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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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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 gpl120 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
process of HIV-1, the' viral genome type (HXB2 strain) HIV-1 gp120 model. By
1ncorp0rate§ random mutatl'ons that r'esult‘m understanding and evaluating the structural
the production of mutant viral proteins with deviations of all the possible mutant variants

altered structures. For examp}e, the of HIV-1 gp120 compared to the wild type
glycoprotein 120 (gp120) of HIV-1 is one of HXB-2 one can redesign the currently used

the viral proteins that is exposed to the antibodies for better potency in the future.
outside of the viral envelope and can be

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
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HxE2 00GBACH001 02CM_0016BEY AI2GEG 1058_1 4CKW_B32 28
ANT W19 CME3EST BO02_BOL11G HxB2_LAL L. 020K _A1304
MVPE180 VIgaT OEMYKLO45 1 DiBR125 BK132 BECM_1B49
QaChMUZa0m && OEMYKLOOT 1 PEOZ_PCRO155 BREFM 11948 GTEA_TBAS
ANTTO SECK_4496 JET194_C 03BRR.J3ZT BREPM12313 47CD_MBFE185
G95E_MP1300 SECK_1816 OUR24TEP U 04_d4022 BREPR1 2600 g2uG0ar
114784 MMPE1E LEOM ARMATISE BREPR1281T SZRWO0A
REF168 J11233 05GEX001 D1BROET 02C0_METEO4T [5AF
GREA_GTPVMY J11451 Ch240 (dBRR.J1TE 02CD Ka0e (5AF02E
84CY032 3 03GH1TS 06 AZBO 07BR_FPS625 8700 _KTB119 O5AFOES
GH“_‘:—FP'L-'“H BFEO0 I]1L1F.-'_|1412HAL SaEFR_MP4A !-]?'.EH_I:CI 811 DOCMKNYLH162
04Z2ASK 146 EENEEY ELI CHED OECM MESES OCMNYLIES0
ETH2Z20 EEDEEY KMH1254 MBREJ103 STCDETEED MM 01ERY
SJOCREI 2 OECM B D40 KERZD03 SIER0Z0 1 4CD FR Kfs 0ECM 30970
Mg JI1243 KEmA001 FIMN3363 CM533TE POCA4551
S5IN2 1068 JU2ES S4L0E114 VIBSD CUES |BMG
STCNGX 6F DRCBL 98TZ BFOT1 Piodz2 G4 533092
XIDCHS41 A2MGOa 98TZ_BFOG1 K2457 2 THRO004 OOCMNY LIS26
SECNODD J11456 SETZ_BF110 luBF_05_03 11CM 14456V CLUZa
TOPA, HHaTaE 12 1 MBRRJ115 XE23 KMH1271 CL3E
[4BR142 X2456 2 (4BRS04E KR0S GTCOKTBAE Cuv
BRO25 d PT2685 N5BRRJZ00 OOPTHDED 4CY01T_41 SlVepzMT145
4BR137 CBITE YI1310 94TH_R239% pBDE_15 US_ Marilyn
D4ChMU 1421 CB11a U¥Dd_3sar f16% P51044_Dayd YBF30
J 970C_KTB14.. CB347 UYD5 4752 99TH_MU2079 00IC_ 10092 D013
SES280_To4T CB4T1 AROZ_ARGT13D BREFM16T04 SaDEADST
N2G6TT Cu103 Hqaz 671_00T36 GeGEH2a11
M18380 BSCHM_MP255 WVI961 EREPM11G GRSN1TIS
MZE353 B5CHM_MP25T BAZRTY KAL153 2 GTCM_MPE14

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
gpl20 (3, 4). Similarly, the amino acid
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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 HXB?2 (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 A then it was ignored
as insignificant owing to the protein
backbone  flexibility. =~ However, any
structural deviations more than 1 A were
considered for the current analysis as
significant. = Ramachandran plots were
automatically generated by the SWISS
MODEL server.
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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 A with respect to HXB2.
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Interestingly while building the
homology models of some of the mutants of
gpl20, 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 gpl120 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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