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Abstract 

Human Immunodeficiency Virus (HIV) which is the major cause of a condition called Acquired 

Immunodeficiency Syndrome (AIDS). It is a single-stranded RNA virus from Retroviridae family 

and genus Lentivirus. Global burden of HI V has been increasing and World Health Organization 

(WHO) recently (as of 2019) revealed a staggering increase as 1.7 million new cases and 0.69 

million deaths have been reported. Pakistan is among those countries where HIV prevalence is 

increasing. In this current study, we isolated blood samples from high-risk behavior individuals of 

HIV infection referred to some cities of Pakistan like Islamabad, Lahore, Peshawar and Kohat. 

The HIV positive individuals were confinued by Real Time-Polymerase Chain Reaction (RT­

PCR). The Real Time PCR based positive samples were further processed for Gag gene 

amplification following nucleotide sequencing through Sanger method. The evolutionary history 

was inferred by using the Jukes-Cantor model and Neighbor-Joining method. Sequences analyzed 

in the current study (isolates QAU-HIVI-AHI and QAU- HIVI -AH2) clustered with a previously 

reported reference sequence (accession No. KX232595). In the present study, we report several 

amino acid substitutions in functionally important domains of Gag gene. Key substitutions in the 

isolate QAU-HIVI-AHI are W212M, P328Q, N392S, E474K, D479T, and Q480R. Whereas, 

amino acid substitutions found in isolate QAU-HIVI-AH2 are L321M, L322Q, V323I, N325I, 

A326V, N327R, N374Y, K413Q and S477C position of the latterly analyzed reference sequence 

(KX232595). On the basis of current results, we suggest that the mentioned substitutions are linked 

with structural variation in the protein and could alter protein's function(s) . The Gag gene of the 

viral isolates from Pakistani patients need to be further explored for possible drug resistance 

associated substitutions. 

Key words: HIV, Immunodeficiency, RNA, Infection, Gag polyproteins, Gag gene. 
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CHAPTER l INTRODUCTION 

1. Introduction 

Human Immunodeficiency Virus (HIV), a single stranded RNA virus of the genus Lentivirus 

in Retroviridae family (Ali et aI. , 2017). HIV is the causative agent of chronic life threatening and 

dangerous condition called Acquired Immuno-Deficiency Syndrome (AIDS) (Jacobson et aI. , 

1993). HIV / AIDS is still a serious health problem despite the good progress in diagnosis, 

prevention, and treatment sector (Zak-Place & Stem, 2004). World health organization (WHO) by 

the end of 2019, reported that HIV had infected estimated 38 million people globally (Tappuni, 

2020). In 2019, 1.7 million individuals were infected by HIV, with 0.69 million deaths worldwide 

(Freiberg et aI., 2021). The clinical symptoms of the HIV depends on the stage of infection. In the 

initial stages, headache, rashes, sore throat, and fever. Later, the immune system weakens and thus 

develop signs and symptoms like weight loss, swollen lymph nodes, diarrhea, cough, fever and 

without treatment of the said conditions may lead to severe illnesses like cancer specifically 

Kaposi's sarcoma and lymphomas, tuberculosis and severe bacterial infections (Yarchoan & 

Uldrick, 2018). 

The first HIV case in Pakistan was reported in 1987, which were increasing continuously. 

Currently, the HIV prevalence rate is less than 0.7% among general population of Pakistan. 

Pakistan is one of the few countries of Asia, in which the HIV incident cases are increasing 

significantly every year after its first case reported in 1987 (Haq et aI. , 2020). In Pakistan, the HIV 

epidemic is highly heterogeneous with a large diversity in the transmission dynamics at local, 

regional and national level (Raza et aI., 2020). Moreover, demographic, economic and social 

changes in Pakistan create dynamism in the trajectory and proximate drivers of epidemic. 

According to the National AIDS Control Program (NACP), Pakistan has 43,964 registered HIV 

cases till January 5th, 2020 (Haq et aI. , 2020). In 2019, a high prevalence of more than 13% HIV 

cases have been reported from Kot Imrana, a village of district Sargodha from the province Punjab, 

Pakistan, which was only 1.29% earlier in 2018 (Wahid, 2019). In Pakistan, the highest HIV cases 

(38.4%) were reported in people who inject drugs (PWID) followed by transgender sex workers 

(7.5%), sex workers male (5.6%) and female (2.1 %) (Haq et aI. , 2020). 

Punjab accommodates an approximately 50% population of the country and has the highest 

number of HI V positive cases (Ali et ai. , 2017). In 2017, a study was conducted in several major 

cities of province Punjab, Pakistan (Sargodha, Dera Ghazi Khan, Chiniot, Multan and Rawalpindi) 

2 



CHAPTERl INTRODUCTION 

to investigate the seroprevalance of HIV. The results revealed that out of 2,062 individuals, 329 

(16%) were HIV positive. Among all the positive individuals, 51.4% were males, while 31.3% 

were females and 17.3% were transgender. The highest number of positive cases among these were 

from Multan district (22%) followed by Sargodha (21 %), D.G Khan (Dera Ghazi Khan) (21 %), 

Rawalpindi (19%) and Chiniot (17%) (Karim et at, 2020). Looking to all these numbers, which is 

highly threating to Pakistani as well as international conununity; we need rapid diagnostic services, 

awareness campaigns and the establishment of treatment centers throughout the country. 

HIV infection could be detected via several diagnostic assays such as ICT method (Inter coombs 

test), Immunochromatographic Teclmiques (Peeling, Mabey, Herring, & Hook, 2006), Enzyme 

Linked Immunosorbent Assay (Richardson & Page, 2018) and Nucleic Acid Testing (NAT). ICT 

and ELISA is an easy technique for the detection ofHIV and is used for routine screening testing. 

Although ELISA is cost-effective, but several limitations are associated with ELISA based 

detection. The major issue that is associated with ELISA and ICT is false positivity (Shafiee et at , 

2015). Therefore, other confinnative assays are recommended such like quantitative RT-PCR 

(Real Time-Polymerase Chain Reaction) and Radio Immunoassay (RIA) . Other limitations 

associated with ELISA and ICT methods are the false negative results during the early phase of 

HIV infection in which antibodies are not in detectable range (Shafiee et at, 2015). 

PCR is an important tool that is used for the amplification and detection of nucleic acids. Currently, 

real-time techniques (PCR-based HIV RNA assays) are in concentration with constantly detecting 

fluorescence emanated during every cycle of PCR (Bustin & Mueller, 2005). HIV -1 RNA 

estimation is achieved during first phase of PCR, as compared to conventional PCR or other 

technologies, and provide more reliable results . Owing to new developed assays, the detection 

number has been improved much higher than old technologies (-50 copies/ml) . Quantification of 

target sequence by real-time PCR depends on the reduction of fluorescence signals or the 

measurement of accumulation during the amplification cycle. Detection and amplification of 

samples are done simultaneously (Patel, 2021). 

The genetic material of HIV includes two copies of positive sense single-stranded RNA. These 

strands are about 10,000 nucleotides in length. In nine overlapping ORF (Open Reading Frames) 

about fifteen viral proteins are encoded. HIV have structural genes as well as regulatory and 

accessory genes. These are all processed by three different precursors by post translational 
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cleavage to yield matrix proteins pI 7, core proteins p24, p 7, p6 and pI5 (gag), the enzymes like 

protease (PR), integrase (IN), and reverse transcriptase (RT) are encoded by the pol gene (Nunzio, 

2018). The envelope glycoproteins gp4I and gp120 that forms the receptors present on the cell 

surface (Gelderblom, Ozel, & Pauli, 1989). The TAT and rev are essential regulatory genes. TAT 

gene encodes for TAT proteins very soon after infection and it encourages the expression of other 

genes of HIV. Rev gene encodes for rev proteins that allows the transfer of the processed 

messenger and genomic RNA from nucleus to the cytoplasm. The other accessory genes are the 

Viral Protein-U (VPU), the Viral Protein-R (VPR), Viral Infectivity Factor (VIF), Viral Protein X 

(VP X) and Nef 

The HIV -1 precursor protein Gag is a 35kDa protein (also called p55) which is cleaved into 

structural proteins by a viral protease (34kb) present at the 5' end of the pol gene. When the 

cleavage of the Gag proteins occurs it is divided into matrix protein (P17), capsid protein (P24), 

nucleocapsid protein (P7), another small protein (P6), and two small peptides (P2 and p 1) of 

unknown functions, are also part of the viral core structural proteins. These proteins are present in 

all retroviruses and in both types of Human Immunodeficiency Virus (HIV -1 and HIV -2) (Pillay 

et a1., 2009). Gag has a role in the outer protein coat assembly and viral particle synthesis. Clavel 

and colleagues reported that it also has a role in HIV resistance to protease inhibitors (Clavel & 

Mammano,2010). 

Growing numbers and low awareness of HIV/AIDS is the cause of persistent HIV epidemics in 

Pakistan. Risk factors including unscreened blood, and unprotected intercourse makes people more 

prone to spread of HI V to extremely dangerous levels (Khan et a1., 2010). The government's health 

policy must be proactive in tackling this precarious health threat. Most ofthe Pakistani population 

is safe from HIV but it doesn't take long for infectious disease to spread across border. Epidemics 

of HI V have emerged a few times therefore, infections can spread to a peak rise in no time so strict 

rules and regulations must be set up by the regulatory authorities to control the spread ofthe AIDS. 

To control the extent of AIDS in Pakistan, the government needs not only to spread awareness at 

national level but practical steps such as wide-spread screening should be taken for population at 

high risk of AIDS. The stigma regarding HIV/AIDS in public could be eliminate if well-known 

public figures such as politicians and spOlis celebrities discuss it on bigger platfOlms. Once the 

discrimination against HIVI AIDS is neutralized, Pakistan will be able to win against this disease 
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relatively easily. Action however must be taken at present, as quick steps taken now can help 

prevent a wide-spread HIV epidemic in Pakistan. 

The current study was aimed to examine the HIV infection in the high-risk behavior individuals 

who were referred for HIV testing. Further, to confirm the HlV positive (lCT based) samples by 

highly specific RNA quantification RT-PCR and to explore the Gag gene of HlV isolates for 

nucleotide sequencing, its phylogenetic analysis and mutational analysis in Pakistani population. 

1.1 Aims and objectives 

1. To perform nucleotide sequencing and phylogenetic analysis of Gag gene ofHlV. 

2. To determine amino acids substitution in Gag proteins in chronically HlV infected patients 

and its impact on structure and function. 

