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Abstract 
 

The HIV-1 genome was the first HIV genome to be sequenced in its entirety. 
A human immunodeficiency virus type 1 (HIV-1) variant with highly reduced 
susceptibility to Ro 31-8959, an inhibitor of the viral protease, has been 
selected by repeated passage of wild-type virus in CEM cells in the presence 
of increasing concentrations of the inhibitor. Directed mutagenesis of the HIV-
1 HXB2=viral protease at positions 48 and 90 suggested that each mutation 
alone led to a moderate decrease in sensitivity of the recombinant virus to 
protease inhibitor. Imperfect DNA mirror repeats in the gag gene of HIV-1 
(HXB2=viral) identify key functional domains and coincide with protein 
structural elements in each of the mature proteins. Comparison of different 
HIV-1 HXB2=viral proteins structure analysis by differences in the locations 
of secondary structures, by explicit superposition of structural elements, or by 
procedures that utilize a common symmetry element or geometrical feature of 
the structures provides important insight into the structure of proteins, which 
in turn greatly facilitates the understanding of its biochemical and cellular 
function.  

Comparative amino acid sequence analysis was carried out to understand 
its biochemical nature. Comparative secondary structure predicted by GOR IV 
was carried out to understand the differences in locations of secondary 
structures. A homology modeling method was used for the prediction of the 
structures of HXB2=viral protease. For modeling, a template protein was 
obtained by Geno3D server. By comparing the template protein a rough model 
was constructed for the target protein using MODELLER, a program for 
comparative modeling. The predicted 3-D models are further characterized 
and studied for comparative structure analysis using other techniques. 

 
Keywords: Comparative protein structure analysis, Homology modeling, 
HXB2=viral, HIV-1. 
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Introduction 
Countless people have died from AIDS, a chronic infectious disease caused by the 
HIV. HIV is thought to have originated in non-human primates in sub-Saharan Africa 
and was transferred to humans late in the 19th or early in the 20th century [3]. Human 
immunodeficiency virus type 1 (HIV-1) is a member of the lentivirus subfamily of 
retroviruses [4]. HIV infection in humans is considered pandemic according to 
the World Health Organization (WHO).  From its discovery in 1981 to 2006, AIDS 
killed more than 25 million people [6]. 
 The viral strain HXB2=viral Location (GenBank [15] Accession Number 
K03455) was selected as the reference strain because so many studies use 
HXB2=viral protease  and because crystal structures for HXB2=viral related proteins 
are available [12]. The precise positions of an epitope on the HXB2=viral strain can 
be readily obtained using the Sequence Locator Tool.  
 Proteins from different sources and sometimes diverse biological functions can 
have similar sequences, and it is generally accepted that high sequence similarity is 
reflected by distinct structure similarity [25]. Indeed, the relative mean square 
deviation (rmsd) of the alpha-carbon co-ordinates for protein cores sharing 50% 
residue identity is expected to be around 1Å. This fact served as the premise for the 
development of comparative protein modeling (also often called modeling by 
homology or knowledge-based modeling), which is presently the most reliable 
method. Comparative model building by using the method of homology modeling, 
consist of the extrapolation of the structure for a new (target) sequence from the 
known 3D-structure of related family members (templates). 
 Since there was no structure reported for these HXB2=viral protease proteins, the 
main aim of this study is to predict three dimensional structures, study the 
comparative sequence compositions and perform comparative protein structure study 
of these important proteins to establish some important analysis. 
 
 
Material and Method 
Retrieval of Target Sequence 
The amino acid sequence of the HXB2=viral protease, was obtained from the 
sequence database of NCBI (Accession No. AAB33141.1, AAB33142.1, 
AAB33143.1, AAB33144.1, AAB33145.1 and GeneID: 913385, 913386, 913387, 
913388, 913389) [19]. These proteins consist of 99, 99, 91, 91, 80 amino acids 
respectively. It was ascertained that the three dimensional structures of these proteins 
were not available in Protein Data Bank. Hence the present exercise of developing the 
3D models of these HXB2=viral protease proteins and their comparative protein 
structure analysis were undertaken. 
 
  
Sequence Composition Comparison 
The sequences of all the five proteases were studied and analyzed for their 
compositions of amino acids [7]. Seven parameters were designed to apply to the 
composition data of each protease independently.  The parameters dealt with 
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information regarding the amino acid contents such as Aliphatic, Aromatic, Sulphur, 
Basic, Acidic and Aliphatic hydroxyl types (Table 1). 
 
 
Table 1: Comparative Sequence Composition Table for HXB2=viral protease 
[AAB33141.1, AAB33142.1, AAB33143.1, AAB33144.1, AAB33145.1] of HIV-1 
genome. 
 
