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Abstract

AIDS results from an infection with HIV-1 virus. It is a class of retrovirus whose genome contains the genes for reverse transcriptase.
The gene that codes for reverse transcriptase in HIV-1 is the POL gene. POL genes are found in many retroviruses, including a number
that are harbored by human populations. In this paper POL genes of HIV-1 virus were studied using bioinformatics tools. It was observed
that there exists a close resemblance among various strains endemic in Africa, China and India. In addition, they express a wide range of

functional proteins after infection.
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Introduction

HIV is thought to have originated in non-human pri-
mates of Africa and transferred to humans early in the
20th century (Worobey ez al., 2008). Generally two species
HIV-1 and HIV-2 are responsible for human infection.
HIV-1 is thought to have originated in southern Camer-
oon after jumping from wild chimpanzees (Pantroglodytes)
to humans during the twentieth century (Gao ez 4l., 1999)
(Keele et al., 2006). It evolved from a Simian Immunode-
ficiency Virus (SIVepz) *. HIV-2, on the other hand, may
have originated from the Sooty Mangabey (Cercocebusa-
tys), an Old World monkey of Guinea-Bissau, Gabon, and
Cameroon (Reeves ¢ al., 2002). HIV was discovered by
the French scientist Luc Montagnier in 1983 and Ameri-
can researcher Robert Gallo in 1984, but Luc Montagnier
is given the credit for discovering it. The unique structure of
HIV makes it different from other leading retroviruses. It is
around 120 nm in diameter and roughly spherical. HIV-1
is composed of two copies of single-stranded RNA en-
closed by a conical capsid comprising the viral protein p24
(Fig. 1.). The RNA is 9749 nucleotides long (Ratner ez 4/,
1985) and surrounded by a plasma membrane. The single-
strand RNA is tightly bound to the nucleocapsid proteins,
p7, p6 and enzymes like reverse transcriptase and integrase.
This nucleocapsid protects the RNA from digestion by
nucleases. A matrix composed of an association of the viral
protein p17 surrounds the capsid, ensuring the integrity of
the virion particle. The nucleocapsid is then covered by a
thick spike like envelop comprising glycoproteins gp120
and gp41. The Cryo-electron microscopy reveals that three

copies of gp120-gp41 heterodimers form a trimer as the
envelope spike (Zhu ez al., 2006). This is only hypothetical
as there are various possibilities mentioned in publications
from different sources. Similar to leading retroviruses HIV
has several structural genes coding for structural proteins.
Besides these structural genes it also has nonstructural
genes (accessory genes) for unique functionality. The GAG
gene provides the basic physical infrastructure of the virus,
and POL provides the basic mechanism by which retro-
viruses reproduce, while the others help HIV to enter the
host cell and enhance its reproduction .
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Fig. 1. Diagram of HIV retrovirus showing various GAG and
POL proteins responsible for viral structure and function.

Earlier, based on comparisons of HIV sequences from
various sources, the origin of the AIDS virus can be pin-
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pointed to Africa in the 1930%. These comparisons reveal
that the ecarliest sample of HIV is from a blood sample
drawn from an African in 1959. This paper reveals the
current status of HIV-1 infection reported from Africa,
China and India and their evolutionary relationship based
on the sequence comparison, structural biology of POL
gene retrieved from various databases.

Materials and methods

Materials

Nucleotide and Protein sequence database of NCBI,
EMBL and DDBJ now contain vast data pertaining to
HIV-1 infection. Their size increases significantly due to
rapid submission of raw sequences by researchers from var-
ious laboratories over the globe. This trend will continue
until there is funding for sequencing projects in molecular
biology. As an initial approach to ascertain the current sta-
tus of HIV-1 infection in Africa, China and India the Nu-
cleotide and protein databases of NCBI was searched with
the queries “HIV1 pol Africa’, “HIV1 pol China’, “HIV1
pol India” respectively. It generated 10084 nucleotide and
9513 protein entries. (Tab. 1) Out of total entries retrieved
for each query, the first 10 entries were taken for compara-
tive analysis. Out of 10 nucleotide sequences obtained
from Africa, the last four were dropped from analysis as
they were reported to be complete genome entries. Simi-
larly for proteomics of HIV-1 the protein structures re-

Tab. 1. Current status of HIV-1 POL gene reported from
Africa, China and India (Data retrieved from NCBI)

Type of Gene name Country Entries
sequences
Nucleotide sequences
HIV-1POL Africa 3157
HIV-1 POL China 5513
HIV-1 POL India 1414
Total 10084
Protein sequences
HIV-1 POL Africa 3047
HIV-1POL China 5175
HIV-1 POL India 1291
Total 9513

ported to date was searched in RCSB, PDB (Protein Data
Bank) with the query “HIV1 pol”. The search generated
four structure hits (1Z1H, 1Z1R, 2BB9, 2NPH) and four
ligand hits (AKC, HBB, HBH, SO4). The PDB files for
four reported structures and their FASTA (Pearson, 1990)
formatted sequences were downloaded for analysis.

