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receptor and co-receptor are CD4 and CCR5 (or CXCR4), 
respectively (9). Both receptors on the lymphocyte interact 
with envelope glycoprotein (i.e., gp120) on the surface of 
CD4+ T-cells in the mucosa (10-11). The gp120 HIV trimer 
envelope glycoprotein interacts with the CD4 receptor, which 
causes a structural change that exposes CCR5 (12). Upon 
binding to CCR5, a series of conformational changes occur 
in the protomer, resulting in the insertion of the gp41 fusion 
peptide into the host cell membrane (13). This allows the host 
lymphocyte to fuse with the envelope glycoprotein via the 
α4β7 receptor protein. 

The α4β7 receptor protein is a highly specialized integrin, 
part of the α4 integrin family, and is found in the lymphocyte 
cell, a type of white blood cell. The α4β7 protein allows the 
transmission of the viral genome into the host lymphocyte 
through the CD4 receptor and CCR5 co-receptor, eventually 
leading to lysis and release of virions (14). The release of 
the virions will infect other nearby lymphocytes in the host 
organism, ultimately leading to the near-complete infection 
of host lymphocytes (14). The natural ligand of α4β7 is 
a mucosal vascular addressin cell adhesion molecule 1 
(MadCAM-1). MadCAM-1 directs lymphocyte traffic into 
the mucosal tissues, generally controlling the contents of 
the lymphocyte (15). Thus, α4β7 uses this natural ligand to 
regulate the internal conditions of the cell. The HIV-1 proteins 
involved in the initial binding to the host cell also include the 
viral envelope glycoprotein, gp120, in addition to the human 
lymphocyte receptor protein α4β7 described above (14). 
There are five amino acid loops on the gp120 HIV trimer 
envelope glycoprotein known as the V1, V2, V3, V4, and V5 
loops (16). However, the particular loops of the gp120 trimer 
involved in the binding of α4β7 are not known. 

Therefore, this study investigated which amino acids are 
involved in the initial binding and transmission of the HIV-1 
virus, as well as structural insight into the binding between 
HIV-1 envelope glycoproteins and α4β7. Previous research 
has not studied the structural basis for the interactions 
between α4β7 and the HIV-1 glycoprotein and the amino 
acids involved in the direct infection of the virus. With this in 
mind, we hypothesized that the V1 and V2 loops are involved 
in the binding between the HIV-1 virus and the human 
lymphocyte receptor α4β7, as has been previously reported 
(12). Through molecular dockings between α4β7 and HIV-
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Within the HIV-1 infection process, the primary HIV-1 
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1 envelope glycoprotein 120, we found that the V1 loop of 
gp120 is primarily involved in HIV-1 viral transmission.

RESULTS
We aimed to identify which loops of gp120 (V1, V2, 

V3, V4, V5) primarily interact with α4β7 integrin through 
a computational approach. Through the UCSF Chimera 
software, we imported PDB files containing both α4β7 and 
the HIV-1 glycoprotein into the Rosetta Server (17). The 
Rosetta Server is the software used to conduct molecular 
docking experiments. Molecular docking experiments involve 
a computational simulation analyzing hundreds of possible 
conformations between two proteins (e.g., α4β7 and gp120). 
These conformations are evaluated by a docking score 
that accounts for binding energy, molecular distances, and 
intermolecular/intramolecular forces between proteins (18). 
The highest-scoring docking conformations are the most 
probable interaction between the inputted proteins (18). By 
analyzing these high-scoring binding conformations, one can 
gain more insight into the binding interaction of the HIV-1 
glycoprotein upon the lymphocyte receptor integrin α4β7.

Structural model of the founder virus gp120
The use of the founder virus F100 structure was essential 

because founder viruses are the first viruses that establish 
an infection in a host and do not have accumulated escape 
mutations that occur after the initial contact (19). This 
structural model (Figure 1) contains the missing loops that 
the original structure published in January 2019 does not 
contain (20). The goal was to create a structure to utilize in 
docking experiments. Using UCSF Chimera to superimpose 
the structures, we created a model of an HIV trimer with the 
monomer model, and this HIV trimer permitted us to conduct 
docking experiments (Figure 1) (17). This model accounts for 
updated differences in founder viruses while also creating a 
suitable framework for structural interactions and analysis.