5 
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CHAPTER 2 LITERATURE REVIEW 

2. Literature Review: 

2.1. Human Immunodeficiency Virus (HIV) 

Human Immunodeficiency Virus (HIV) causes a chronic and life threatening condition called 

Acquired Immuno-Deficiency Syndrome (AIDS). It belongs to the subfamily Lentivirinae of 

family Retroviridae. All viruses from this family contains RNA as their genetic material and a 

reverse transcriptase enzyme for the reverse transcription of its RNA to DNA causing infection in 

the host. HIV is divided into two types that are HIV-1 and HIV-2. (Gao et aI. , 1999). The potent 

causative agent among these two is HIV -1 which has infected millions of people throughout the 

world. While HIV-2 infections have been limited and reported in some areas of Western and 

Central Africa. Both viruses consist of2 identical copies of single-stranded RNA molecules which 

includes regulatory, structural, and accessory genes. The structural genes consists of gag, pol and 

env genes, the regulatory genes consists of tat and rev, and the accessory genes comprises vi/, vpu, 

vpr, and Nef(Freed , 1998). The basic structure ofHIV-1 and HIV-2 are same, however there is 

some difference in the organization of their genome. However, HIV -2 is less lethal than HIV -1 . 

The HIV targets immune system of host like the T helper cells, macrophages or dendritic cells by 

different mechanisms like apoptosis or direct viral killing that mainly cause reduction in immunity, 

due to which it increased susceptibility to opportunistic infections like Hepatitis-C virus, hepatitis­

B Virus, sexually transmitted diseases and a variety of co-infections. (Zahra et aI. , 2021) 

2.2. History of Human Immunodeficiency Virus (HIV): 

This disease was present in Central and Eastern Africa for a very long time. The serological proof 

of HIV was found in samples that were stored in 1959 from humans in Zaire (Jin et aI. , 1994). 

HIV -1 is thought to be originated from chimpanzee (Pan troglodytes) in Central and West Africa 

which has been possibly transmitted to Humans through hunting and slaughtering of meat. 

Moreover, HIV-2 is thought to be originated from West African Green monkeys and proved to be 

less virulent than HIV-1 but AIDS can be caused by both types of HI V (Jin et aI. , 1994). The CDC 

(Centers for Disease Control) on June 5th 1981 , published a report about five healthy young 

homosexual men present in Los Angeles who got pneumonia (Pneumocystis carinii), two of which 

had died. A remarkable reduction in cellular immune response was observed during examination 

of those patients and it was common among all of them. The media influenced the disease as Gay­

related immune deficiency (GRID). Similar cases frequently started to report from Western 
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CHAPTER 2 LITERATURE REVIEW 

Europe, and they were characterized by compromised immune system that leads to opportunistic 

infections and rare malignancies. These infections were not only limited to men who have sex with 

men (MSM), but also targeted people belonging to other groups like injecting drug users and blood 

transfusion patients. Later on, this newly recognized entity was termed Acquired Immune 

Deficiency Syndrome (AIDS) by CDC (Center for Disease Control) in 1982 (Harden, 2009). Luc 

Montagnier and colleagues in January 1983, at the Pasteur institute (France) isolated a potential 

causative agent from cultured T lymphocytes that were derived from cervical lymphadenopathy 

patient, which was considered as a sign for precursor of AIDS (Papadopulos-Eleopulos et aI., 

2004). This new retrovirus initially named LA V (lymphadenopathy-associated virus) (Barre et at. , 

1983). Robert Gallo and colleagues in May 1984, found enough evidences to convince the 

scientific and medical communities that it was a new virus, later it was renamed as human T­

lymphotropic virus type III (HTLV -III). This new virus was considered as the etiological agent for 

the AIDS epidemic situation (Gallo et aI., 1984). Gallo's findings were confirmed by Jay and levy 

in August 1984, they reported the isolation of a retrovirus named as AIDS-associated retrovirus 

(ARV) in 22 AIDS patients (Leyv et at., 1984). 

Sequencing of the entire genome from ARV, LA V and HTLV-III viruses was done in February 

1985, which defined that they were all the decedents of the same virus (Ratneir et at., 1985). In 

1986, the name human immunodeficiency virus (HIV) was proposed by the Committee on the 

Taxonomy of Viruses and were reported as the AIDS causing agent. Another retrovirus was 

isolated from a patient at West African Lisbon hospital (Claevel et at., 1986), which showed similar 

clinical symptoms with AIDS but no antibodies were found against HIV. This leads to the 

discovery of a new virus and named as human immunodeficiency virus type 2 (HIV -2), while the 

original/old HIV was renamed as human immunodeficiency virus type 1 (HIV -1). In 2008, 

Francoise Barre-Sinoussi and Luc Montagnier·(Pasteur Institute) were awarded the Nobel Prize in 

Medicine for the HIV -1 discovery. HIV has rolled out to almost all parts of the world and its 

prevalence is highest in Sub-Saharan Africa where the major cause of death is AIDS (QUilID, 

2008). CDC (1992) reported AIDS as the major cause of death for U.S. men between the age of 

25 to 44 and that year 2,332 cases reported in San Francisco (Padamsee, 2020). 

8 
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2.3. World-wide distribution of HIV-1 

2.3.1. Afr ica 

LITERATURE REVIEW 

HIV -1 was initially originated from Chimpanzees in West of Central Africa and became one of 

the largest global public health issue that almost cost 33 million lives till date (WHO). It has been 

assessed that more than 0.2 billion people in Africa are living with HIV/AIDS and annually 0.73 

million new HIV -1 infections occur due to lack of testing facilities. The high mutation rate and 

fast replication cycle cause more genetic variation in HIV -1 , which cause the assembly of multiple 

viral variants in an infected patient during a single day. Therefore, the diagnoses, care, treatment 

and interventions against the HIV -1 subtypes and new recombinant strains which are circulating 

through African countries pose to be a serious problem (Jaffar et al.,2004). Approximately 20% of 

adults in South African regions are living with HIV -1 and this is the highest HIV -1 prevalence 

worldwide. Collective analysis regarding the distribution of HIV -1 strains in Africa (1990--2020), 

the most predominated is the subtype B in Northern Africa. CRF02 _ AG has been the most 

prevalent in Central and Western Africa, while in Southern and Eastern Africa, subtype C has 

predominated (Giovanetti et aI., 2020). 

2.3.2. Europe. 

Although Europe had been kept isolated from HIV pandemic due to its strict policies and 

restrictions regarding contact with foreigners, they implemented strict laws to bring social control. 

HIV -1 was introduced during early-1980s in Western and Central Europe as subtype B, which is 

the major clade till date (Beloukas et aI., 2016). Though, the subtype A (AFSU) being a 

predominant strain introduced in Eastern Europe like Russia and Former Soviet Union (FSU) 

countries in the mid-1990s, and it transmitted mostly in PWID (People Who Inject Drugs) (Hamers 

& Downs, 2003). During recent years, the non-B subtypes prevailed and other recombinant strains 

in the West and Central Europe caused a complex tapestry. These are more often associated with 

heterosexuals, immigrants, and females. Subtype-A in Albania, Cyprus and Greece while subtype 

G in Portugal. A single and unique case of sub-subtype F1 in Romania has predominated 

tlu'oughout the epidemic (Abecasis et aI. , 2013). By the end of2001, cumulative total of251,237 

HIV infection cases reported in both the East and Central European regions. And a major increase 

in number of HI V diagnoses from 234 cases (1994) to 99,499 (2001) , among those increased HIV 
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cases most of them were injecting drug users and majority of those infected heterosexually are 

women (Hamers & Downs, 2003). 

2.3.3. North and South America 

During late 1980's HIV has been detected in the North and South America. WHO reported that 

over 1.5 million people in mid-1993 were infected with HIV/AIDS in North America (Merson, 

1993) and infections were on a rise of over 1.5 million cumulative adult infections. Majority of 

them were due to homosexual intercourse and drug injections (Merson, 1993). The most 

widespread viral strains in North America is subtype B (Oster et aI., 2017). Moreover, it also 

dominates in South America, while subtypes C, subtype F, subtype CRF12_BF and the related B/F 

recombinants strains have been reported in Argentina, Uruguay, and Bolivia (Thomson et aI. , 

2000). In South Brazil an increase in pure subtype C has also been found among co-infected 

patients (Avanzi et aI. , 2017). 

2.3.4. Asia 

In Asia, HIV was reported quite late as compared to the rest of the world, the first case reported in 

1984, yet the potential threat of epidemic was not considered until the wide spread of HIV in 

Burma, India, Cambodia and Thailand during early 1990s. The disease prevention and control 

stories at the national level in those areas remain rare (Ruxrungtham et aI., 2004). As of many 

other areas, Asia has been rep0l1ed to be a "hotbed" for its diversity of recombinant viral strains 

(Lemey et aI., 2003). The Asian regions were temporarily divided into three groups for HIV 

prevalence: The first group include those areas which were hit hard and early like in some states 

of India, Burma, Cambodia and Thailand the HIV prevalence exceeds 1 % in adults (Brown et aI., 

1994). The second group comprises those areas which were in transition and growing noticeably 

in the 5 years including China, Nepal, Indonesia and Vietnam. The third one comprises those who 

were having low infection levels such as: South Korea, Bangladesh, Philippines, Laos and South 

Korea (Dore et aI., 1996). In Asian countries, the HIV epidemic situation have been driven largely 

by sex workers, injecting drug, man having sex with man and heterosexual transmission (Beyrer 

et aI., 2000; Me11ens & Low-Beer, 1996). In Russia and other Soviet Union countries, subtype A 

predominates even though in Kyrgyzstan, CRF02_AG prevails (Aibekova et aI., 2018). In China, 

the subtype CRF01_AE and CRF07 _BC were found dominant (Chu et aI., 2017; Indriati et aI. , 
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2018). CRFOl_AE in South-east Asia was the most common while subtype C dominates in India 

(Jenness et aI. , 2017). 

Pakistan stood among the list of those 4 countries (Afghanistan, Bangladesh and Philippines) 

where HIV infection has been increased since 1990. By November 1996, a total of 64 AIDS cases 

reported to National AIDS Program. Though, it has been estimated by WHO that the actual HIV 

infected cases were 40,000 by the end of 1994 when they considered those cases that were in 

diagnosis phases, under-reporting and delayed reporting were considered (Khawaja et aI. , 1997). 

It was estimated that about 150,000 adults and children were infected with HIV in Pakistan by the 

end of2017, representing 127% rise of HI V positive cases from 2010 onwards. About 3500 (2%) 

of the total were children younger than 15 years (Azim et aI., 2008; Mir et aI., 2020) . The HIV 

outbreak in Pakistan has been condensed between population that involves PWID (people who 

inject drugs), MSM, males, females, trans gender and sex workers (Azim et aI., 2008). The 

prevalence of HIV epidemic in big cities showed the majority of infection ratio among PWID 

which is about 35%. In sex workers the HIV prevalence was less i.e., about 1 % for female 

prostitutes and 7% for transgender sex workers (Khan et aI. , 2010). Large number of pediatric 

cases of HIV were diagnosed in Karachi (April 2019). It was found that those 46 HIV positive 

children were having thalassemia and underwent blood transfusion and other treatments at local 

medical center in Larkana (Mir et aI., 2020). HIV-1 subtype A was the only subtype of HIV 

prevalent in Pakistan (Rai et aI. , 2010). 