Methods

The FASTA formatted files for nucleotide and protein
sequences were prepared for upload to nucleotide tools
and protein tools of SDSC (San Diego Supercomputer
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Centre) Biology Workbench 18 for genomic and pro-
teomic analysis. A session was opened with login id and
password to and sequences were uploaded for analysis in

Workbench chest.

Viral Genomics

The 26 nucleotide sequences were selected from the
session body and threaded to CLUSTALW tool (Thomp-
son ¢t al.,1994) for Multiple Sequence Alignment (MSA)
(Lipman er 4l.,1989) with parameters reading (DNA
transitions weight: 0.5, Weight matrix: ClustalW (1.6),
Use negative matrix: No, Gap open penalty: 15.00, Gap
extension penalty: 6.66, Delay divergent sequences: 30).
The result alignment was then analyzed in DRAWGRAM
tool (Felsenstein, 1989) (parameters reading Short Labels:
No, Tree grows: Horizontally, Tree style: Cladogram, Use
branch lengths: Yes, Scale of branch length: Automatical-
ly rescaled, Specified cm/unit branch length: 5.0, Angle of
labels: 90, Depth/Breadth of tree: 0.7, Stem length/tree
depth: 0.05, Character height/tip space: 0.3333, Ances-
tral nodes: default, Vertical margin (cm): 1.0, Horizontal
margin (cm)>: 1.0) to obtain rooted phylogenetic tree.

Viral Proteomics

The 30 protein sequences were selected from the ses-
sion body and threaded to CLUSTALW tool for Multiple
Sequence Alignment (MSA) with parameters reading.
(Weight matrix: PAM series, Use negative matrix: No,
Gap open penalty: 10.00, Gap extension penalty: 0.02,
Delay divergent sequences: 30, Residue-specific gap pen-
alties: On, Hydrophilic gap penalties: On, Hydrophilic
residues: GPSNDQEKR, Gap separation distance: 0,
End gap separation penalty: Off) The result alignment
was then analyzed in DRAWGRAM tool (parameters
reading Short Labels: No, Tree grows: Horizontally, Tree
style: Cladogram, Use branch lengths: Yes, Scale of branch
length: Automatically rescaled, Specified cm/unit branch
length: 5.0, Angle of labels: 90, Depth/Breadth of tree:
0.7, Stem length/tree depth: 0.05, Character height/tip
space: 0.3333, Ancestral nodes: default, Vertical margin
(em): 1.0, Horizontal margin (cm)>: 1.0) to obtain root-
ed phylogenetic tree. The PDB files (1Z1H, 1Z1R, 2BB9,
2NPH) were studied in Discovery Studio 22 in order to
obtain a clear confirmation of chains, water molecules and
hetero atoms and their secondary structures. Then docking
of ligand entries (AKC, HBB, HBH) on proteins (2BB9,
1Z1H, 1Z1R) were studied in GOLD 3.0.1 (Jones et al.,
1997) (Jones et al., 1995) (Nissink ez l., 2002) (Verdonk
et al.,2003) with appropriate parameters (Waters: 0, Met-
als: 0, Set atom types: Ligand, Early termination is on if
top 3 solutions are within 1.5 A R.M.S.D, Define site us-
ing: Ligand, Active site radious: 10.0, Detect Cavity: on
with default GOLD Score and Genetic Algorithm param-
eters). Finally the GOLD run results were studied in Silver
1.1 (Verdonk et al., 2003) to find the interactions of li-
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gands (three best conformations) with amino acid residues
of proteins respectively.

Results and discussion

Vival Genomics

The phylogenetic analysis based on Multiple Sequence
Alignment of nucleotide sequences reported from Africa,
China and India (Fig. 2.) reveals that there exists a close
resemblance among the viral strains. The India strains are
more resembling to African strains than the strains from
China. Out of 26 strains studied a unique strain from
China (AF395547) is closely related to African strain
(AY461492).

Viral Proteomics

The phylogenetic analysis based on Multiple Sequence
Alignment of protein sequences reported from Africa,
China and India (Fig. 3.) reveals that there exists an anom-
alous resemblance among the viral strains. This may be due
to various expression features of the proteins under differ-
ent physiological conditions.

The viral proteins reported from PDB (1Z1H, 1ZIR,
2BB9, 2NPH) were found to be of “Hydrolase” type.

