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Abstract: HIV-1 gp120 can be recognized by the immune system because it is located
outside the virion. The conserved region is identified in gp120, and it is recognized by an
immune cell which then initiates specific immune responses, viral mutation escape, and
increase vaccine protection coverage, a benefit derived from the conserved region-based
vaccine design. However, previous researchers have little knowledge on this conserved
region as a target for vaccine design. This paper explains how the conserved region of
gp120 HIV-1 is a major target for vaccine design through a bioinformatics approach. The
conserved region from gpl20 was explored as a vaccine design target with a
bioinformatics tool that consists of B-cell epitope mapping, vaccine properties, molecular
docking, and dynamic simulation. The peptide vaccine candidate of B5 with the gp120
HIV-1 conserved region was found to provoke B-cell activation through a direct pathway,
produce specific antibody, and increase protection from multi-strain viral infection.
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INTRODUCTION

Acquired immune deficiency syndrome (AIDS) has been identified from
US patients since 1981. AIDS is caused by infection with the human
immunodeficiency virus type 1 (HIV-1) which is a retrovirus. AIDS is an
opportunistic conditionwherein the immune system fails to respond to pathogens
such as bacteria, fungi, protozoa, and other viruses.! Viral attachment of HIV-1 is
regulated by structural and non-structural proteins. A structural protein is located
in the envelope and consists of gp120 and gp41. gp120 is formed through protein
cleavage with furin and protease in the endoplasm reticulum.?

HIV-1 infectivity is higher than HIV-2 due to differences in mutation rates.?
Epidemic cases of HIV-1 are more common because mutations have produced
various strains. HIV-2 has less virulent strains and is endemic in West Africa.*
The current HIV-1 strains consist of A, B, C, D, E, F, G, H, & J from Asia, Africa,
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Australia, Europe, and America.2 The gp120 protein from these various strains
was the main target of the vaccine design in this study.

Currently, vaccine candidates entering the clinical trial stage consisting of
HTVN702, CR106152, CR108068, and HTVN106 do not use conserved regions
as vaccine design targets. Previous studies have shown the discovery of
conserved regions in gpl20. These regions play an important role in the
formation of the gpl20-host receptor complex, produce specific immune
responses, and increase vaccine protection coverage.® However, previous
researchers know little about this conserved region HIV-1 as a target for vaccine
design, leading to less protection from viral mutation.

Based on this, the HIV-1 vaccine with conserved regions in gp120 must
be developed through a bioinformatics approach to predict the molecular
mechanism of peptides vaccine candidates and provoke an immune response.
The vaccine design method used in bioinformatics consists of prediction of B-cell
epitopes on HIV-1 gp120, antigenicity, similarity, molecular docking, and dynamic
simulation.” This study used a conserved region of gp120 from various HIV-1
strains as a vaccine design target through the bioinformatics approach. The
peptides of the vaccine candidate are expected to initiate B-cell activation,
production of specific antibodies, and increased protection coverage. This study
aims to determine the potential for conserved regions in gpl20 HIV-1 as a
candidate for multi-strain vaccines through a bioinformatics approach.

MATERIAL AND METHOD
a. Conserved ldentification of gp120 HIV-1

NCBI database (www.ncbi.nlm.nih.gov) was used to collect HIV-1
envelope gpl20 protein sequences with the keyword "HIV-1 envelope
glycoprotein”. Then, a screening sample was carried out to identify the full record
sequence. Information such as country of origin, strain, and length (mer) was
obtained.22 MEGA X for 64-bit Windows software was used to identify the
conserved region position on gpl20 HIV-1 through sequence alignment.
Construction of the 3D gpl20 HIV-1 template structure was done through
SWISS-MODEL (https://swissmodel.expasy.org/) with the homology modelling,
then model validation and structure quality determine were carried out on the
Ramachandran.2%

b. B-cell Immune Epitope Prediction

Prediction of B-cell epitopes in the gp120 HIV-1 region was performed
using BepiPred 1.0 and Emini Surface Accessibility through the IEDB server
(http:/ftools.iedb.org/beell/). Both methods were used to identify probabilities as
B-cell epitopes in the antigen region with positive predictions. These predictions
were based on values above the threshold, calculation of the probability scale,
and Hidden Markov Model for probability prediction of the epitope-based on the
amino acid query sequence.*?

c. Properties Analysis & Peptide Modeling

The peptide sequences obtained from B-cell epitopes on HIV-1 gpl120
were then analyzed for their antigenicity, similarity, toxicity, and physiochemical.
VaxiJen v2.0 (http://www.ddg-pharmfac.net/ vaxijen/VaxiJen/VaxiJen.html) was
used for antigenic peptides prediction.X? The antigenic peptide was identified with
<70% similarity through BLASTp (https://blast.ncbi.nlm.nih.gov/
Blast.cgi?PAGE=Proteins).2 An antigenic peptide with a low similarity score
identified the level of toxicity in ToxinPred
(http://crdd.osdd.net/raghava/toxinpred/) (Gupta et al. 2013). A 3D structure
construction of the candidate peptide was carried out on the PEP-FOLD 3.5
server (https://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/portal. py#forms).



