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Evaluation of structural deviations in HIV-1 gp-120 clinical mutant models to
guide the HIV-vaccine design towards passive immunization.
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Human immunodeficiency virus type-1 (HIV-1) infection causes a multi-symptomatic syndrome
known as the acquired immunodeficiency syndrome (AIDS) by weakening the human immune
system thus giving a chance for opportunistic pathological conditions. Rapid and error-prone
replication of HIV-1 is one of the major causes for the failure of anti-retroviral therapy as well as
passive immunization thus limiting the possibilities for vaccine design. In this study, the structural
model of wild type HXB2 HIV-1 envelope protein, gp-120 was compared against the molecular
models of 170 known clinical mutant HIV-1 gp-120. Major structural deviations were observed in
the mutants that explain the failure of passive immunization strategies used as a part of the
treatment. These structural deviations will further be used to understand the full spectrum of
antibodies that are needed to neutralize the structurally distorted gp-120 clinical mutants towards
designing a vaccine. This study provides plenty of structural insights into the structural flexibility
seen in the HIV-1 gp-120 clinical mutants providing basis for future antibody engineering.
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Acquired immunodeficiency syndrome
(AIDS) is caused due to accumulation of
opportunistic pathological conditions such
as bacterial, fungal and viral infections
including Kaposi’s Sarcoma due to weak
immune system. The human immuno
-deficiency virus type-1 (HIV-1) infection
targets the CD4+ T-cells in the human
immune system. Loss of such infected
T-cells leads to a weaker immune system.
Due to the rapid and error-prone replication
process of HIV-1, the viral genome
incorporates random mutations that result in
the production of mutant viral proteins with
altered structures. For example, the
glycoprotein 120 (gp120) of HIV-1 is one of
the viral proteins that is exposed to the
outside of the viral envelope and can be

detected by the human immune system.
However, due to mutations in gp120, the
antibodies produced by the host immune
system fail to neutralize the mutant variants
of gp120 and pose a threat to the passive
immunization therapies (1). Along these
lines, it has been a very challenging task to
design a vaccine. In this study we
hypothesized that one can generate the
3-dimensional models of all the available
clinical isolates of gp120 and evaluate the
structural deviations compared to the wild
type (HXB2 strain) HIV-1 gp120 model. By
understanding and evaluating the structural
deviations of all the possible mutant variants
of HIV-1 gp120 compared to the wild type
HXB-2 one can redesign the currently used
antibodies for better potency in the future.
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Table 1. List of gp120 clinical mutants.

Materials and Methods: The HXB2 gp120
amino acid sequence was obtained from the
online HIV clinical mutations database
(https://hivmut.org) (2). This sequence was
then submitted to the SWISS MODEL
server (https://swissmodel.expasy.org/) to
generate a 3-dimensional model of HXB2
gp120 (3, 4). Similarly, the amino acid

sequences of more than 100 gp120 clinical
mutants were taken from the database and
were submitted to the SWISS MODEL
server. All the 3-dimensional models were
then downloaded and structural analysis was
performed using PyMOL. The
3-dimensional models of each of the gp120
mutants were superposed onto the
3-dimensional model of the HXB2 (5).
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Figure 1. Structural deviations of representative
mutants (red color) vs. HXB2 (white color).

The C-alpha to C-alpha distances
were measured wherever a structural
deviation was noticed. If the deviation was
less than or equal to 1 Å then it was ignored
as insignificant owing to the protein
backbone flexibility. However, any
structural deviations more than 1 Å were
considered for the current analysis as
significant. Ramachandran plots were
automatically generated by the SWISS
MODEL server.

Results and Discussion: Structural analysis
of 169 clinical mutant HIV-1 gp120 models
in comparison to the wild type (HXB-2)
revealed significant structural deviations
indicating that the mutations in gp120
indeed cause major challenges in
maintaining the proper antigen shape that
can be consistently recognized by the
neutralizing antibodies resulting in the
failure of passive immunization therapies.
All mutants showed at least a minimum
deviation of >10 Å with respect to HXB2.
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Interestingly while building the
homology models of some of the mutants of
gp120, we observed that the sequence
alignment was low due to which the model
building protocol might have deviated.
However, we are currently in the process of
checking the possibility of this issue by
using other model building servers and
software. Along these lines, we decided to
analyze the relative deviations among the
mutants with respect to the wild type,
HXB-2 instead of absolute deviations of
each mutant. During this process, we
clustered the mutant models into similarity
clusters based on their sequence homology.
After building the models the actual
comparison was performed within each
cluster and between clusters. The cluster
analysis will be published in the future
issues of TCABSE-J.

Conclusion: Based on the current study, it is
evident that re-designing the neutralizing
antibodies is needed to improve the potency
of the passive immunization therapy owing
to the large structural deviations in the
clinical mutants of HIV-1 gp120 models
compared to the wild type, HXB-2. In
future, this data will be used for antibody
engineering and vaccine design to protect
humans from HIV-1 infection. HIV-1
vaccine related data will be published in the
future issues of TCABSE-J.

Supplementary data: Supplementary data
for this article is available online along with
this article.
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