Sequence 
Pattern 

AAB33141.1 AAB33142.1 AAB33143.1 AAB33144.1 AAB33145.1 
Times 
found 

% Times 
found 

% Times 
found 

% Times 
found 

% Times 
found 

% 

A 3 3.03 3 3.03 3 3.30 3 3.30 3 3.75 
B 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
C 2 2.02 2 2.02 1 1.10 1 1.10 1 1.25 
D 4 4.04 4 4.04 4 4.40 4 4.40 4 5.00 
E 4 4.04 4 4.04 4 4.40 4 4.40 4 5.00 
F 2 2.02 2 2.02 1 1.10 1 1.10 1 1.25 
G 11 11.11 12 12.12 11 12.09 11 12.09 11 13.75
H 1 1.01 1 1.01 2 2.20 1 1.10 1 1.25 
I 12 12.12 12 12.12 12 13.19 12 13.19 10 12.50
K 6 6.06 6 6.06 6 6.59 6 6.59 6 7.50 
L 11 11.11 10 10.10 8 8.79 8 8.79 8 10.00
M 2 2.02 2 2.02 2 2.20 2 2.20 2 2.50 
N 4 4.04 4 4.04 3 3.30 3 3.30 3 3.75 
P 6 6.06 6 6.06 6 6.59 6 6.59 4 5.00 
Q 5 5.05 6 6.06 4 4.40 5 5.49 4 5.00 
R 5 5.05 4 4.04 4 4.40 4 4.40 3 3.75 
S 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
T 9 9.09 8 8.08 7 7.69 7 7.69 5 6.25 
V 10 10.10 11 11.11 11 12.09 11 12.09 8 10.00
W 1 1.01 1 1.01 1 1.10 1 1.10 1 1.25 
X 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
Y 1 1.01 1 1.01 1 1.10 1 1.10 1 1.25 
Z 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
Aliphatic G, 
A,V, L, I 

47 47.47 48 48.48 45 49.45 45 49.45 40 50.00

Aromatic F, 
W, Y 

4 4.04 4 4.04 3 3.30 3 3.30 3 3.75 

Sulphur C, 
M 

4 4.04 4 4.04 3 3.30 3 3.30 3 3.75 

Basic K, R, 
H 

12 12.12 11 11.11 12 13.19 11 12.09 10 12.50

Acidic B, D, 
E, N, Q, Z 

17 17.17 18 18.18 15 16.48 16 17.58 15 18.75
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Aliphatic 
hydroxyl S, 
T 

9 9.09 8 8.08 7 7.69 7 7.69 5 6.25 

tRNA 
synthetase 
class I Z, E, 
Q, R, C, M, 
V, I, L, Y, 
W 

53 53.54 53 53.54 48 52.75 49 53.85 42 52.50

 
 
Multiple Sequence Analysis 
Multiple sequence alignment was performed to know about the conserved regions 
using Clustal-X tool [13] followed by phylogenetic analysis to understand the 
evolutionary relationship between the different HXB2=viral protease protein 
sequences (Fig 1).  

 

 
a                                        b                                        c 

 
Figure 1: Phylogenetics Analysis reports of HXB2=viral protease proteins (A. Pair 
distance; B. Root distance; C. Rectangle distance). 
 
 
Template Searching 
An attempt was made to find a suitable template protein for the modeling of the target 
proteins. The template protein was searched through Geno3D server [7], (an online 
tool for searching similar sequences, based on sequence and structure-wise similarity). 
The sequences of HXB2=viral protease proteins were found to resemble a single 
template protein named crystal structure of an in vivo HIV-1 protease mutant in 
complex with saquinavir: insights into the mechanisms of drug resistance from 
Human immunodeficiency virus 1 (HIV-1).  [1FB7: A]  Chain A.   
 
Sequence Alignment 
Amino acid sequence alignment of target and template proteins was derived using the 
Swiss-PdbViewer package [8]. Default parameters were applied and the aligned 
sequences were inspected and adjusted manually to minimize the number of gaps and 
insertions. 
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Secondary Structure Prediction and Comparison 
Secondary structures were predicted from the sequences of all five proteases by using 
GOR – IV server (a method for predicting protein secondary structure from amino 
acid sequence). The resulting secondary structures were compared within themselves 
(Graph 1).  

 

 

 
Graph 1: Comparative Secondary Structure Table for HXB2=viral protease 
[AAB33141.1, AAB33142.1, AAB33143.1, AAB33144.1, AAB33145.1] of HIV-1 
genome 

 

 
Generating Rough Models 

Rough 3-D models (20 models) were constructed from the sequence alignment 
between HXB2=viral protease proteins and the template proteins using MODELLER 
9v7 [3]. 