Kharisma VD, et al Jurnal Teknologi Laboratorium 1 (2021) 06-13

d. Molecular Docking and Dynamic

Molecular docking with Cluspro 2.0 server was performed on the peptide
binding simulation of B-cell receptor (BCR) to determine binding energy in
peptide-BCR molecule complex form. This method was done by superimposing
the atoms to the lowest energy to determine possible binding positions.*** A 3D
structure visualization was displayed through PyMol software with molecular
selection.’® The result of docking simulation was used to analyze the chemical
bond interaction and position on the peptide-BCR complex through Discovery
Studio 2017.1% Molecular dynamic simulations were carried out through CABS-
flex 2.0 server (http://biocomp.chem.uw.edu.pl/CABSflex2/index) to determine
stable RMSF of vaccine candidate peptides in hotspot interaction with BCR
activity.28

RESULTS AND DISCUSSION

This study used 80 HIV-1 envelope isolates from the continents of Asia,
Europe, Australia, America, and Africa with types of strains A, B, C, D, E, F, G, H,
& J that were obtained from NCBI. The results of the alignment analysis proved
that 50 isolates were showing the conserved region identified on the inner, outer,
and bridging sheet of gp120 HIV-1. The inner, bridging sheet and outer regions of
gp120 HIV-1 through in vitro studies can be used as vaccine design targets as
they have a role in the viral fusion initiation process, interacting directly with
CD4+ receptors and CCR5 co-receptors during viral attachment mechanisms,
and generating responses such as neutralization of antibodies.*® The conserved
region is a DNA or protein sequence that is retamed during each virus generation
and may serve as a vaccine design target.?2 The results of this study showing a
conserved region in the HIV-1 gp120 structure can act as a vaccine design target
and initiate the production of antibodies to bind the specific region recognized by
immune cells.

Activation of B-cell through the direct pathway plays a role in initiating the
production of IgM isotype antibodies which play a role in the neutralization,
opsonization, and efficiency of phagocytosis against viruses.? The gp120 HIV-1
can be recognized as epitopes by B-cell. Eight peptides were obtained through
BepiPred and Emini Surface Accessibility parameters. This prediction generates
threshold values of 0,35 and 1,00 (Figure 1). Sequences on gpl120 HIV-1 with
values above the threshold included positive predictions, B-cell epitopes that
were identified in this study were two peptides from the outer area, five inner
peptides, and one bridging sheet peptide (Table 1). Regions from the gp120 HIV-
1 consist of outer, inner, and bridging sheets that could be recognized by B-cell
and initiate activation through the direct pathway.
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Figure 1. B-cell epitope mapping of gp120 HIV-1, positive predlctlons are shown in
yellow areas while green is negative. Prediction graphs (A) BepiPred & (B) Emini
Surfaces Accessibility.
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Table 1. B-cell epitope prediction of gp120 HIV-1

Peptide

. Prediction Peptide . Locati
Position Methods Length Number Epitope on
(mer)
41-52 BepiPred 12 B1 CVPTDPNPHEEF Inner
NVNDTNVNCTTNSTTN
103-138 BepiPred 36 B2 GNCTTKGNISEWERVE Inner
QGDL
214-225 BepiPred 12 B3 KKFSGTGPCKNV Inner
BepiPred,
280-289 Emini Surface 10 B4 TRPNNNTRKS Outer
Accessibillity
Outer,
DGGNRINSTDNSTIGYS Inner,
428-462 BepiPred 35 B5 NDNNTETFRPGGGNMK  Bridgin
DN g
Sheet
458- 471 ~ EMIni Surface 14 B6 NMKDNWRSELYKYK Inner

