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Abstract
The high mutation rate of HIV poses a significant challenge for research and treatment development. 

Obtaining unaltered viral genetic material before integration into the host cell’s DNA would be a 
valuable tool for studying early infection stages and developing more effective therapies. This study 
explores the feasibility of using artificial cell membranes containing human immunodeficiency virus 
(HIV) receptors (CD4 and co-receptor) to capture unintegrated viral RNA. We discuss the potential 
advantages and limitations of this approach compared to existing methods for studying HIV infection.

Introduction

HIV, the causative agent of Acquired Immunodeficiency Syndrome (AIDS), exhibits a high degree 
of genetic variability due to its error-prone reverse transcriptase enzyme [1]. This rapid mutation rate 
hinders vaccine development and complicates treatment strategies targeting specific viral proteins 
[2]. Studying the unaltered viral genome, particularly before integration into the host cell’s DNA, 
offers a unique opportunity to understand early infection events and identify potential targets for 
intervention, such as conserved regions less prone to mutations [3].Current methods for studying HIV 
infection primarily rely on culturing infected human T cells or using pseudovirions. Cultured T cells 
provide a natural cellular environment but can be challenging to maintain and may not fully represent 
the diversity of HIV strains in vivo [4]. Pseudovirions, engineered viruses lacking functional HIV 
genes but retaining the envelope proteins, offer a more controlled system but lack the complete viral 
machinery required for some early infection events [5]. This study proposes a novel approach utilizing 
artificial cell membranes embedded with specific HIV receptors (CD4 and co-receptor) to capture 
unintegrated viral RNA. This strategy aims to isolate the virus at the initial stages of infection, before 
it has a chance to integrate and introduce mutations into its genome.

Materials and Methods

Artificial Cell Membrane Preparation: Artificial cell membranes will be constructed using purified 
phospholipids or synthetic analogues, such as 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine 
(POPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphate (DOPC),obtainedfrom commercially 
available sources (e.g., Avanti Polar Lipids) [6]. Techniques like thin-film hydration or microfluidics 
will be employed to form liposomes with a desired size (around 100 nm diameter) and structure 
(unilamellar vesicles) [7, 8].Receptor Incorporation: Purified CD4 and co-receptor proteins (CCR5 
or CXCR4) will be integrated into the artificial membranes during their formation. Techniques like 
detergent-mediated protein insertion using Triton X-100 or dodecylmaltoside (DDM) will be employed 
[9]. Alternatively, lipid-protein conjugation protocols utilizing biotinylated receptors and streptavidin-
conjugated lipids can be explored for oriented attachment [10].HIV Infection and Capture: Purified 
HIV virions obtained from cell culture supernatants or commercially available sources (e.g., NIH AIDS 
Reagent Program) will be incubated with the artificial cell membranes containing HIV receptors. The 
incubation conditions, such as temperature, pH, and incubation time, will be optimized to promote viral 
binding and attempted entry while minimizing nonspecific interactions [11]. Following incubation, 
unbound viral particles will be separated from those bound to the artificial membranes using sucrose 
gradient centrifugation or affinity chromatography techniques with immobilized antibodies targeting 
unbound viral components (e.g., gp120 envelope protein) [12,13].Viral RNA Isolation:  Techniques 
like real-time PCR with specific primers targeting conserved regions of the HIV RNA genome (e.g., 
LTR, Gag) will be used to isolate and amplify the captured viral RNA from the bound viral particles 
[14].  Kits designed for efficient viral RNA extraction from low sample volumes (e.g., QIAamp Viral 
RNA Mini Kit, Qiagen) can be employed.Sequencing and Analysis: The isolated viral RNA will be 
subjected to next-generation sequencing technologies like Illumina sequencing to obtain the complete 
genetic sequence [15]. The data will be analyzed using bioinformatics tools to identify the presence 
of unintegrated viral RNA and assess the level of sequence variation compared to known HIV strains 
deposited in public databases (e.g., GenBank). Expected Outcomes: We anticipate that HIV virions 
will bind to the artificial cell membranes containing the specific receptors, mimicking the initial stages 
of infection with a human cell. However, due to the absence of the cellular machinery required for 
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complete entry, the virus will not be able to integrate its RNA into the host cell genome.By isolating the viral 
RNA bound to the artificial membranes, we hope to obtain a population of relatively unintegrated viral genomes.  
Sequencing analysis will reveal the extent of sequence variation present in the captured viral RNA compared to 
established HIV strains. This information can provide insights into the diversity.

DiscussionThis study investigated the feasibility of using artificial cell membranes (ACMs) embedded with 
human immunodeficiency virus (HIV) receptors (CD4 and co-receptor) to capture unintegrated viral RNA. This 
approach offers a valuable tool for studying the initial stages of HIV infection, potentially addressing limitations 
associated with existing methods.

Advantages of ACMs for Studying Early HIV Infection

Isolation of Unintegrated Viral RNA:  Unlike culturing infected T cells, ACMs prevent complete viral entry, 
allowing isolation of pre-integration viral RNA. This provides a unique opportunity to analyze the unaltered 
viral genome, crucial for understanding early infection events and identifying potential therapeutic targets less 
susceptible to mutations [18], [19]. 

Controlled System:  Compared to T cell cultures, ACMs offer a more controlled environment. They 
eliminate the complexities of maintaining live cells and ensure a more homogenous population of target receptors, 
minimizing variability in infection [20].

Versatility:  The ability to incorporate different HIV strains and co-receptors into ACMs allows for the 
investigation of a broader range of viral variants, providing valuable insights into viral diversity [21].

Comparison with Existing Methods 

Cultured T Cells: While T cell cultures represent a natural cellular environment, they may not fully capture 
the in vivo diversity of HIV strains. Additionally, maintaining these cultures can be challenging and time-
consuming [22].

Pseudovirions:Pseudovirions offer a controlled system but lack the complete viral machinery required for 
some early infection events, potentially misrepresenting the initial stages of viral attachment and fusion with the 
host cell membrane [23].

Limitations and Future Directions 

Mimicking Cellular Environment: ACMs currently lack the full complexity of a cellular environment.  
Future studies could explore incorporating additional cellular components, such as cholesterol or glycosylated 
lipids, to achieve a more realistic viral-host cell interaction, potentially influencing viral attachment and entry 
processes.

Efficiency of Capture: Optimizing conditions for viral binding and capture to ACMs is crucial. Future 
research could investigate different incubation times, temperatures, and receptor densities to maximize the capture 
efficiency of unintegrated viral RNA.

Downstream Analysis: While this study proposes real-time PCR and next-generation sequencing for 
analyzing captured viral RNA, further validation of these techniques specifically for ACM-based studies might be 
necessary to ensure accuracy and sensitivity.

Conclusion

Utilizing ACMs for capturing unintegrated HIV RNA presents a promising approach for studying early HIV 
infection. This method offers several advantages compared to existing techniques, including the potential to isolate 
unaltered viral genomes and investigate a wider range of viral strains. Addressing the limitations discussed and 
refining the methodology can pave the way for a more comprehensive understanding of the early stages of HIV 
infection and the development of more effective therapies.
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