calculation results were shown in Figure
3, Table 3 and Table 4. As shown in the figure, potential
phosphorylation sites existed at the sites of markers, where
protein phosphorylation mediates the activity of substates. At
the same time, N - or o-glycosylation can convert proteins into
glycoproteins, which play an important role in the protection
and stability of cells. Here, we gave some high score results of
glycosylation sites.

Table 2: The helices of gp120.

Orientation Start position End position Score Strongly prefered
Inside to outside helices 153 456 no
Outside to inside helices 156 364 no
TMpred output for UMEHOWM
la@E T T T T
i-ro
B — — -
—1@@8 - -
—2EaE -~ -
—-3E8E - -
-4888 | .
—-580a | 1 | 1
=} =1} 18@ 158 =3z c] j=3=1c}
Figure 1: The analysis of gp120 transmembrane.
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Figure 2: Phosphorylation potential of gp120.
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Figure 3: Secondary structure of gp120.

Table 3: N-glycosylation of gp120.

Rank Position Site Motif Score
1 19 N IRSENLTNNAKTIIV 0.486
2 29 N KTIHVHLNKSVVIDC 0.479
3 41 N IDCTRPSNNTRTSIT 0.456
4 82 N TNWFETLNQVAKKLK 0.425
5 94 N KLKEHFPNKTISFQP 0.419
6 20 N RSENLTNNAKTIIVH 0.403
7 178 N GRINCVSNITGILLT 0.394
8 16 N EIIRSENLTNNAKT 0.378
9 124 N KGEFFYCNTSHLFTY 0.372
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Table 4: O-glycosylation of gp120.

Rank Position Site Motif Score
1 140 S ENETRGESTSTIILP 0.507
2 142 S ETRGESTSTIILPCK 0.506
3 136 T FTYKENETRGESTST 0.477
4 125 T GEFFYCNTSHLFTYK 0.450
5 37 T KSVVIDCTRPSNNTR 0.444
6 103 S TISFQPHSGGDLEIT 0.423
7 143 T TRGESTSTIILPCKI 0.423
8 126 S EFFYCNTSHLFTYKE 0.419
9 141 T NETRGESTSTIILPC 0.397

¥axiJen RESILTS
Overall Protective Antigen Prediction = 0.4580 { Probable ANTIGEN ).
Figure 4: Antigen prediction of gp120.
Table 5: Possible epitopes of B-cell.

Rank Sequence Start position Score
1 TDEIFRPGGGSMRDNW 195 0.94
2 IGDIRKAYCEINRTNW 62 0.92
3 SVVIDCTRPSNNTRTS 31 0.92
4 TSTHLPCKIKQIINL 141 0.92
5 TGILLTRDGGDNGNDT 180 0.91
6 YCEINRTNWFETLNQV 69 0.86
7 YRTGEIIGDIRKAYCE 56 0.82
8 GQAMCAPPISGRINCV 161 0.81
9 TISFQPHSGGDLEITT 96 0.80
10 EIIIRSENLTNNAKTI 9 0.80

2.2 Analysis of secondary structure of gp120

Online service SOMPA (https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=npsa_sopma.html) was used
to predict secondary structure of gpl120 glycoprotein. The
result was showed (Figure 3).The protein contains alpha helix
(marked with blue), beta turn (marked with green), random
coil (marked with purple) and thin slice (marked with red),

which are 26.54%, 6.16%, 40.28% and 27.01% respectively.

3. Evaluation of antigenicity of gp120 and Prediction
of B-cell epitopes of gp120

The antigenicity of gp120 was predicted using VaxiJen v2.0,
and the results were shown in Figure 4. The results showed
that gp120 might be an antigen.

The predicted B cell epitopes are sorted according to the
scores obtained by the trained recurrent neural network.
The higher the score of peptide segment, the higher the
possibility of epitope. All peptides shown here were higher
than the selected threshold (0.5). Here we selected the top 10
sequences with the highest score, which may be candidate
sequences for b cell epitopes (Table 5).
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4. Prediction of T-cell of gp120

IEDB was used to predict epitopes of MHC-I. The results
are displayed on Table 6. The results showed different HLA
alleles. The higher the score of sequences, the higher the
possibility of epitope. We chose the sequence with the top 5
scores, which may be the epitope of MHC-1.

5. Obtained and prepared the structure of immune
receptors

One of the prediction of templates of gpl20, 6ieq, is the
coordinates and structure factors for the ConM SOSIP.v7
structure in complex with Fab PGT124 and Fab 35022 [49].
We obtained the structure of gp120 from gp160 which was
provided from Swiss-model. The conformation of gp120 will
be displayed in figure. As a mutant of mD1.2, the difference
between mD1.22 and mD1.2 is the change of 55 residue, A in
mD1.2 and V in mD1.22 [8] (Figure 5).

6. Protein-Protein docking

In order to determine whether these two proteins adhere to
the interaction, we use Z-Dock for docking research. The
final docking output file uses the default Swiss-PdbViewer
to analyze hydrogen bonds. FireDock provides an additional
analysis tool to quantify long-range and short-range
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electrostatic interactions, van der Waals binding and p-p
superposition energy.

Here, we showed the most possible binding site between
gp120 and mD1.22. The interaction occurs on the residue.
Here, we showed that different residues can interact with
mD1.22 (Figure 6).