Accessibillity

Peptide vaccine candidates derived from B-cell epitopes of gpl20 are
identified using vaccine properties prediction which consists of antigenicity,
similarity, and toxicity. Antigenic peptides must have an antigenicity threshold
value of 20.4.2 Furthermore, the similarity value must be >70% so that it can
initiate the antibodies escaping from an autoimmune response, and the toxicity
level is below the threshold of 0,1.2%2 The result of antigenicity and similarity
prediction shows that the three peptides from the B-cell epitope consists of B2,
B3 & B4. The antigen had values above the threshold of 20.4 and had a low
<70% which is similar to the sequences from cell receptors surface from a
human. The results of toxicity analysis showed that peptides B2, B3, & B4 were
non-toxic because their values were lower than the 0.1 thresholds (Table 2). The
presence of conserved residues on the peptides from B-cell epitope can trigger
specific immune cell responses because they are antigenic, have low similarity,
not toxic, and escape autoimmune reactions. The antibodies can bind to the
conserved region of gpl20 HIV-1. Peptide B5 was identified as having a
conserved region consisting of 'DRGG' residue numbers 1, 26, 29, & 30 at the
inner and outer locations of gp120 HIV-1.

Table 2. Vaccine properties of B-cell epitope

Peptide Pentide Vaccine Properties
Number P Antigenicity Similarity Toxicity
Bl  CVPTDPNPHEEF NO%A;;')ge” - ]
B2 NVNDTNVNCTTNSTTNGNC Antigen Non-Similar ~ Non-Toxin
TTKGNISEWERVEQGDL (0,88) (<70%) (-0,83)
Non-Antigen -
B3 KKFSGTGPCKNV (0.20) -
Antigen Non-Similar  Non-Toxin
B4 TRPNNNTRKS (0,56) (<70%) (-0,50)
B5 DGGNRINSTDNSTIGYSND Antigen Non-Similar ~ Non-Toxin
NNTETFRPGGGNMKDN (0,41) (<70%) (-1,03)
Non-Antigen -

B6 NMKDNWRSELYKYK (0,14) -
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This study used a 3D structure of BCR (ID: 5IFH) which was obtained
from the RCSB PDB database (https://www.rcsb.org). Docking simulation of B5
and BCR was performed with fast rigid-body method on Cluspro 2.0 to determine
the lowest energy value which is from the molecular complex after superimposing
action.™ Then, the docking results of peptide-protein interactions were identified
through Discovery Studio to determine the position, distance, and types of
chemical bond interactions in molecular complexes.?* Weak bond interactions
from molecular docking are non-covalent types consisting of electrostatic, Van
der Waals, hydrophobic, pi, and hydrogen interactions.2 This type of bonding
interaction plays a role in protein response activity when there is a ligand
interaction in the specific binding region. Types of bonds and specific amino acid
residues can initiate various responses in proteins such as activation, inhibition,
stability, etc.%

B10 peptide binds to the BCR region initiating electrostatic, hydrogen, and
hydrophobic interactions. About four amino acid residues make up the B5 peptide
resulting in twelve interactions in the L chain regions: Glul63, Thrl64, & Thrl66)
and H: Lys43, Aspll7, Thrl13, Valll4, Serll5, Glyc42, & Pro41) on BCR. The
lowest energy value was -510.1 kcal/mol. Visualization of the docking results was
carried out on PyMol software in transparent surfaces and cartoon’s structure.
The result of molecular dynamic analysis showed that B5 peptide has residual
fluctuations when interacting with regions L and H chain on BCR. RMSF values
consisted of 1.0-1.5 A in peptides and 2.0-3.0 A in forming stable molecular
complexes (Figure 2).

Binding between antigens and Lys & Val residues in the H-chain BCR can
initiate B lymphocyte activation, proliferation, and maturation into plasma cells.
With the RMSF value being <4.0 A, a stable molecular complex can trigger
fluctuating residues that contribute to receptor response activity.?2 The results
showed that the conserved region consists of Asp30 & Arg26 from peptide B5
that binds to H chain BCR with hydrogen bonds. It initiates biological responses
activation with residues stable binding of Lys43 and Valll4 through hydrogen
bonds interaction. Peptide B5 is predicted to be an effective vaccine candidate
because it can be recognized by B cells as an epitope, is antigenic, has low
similarity, is not toxic, and forms a stable molecular complex with BCR. Peptide
B5 allows being constructed in further tests in a wet lab. However, the immune
response triggered by B cell epitope recognition in this study has not yet
produced memory because there is no mechanism for B cell activation through
helper T cells.

NN NN NNYT O YT YT T T YT T T T NN

Figure 2. Molecular docking and dynamic simulations representation. (A)
3D structure visualization and interaction hotspots (B) RMSF graph of
fluctuative peptide B5 and BCR residues.
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CONCLUSION

Peptide B5 can be used as a good candidate for the HIV-1 vaccine
because it has a conserved region to initiate B-cell activation through the BCR
functional region, production of specific antibodies, and increased protection
against multi-strain viral infections. It is further recommended that the results of
this research be further tested through in vitro and in vivo approach.
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