 

 
 

Figure 2: Predicted 3D structures of HXB2=viral protease [AAB33141.1, 
AAB33142.1, AAB33143.1, AAB33144.1, AAB33145.1] of HIV-1 genome. 

 
 
Refinement 
The rough models constructed were solvated and subjected to constraint energy 
minimization with a harmonic constraint of 100 kJ/mol/Å applied for all protein 
atoms, using the steepest descent and conjugate gradient technique to eliminate bad 
contacts between protein atoms and structural water molecules. Computations were 
carried out in vacuo with the GROMOS96 43B1 parameters set, implementation of 
Swiss-PdbViewer. 
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Evaluation of Refined Model 
In the last step of HM the refined structures of the model was subjected to a series of 
tests for testing its internal consistency and reliability. Backbone conformations were 
evaluated by the inspection of the Psi/Phi Ramachandran plot obtained from 
PROCHECK analysis. The Swiss-PdbViewer energy minimization test was applied to 
check for energy criteria in comparison with the potential of mean force derived from 
a large set of known protein structures. Packing quality of the refined structures was 
investigated by the WHATIF [27]. A comparative analysis of Ramachandran plots of 
all the proteases was practiced in order to know the relative qualities of the predicted 
structures. This effort informed us that four out five structures were falling 100% in 
favored regions of Ramachandran plots (Table 2).  
 
 
Table 2: A study of comparison between Ramachandran plots of HXB2=viral 
protease of HIV-1 genome. 
 
Accession  Favored 

Region 
Additonal Allowed 
Region 

Generously Allowed 
Region 

Disallowed 
Region 

AAB33141.1 96.3% 3.7% 0.0% 0.0% 
AAB33142.1 100% 0.0% 0.0% 0.0% 
AAB33143.1 100% 0.0% 0.0% 0.0% 
AAB33144.1 100% 0.0% 0.0% 0.0% 
AAB33145.1 100% 0.0% 0.0% 0.0% 

 
 
Result and discussion 
In general, 30% sequence homology is required for generating useful models. In our 
study, based on the results obtained from geno3D server [7], the crystal structure of an 
in vivo HIV-1 protease mutant in complex with saquinavir: insights into the 
mechanisms of drug resistance from Human immunodeficiency virus 1 (HIV-1) was 
selected as template for all the five HXB2=viral proteases. By using BLAST [1] [2], 
for template protein 1FB7 E- value between 0.0 to 1e-43, identity 92% to 98% and 
alignment score 168 to 177 was obtained. MODELLER was used for building the 
models and global energy minimization. With the help of MODELLER software 20 
models were generated, stereochemical parameters of the proteins like main-and side 
chains data of HXB2=viral proteases was considered for determining the quality of 
the models which were generated by using PROCHECK 3.0 [14]. The main chain 
parameters like Ramachandran plot quality; peptide bond planarity, C-alpha Chirality, 
over-all G factor and the bad contacts per 80 to 99 residues are found to be within the 
limits for the models. After comparing all parameters best models were obtained. Best 
models were subjected to refinement by using energy minimization and it was found 
that models were same as refined model. Refined model was analyzed by different 
protein analysis programs including RAMPAGE Software for the evaluation of the 
Ramachandran plot quality, and WHATIF for the calculation of packing quality. The 
Ramachandran plots were plotted for HXB2=viral protease proteins using 
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PROCHECK software [14]. A comparison done in between Ramachandran plots of 
all the five proteases inferred that four out of five predicted models were falling 100% 
in favored regions describe by Ramachandran plot. Packing quality for these models 
was found in normal range with the help of WHATIF server [27]. From the tools 
VERIFY_3D & ERRAT which is available at Structural Analysis and Verification 
Server (SAVES) it was shown that 98% to 100% of the residues had an averaged 3D-
1D score > 0.2 and overall quality factors were found in between 98.6 – 100%. The 
overall results provided the evidences that the predicted 3-Dimensional structure of 
HXB2=viral protease proteins are acceptable and of good quality. These structures 
(Fig 2; see PMDB ID - PM0076397, PM0076398, PM0076399, PM0076400, 
PM0076395 for the corresponding coordinates in pdb format) were found to be 
satisfactory based on the above results [24].  
 The information gathered from all the above efforts strongly suggests that all the 
HXB2=viral proteases are closely related phylogenetically and must belong to a same 
family. The structural similarity that was observed after generating and comparing the 
3D structures [28] of all five proteins was suggestive of their strong homology.  
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