[F-J}?SI 18 China pol protein

FJ375128 China pol protein
FJ375124 China pol protein

{.—FJ375125 China pol protein

— FJ375121 China nenfunctiona

——FJ375120 China nonfunctiona

FJ375122 China pol protein

— FJ375123 Ching nenfunctiong

——FJ375119 China nenfunctiona

AY461492 South Africa prote

AF335547 China

FJ9074491 India pal protein
FJA07494 Indio pol protein
— FJO07495 India pol pretein
FJ807498 India pol protein
- FJA07487 India pol protein
Ar461495 Seuth Africa prote
-[A‘Msﬂs‘-t South Africa prote
— AY461496 South Africa prote
— AY461501 South Africa prate
—AY481502 South Africa prote
FJIC7430 India pol protein
] FJ307489 India pol protein
FU3G7496 India pol protein
FJACT7492 India pol protein
FJ907493 India pol protein

Fig. 2. Rooted phylogenetic tree obtained from DRAWGRAM
tool of SDSC (San Diego Supercomputer Centre) Biology Work
Bench on the Multiple Sequence Alignment of 26 neucleotide
sequences from Africa, China and India respectively

_:MNZNQ Mfricon HW Pal pro
AAO42545 african HIV Pol pro

1 RAD42550 African HIV Pel
#BLEEI0G Ching HIV pol prot

——— W42551 African HIV Pol pro

ABS53048 Indian HIV pol pro

| _|—ﬁ3553025 Indian HY pal pra
ABSI3047 Indlan KV pol pro

] _:mmm Indian HI pol pro

ABS53026 Indian HV pol pro

AES53027 Indlan Hiv pal pro

4B553029 Indion HI pol pro

ABLBBAA2 China HV pol prot
ABS53I04G Indian HIV pal pro

ABS53042 Indion HIV pal pro
AADAZ554 African HIY Pol pro
ABLEEE34 Chino HIV pol prot

ABLEES02 China HIv pal prot
KBROGZE1 Ching HY pol prot
ABLG66898 Chino HIV pol prot
ABLESES6 China HIV pol pret
ABLEES00 China HV pol prot
ABLBEAOG Ching HIV pol prat
RACAZE5 Mrican HIV Pol pro
44042548 frican HIV Pal pro

KADH254T hfricon HNV Pol pro
-Ijﬁ-mﬁﬁ #ftican HIv Pel pr
|——MD+2552 Kricon HV Pal pr

ABSSI0ZB Indéan HIV pol pro

Fig. 3. Rooted phylogenetic tree obtained from DRAWGRAM
tool of SDSC (San Diego Supercomputer Centre) Biology
Work Bench on the Multiple Sequence Alignment of 30 pro-
tein sequences from Africa, China and India respectively

The structural analysis illustrated that the amino acid
chain of 99 residues (Chain A) and 98 residues (Chain
B) were conserved among these four models. Two amino
acid chains of 4 residues (Chain S) and 6 residues (Chain
T) were unique features of 2NPH. The GOLD docking
results were studied in SILVER with most favorable con-
formations of three ligand entries on three protein models
as discussed above. Then a protein subset was defined by
assigning residues that are within 4A areas of ligands. Resi-
dues that are out of the subset were dropped from the view
and final interactions were studied by generating hydro-
gen bonds. On this aspect the docking of AKC on 2BB9
shows hydrogen bonding with residues (ASP25, ASP29,
ASP225, ASP230, GLY27 and ILESO) (Fig. 4.). Similarly
docking of HBB on 1Z1H shows hydrogen bonding with
residues (ASP29, ASP125 and GLY27) (Fig. 5.) and dock-
ing of HBH on 1Z1R shows hydrogen bonding with resi-
dues (ASP29, ASP30, ASP125, and GLY27) (Fig. 6.).
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Fig. 4. The docking of AKC on 2BB9 showing hydrogen bonding with residues ASP25, ASP29, ASP225, ASP230, GLY27and
ILESO.

Fig. 5. The docking of HBB on 1Z1H showing hydrogen bonding with residues ASP29, ASP125 and GLY27.
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Fig. 6. The docking of HBH on 1Z1R showing hydrogen bonding with residues ASP29, ASP30, ASP125 and GLY27.

Conclusions

Computational analysis of POL gene of Human Im-
munodeficiency Virus Type 1(HIV-1) shows that there
exists a close resemblance among various strains that are
endemic in Africa, China and India. Again, they express a
wide range of functional proteins after infection. A further
study includes the QSAR of all available potential ligands
and their interaction on various expression patterns of the

pol gene.
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