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Abstract

HIV (Human Immunodeficiency Virus) is a virus that causes AIDS (Acquired
Immunodeficiency Syndrome), a health condition in which a person is
affected by a series of diseases because of poor immunity. HIV by itself is not
an illness and does not instantly lead to AIDS. Gp4l (HIV-1) protein is a
glycoprotein which make the envelope of HIV-1 virus. It is very important in
the infection of virus in to human body cells. So the Structure Prediction of
Gp4l (HIV-1) protein can be used in the analysis of HIV virus infection in
Human. Modeler is used for structure prediction of Gp4l [HIV-1 protein].
Predicted & validated structure can be used in the analysis of drug against
AIDS disease, because by the anaysis of structure we anayze conserve
regions of Gp4l (HIV-1) Protein. These conserve regions sometimes defines
as Binding Sites where appropriate ligands bind and inhibits the functions of
Gp4l [HIV-1] protein. CASTp can be used to study surface features and
functional regions of proteins. CASTp is used to analyze the binding pockets
of Gp41 [HIV-1] protein.
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Introduction

HIV (Human Immunodeficiency Virus) is a virus that causes AIDS (Acquired
Immunodeficiency Syndrome). An HIV-infected person can lead a healthy life for
several years before he/she develops AIDS. Infection with HIV occurs by the transfer
of blood, semen, vaginal fluid, pre-gaculate, or breast milk. Within these bodily
fluids, HIV is present as both free virus particles and virus within infected immune
cells. HIV belongs to a class of viruses caled retroviruses, which have genes
composed of ribonucleic acid (RNA) molecules. In contrast, the genes of humans and
amost all other organisms are made of a related molecule, deoxyribonucleic acid
(DNA). Like al viruses, HIV can replicate only inside cells commandeering the cell's
machinery to reproduce. However, only HIV and other retroviruses use an enzyme
caled reverse transcriptase to convert their RNA into DNA, which can be
incorporated into the host cells genes. Since only retroviruses use this enzyme (i.e.,
and it is not used by the host cell), treatment strategies have focused heavily on this
enzyme.

The viral envelope: The outer coat of the virus, known as the viral envelope, is
composed of two layers of fatty molecules caled lipids. These lipids actually come
from the membrane of a human cell when a newly formed virus particle buds from the
cell.

The viral core (or capsid): Within the envelope of a mature HIV particle is a
bullet-shaped core made of 2000 copies of another viral protein (p24.)". The core
surrounds two single strands of HIV RNA, each of which has a copy of the viruss
nine genes. The core of HIV aso includes another protein (p7), the HIV nucleo capsid
protein; and three enzymes that carry out later steps in the virus's life cycle: reverse
transcriptase, and protease.

HIV-1 envelope gp4l is atransmembrane protein that promotes fusion of the virus
with the plasma membrane of the host cells required for virus entry. In addition, gp4l
is an important target for the immune response and development of antiviral and
vaccine strategies, especially when targeting the highly variable envelope gp120 has
not met with resounding success. Mutations in gp4l may affect HIV-1 entry,
replication, pathogenesis, and transmission. gp41, is present on the surface of HIV-1
non-covalently bound to gp120, is responsible for fusion of viral envelope to the
plasma membrane of the host cell and is essential for HIV-1 entry and replication.
The Envelop gp4l is comprised of an extravira domain (ectodomain), a membrane
spanning region and an unusually long endodomain within the virus. The ectodomain
of gp41 consists of an amino-terminal fusion domain and N- and C-terminal heptads
repeats ! (HR-1 and HR-2, respectively. The gp4l amino terminus is a highly
hydrophobic region bearing the FLG motif called fusion peptide (FP), which makes
the initial contact with the target membrane and can fuse biological membranes by
itself. The two heptads repeat regions self-assemble into a thermo stable six-helix
bundle, consisting of a trimeric coiled-coil interior (HR-1) with three exterior helices
(HR-2) packed in the grooves of the trimer in an antiparallel manner, which represents
the fusion-active conformation of gp41.

The end domain of gp4l encodes a Tyr-based motif that interacts with the AP-2
clathrin adaptor protein and is required for optimal vira infectivity .Two lentivirus
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lytic peptides (LLPs)? in this domain which are capable of binding and disturbing
lipid bilayers, interact with calmodulin and inhibits Ca’*-dependent T-cell activation.
There are four sites in gp4l for N-linked glycosylation that promote efficient Env-
mediated cell-to-cell fusion but are largely dispensable for viral replication.