Structural analysis of integrin binding site
The α4β7 integrin has been studied in detail, and a 

structure of its head with a small antagonist (RO0505376) 
has been determined (PDB ID: 3v4v) (21). An antagonist is a 

molecule that prevents the binding or activation of a protein. 
The goal was to learn more about the binding site and how 
small antagonists in the structures disrupt the binding site. 
Therefore, more integrins were studied and superimposed 
to the α4β7 head. By analyzing the interactions between the 
α4β7 receptor head and the envelope glycoprotein of F100, 
one may draw critical conclusions of the HIV-1 infection 
process. We located the binding site between the integrin 
and the V1 and V2 subunits of gp120 in a groove (given its 
gap-like structure), in addition to three positive ions (given its 
large structure relative to the surrounding amino acids) that 
are essential for functionality (Figure 3).

Structural docking
We performed docking experiments using the Rosetta 

server with the gp120 trimer model, including the V1 loop and 
the V2 loop, and with the α4β7 integrin head. The Rosetta 
server performs a series of molecular dockings and evaluates 
thousands of conformations using a docking score, which 
accounts for factors such as binding energy and molecular 
distance (18). We used this server to evaluate the various 
binding conformations between the α4β7 head and the HIV-
1 envelope glycoprotein. Our analysis found that the V1-V2 
amino acid region comprises approximately 80 amino acids, 
from amino acids 95 to 174, the putative region of binding 
between envelope glycoprotein and α4β7 integrin. The goal 
was to analyze the various HIV-1 amino acid loop interactions 

Figure 1. The SwissModel of F100 trimer gp120. On the left, is 
the original F100 trimer gp120. On the right, which is the model, 
is the same as the original structure (left, 6nqd) plus the loops.

Figure 2. The alignment between the PDB and the model. Conservation of residues is on the top, which shows the modeled four loops 
(gaps). In the left-hand column, the “6nqd” F100 structure is colored brown, and the model is colored blue. Highlighted in yellow are the alpha-
helices and highlighted in green are the beta strands.
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with α4β7 to identify which loops are primarily involved in the 
viral infection. The V1 and V2 loops are critical because they 
can insert themselves into the binding groove of the α4β7 
head. Without them, the binding groove is not reachable. The 
structural analysis shows that the V1 loop is an ideal choice, 
as reported previously (12). The SwissModel program was 
used to synthesize a complete structure of the glycoprotein 
head for structural analysis (22). We concluded that the V1 
loop in the SwissModel trimer is pointing outward more and 
therefore has a greater chance to insert itself in the binding 
groove of the α4β7 head, compared to the V2 loop (Table 
1). The Maestro Schrödinger software was used to analyze 
electrostatic interactions between the α4β7 and the HIV-1 
envelope glycoprotein (23). According to our electrostatic 

analysis within Maestro Schrödinger, the binding groove 
is more negatively charged than a more even spread of 
negative and positive charges. The binding groove is where 
the positive lysine of the V1 loop inserts itself. 

To have a successful, high-feasibility docking, the 
curvature of the ten best results from Rosetta, based on the 
docking score, should have a precise funnel shape (Figure 
4). A lower docking score represents a higher probability of 
docking. The RMSD (Root Mean Square Deviation) is used to 
analyze the similarity between two superimposed molecules’ 
location quantitatively. A smaller RMSD indicates a higher 
probability docking result. The Rosetta server provided 
data, statistical tests, and feasibilities of binding between the 
α4β7 head and the integrin. In our highest-scoring result, the 
binding conformation between α4β7 and the HIV-1 envelope 
glycoprotein contained a score of -1543.835, supporting the 
prominent role of the V1 loop in HIV-1 infection (Figure 5). 
This score takes into account molecular distances, binding 
energies, and intermolecular and intramolecular forces. 
The score’s extremely negative value indicates that this 
specific conformation (the V1 loop prominently interacting 
within the groove) is highly probable. The α4β7 head was 
positioned close to the V1 loop and was used in many 
docking experiments (Figures 5-6). The three amino acids 