2.4. Morphology of Human Immunodeficiency Virus (HIV) 

2.4.1. General structure 

By using negative staining of electron microscopy, HIV -1 and HIV -2 has been studied. A large 

amount of 130-200 run particles containing a 130-nm-Iong by 30-70 nm-wide core ofHIV-2 has 

been observed in culture. Morphologically the core is pear or conical shaped. Some of those 

particles displayed a small fringe like structures that may perhaps be seen to contain a regular 

organization of repeating subunits. While the HIV -1 cultures were found to have same particles 

but in much lower numbers. HIV -1 comprises an ambiguous proj ecti ve structure, HIV -2 comprises 

a knob-like and SIV a projection-like structure. The virus consists a fringed envelope, the inner 

membrane, and the core, that contains the nucleoid. (Chrystie & Almeida, 1988). 
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2.4.2. Envelope 

The HIV (1 and 2) has a double layered envelope with projections on its surface. These projections 

are affected by the outer enviromnent of the cell and have an important role in the interaction and 

entry with host proteins during adsorption, fusion and entry of HIV into the host membrane. It has 

a 4.8mn in diameter head, 3.2nm long and 1.0nm wide stalk. The length of HI V varies with respect 

to the visible width of the envelope (Go to et al., 1998). 

2.4.3. Core 

The core of the HIV has been studied by negative staining techniques and ultrathin sectioning 

despite it has not been fully clarified yet. The core of HIV basically have 2 dimensional shapes 

which are bar like, triangular and sectorial (Gelderblom et al., 1988). The presence of the protein 

p24 in HIV -1 core has been found. The core of HIV may be made of about 380 units, even though 

the size of these cores may differ (Ehrlich et a1., 2001). Some images of the ultrathin microscopy 

revealed some cores might be connected via a narrow end to the envelope while some might be 

isolated from the envelope (Goto et a1., 1998). 

2.4.4. Matrix 

Matrix basically has ground equivalent substances which supports envelope and the core. Bouillant 

and Becker in 1984 explained the matrix as an electron-lucent space or an electron-lucent layer 

(Goto et al., 1998). Without matrix the virus particle may seem like a tear drop. The computer 

analysis techniques found that the matrix ofHIV is an icosahedral structure (Marx et al., 1988). 
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Figure 2.1. Morphology of Human Immunodeficiency Virus (Gelderblom et aI., 1988). 
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2.5. Genome organization of HIV 

The human immunodeficiency virus has approximately 10kb genomic length and comprises of 

two copies of positive sense, unspliced, 5' capped and 3' -polyadenylated single stranded RNA 

molecules and these RNA molecules are about 10,000 nucleotides in length each. HIV-l has been 

categorized into groups, subtypes and sub-subtypes, the categorization is based on genetic 

variation and phylogenetic analysis . The three groups such as M, Nand 0 and these groups further 

divided as subtypes. The M group subtypes are A,B,C,D, F,G,H, J and K (Rajarapu, 2014). They 

have nine overlapping open reading frames (ORF) which codes for about fifteen viral proteins. 

The HIV comprises of structural, regulatory and accessory genes. The Gag, Pol and env are 

structural genes which codes structural proteins, these genes can be found in all retroviruses. These 

are all processed by three different precursors by post translational cleavage to yield matrix 

proteins pI 7, core proteins p24, p 7, p6 and pI5 (gag), the pol gene codes for the important 

regulatory enzymes like reverse transcriptase (RT) , protease (PR) and integrase (IN) (Nunzio, 

2018). The envelope glycoproteins gp4I and gpI20 that forms the receptors are present on the 

surface of cell (Gelderblom et al., 1989). The TAT and rev are essential regulatory genes. TAT gene 

codes for TAT protein very soon after infection and it encourages the expression of other genes of 

HIV. Rev protein is encoded by the rev gene that allows the export of the appropriately processed 

mRNA and genomic RNA from nucleus to the cytoplasm. The other accessory genes are the Viral 

Protein-U (VPU), the Viral Protein-R (VPR), Viral Infectivity Factor (VIF), Viral Protein-X (VPX) 

and He! The VPR proteins have a very important role in the cell cycle arrest as it facilitates the 

viral cDN A into the nucleus of the host cell, where the viral integration into the host genome 

completes. After that the release of the virus particle is done by the VPU proteins and another small 

proteins, VIF protein increases the infectiveness of viral progeny by targeting the antiviral activity 

of the human enzyme "APOBEC3G" or A3G by targeting it for cellular degradation and 

ubiquitination (Rucker, Grivel, Munch, Kirchhoff, & Margolis, 2004). The negative regulatory 

protein (NEF) has many functions like down regulation and receptor expression of CD4 on the 

surface of the infected T-cell, it also enhances the release of the virions and improves the viral 

replication and takes control of the cellular signal transduction of the host cell (Lusic & Siliciano, 

2017). 
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Figure 2.2. Genomic Organization of HI V (Rajarapu, 2014). 
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2.6. The Life Cycle of HIV 

The HIV replication cycle consists a series of steps, as viruses do not have their metabolic 

machinery. HIV depends on the host cells for their reproduction and thus they are called the 

intracellular parasites. 

2.6.1. Viral entry 

The macrophages, dendritic or T-helper cells are of major importance in regulation of the humoral 

and cellular response against any pathogen. The main targets of the HIV are these regulatory cells 

that comprises CD4+ helper T cells. Immature dendritic cells, macrophages and other T-cel1 

subsets are also the targets of HIV but these cel1 types have no role in the virus replication 

(Kirchhoff, 2013). Thus the targeting and destruction of the CD4 and T cel1s makes the body 

unable to protect itself against HIV or any other pathogen. The CD4 cel1s have affinity for HIV 

envelope spike proteins that is gp120 (glycoprotein 120) and gp41 (glycoprotein 41), CD4 

receptors along with co-regulators and chemokine receptor (CCR5) binds with gp120 of HIV 

(Freed, 2001). This binding of the host cells to the HIV causes conformational changes in gp41 

that brings virus closer to the membrane and thus membrane fusion occurs between the host's cel1 

membrane and the lipid bilayer of HIV, which allows the viral core to enter into the cytoplasm 

(Zhou et aI., 2004). As soon as the viral core enters the host cell the capsid degrades and un-coating 

of the virus takes place, after that the viral genome manipulates the transcriptional and translational 

machinery of the host to replicate itself (Kirchhoff, 2013) . 

2.6.2. Reverse Transcription 

Once the virus fuses with the host cell, its genetic material enters the host cell. The HIV genome 

comprises of two positive sense single stranded RNA molecules protected by nucleocapsid. Once 

the fusion occurs, both the single-stranded viral RNAs transcribes into linear double-stranded 

DNAs by a process cal1ed reverse transcription (RT) (Kirchhoff et al,. 2013). TIns process consists 

of the generation of mRNA from nuclear DNA, the RNAase H activity is used to degrade RNA 

hybrid which are fonned as a result of reverse transcription. The cDNA synthesis is followed by 

its export across nuclear membrane for protein synthesis. This whole mechanism is completed by 

an enzyme named reverse transcriptase. This characteristic is fol1owed by al1 the other retroviruses 

and this whole process ofreverse transcription involves a series of very complex events (Bour et 

aI. , 1995). 
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2.6.3. Integration 

Once the linear ds DNA is created and its transportation occurs across the nuclear membrane, the 

insertion of the viral genome into the host cell occurs for productive infection and its gene 

expression. Integrase enzyme is responsible for the activity of the integration of viral DNA into 

the host DNA (Anderson & Maldarelli, 2018). The host cell remains infected for the rest of its life 

and the integrated virus or viral genome in the host genome is called the provirus. The viral genome 

integrated in the host behaves fundamentally as a cellular gene. This proviral DNA performs the 

replication process with the host DNA. The viral infection spreads by infecting new cells or by 

multiplication of the proviral DNA (Chiu & Davies, 2004). The integration is quite a critical step 

in retroviral replication because mutants are commonly unable in spreading infections. In some 

cells, the integrated provirus can stay quiet/silent for many years and this can pose a major hurdle 

in virus eradication. Due to its inactive form, the immune system cannot recognize it and thus 

unable to eliminate it. Integrase enzyme has three domains: the C-terminal domain, a central core 

and the N-tenninal with a zinc finger (Goodsell, 2015). 

2.6.4. Gene Expression 

Once the viral genome is integrated into the host genome, the provirus works as a template for the 

formation of the viral RNAs which codes for all the structural, accessory and regulatory proteins 

of HIV. It works as a template for the transcription of viral messenger RNAs and genomic RNA 

by utilizing the polymerase enzyme of the cellular machinery of the host (Wu & Marsh, 2003). 

The initiation of the transcription process of the provirus takes place by the viral promoter that 

resides the U3 region of the 5' LTR and contains many cis-acting molecules that are essential for 

the formation of RNA. This gene expression of the virus extremely depends on the cellular 

transcription factor (NFAT and NF-kB) (Gaynor, 1992). The transcriptional output is low in the 

start due to the inefficient viral transcripts and the viral trans-activator protein TAT is needed for 

effective viral gene expression. To increase the transcriptional process the TATbinds to a specific 

site (trans-acting response, TAR) of the R region in the 5' LTR. As a result large amount of three 

different types of viral RNAs are formed. Small, spliced mRNAs which codes for Rev, TA T and 

Nef The patiially spliced mRNAs which codes for Env, VIF, VPR and VPU proteins and the un­

spliced mRNAs which acts as Gag, Pol and Gag polyprotein precursors (Gatignol, 2007). 
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The TAT proteins holds a very important role in the viral transcription RNA elongation, the 

unspliced viral RNA is transported to the cytoplasm by Rev while the Nef proteins performs 

several functions including the one which makes the infected cell less visible to the host' s immune 

system. The TA T and Rev permits the fonnation of full length mRNAs which encodes the 

formation of the Gag and Gag precursors that are processed for the synthesis of major structural 

and enzymatic proteins (Jeang et aI., 1999). 

2.6.5. Viral Particle Production 

After the formation of different viral proteins assembly, the formation of the HIV virus is initiated. 

The main performer ofthe viral assembly is the Gag precursor polyprotein. The end domain ofthe 

Gag (p6 part) and the cellular TsglOI protein are involved in this step, they have elements which 

targets the viral particles to the cell membrane, support Gag-Gag interactions, promote budding 

from the cell, and encapsulate the HIV genome for association with the Env viral glycoproteins 

(Von Schwedler et aI. , 2003). 

2.6.6. Maturation 

Once the viruses are released in immature (non-infectious fonn) out of the host plasma membrane, 

they are morphologically characterized by a thick layer of Gag and Gag-polyprotein precursors. 

Shortly, the proteases of the virus activates after budding and this cleaves the Gag and Gag-Pol 

precursors and the maturation of their final components occurs. As a result, the morphology of the 

virus converted to a doughnut shape (Hikichi & Freed, 2021). 