The objective of this study is to predict the three dimensiona structure from the
Protein sequence and identify the binding site on protein surface.

M ethodology

Structure prediction: Select the template for Gp41l (HIV-1) protein .For this purpose
first copy the fasta format of the sequence Gp4l [HIV-1] from NCBI database.
Perform BlastP by using NCBI-Blast. Finding approx 31 hits of Gp4l (HIV-1)
sequence in whole PDB database. Select that sequence as template having low E-
value. So 1ENV with accession gi[2781333|pdb|LENV|A is selected as template for
our query sequence Gp4l [HIV-1], then predict the structure by using MODELLER.
Modeler works on the basis of 3 specialized files i.e. ATOM FILE (.am),
ALIGNMENT FILE (.ai), TOP FILE (.top), place these file in to Bin folder of
Modeler, and run Modeler with command line prompt. MODELLER ! generates the
numbers of structures of query protein which we written in .top file. Modeler outputs
comes in the form of 3 filesi.e. Co-ordinate file, violation file, description file. Now
only use the coordinate file extract from Modeler output, and save it as .pdb
extension. Thisis structure of unknown GP41 (HIV-1) protein.

Identification of Binding Site: The pockets are identified by CASTp web-server
using PDB co-ordiante file of Gp41 [HIV-1] asinput. These PDB files are obtained as
output of Modeler. These pockets shows some conserve part in different regions of
structure of Gp4l [HIV-1] protein. Sometimes these pockets are used to analyze
Binding Sites of Gp41 [HIV-1] Protein'®.

Results and Discussion

BLASTP Result: The blast result defines 31 hits for Gp4l [HIV-1] Protein in the
whole PDB Database. So we select 1% hit of 1IENV with minimum E-value 2e-21 and
score 96.3 Bits. (Table-1)
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Tablel
Score E

Sequences producing significant aligiments: [Bitz) Value

gi| 27815335 |pdb| 1IENV| 4 Chain L, Atomic Structure Of The Ectodomai 56.3 2e-21 i%
gi| 3891827 | pdb | 2EES |4 Chain L, Solution Mwmr Ztructure Of Ecto... 80.5 le-16 %3
gi| 1158157444 | pdb | ZCHR| L4  Chain L, Crystal Structure Of The Hiv... 70.1 Ze-13 %3
gi| 147196534 | pdb|1F23 |4 Chain &, Contribution Of A Buried Hydr... 55.3 Z2e-10 ;3
gili0i20666|pdb|IFAV|L Chain L, The 3tructure Of An Hiv-1 Spe... 53.1 2e-05 ;%
gi| 2392144 | pdb| 1ATE|C  Chain C, Hiwv Gp4l Core 3tructure 47.4 Qe-07 %3
gi| 2751016 | pdb| 152T| Chain , Atomic 3tructure Of L Thermost... 47.4 le-06 %3
gi| 10120667 | pdlh | 1IFAV|C  Chain €, The Structure Of An Hiv-1 Jpe... 47.0 le-06 %3
gi| 6573368 | pdb| 1QRS| L Chain L, Inhibition Of Hiwv-1 Infectivit... 46.6 Ze-06 53
gi| 6573369 | pdb| 10R9| L Chain 4, Inhibition Of Hiwv-1 Infectivit... 46.2 Ze-06 %3
gi| 169755347 | pdkb | 1E33 |4 Chain A, Crystal Structure Analysis Of Th 45.5 Je-06 %3
gi| 16975348 | pdb|1K34|4 Chain L, Crystal Structure Analysis Of Gp 45.8 Je-06 %3
gi| 6730406 pdb| IDLE|L Chain L, Helical Interactions In The Hi... 45.4 4e-06 %3
gi| 24158672 |pdkb | 1TSE| A  Chain A, Hiwv-1 Gp4l Core 45.4 4e-06 %3
gi| 24158673 |pdb | 1ISY|A Chain A4, Hiwv-1 Gp4l Core 45.4 4e-06 %3
gi| 23921453 | pdb| 1ATE|N Chain N, Hiv Gp4l Core Structure 4.3 0.0o09 %3
gi| 6435769 | pdb| 1CEQ| L Chain L, Crystal Strueture Of The DI1O-P... 31.2 0.075 §3
gi|20663943 |pdb|1JPE|L Chain 4, Mutation That Destabilize The... 30.85 0.095 ;3
gi|20663948 | pdb|1J00| L Chain 4, Mutation That Destsbilize The... 30.4 0.1z 53
gi|24987349 | pdb | 1IN7| 4 Chain L, Jolution 3tructure Of Jynthet... 27.7 0.69 ;3
gi| 16975231 |pdb | 1JAT| L Chain L, Nmr Solution 3tructure Of The... 27.7 0.7z %3