B: mD1.22 react with LYS-252, ASN-262, GLU-293, AGR-
444 and THR-446 of gp120; a. outline of complex-2; b.
binding sties of gp120 which could interact with mD1.22;
c. the length of hydrogen bond between ARG-444 and
mD1.22 is 3.1; d. the length of hydrogen bond between
GLU-293 and mD1.22 is 3.0; e. the length of hydrogen
bonds between THR-446 and mD1.22 are 2.1 and 3.2; f. the
length of hydrogen bonds between LYS-252 and mD1.22
is 2.7; g. the length of hydrogen bonds between ASN-262
is 2.8

Our results showed that possible binding sites between gp120
and mD1.22 were LYS-252, ASN-262, GLU-293, AGR-444
and THR-446. These residues all bound with mD1.22 in a
hydrogen-bonded manner. The longer the hydrogen bond
length between them and mD1.22, the more stable the
binding.

Table 6: Possible epitopes of MHC-I.

Allele Start End Length Peptide Score
HLA-B*57:01 149 157 9 KIKQIINLW 0.99
HLA-B*40:01 138 146 9 GESTSTIIL 0.99
HLA-A*03:01 87 95 9 KLKEHFPNK 0.98
HLA-1*24:02 121 129 9 FYCNTSHLF 0.97
HLA-A*68:01 79 87 9 ETLNQVAKK 0.96

Figure 5: Model of complex of gp120-mD1.22 and gp120. (Cyan for gp120 and green for mD1.22) A: model of complex of

gp120 and mD1.22. B: model of gp120.
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Complex-1

Figure 6: Possible binding site between gp120 and mD1.22 with different compounds and length of hydrogen bond. (green
for gp120 and red for mD1.22).

DISCUSSION

In this study, we obtained the gp120 sequence on NCBI. Then,
we analyzed the physical and chemical properties of gp120,
including molecular formula, molecular weight, theoretical
isoelectric point, instability index, etc. Then, we analyzed the
transmembrane domain of gp120. Unfortunately, there is no

transmembrane region on gp120, which means that gp120
cannot cross the membrane. Then, the phosphorylation
sites and glycosylation sites were predicted by NetPhos and
glycosamine, respectively. There were 14 phosphorylation
sites and several glycosylation sites. However, the
n-glycosylation sites did not meet the expectations, while
the two o-glycosylation sites could pass through. After that,
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we also analyzed the secondary structure of gp120, which
contains helix, rotation, random helix and slice, accounting
for 26.54%, 6.16%, 40.28% and 27.01% respectively, that is,
the main secondary structure is coil. In addition, we predicted
the antigenicity of gp120, and the results showed that the
protein was highly possible as an antigen.

Finally, we also predicted and analyzed the characteristics of
gp120 epitope, and gave the sequence of the top 10 points,
which may be the candidate epitope of B cells. With the
practical purpose that, forecasting of B-cell epitope is for
the sake of promoting B-cell epitope identification to take
place of the antigen, for producing antibody or being used in
structure-function studies [42]. What's more, the aiming of
forecasting t-cell epitope is to identify the shortest peptides
within an antigen which are capable to excite parts of T-cells,
either CD4 or CD8 [39].

The pathogen is not a whole, but is recognized by b cells
or t cells, and its molecular component is antigen. Specific
receptors exist on the surface of b cells or t cells, which can
distinguish these antigens. Through these receptors, not
only b cells and t cells need to be activated, but also the
innate immune system needs to be activated. As the second
activation signal, it is necessary for antigen recognition.

When recognizing linear b cell epitopes, antibodies can
recognize denatured antigens. Loss of recognition for
conformational B-cell epitopes would occur after antigen
denaturing. Accounting for about a percentage of 90, B-cell
epitopes are conformational. As a matter of fact, however,
linear B-cell epitopes simply existed in minorities of native
antigens [43].

Gp120, engaging in the process of human immunodeficiency
virus intruding target cell, is a vitally important glycoprotein
on surface of HIV-1. Bioinformatics is based on mathematical
and computer methods, which could predict function
and some other useful information of a protein, with large
quantities of information and strong purpose. In this study,
we used a combination methods of Expasy ProtParam tool,
SOPMA, TMpred, ABCpred, IEDB and so on to predict
the character of surface of gp120. Although gp120 is not a
transmembrane protein, it is still a hot spot in succeeding
research for the vaccine or antibody of HIV-1. Because of the
various results here, and consisting the error, we need to verify
the results with in vitro and in vivo experiments [40,41].

Biophysical characteristics of HIV Env, such as affinity for
CD4 may be important predictors of its in vivo efficacy and
may serve as important surrogate markers for screening Env
structures as potential vaccine candidates. And the high
affinity binding site for human immunodeficiency virus (HIV)
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envelope glycoprotein gp120 resides within the amino-terminal
domain (D1) of CD4 [50]. Moreover, sCD4 was competent to
replace membrane-bound CD4 to trigger infection mediated
by several HIV-1 envelopes [51]. In a recent research,the
engineered cavity-altered single-domain sCD4 (mD1.22) has
a unique combination of excellent properties, including broad
and potent neutralizing activity, high specificity, stability,
solubility, and affinity for the HIV-1 envelope glycoprotein
gp120, and small molecular size [8]. So we forecast the binding
sites between gp120 and mD1.22 by using bioinformatics. CD4
makes numerous contacts with conserved gp120 residues and
is connected with the gp120 inner domain and the coreceptor
binding site via a water-filled solvent channel [52,53] Finally,
we found possible residues and the strength of hydrogen bonds
between residues and mD1.22.

Possible residues, including LYS-252, ASN-262, GLU-293,
AGR-444 and THR-446, could come into reaction with
mD1.22, we had displayed the strength of hydrogen bond
here.

GP120 of HIV-1 has potential humoral and cellular immunity,
and is a promising target for HIV-1 treatment. This study
analyzed and predicted the characteristics of gp120, b cell
and t cell epitopes, which could lay a foundation for the
subsequent development of vaccines and peptide drugs.
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