2.7. Transmission of HIV 

The HIV transmission depends on the biological properties, levels/concentration of the virus in the 

exposed body fluid, and the nature of the host vulnerability both at the cellular and immunological 

levels. The initial infection by HIV can be done even by a single virus which means that a single 

virus can be window of opportunity for AIDS. HIV is transmitted through sexual contact, blood 

transfusion, disclosure of infected blood, it can also be transmitted from mother to her child, organ 

transplants and through intravenous drug uses (Rothenberg et aI. , 1998). The transmission of HI V 

through sexual contact is about 75% to 80% of all HIV infections worldwide. Many diseases which 

are transferred through sexual contact can enhance the risk of HIV because huge amount of CD4 
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cells are present in the genital areas in sexually transmitted infections. The chance of HI V is higher 

when an uninfected female has a sexual intercourse with infected male (Royce et aI., 1997). 
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Figure 2.3. Overview of the viral replication cycle (Kirchhoff, 2013). 
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2.8. Pathogenesis 

The two major factors that promotes the HIV pathogenesis are cellular tropism that regulates viral 

phenotype and viral entry associated to receptors and co-receptors (Staszewski et aI. , 1999). The 

initial three months of HIV infection is asymptomatic with no sign of illness along with slight 

changes in the host immune system. Later on, due to sero-conversion specific antibodies for HIV 

can be detected in individuals. The progression of disease from initial infection is slow, it takes a 

few years for primary infection to develop into immunosuppression and advanced HIV (Wodarz 

& Nowak, 2002). 

The primary phase of the HIV pathogenesis can be summarized in three steps: the attachment to 

the host cell, fusion into the host cells and nucleocapsid entry, each of these depends on the type 

of virus and entry cells involved (Krakauer & Nowak, 1999). During this phase the individual 

looks healthy physically and the HIV virus replicates actively in their blood stream and lymph 

nodes. As a result, if viral load burst in their body the infected individual suffers from progressive 

damage to the immune system. Within days to months this viral load may decrease and can remain 

low for months or years and causing susceptibility to the opportunistic pathogens or infections in 

late phases, after that a rise in viral load occurs and the symptoms starts with onset of AIDS. If the 

viral load in plasma is higher and the CD4+T count is lower than 200 mm in infected individuals 

they could be declared as AIDS patients (Saez-Cirion & Manel, 2018). 

The HIV weakens the immune system by two basic mechanisms, one is by destroying the CD4 

and T cells which ultimately leads to immunodeficiency. The virus attaches to the CD4+ T cells 

through its gp41 and gp120 proteins (surface proteins) to gain entry into the host cell. The second 

way through which HIV gain access to cells is through the chemokine receptor which is an 

essential co-receptor for HIV -1 (Goto et aI. , 1998). Two main chemokine receptors that can be 

used by virus to enter the cell are CCR5 and CXCR4 or Fusin (Speck et al. , 1998). 

Based on cellular tropism, the HIV strains can be subdivided into three main groups, that are 

refelTed to as macrophage-tropism (M-tropic) and are known as R5 viruses with a non-syncytium­

inducing phenotype that infect PEMe (pelipheral blood mononuclear cells) , monocytes 

macrophages, and T lymphocytes through CCR5 and not T -cell lines, these are present through a11 

the infection stages (Naif, 2013). The second one is T -cell line tropism (T-tropic) which are known 

as X4 viruses that induces syncytium phenotype and infect T lymphocytes and T -cell lines by using 
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CXCR4 as their principle co-receptor, but these cannot infect monocytes and macrophages, and 

this take time for AIDS progression. Individuals who do not have CCR5 expression are actually 

resistant to R5 viral infection but they are susceptible to X4 viruses (Stevenson, 2003). The third 

type of strain is dual tropic HIV that utilizes the CCR5 and CXCR4 (R5X4) by which both 

monocytesl macrophages and T cell lines are infected, therefore these have populations of both 

NS 1 and S 1 phenotypes. Most of the cells like blood and tissue dendritic cells, macrophages, and 

T lymphocytes show co-expression of CCR5, CXCR4, and chemokine receptors. Hence, they are 

highly susceptible to HIV (Lackner et aI. , 2012). Some of the other chemokine co-receptors can 

also act as sites of attachment (primary or secondary) for both HIV -1 and HIV -2 isolates like 

CCR2b and CCR3 but commonly they are not involved in infection. Furthermore, besides CD4 

Galactosyl ceramide (GalC) can also be a major binding site for HIV -1 infection, in brain, vagina 

and bowel areas (Levy, 2009). Moreover, if the HIV makes a complex with antibodies they can 

easily gain access into the T cells, macrophages and other immune cells through complement 

receptors and Fe domains (Coffin & Swanstrom, 2013). 

The major reservoirs of HIV -1 are the macrophages which can be found in seropositive 

individual' s brain, lymph, lungs, skin, blood, nodes and bone marrow. These are the main agents 

of productive infection in brain and in infected individuals the large number of viral particles are 

found in their lymph nodes as these are the main production factory of the immune components 

(Derdeyn & Silvestri, 2005). 

As the acute HIV infection progresses to AIDS the immune system starts to deregulate, and 

individual becomes more susceptible to opportunistic infections. This is supplemented by the rise 

in infected macrophages and CD4+T cells. AlthoughHAART(highly active antiretroviral therapy) 

is known for minimizing the opportunistic infections as immune reconstitution occurs but HAART 

is not universally easily available nor fully successful (Yeni, 2006). Opportunistic infections cause 

the up regulation of viral co-receptors, activation of NF and the production of TNF-alpha which 

leads to the activation of HIV replication in infected persons. Along with this T cells apoptosis 

also act as an antiviral strategy to get rid of infected lymphoid cells which results in the failure of 

encountering the persistent HIV infection in tissue macrophages and monocytes (Montoya et aI. , 

2006). 
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2.9. HIV variability 

The most influential weapon ofHIV is its variability through which the virus overcomes the host's 

immune response, effects of drugs and vaccines. The variability of HIV is the result of 3 unusual 

features : 

1) The error prone mechanism of reverse transcriptase enzyme. Its reverse transcriptase enzyme 

comprises of multitasking abilities that is DNA-dependent polymerase activities and RNA­

dependent polymerase activities. It also performs the RNAase-H activity that precisely degrades 

the RNA strand of hybrids ofDNAIRNA and after each replication round there is one substitution 

per HIV genome. The nucleotide substitutions rate presented by reverse transcriptase is 

approximately 10-4 per nucleotide per cycle of replication. 

2) The replication mechanism is very fast it has been reported that the HIV -1 has a fast turnover 

of approximately 109 virions each day being generated in an infected individual. 

3) The occurrence of recombination between 2 or more HIV. The process strongly contributes to 

increased levels of multiple drug resistance. Recombination by intermolecular and intramolecular 

jumps between the two single strands of the HIV marks a major issue of multi-drug resistance 

(Santoro & Perno, 20l3). 

2.10. Antiretroviral therapies (ART) 

For HIV treatment there are 24 ARV (antiretroviral) drugs which are in six classes. In these six 

classes, nucleoside and nucleotide reverse transcriptase inhibitors (NNRTIs) are Abacavir, Di­

danosine, Emtricitabine, Lamivudine, Stavudine, Tenofovir alafenamide, Tenofovir disoproxil 

fumarate, Zidovudine. One CC chemokine receptors 5 (CCR5) antagonist Maraviroc, one fusion 

inhibitor Enfuvirtide and integrase inhibitors Bictegravir, Cabotegravir and rilpivirine, 

Cabotegravir, Dolutegravir, Elvitegravir, Raltegravir (McManus et aI. , 2019). These drugs prevent 

HIV in different stages of its replication. Current treatment is HAART (highly active antiretroviral 

therapy) which is including three drugs to two classes of antiretroviral agents (McManus et aI. , 

2019). 

The mutation rate of HIV is very high as per replication cycle nearly one nucleotide mutation has 

reported. However, people are mostly infected with one or few original cones. Each day about 10 

viruses are formed in untreated patients, which results in unlimited virus variants, known as quasi-
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species. The capacity to form new variants permits the HIV-1 evades the host' s immune system 

and encourages the development of ARV drug resistance (Sigal & Baltimore, 201 2). 

2.11. Vaccine development 

Due to the incredible capacity of HIV to escape immune burden and number of strain variations, 

vaccine development has been very slow. Thousands of healthy humans contributed voluntarily to 

the testing of 30 candidate vaccines in 1987 (WHO). The degree of trouble in the formation of an 

effective vaccine for AIDS is still very challenging. 
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3. Materials and Methods 

3.1. Sample Collection 

MATERIAL AND METHODS 

In this study, serum samples from Human Immunodeficiency Virus (HIV) positive patients were 

acquired from hospitals and HIV/AIDS centers at Islamabad, Lahore, Peshawar, and Kohat. A 

total of 18 HIV positive individuals serum were collected, of which 4 were children under the age 

of 15 years (1 male and 3 females), 2 were adult females, and 12 were adult males. 

3.2. Inclusion Criteria 

HIV positive samples confirmed by PCR were included. Patients with chronic HIV 

infection, some naive and some on different antiviral therapies. 

3.3. Exclusion Criteria 

Those patients who were negative for HIV-RNA were excluded from the study. 

3.4. Primers designing for Gag gene of HIV 

We synthesized previously reported primers (Tcherepanova et aI., 2008) for sequence 

amplification. The primers sets were confirmed through Primer3 (http: / /bioinfo.ut.ee/primer3 /) 

which is an online tool; and were further validated/confirmed using NCB I primer designing online 

tool (Primer Blast) (https:llwww.ncbi.nlm.nih.gov/tools/primer-blast/ ).Primers were then 

modified using recently reported nucleotide sequences. For this purpose, Human 

Immunodeficiency Virus HIV -1 sequences reported from Pakistan (particularly Accession no. 

KX232594; isolate HIV-l_PK001) was considered as a reference sequences. Name, 

oligonucleotide sequence, and product size of the primers having maximum in-silica specificity 

are listed below (Table 3.2). 

3.5. RNA Extraction 

HIV RNA extraction was performed by using automatic extractor T ANBead Nucleic Acid 

Extractor, Model no. SLA-32 (Taiwan). The TANBead auto extractor plate was used for loading 

of samples into the auto extractor. Carefully removed the aluminum foil on the Auto Plate and 300 

~l HIV positive serum was added in to the columns of Auto Plate under the BSL-2/B2 biosafety 

cabinet (Esco Life sciences). As the volume ratio of serum and lysis buffer mixture was made sure 
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to be maintained as 300 Ill : 600 Ill. After that the Auto Plate was placed to the plate holder of auto 

stage in the extractor. It was made sure that the missing comer of base faced toward the lower left. 

The program was set to Virus-auto a4 and the extraction process was initiated. When the extraction 

process completed, the plate was removed from the Auto Plate holder carefully and micropipette 

was used to transfer the extracted nucleic acid from column to autoclaved eppendorf tubes. The 

extracted product was immediately processed for cDNA synthesis or were stored immediately at -

80°C before processing it for cDNA synthesis. 