Figure 3. On the left, α4β7 head (PDB ID: 3v4v) showing the 
binding site in the groove with three ions (yellow circle) 
essential for functionality. The ion in the center is the MIDAS 
(metal-ion dependent adhesion site). This integrin's features are 
described, such as its head and its structure and functions (16). 
On the right is the α4β7 binding site with the small antagonist, 
RO0505376. There are aromatic-aromatic interactions (red circles) 
and a disruption of the MIDAS ion (yellow circle). Aromatic-aromatic 
interactions are vital for ligand binding and are defined as a collection 
of physicochemical properties determining specific features of cyclic 
or polycyclic π-electron molecules (17-19).

Figure 4. Interface docking score. The ten best results (dark blue) point to the best result on the left corner of the chart. Each dot represents 
a separate docking simulation between the α4β7 head and the HIV-1 gp120. 

Table 1. Comparison of the V1 and V2 loops of gp120.
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indicated in Figure 6 are the most prominent for interaction 
with the binding site. Lysine 141 disrupts the MIDAS ion as 
well as asparagine 143. Tyrosine 139 stabilizes the docking 
interacting with proline and tyrosine of β7. 

DISCUSSION
We hypothesized that the V1 and V2 loops of the gp120 

envelope glycoprotein of HIV-1 are involved in the binding 
between the HIV-1 virus and the human lymphocyte 
receptor α4β7. The lymphocyte receptor, α4β7, interacts 
with the envelope glycoprotein of the HIV-1 trimer. However, 
previous research has not studied the structural basis for the 
interactions between these proteins. In addition, the amino 
acids involved in the direct binding of the virus have not been 
confirmed. HIV-1 interacts with many other surface molecules 
besides the canonical entry receptor CD4 that can assist with 
the entry of the virus into a lymphocyte (5). A vital example 
of these surface molecules includes the α4β7 integrin (21). 
The α4β7 is a receptor for a lymphocyte cell (i.e., white blood 
cell) and has a natural ligand of MadCAM-1, which directs 
lymphocyte traffic into the mucosal tissues (24-25). With this 
information, the present study tested whether both the V1 and 
V2 loops are involved in the binding between the HIV-1 virus 
and the human lymphocyte receptor, α4β7.

Based on structural analysis, docking tests, and 
electrostatic comparisons, we found that the V1 loop of the 
envelope glycoprotein is likely to be involved in its interactions 
with α4β7. Many amino acids of the V1 loop interact with α4β7, 
according to the electrostatic figures, docking tests, and an 
enlargement of the interacting amino acids at the docking 
site. The V1 loop protrudes far enough to interact with the 
α4β7 and is also the loop closest to the site of interaction with 
the integrin. 

Therefore, we proposed that the V1 loop is directly involved 
in the interaction between the two proteins. Previously, 
researchers believed that the V2 loop was involved in the 
interaction between the HIV-1 virus and α4β7 (12). We 

performed analyses on the V2 loop, but the loop proved to 
be too small and unobtrusive to insert itself efficiently into 
the α4β7 groove (Figure 1 and Table 1). The V1 loop on 
the trimer side suggests that it can readily interact with the 
binding groove of the α4β7 head. 

The V2 loop also does not protrude far enough to 
interact at the binding site sufficiently. However, a future 
goal is to analyze the V2 loop more extensively to test these 
assumptions. The other loops, which include V3, V4, and 
V5, are also unlikely to be involved in interactions with α4β7 
because they are located on the opposite ends of gp120, 
away from the binding site. However, there is still much more 
research needed to be conducted. In vitro experiments in the 
future need to involve the physical interactions of the α4β7 
lymphocyte receptor protein and the HIV-1 virus directly. 