Alignment Result
>0i|2781333|pdb|1IENV|A Chain A, Atomic Structure of the Ectodomain from Hiv-1
Gp41
Length=123
Score = 96.3 hits (238), Expect = 2e-21, Method: Composition-based stats.
Identities = 62/103 (60%), Positives = 68/103 (66%), Gaps = 33/103 (32%)

duery 1 QHMLOL TG IKQLOARVLAVERYLEDQOLLGINGCIGELICTTTVPINAIWINESLNDI &0
QH+LOL TV IEQLOAR4LAVERTLEDQ
abjet 34 QHLLOLTWWGIKQLOARILAWERYLEDO--------———————— oo g1
Cuery 61  WNNMTWMEWEREIGNYTGLIYTLIEQICNOOEKNEQELLELDE 103
HNHNTWHEW+RETI NYT LI++LIE+3QNQQEKNEQELLELDE
Shjct G2 ~NNMTWMEWDRE INNYTSLIHALIEESQNQOEENEQELLELDE 123

This results define the whole alignment between Gp4l [HIV-1] & 1ENV with
sequence identities 60% with fully define X-Ray crystallographic® structure with
appropriate parameters of Resolution and R-value.
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Secondary Structure Result of Gp4l [HIV-1] Protein
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Zequence length 123

GOR4 @
Llpha helix (Hh) : 61 is 49.59%
31, helix (Gl @ 0 is 0.00%
Pi helix (Ii) 0 is 0.00%
Eeta bhridge (Bh) 0 is 0.00%
Extended strand (Ee) : 32 i3 26.02%
Eeta turn [Ty 0 is 0.00%
Bend region (as) 0 is 0.00%
Random coil (Ce) o 30 iz 24.39%
Arbigous states () 0 is 0.00%
Other states i 0 is 0.00%

Energy results of Gp4l [HIV-1] models
Energy of model_1 = -5059.589 kj/mol
Energy of model_2 = -5199.621 kj/mol

Two models are generated and the energy results of 2 models of Gp4l [HIV-1]
defines that the second model of our target sequence shows minimum energy. So
considering second model is the correct model.

Visualization Results
The 3D structure of our query protein Gp41l [HIV-1] shown in the rasmol window
(Figure-1).

s MODEL , MODELLER Version 6vZ2 2007/04/25 07:09:00.218
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Figurel
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Validation of Results

Ramachandran plot statistics defines that model 2 (Figure-2) of Gp4l [HIV-1]
contains maximum residues in most favoured (allowed) regions in comparison to
model_1 (Figure-3) of Gp4l [HIV-1].Because it contains 96.5% residues in favoured
regions & model_1 contains 86.8% residues in favoured regions. As well as this
model shows minimum energy in comparison to model 1 because in energy
minimization steps model_1 energy result is -5059.589 Kj/mol and model_2 energy
result is -5199.62 Kj/mol.So the analysis of these 2 models of Gp41[HIV-1] defines
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that the second model used as a validate model for our target sequence.
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Pockets Information of Gp41 [HIV-1] By CASTp

The pockets are identified by CASTp web-server using PDB co-ordinate file of Gp4l
[HIV-1] asinput. These PDB files are obtained as output of Modeller. These pockets
(Figure-4) shows some conserve part in different regions of structure of Gp41l [HIV-
1] protein. Sometimes these pockets are used to analyze Binding Sites of Gp41 [HIV-
1] Protein. Pockets are empty concavities on a protein surface into which solvent can
gain access, i.e., these concavities have mouth openings connecting their interior with
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the outside bulk solution, shallow depressions are excluded from the calculation.
CASTp identifies al pockets and cavities on a protein structure and provides a
detailed listing of all atoms participating in their formation. It aso measures the
volume and area of each pocket and cavity analytically, using both the solvent
accessible surface and molecular surface models. In addition, it measures the size of
mouth openings of individual pockets, which helps to assess the accessibility of
binding sitesto various ligands and substrates.
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Conclusion

Structure Prediction by Modeler is very much successful because model is validated
by both Ramachandran Plot calculations & Energy minimization results. Model
generated by Modeler shows 96.5% residues in allowed or most favored regions as
well as minimum energy -5199.62 kj./mol. So we used this structure in future study’s
like identification of conserve domains and analysis of binding sites of Gp41[HIV-1]
Protein.
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