3.6. HIV complementary DNA (eDNA) synthesis 

Complementary DNA (cDNA) were synthesized using the extracted RNA as a template. First 

strand cDNA Synthesis Kit (RevertAid, ThermoScientific) was used. The components for cDNA 

synthesis were as follows: 8111 of extracted RNA along with 2111 Random hexamer or gene specific 

reverse primers, 2111 double distilled water, 2111 dNTP (10 mM), 4111 5x reaction buffer, 1 ~ll 

RevertAid RT enzyme (200 U/IlL) and 1111 RiboLock (20U/IlL) RNase Inhibitor were mixed gently 

and total reaction volume adjusted to 20 III as shown in Table 3.2. All the components of reaction 

mixture were mixed and incubated for 5min on 25°C, followed by 42°C for 60 min, 45°C for 30 

minutes and finally reaction was completed at 70°C for 5 mins. 
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Table 3.1. Conditions optimized for HIV complementary DNA (cDNA) synthesis. 

Serial Reagents Quantity 
no 

1 5x reaction buffer 4~1 

2 Random hexamer primers/ R. Primer 2~1 

3 10 mM dNTP Mix 2~1 

4 Template RNA 8~1 

5 ddH20 I 2~1 
I 

6 RiboLock (20U/~L) l~l 

7 RevertAid RT enzyme (200 U/~L) l ~l 

Total volume 20J.11 
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3.7. peR amplification of HIV Gag gene 

For HIV Gag gene amplification nested PCR was performed and PCR Master Mix (2X Phusion 

High-Fidelity, ThermoScientific) was used. The reaction mixture ofPCR first round contained 2X 

Phusion High Fidelity Master Mix 10111, external Gag forward primer (1011M) 1.5 111, external Gag 

reversed primer (1011M) l.5111, cDNA 6111 and double distilled water 1111 which makes a total of 

20111 reaction as given in table 3.3. The cyclic condition for PCR were as follows: 96°C for 5mins 

following 35 cycles of 96°C for 45 seconds, 51°C for 30 seconds, 72°C for 45 seconds and final 

extension at 72°C for 10 min as shown in Figure 3.1. The reaction was hold at 4°C for infinity. 

The second round of PCR was performed by using nested primers and the template used was the 

first round product. Second round PCR contained the same reaction reagents as, in first round with 

slight modification such as internal Gag forward and reverse primers and 3111 first round PCR 

product were used as template and 4111 ddH20 was added as given in Table 3.3. Moreover, the 

PCR cyclic conditions with changes in annealing temperature to 50°C as presented in Figure 3.2. 

The total reaction volume for both rounds were 2011l. 

The primers specifically targeted and amplified approximately 1500 nucleotides long fragment. 

The amplified product was confirmed through gel electrophoresis as represented in figure. 4.1. 
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Table 3.2. Primer Name, oligonucleotide sequence, and PCR product size for Gag gene 

amplification of HIV-1 

Gag - 1600bp (Tcherepanova 
2 R. 5'-TTTGGTTTCCATCTTCCTGG-3' et aI. , 2008) 

3 *F.5'-AGATGGGTGCGAGASCGT-3 ' round 

Gag -1500bp 
(Tcherepanova 

4 R. 5'-GCTCCTGTATCTAATAGAGC-3' et aI., 2008) 

* Modified after using recently reported reference sequences 
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Table 3.3. PCR 1st round reaction mix. 

Serial Reagents Amount 
no. 

1 2X Phusion HF Master Mix lO~l 

2 External Gag Forward Primer 1.5~l 

3 External Gag Reverse Primer 1.5~1 

4 Template (cDNA) 6~l 

5 Double distilled water 1~1 

Final volume 2Of.l1 

Table 3.4. PCR 2nd round reaction mix. 

Serial Reagents Amount 
no. 

1 2X Phusion HF Master Mix lO~l 

2 Internal Gag Forward Primer 1.5~l 

3 Internal Gag Reverse Primer 1.5~l 

4 Template (1 st round product) 3~Ll 

5 ddH20 4~l 

Final volume 2Of.l1 
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Figure 3.1. Cyclic conditions for 1 st round ofPCR. The conditions were optimized using gradient 

PCR 
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Figure 3.2. Cyclic conditions for 2nd round ofPCR. The conditions were optimized using gradient 

PCR 
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3.8. Detection of peR products by gel electrophoresis 

For confirmation of amplified PCR products they were run on 1.5% agarose gel. The gel was 

prepared in a 40ml (IX TAE) buffer by liquefying 0.6 g of agarose powder. The conical flask was 

then placed for 30 seconds in a microwave oven to heat the crude powder and then cooled down. 

4/-!l Ethidium bromide was added to 1.5% agarose solution after cooling and poured off to gel 

casting tray which was already affixed with the appropriate comb and get until solidifications. IX 

T AE buffer was also used as a running buffer in the gel tank. The nested PCR product was blended 

with a 6X loading dye and loaded into the wells of the gel. 100bp DNA gene ruler (Thermo 

scientific) was loaded in a separate well for comparison of the size of amplified PCR products. 

After that the gel was run at 90V for 30mins, once the gel electrophoresis process completes gel 

was observed in UV trans-illuminator for visualization of amplified DNA. 

Table 3.5. Components for gel electrophoresis procedure 

s. No. Components (1.5% gel) Amount 

Ol. 1 X T AE buffer 40 rnl 

02. Agarose 0.6 g 

03 . Ethidium bromide solution 4 /-!l 
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3.9.DNA extraction from agarose gel 

The amplified fragment (excised from the gel) was purified using Gene JET Gel Extraction Kit 

(ThermoScientific). The target DNA gel fragment was excised with a smooth razor blade and put 

in a pre-weighted autoclaved microfuge tube. Digital balance was used weighing the excised gel. 

After that the binding buffer was added to the tube as 1: 1 ratio (weightvolume) i.e., 50111 Binding 

buffer was added to 50mg of gel slice and heat up the gel slice and binding buffer mixture at 60°C 

for 10 min using heat block. Then transferred upto 800~ll solubilized gel solution to the column 

and centrifuge for Imin on 12000 rpm. After discarding the flow-through, 100111 more binding 

buffer was supplemented for sequencing purposes to the column. The mixture was centrifuged 

again on 12000 rpm for 60 seconds and discarded the flow-through. 700111 Wash Buffer was added 

and centrifuged for Imin on 12000 rpm and discard flow-through. The empty columns were then 

centrifuged for Imin on 12000 rpm to eliminate remaining wash buffer. The column was 

subsequently transferred to a sterile microfuge tube and 35111 Elution buffer was added. This was 

centrifuged on 12000 rpm for Imin, column removed, and purified DNA fragment stored for 

further processing at -20 °C. For confirmation, 5111 of obtained DNA was again run-on agarose gel 

(1.5%) and visualized via UV trans-illuminator (Figure 3.3). 
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Figure 3.3. Gel purification of the amplified peR product 
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3.10. Sequencing of HIV Gag gene 

Sanger sequencing of the gel purified PCR product was done with Gag specific internal primers 

separately (forward and reverse). The sequencing results analysis were done through a sequence 

alignment software called BioEdit. Nucleotide sequences obtained were in the fOlm of "FASTA" 

format for further analysis. 

3.11. Phylogenetic analysis 

For finding similarities of the current sequences of Gag gene with other reported sequences of 

HIV -1 from Pakistan and other regions of the world, nucleotide BLAST of the sequences was 

done. Available nucleotide sequences of Gag gene of HI V -1 were saved from the Genbank NCB!. 

The saved sequences were then aligned using ClustalW of BioEdit. The tree was constructed from 

sequences of the current study and from other 50 retrieved sequences of Gag-HIV-l. The 

evolutionary history was concluded by means of the neighbor joining method and Jukes-Cantor 

Model (Abecasis et aI., 2018). All the evolutionary history analyses were conducted in MEGA 11 

(Tamura et aI., 2013) . 

3.12. Translation of nucleotide sequences 

Nucleotides sequences of Gag obtained in the form of "F AST A" format were translated into their 

respective protein sequences through the help of an online tool. For execution of this job, ExPASy 

Translate tool was used (Artimo et aI., 2012). 

3.13. Alignment of HIV 

The nucleotide sequences of the samples were then translated to amino acid sequences using online 

server ExPASy (https:llweb.expasy.org/translate/). The alignment of amino acid sequences was 

executed using CLC (Yamaguchi, 2018). The sequences aligned with a reference protein sequence 

of Human Immunodeficiency virus (HIV-l isolate_PK002, accession no. KW252395). Amino 

acid substitutions were then analyzed for positions that have been described in the previous 

literature. 

3.14. Conserved regions identification 

Conserved regions were identified using BioEdit by aligning both the isolate protein sequences 

with reference protein sequences of HIV -1 from different regions. 
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3.15. Prediction of Secondary structures 

To predict secondary structure of HI V-Gag SOPMA was used (Geourjon & Deleage, 1995). 

3.16. Protein Structure Modeling and Visualization 

For tertiary structure modeling Robbeta server (http: //robetta.bakerlab.org) was used (Kim, 2004). 

Robetta server is based on the comparative modeling teclmique to generate structures. The model 

structure ofthe given amino acid is formed by using PSI BLAST, FF AS03 or 3D-Jury. The model 

was obtained in the form of a "PDB file" for further analysis. For molecular visualization and 

structure comparison, PyMOL was used (Yang et al., 2012). 
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4. Results 

Total 25 HIV suspected samples were collected from Islamabad, Lahore, Peshawar, and Kohat 

hospitals and HIV / AIDS centers. Of the total 25 suspected samples, 18 were confirm HIV positive. 

The patients of the study were of different age ranging from 08-45 years, 4 were children under 

the age of 15 years (3 females and 1 male), 12 adult males and 2 adult females. Out of the total 

positive samples 5 samples were collected from Islamabad, 8 from Peshawar, 3 from Kohat and 2 

from Lahore, Punjab. 

4.1 . Gel electrophoresis and Nucleotide Sequencing result 

Gag gene of HIV -1 was amplified using nested PCR and the product of approximately 1500 base 

pairs was obtained using two sets of gene specific primers. These were external forward/reverse 

primers and internal forward/reverse primers. The agarose gel showing approximately 1500 bp of 

HIV -1 Gag gene is given in Figure 4.1. 

Each sample after amplification was purified from excised gel using gel extraction kit and were 

further processed for Sangers sequencing. Chromas was used for refining sequences (Zajec, 1986). 