More docking tests could be done between α4β7 and 
the HIV-1 envelope glycoprotein to support our findings 
further. X-ray crystallography could be used to visualize the 
interactions between the two proteins. Additionally, based 
on the conditions the HIV-1 envelope glycoprotein exists in, 
interactions may change (possibly due to pH, temperature, 
pressure, and other factors). These environmental factors 
could alter which amino acids are involved in the binding 
between HIV-1 envelope glycoprotein and α4β7. Additionally, 
glycans associated with the glycoprotein in vivo may make it 
more challenging to get accurate binding interaction models. 
Thus, further experiments could control the mentioned 
variables, such that the binding between the two proteins 
can be analyzed. Further, the findings can be extended to 
experiments that involve probing the interactions between 
HIV-1 envelope glycoproteins and host integrins as a means 
for viral entry.

METHODS
Structural analysis

University of California San Francisco (UCSF) Chimera, a 
protein structural analysis software, was used to structurally 

Figure 5. The docking result between α4β7 head and envelope 
glycoprotein. Red areas are negative, blue areas are positive, and 
gray areas are neutral.

Figure 6. An enlargement of the docking site. The bronze/golden 
protein is the α4β7 head, and the magenta protein is the founder 
virus F100, representing the HIV-1 envelope glycoprotein infection 
process.  The three amino acids indicated are the most prominent 
for interaction with the binding site. Lysine 141 disrupts the MIDAS 
ion as well as asparagine 143. Tyrosine 139 stabilizes the docking 
interacting with proline and tyrosine of β7. 
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analyze the proteins involved in the transmission of HIV-
1 (17). The first step was to load the α4β7 protein into the 
program, which is done by selecting File->Fetch by ID->PDB-
>3v4v. The PDB is known as The Protein Data Bank. Proteins 
are labeled with a sequence of numbers and letters, allowing 
expeditious reference to any protein. The PDB identification 
for α4β7 is “3v4v”. The software will load the structure of 
α4β7. Loading the glycoprotein of HIV-1, F100 (founder virus 
100) gp120, was done by selecting File->Fetch by ID->PDB-
>6nqd. In this scenario, the PDB ID for F100 is “6nqd”. UCSF 
Chimera will now enter F100 into the program along with α4β7. 
Additional manipulations were needed, such as the deletion 
of redundant chains and the positioning of the structures 
relative to each other. Furthermore, superimpositions with 
other similar integrins were made in pairs (the α4β7 head 
with other heads) to understand the integrins’ structural 
similarities and differences and the binding pockets with their 
respective small-molecule antagonists (obtained from the 
PDB structure). Sequence alignments were made with UCSF 
Chimera and analyzed based on sequence and structure.

A sequence alignment between the original sequence 
F100 and the structure of F100 with missing loops was made 
and then was input into SwissModel to identify the monomer 
structure. Then, the monomer model of gp120 glycoprotein 
was superimposed in Chimera with the “6nqd” corresponding 
gp120 with an RMSD (root-mean-square deviation) of 0.174 
(Figure 4), which is precise and accurate because they are 
practically identical in structure.

Docking experiments
The Rosetta docking server was essential for the many 

docking experiments between the α4β7 head and the 
envelope glycoprotein of F100 (PDB ID: 6nqd) (18, 26-27). The 
Rosetta server is freely accessible. The amino acid loops in 
this structure were unresolved. Therefore, a structural model 
containing the missing loops was created with SwissModel, 
and this trimer model of gp120 glycoprotein was used for 
docking experiments and the α4β7 head (PDB ID: 3v4v) 
(22). Furthermore, the server was given files that contained 
the α4β7 head and the integrin for docking probabilities, as 
well as the individual amino acid chains of each integrin. The 
server utilizes a probability algorithm to provide the most 
feasible docking conformations.

The molecular docking process was repeated for 
approximately 100 trials, and the resulting docking data were 
then summarized. The results of the docking experiments 
were analyzed in UCSF Chimera (for structural analysis) and 
the Maestro Schrödinger software (for electrostatic analysis) 
(17, 23). The gp120 trimer model and the α4β7 head were 
loaded into Maestro, which added hydrogens and assigned 
partial charges. Then, a surface representation was created, 
and the option for electrostatics view was selected.
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