Two sequences of Gag HIV -1 were obtained in current study and further analysis were done 

through bioinformatics tools. 
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Figure 4.1. peR Amplified products. Lane 1: 100-bp DNA gene ruler, Lane 2 (AI) and 3 (A2): 

Positive samples showing Gag HIV -1 specific bands of approximately ~ IS00-bp highlighted in 

red box. 
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4.2. Sequencing Results 

T C A TT AT m mC.\.lTAG T.H CCC1ClATT GlC1AC.\ W.\CGL\G .\G:\T GTH UI.\(T TeA T GU GCG GL1GAC.U\G lATG AGGA A.\ LU G C.HCAAGC.H AAG AC ACA TI CA 

C IWC B I GAC.\ UGICGA m .\HCG I G.\CG.\GCAG.H CHGCIAIGGC.\CAGG IG IG AE GG ITA CGG .\G G.m CCO IGG T CAGG IT G.\CIGG CC AEHTGTT CA.HG.\G 

CACTL.l..HT CCAGCACG GG lHH (T HT ACT . .!QiiHGGCGAT T AGCCC.\B TGCCCTAAT ACWTGG C.K\GC.T TAtAGH (GATGCCKU C.\CA AHG CATAACT AT GAT 

CA AUG C.H AACTAT GAT GCCCGAACAGAG !TT CC rc TCC TGG G.1G CTAGCA.HCG.\AA.HCHT ACTATC.HCGAGG HGCTGCGGAAGG ACAGG CTACACCCAG.\GG .\G 

GG CAGGG CC TT GACC.\GG CC AH T.UG .\GH CC AAGG TG GGHGC CGAET AG G.\G G.HCGACTAGA.\ T.H GGG A~_HT AGC .JT GGT G ACAGCC GAT IT G.lCCC AG AT A HI 

C TWC TAT GACA TAGI CG.HAT HACG TGACG.\GC AGAT CHGCTATGG CACAGGTGTG .HAGG TTACGa AG GAGA CCG TGGT CAGGTT G ACTGG CC A.tl.UTGTT C.H\GAG 

Figure 4.2 Nucleotide sequencing results of Gag partial gene of HIV -1 
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4.3. Phylogenetic analysis 

For understanding the genetic variability, sequencing of the mentioned gene of HIV -1 samples 

was performed. A total of 50 reference sequences of the aforementioned type of HIV have been 

acquired from NCB I database. Neighbor-Joining Method was used for finding the evolutionary 

history. The highest log-likelihood tree is displayed in the results. The percentage of trees is shown 

next to the branches where by the linked taxa grouped together. The evolutionary distances were 

computed by using Jukes-Cantor model. 52 nucleotide sequences were included in this valuation. 

Software package used for the evolutionary analysis was MEGA 11 . Sequences of the current 

study (QAU-HIVI-AHI , QAU-HIVI -AH2) make a cluster with previously reported sequence 

from Pakistan (KX232595). The study demonstrates that HIV -1 Gag gene isolates clustered 

together with reference sequences from Pakistan and are phylogenetically distinct from those 

reported from African countries like Kenya, Uganda, and Zambia etc. which depicts that they 

might have been originated from above-mentioned sequence recently. They could be thought-out 

as emerging viral isolates. The taxa of current study viral isolates are labelled as red, while other 

isolates of HI V -1 Gag gene, from Pakistan and other regions are presented in black color as shown 

in the Figure 4.3. 
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Figure 4.3. Phylogenetic analysis of HIV -1 isolates. Current study (isolates, n=2) with formerly 

reported Gag gene sequences from Pakistan and other parts of the world (reference sequences, 

n=50). The MEGA 11 package was used for construction of phylogenetic tree. 
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4.4. Amino acids substitutions in HIV-l Gag. 

Both the nucleotide sequences of the study were translated to amino acid sequences by using online 

server ExPASy, following the alignment of resultant amino acids sequences (using reference 

sequence from NCBI.GenBank) through BioEdit. The significant amino acid substitutions found 

in isolate QAU-HIV1-AH1 , Gag protein are W212M, P328Q, N392S, E474K, D479T, and 

Q480R. On the other hand, amino acid substitutions found in isolate QAU-HIV1-AH2, Gag 

protein are L321M, L322Q, V323I, N325I, A326V, N327R, N374Y, K413Q and S477C position 

of the latterly analyzed query sequence (Figure 4.4, Table 4.1 and Table 4.2). 
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Figure 4.4. Alignment of amino acid sequences ofthe query sequences (HIV isolates QAU-HIVl­

AHl and QAU- HIVI-AH2) with the reference sequence of HIV-l isolate_PK002, accession 

number KX232595 _ 
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Table 4.1. Amino acid substitutions present in Gag protein of Human Immunodeficiency Virus 

(HIV-l), (isolate QAU-HIVI -AHl). 

212 Non-polar Neutral M Non-polar Neutral 

(Tryptophan) (Methionine) 

328 P Non-polar Neutral Q Polar Neutral 

(Proline) (Glutamine) 

392 N Polar Neutral S Polar Neutral 

(Asparagine) (Serine) 

474 E Polar Neutral K Polar Positive 

(Glutamic acid) (Lysine) 

479 D Polar Negative T Polar Neutral 

(Aspartic acid) (Threonine) 

480 Q Polar Neutral R Polar Positive 

(Glutamine) (Arginine) 
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Table 4.2. Amino acid substitutions present in Gag protein of Human Immunodeficiency Virus 

(HIV-1), (isolate QAU-HIV1 -AH2). 

321 L Non-polar Neutral M Non-polar Neutral 

(Leucine) (Methionine) 

322 L Non-polar Neutral Q Polar Neutral 

(Leucine) (Glutamine) 

323 V Non-polar Neutral I Non-polar Neutral 

(Valine) (Isoleucine) 

325 N Polar Neutral I Non-polar Neutral 

(Asparagine) (Isoleucine) 

326 A Non-polar Neutral V Non-polar Neutral 

(Alanine) (Valine) 

327 N Polar Neutral R Polar Positive 

(Asparagine) (Arginine) 

374 N Polar Neutral Y Polar Neutral 

(Asparagine) (Tyrosine) 

413 K Polar Positive Q Polar Neutral 

(Lysine) (Glutamine) 

477 S Polar Neutral C Polar Neutral 

(Serine) (Cystine) 
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4.5. Secondary structure prediction 

For the prediction of Secondary structure of HIV -Gag protein, the online server SOPMA 

(Geourjon, 1995) was used. HIV-1 isolate QAU-HIVI-AHI has an alpha helix of 31.36%, 

extended strand of 9.41 %, Beta tum of 1.74% and Random coils of 57.49%. While HIV isolate 

QAU-HIV1-AH2 has an alpha helix of24.16%, extended strand of7.30%, Beta tum of5 .06% and 

Random coils of 63.48% (Figure 4.5 and 4.6). It is supposed that conserved regions are existing 

which maintained the structure of the Gag. 
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Figure 4.5. Secondary structure of QAU-HIVI-AHI Gag protein, Different motifs and parts of 

Gag i.e. Alpha helix, Beta turn, extended strand, and random coils are presented along with their 

percentage. 
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ccccccccccccccccccccccch h hh hhh h t cccccc 

S equence 1engt h ~78 

SOPMA : 

A1p h a h e 1 ix ( Hh ) 43 is. 24.~6% 

3'~0 h e1.ix ( Gg ) >0 is. >0.1210% 
pi he1ix ( I i ) 0 is. 0 .00% 

Be ta b ridge ( S ib ) 0 .is 0 . 00% 

Exte n d ed strand ( Ee ) 13 is 7.313% 

Beta tu rn ( Tt) 9 is 5.06% 

Be n d r e gion ( 55 ) 0 i s. 0.00% 

Ran dom coil ( Cc ) 113 is. 63.48% 

Amb i g u o u s st a tes. ( ? ) ,0 is 0 . 013% 

Oth er states 0 is. 0 .013% 

11111 11 1111111 11111 111111111 11111111 1111111111111 11111 111 1111111 1111 111 111111 11111111111111111111 1111111 1111 11111111111111111111111111111111111111111 1111111111 111111111111111 

28 48 68 88 188 128 148 

28 48 68 88 188 128 148 

Par ameter s 

l~indol'l width 17 

Simi lar ity thr esho l d 8 
Number of states 4 

Figure 4.6. Secondary structure of QAU-HIVI-AH2 Gag protein. Different motifs and parts of 

Gag i.e. Alpha helix, Beta tum, extended strand, and random coils are presented along with their 

percentage. 
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4.6. Protein modeling and validation 

3D proteins structures were generated by Robetta for two amino sequences of isolate QAU-HIV 1-

AHI and isolate QAU-HIVI -AH2. Structural comparison of the variants with the reference protein 

sequence was made possible through visualization of protein models. The assessment of 

substitutions were made easier and clear through struchlre predication (Figure 4.7, 4.8). The 

substitutions are highlighted in amino acid sequences of both variants with respect to their sites 

compared to reference sequences. Moreover, the conserved sites are also highlighted in sequences 

with respect to the reference sequences. PyMOL tool was used for structural comparison of both 

the variants with the reference sequence. 
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Asn 

A: QAV-HIVI-AHI 

GIn 

B: Reference 

Figure 4.7. A). 3D structure (3D) of HIV-1 Gag protein of isolate QAU-HIV1-AHl. B). 3D 

structure of HIV -1 Gag protein of Reference isolate. 
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A: QAU-HlVl-AH2 

B: Reference 

Figure 4.8. A). 3D structure (3D) of HIV-1 Gag protein of isolate QAU-HIV1-AH2. B). 3D 

structure of HIV -1 Gag protein of Reference isolate. 
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4.7. Conserved regions 

Conserved regions were identified using BioEdit by aligning both the isolate protein sequences 

with thirty reference protein sequences of HIV -1 from different regions. Two conserved regions 

were identified in isolate QAU-HIVI-AHI . Region 1 consensus sequence was identified as 49-

IYKRWIILGLNKIVRMYSP-67 with segment length of 19. The region 2 consensus sequence was 

identified as 75-QGPKEPFRDYVDRFFK-90 with the segment length of 16 shown in figure 4.9. 

While the isolate QAU-HIVI-AH2 showed no conserved regions with reference sequences. 

Conselved Region I -------- ------" --- -
I!if' I D I .n. '9J GlD I -I- ~ ~~ 

-=-J ........ I ...... .. I ...... .. I ........ I .. 

-=-I 1 0 2 0 
rl'-:C:"'1;-;I -;:o::-:u-:-::e-:r~y::-O-""7~S I Y K FHI'I I I L .' L N K I V R M Y S P 
gb I ANW1 0 B43. IYKRWIIL ~LNK IVRM Y S P 
gb I OHI450 ~1 . I Y KRWIIL , L N K IV R M Y S P 
gb1ANW11 0 4 B . I Y KRWIIL , L N K XV R MY S P 
gb 1ARA726 0 6 . IYKRWIIL ~LNK IVRMYS P 

gb I ARA72651. I Y KR WIIL ' L N K IV R MY S P 
gb I A T U B B653 . I YKRWIIL ~LNK IVRMYS P 
gbIANW1 0~49 . X Y KRWIXL , L N K IV R MY S P 
gb I O HI 4361 0 . I Y KRWIIL :' L N K XV R MY S P 
gb 1ANW1 0BB 4. I Y KRWIIL -" L N K IV R M YS P 
gb 1AYE55627 . I YKRWIIL ~LNK XVRM YS P 
gb 1ANW11 0 65. I YKRWIIL ~LNK IVRM YS P 
gb I ANW11 0 57 . I Y KR WIIL '; L N K IV R M V S P 
gb 1AP I 7 0 21 B . I Y KRWIIL · L N K IV RM Y S P 
gb 1 ARA7 2 624. I Y KR WXIL · L N K IV R l-1 Y S P 
gb 1 ANW1 10 ~:l . I Y KR WX XL ; L N K XV R l-I Y S i? 
gb 1ANW11 0B 2 . XY KR WIIL · L N K XV R MY S P 
gb 1ACU3152 B . XY KRWIXL .;L N K IV R MY S P 
gb 1ANW11039. I Y KRWIIL :'L N K IV R M Y S P 
gb 1ALB 0 6743 . I Y KRWIIL : L N K IV R MY S P 
gb1ACV94562 . IYKRWIIL ~LNK IVRMYS P 

gb 1Asu626 4 1. I YKRWIIL ~LNK IVRMYS P 
gb I OWX~321 0 . IYKRWIIL~LNK IVRM YS P 
dbj I BAF313~E I YKRWIIL 3LNK IVRM YS P 
gb I ANW10~5 B . I Y KRWIIL ' L N K IV R MY S P 
gb 1A I K2 0 21 0 . IYKRWIIL ~LNK XVRMYS P 
gb I AYE55700 . I YKRW I IL ~LNK XVRMY S P 
gb 1 ABN11 0 74 . I Y KRWIIL :' L N KIVR~I Y S P 
gb 1ANW1 0 B6 0 . IY KRWIXL ~LNK IVRMYS i? 
gb 1AYE 55765 . IYKRWIIL ~LNK IVRM YS P 
gb 1 ASM5B66 0 . I Y KRWIIL ', L N K IV R MY S P 

Conserved Region 2 

-=..J , • • •• I •• • • I •• •• I ••• 

-=..J 1 0 
'1-c-:-'1-;I-:O;:::-'-:u-:e"'r--y---'7=~:-;4'"'7""'2~3 C .' P K E P F R D YV D R F F K 
gb 1ANW1 0B 43 . 1 1 C P K E P P R D YV D R FF K 
gb 10H X4 5 0 91 . 1 1 C ~ P KE P F RD YV D R FFK 
gb 1ANW11 0 4B . l l C : P K E P F R D YV D R FF K 
gb I ARA726 0 6.:l1 C ~ PKE P F RD YV DR FFK 
gb 1ARA7 2651 . 1 1 C -· P K E P P R D Y V D R FP K 
gb1AT UB B 653 . 1 1 C P K E P F R D V V D R FF K 
gb 1ANW1 0 949.11 C ~ PK E P FRDVVDR FFK 
gb 10H X 4361 0 .1 1 C P KE P FRDYVDR F~K 
gb 1ANW1 0 B B 4 . 1 1 C :' P K E P F R D YV D R FF K 
gb 1AYE 55627 . 1 1 C P K E P F R D Y V D R FF K 
gb 1ANW11 0 65.1 1 :C . P K E P F R D YV D R FF K 
gb 1 ANW11 0 57 . 11 IC · P K E P F R D Y V D R FF K 
gb 1AP X 7 0 21B . ll C P K E P F R D YV D R FF K 
gb I ARA72624 . 1 1 1': · ", K E P F R D Y V D R FF K 
gb 1 ANW11 0 91. 11 C . P K E P F R D Y V D R FF K 
gb 1 ANW11 0B 2 . 11 IC ., P K E P F R D YV D R FF K 
gb 1ACU3152B . 1 1 I . P K E P F R D Y V D R FF K 
gb 1ANW11 0 39.1 1 C ' P K E P F R D YV D R FF K 
gb 1ALB 0 67 4 3.11 C · P K E P F R D Y V D R FF K 
gb 1ACV9 4 562 . 1 1 .C , P K E P F R D YV D R FF K 
gb1ASU62641 . 1 1 ~ ' P KE P FRDYVDR FFK 
gb 1 OWX9321 0 . 1 1 IC . P K E P F R D YV D R FF K 
dbj 1BAF31396 . 1 1 C P K E P F R D YV D R FF K 
gb 1ANW1 0 95B.11 C : P K E P F R D Y V D R FF K 
gb1AXK2 0 21 0 . 1 1 C , P K E P F R D YV D R FF K 
gb 1AYE 557 00 . 1 1 IC ' P K E P F R D YV D R FP K 
gb 1ABN11 0 7 4 .1 1 . P K E P F R D Y V D R FF K 
gb 1ANW1 0 B6 0 . 11 C '; P K E P F R D Y V D R FF K 
gb 1AYE5 5765.11 IC . P K E P F R D Y V D R FF K 
qb 1ASM5 6 66 0 .1 1 C · P K E P F R D YV D R FF K 

Figure 4.9. Conserved region 1 and 2 of the query sequence QAU-HIVI-AHI with 30 reference 

sequences. 
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5. Discussion 

The HIV epidemic needs significant attention regarding its control and prevention as its burden is 

increasing around the globe. In year 2018, the number of new infected HIV cases reported were 

more than 1.9 million globally, and increasing every year (Rotheram et aI. , 201 8). The significant 

increase in HIV cases might be due to lack of knowledge/safe practices/attitude about HIV 

infection and its asymptomatic nature in the early stages of infection. Individuals during the severe 

phase of infection could be at higher risk of secondary transmission of virus with a very high viral 

load (Cohen, 2010). The current study was performed from November 2021 to July 2022, the 

participants of the study were the high-risk behavior presenting individuals and referred to the 

physician for HIV testing. The participants included different age groups ranging from eight years 

children to 45 years adults. Among the 25 suspected patients 18 were tested positive for HIV 

infection. Most of the individuals represented general symptoms such as pale color, fatigue, 

muscles ache, swollen lymph nodes, fever, and mouth ulcers. The samples were initially checked 

through HIV-ICT testing and then subjected to confirmation through RT-PCR. As HIV-ICT could 

have false positivity, therefore all the positive samples were confirmed by a highly sensitive RNA 

quantification RT -PCR technique. After confirmation, those positive samples were processed to 

assess HIV -Gag gene and its mutations through conventional PCR amplification and nucleotide 

sequencing. 

The overall prevalence in the general population of Pakistan has been reported to be 0.1 % (Rabold 

et aI., 2021). HIV prevalence in different age groups in the current study showed the most affected 

age group observed was 24 to 30 years old followed by 31 to 45 years (Figure 5.1). These current 

results are in agreement with the fonner studies from the country (Haq et aI. , 2020; Wazir et aI. , 

2008). The highest prevalence among the adult age group could be linked to the lack of awareness, 

use of contaminated syringes, and unsafe sexual interactions (Farid et aI. , 2009). Similarly, the 

gender wise prevalence revealed that the male individuals were more infected as compared to 

females (Figure 5.1). This could be positively linked to the lifestyle of the male individuals. 

Practices such as male circumcision with unhygienic blades, unsterilized blades usage by barbers' 

use of injecting drugs, unsafe sexual practices, piercing, and major exposure of males to 

environment and unhygienic activities posed to be a higher prevalence of HIV infection in male 

individuals (Haq et aI. , 2020) . 
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Patients Data 

30-45 

20-30 
8 

Less than 15 

0 1 2 3 4 5 6 7 8 

Less than 15 20-30 30-45 

• Fema le 3 1 1 

. Male 1 7 5 

. Total no 4 8 6 

• Female • Male • Total no 

Figure 5.1. Bar graph and table showing age and gender wise distribution of the patients (n=18). 

Haq and colleagues (Haq et at , 2020) reported prevalence of 0.73 % of HIV infection among the 

blood donors in Peshawar. However, the highest infection rate previously reported in Pakistan was 

from Sargodha district representing 13.3% prevalence (Wahid, 2019). The HIV infection in 

Pakistan is increasing and the health sector must intensify their efforts to manage and control the 

increase in HIV infection on immediate basis. 

The confirmed HIV positive samples were processed for genetic and molecular assessment ofHIY. 

Various viral genome regions (including the Gag gene) were targeted for amplification. Gag 

proteins are regulatory and structural polyproteins of HI V and all other retroviruses. Initially it was 

understood as a simple scaffolding protein which forms the viral core, but it was revealed that the 

Gag can recognize the genomic RNA and proteins of both virus and host as it transports to the cell 

membrane. Gag is responsible for forming the high ordered structures which are required for the 

assembly, maturation and budding of new infectious particles (Bell & Lever, 2013). It comprises 

ofpl5, p18 and p24 proteins and it has been reported that a point mutation in any of these. Gag 

proteins may lead to HIV -1 resistance to protease inhibitors (Dam et aI. , 2009). HIV Gag region 
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mutations has not been studied significantly in Pakistani isolates and therefore should be further 

studied and analyzed. 

Phylogenetic analysis of HIV provides a valuable platform for molecular analysis, ancestral 

studies, performing genetic assessments, and guidance for the treatment. The evolutionary genetics 

and hierarchal relationship data is also provided. Nucleotide sequences of the current study were 

assessed for phylogenetic and evolutionary relationships with other sequences of HIV -1 Gag gene 

of Pakistan and other parts of the world. Phylogenetic trees of current sequences were constructed 

by MEGA 11 software, version 11 (Tamura, 2021) . The evolutionary relationship was concluded 

by using the Neighbor-Joining method and Jukes-Cantor Model. The query sequences (isolates 

QAU-HIVI-AHI and QAU-HIVI-AH2) clustered with a local sequence (KX232595). As shown 

in figure 4.3, isolates from the current study cluster together with the reference sequences from 

Pakistan and are phylogenetically distinct from those reported from African countries like Kenya, 

Uganda, and Zambia etc. All Pakistani isolates makes a separate cluster and are phylogenetically 

distinct from isolates of other regions of the world. Further studies are needed to understand the 

evolutionary relationship of Pakistani sequences with other sequences of the world. 

Nucleotide substitutions in the wild-type codon leads to antiviral drug resistance in HIV (Shafer 

et aI., 2000) . Usually drug resistance associated mutations occur in more than one codon. 

Production of molecular target drugs that can specifically suppress HIV transmission and 

replication is possible due to recent developments molecular biology (Wensing et aI., 2019). 

HIV is hard to treat because its genetic material persistently sustain variations in the form of 

substitution or deletions (Ueda et aI., 2019). For the eradication of this disease a global strategy 

has been adopted for reduction of new cases of HIV, mortality reduction, providing of affordable 

treatments and awareness (WHO). Insights into the global distribution, clinical information and 

genotype diversity is required in order to effectively tackle this problem (Kagan et aI., 2019). 

HIV has a very diverse pattern of molecular and genetic distribution both worldwide and locally. 

We studied the HIV -1 subtype-A sequences which is the most prevalent in Pakistan (Shah et aI., 

2011). Vatious studies conducted earlier has depicted this phenomenon about the prevalence in 

Pakistan (Khan et aI., 20 18). 
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Analysis of local and worldwide consensus sequences shows that Gag isolate of this study has 

relative conserved regions like other reference isolates. It consists of important motifs that are 

involved in key functions such as the ab ility to recognize genomic RNA of both virus and the host 

proteins as it transports to the cell membrane. It also forms structures that are required for the 

functioning of new virus particles. Amino acid substitutions in Gag region could play significant 

role in resistance to protease inhibitors and severity of the disease (Lv & Wang, 2015). 

5.1. Amino acid substitution analysis of HIV-l Gag isolates (QAU-HIV-AHI and QAU­

HIVI-AH2). 

Amino acid substitution analysis is very important as it gives information about a particular change 

in amino acid will have difference in the structure and function ofthe virus and its role in resistance 

against drugs. 

When aligrunent ofthe query sequence isolates (QAU-HIV1-AHl and QAU-HIV1 -AH2) with the 

reference isolate (HIV-1 isolate_PK002, accession number KX232595), we noted several amino 

acid substitutions (Figure 4.4, Table 4.1 and 4.2). Details of the corresponding substitutions are as 

follows: 

5.1.1. Isolate QAU-HIV-AHI amino acid substitutions. 

5.1.1.1. W212M, P328Q and N392S. 

Tryptophan a neutral, non-polar and hydrophobic amino acid present at the position 212 of the 

reference sequence is substituted to Methionine, which is also a neutral, non-polar and 

hydrophobic amino acid on the same position at the query sequence of the said isolate. Tryptophan, 

can replace any other aromatic amino acid residues, but it has a unique size and chemistry, so 

replacement by anything could affect the assembly and functioning of protein (Salzwedel et ai., 

1999). Methionine usually is non-reactive, and thus could be rarely directly involved in protein 

function. As of other hydrophobic amino acids, it might have a role in binding or recognition of 

hydrophobic ligands. So, with this substitution the structure of protein have been slightly changed 

(compared to the reference protein) but the binding ability of both amino acid share same 

properties so it might not have a significant impact on its binding. Although, the tryptophan share 

a unique property of the binding and envelop-mediated fusion of the virus to the host (Salzwedel 

et ai. , 1999). 
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Proline a neutral, non-polar and hydrophobic amino acid at position 328 of the reference sequence 

is substituted to a neutral, polar and hydrophilic amino acid Glutamine on the same position at the 

query sequence of the said isolate. Proline being less reactive is often involved in protein active or 

binding site (Betts et al., 2003), while Glutamine has a role in active sites of protein or its binding 

sites. The side chain (polar) is responsible for connections with other charged atoms or polar side 

groups (Russell, 1998). The substitution discussed might affect normal function of protein as both 

the amino acids have almost different roles. 

Asparagine which is a polar, neutral, and hydrophilic amino acid at position 392 of the reference 

sequence is substituted to another neutral, polar and hydrophilic amino acid Serine on the same 

position at the query sequence of the said isolate. Asparagine have a key role in active site of 

protein or its binding sites (Coren et al. , 2007) whereas, Serine are known for their role as protein 

functional centers and protein active or binding sites (Simon et al., 2002). So, the said substitution 

could not have any effect on the protein nonnal function as both amino acids are related to same 

roles. 

5.1.1.2. E474K, D479T, and Q480R 

Glutamate a hydrophilic, polar and neutral amino acid at position 474 of the reference sequence 

is substituted to another polar, positively charged and hydrophobic amino acid Leucine on the 

same position at the query sequence of the said isolate. Glutamate have a major role in binding 

sites or active sites of protein, they also have a role of providing a catalytic site for proteins such 

as proteases or lipases (Betts & Russell, 2003). Lysine are also involved in active and binding site 

of protein (Stites, 1997). These amino acids share almost same properties with different nature so 

their binding sites and structure could not be disturbed. 

Aspartate which is a hydrophilic, negatively charged and polar amino acid at position 479 of the 

reference sequence is substituted to a hydrophobic, neutral and polar amino acid Threonine on the 

same position at the query sequence of the said isolate. Aspartate is likely to have role in active or 

binding sites of protein (Tantillo et aI., 1994), while threonine occurs in protein surfaces or within 

interior part of the protein. They are present in protein functional sites, which are fairly reactive 

and fonn hydrogen bonding with different polar substrates (Frankel & Young, 1998). Both of these 

amino acids have different natures, functions and role so a substitution of these two results in the 

changing of structure and function of the site. 
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At position 480 of the reference sequence the hydrophilic, neutral and polar amino acid Glutamine 

substituted to Arginine a hydrophilic, positively charged and polar amino acid on the same position 

at the query sequence of the said isolate. Glutamine has a key role in active or binding sites of 

protein. The polar side chain is responsible for binding with other charged atoms or polar side 

groups (Russell, 1998), whereas Arginine also lies in the active site of protein or its binding sites 

and they may also interact with other polar side groups (Borders Jr et aI. , 1994). The substitute 

amino acids both share similar properties so they did not have an impact on their regulatory 

functions. 

5.1.2. Isolate QAU-HIV-AH2 amino acid substitutions. 

5.1.2.1. L321M, L322Q, V323I and N325I. 

Leucine a non-polar, neutral, and hydrophobic amino acid at position 321 of the reference 

sequence substituted to another same nature acid Methionine on the same position at the query 

sequence of the said isolate. Leucine is non-reactive and rarely involved in catalysis of proteins 

but plays a role in substrate recognition and binding of hydrophobic ligands like lipids (Yu et aI. , 

2017). Methionine is also non-reactive amino acid and share same properties as of Leucine. Like 

other hydrophobic amino acids, its role is in recognition or binding of hydrophobic ligands 

(Salzwedel et aI. , 1999). So, with this substitution no significant change in the structure and 

function of the protein occur as both the amino acids share similar properties. 

At position 322 of the reference sequence a non-polar, hydrophobic, and neutral amino acid 

Leucine substituted which is hydrophilic, polar and neutral amino acid Glutamine on the same 

position at the query sequence of the said isolate. Leucine a non-reactive amino acid is rarely 

involved in catalysis but also plays a role in substrate recognition and binding of hydrophobic 

ligands such as lipids (Yu et aI., 2017) while Glutamine is involved in protein binding or its active 

sites. The polar side chains are responsible for interactions with other charged atoms or polar side 

groups (Russell, 1998). Both amino acids are totally of different nature, polarity and share different 

characteristics which may have an impact on its function and reduces the membrane-binding 

capacity of the precursor protein (Gonzalez & Affranchino, 1998). 

Valine is replaced by Isoleucine at position 323 of the reference protein. Both are hydrophobic, 

non-polar and neutral in nature. Both Valine and Isoleucine possess low reactivity and are rarely 
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involved in functions. Though they could play its part in substrate recognition (Palanisamy et aI. , 

2017) . 

Asparagine which is a neutral, polar and hydrophilic in nature present at position 325 of the 

reference sequence is substituted to a hydrophobic, non-polar, neutral amino acid Isoleucine on 

the same position at the query sequence of the said isolate. Asparagine have a key role in protein 

active or binding sites (Coren et ai. , 2007) whereas, Isoleucine has low reactivity and hardly 

involved in functions . Although it could have a role in substrate recognition. So, a change in 

reactivity and binding/active site could occur. 

5.1.2.2. A326V, N327R, N374Y, K413Q, and S477C. 

At position 326 of the reference sequence a non-polar, hydrophobic, and neutral amino acid 

Alanine substituted to a hydrophobic, non-polar, neutral amino acid Valine on the same position 

at the query sequence of the said isolate. Both Alanine and Valine possess same properties and are 

involved in protein functions . Although they could have a role in substrate recognition (Kempf et 

aI., 2001). 

Asparagine which is polar, neutral and hydrophilic amino acid at position 327 of the reference 

sequence is substituted to Arginine which is a hydrophilic, positively charged, polar amino acid 

on the same position at the query sequence of the said isolate. Asparagine have an important role 

for active or binding sites of protein and the polar side groups are involved for interactions and 

binding with other polar or charged groups. While, Arginine also have a role in active sites of 

protein and they can also interact better with other charged atoms or polar side groups (Jenkins et 

aI., 2007). Both the amino acids share same properties and functions so no significant change could 

occur. 

At position 374 of the reference sequence a neutral, hydrophilic, and polar amino acid Asparagine 

changed to a different nature polar, hydrophobic, neutral amino acid Tyrosine on the same position 

at the query sequence of the said isolate. Asparagine have a key role in binding sites of protein and 

its polar side groups has a role in binding with other polar charged groups. On the other hand, 

tyrosine is more of associated with binding of non-carbon atoms. Common role for tyrosine is 

phosphorylation (Shimizu et ai. , 2008). So, the tyrosine substitution might promote the co- receptor 

activity of the protein. 
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At position 413 of the reference sequence a positively charged, polar and hydrophilic amino acid 

Lysine changed to another hydrophilic, neutral and polar amino acid Glutamine on the same 

position at the query sequence of the said isolate. Lysine and Glutamine both often exist in protein 

active sites and could better interact with other charged atoms or polar side groups (Waksman & 

Sansom, 2005). As, both amino acids are of same nature and share same properties so no 

significant change in function could occur. 

Serine a neutral, polar and hydrophilic amino acid at position 477 of the reference sequence is 

substituted to cysteine another polar but hydrophobic amino acid on the same position at the query 

sequence of the said isolate. Serine and Cysteine are known for their role as protein functional 

centers and protein active or binding sites (Simon et ai., 2002). They are also known for their 

protease activities. The substitution of these amino acids may cause change of structural and 

functional activities of the proteins and their binding sights to the respective residues . 
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Conclusion 

A staggering amount of 39 million cases of HIV has been reported worldwide by World health 

organization. In Pakistan, the prevalence of HIV is still increasing and seems uncontrollable till 

date. For the complete eradication of HIV, the understanding of nucleotide sequence variability 

and its consequent amino acid substitutions is very important. In the current study, HIV Gag gene 

was amplified, sequenced and its phylogenetic analysis conceals that the current sequences (isolate 

QAU-HIVI-AHI and QAU-HIVI-AH2) grouped together with KX232595 . This study also reports 

several amino acid substitutions in functionally and structurally important domains of Gag gene. 

Further analyses are required to analyze and understand whether these substitutions are associated 

with antiretroviral drug resistance or not. And we further suggest viral isolates from the Pakistani 

patients' needs to be studied for possible drug resistant mutations to prescribe specific 

antiretroviral therapies . 
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Comparison of Query Sequences (QAU-HIVI-AHI and QAU-HIVI-AH2) with reported amino 
acid sequences from Kenya, Uganda, USA, and Pakistan showing amino acid substitutions and 
mutations. 
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