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Introduction  

The Toll-like receptor 7 (TLR7) is an essential 

component of the innate immune system, 

helping as an important sensor for viral 

pathogens[1, 2]. This receptor identifies single-

stranded RNA, a common feature of many 

viruses, comprising human immunodeficiency 

virus (HIV)[3, 4]. Understanding the role of 

TLR7 in the framework of HIV infection not 

only aids in decoding the complexities of human 

immune response but also covers the way for 

potential therapeutic strategies[5, 6].  

HIV infection remains a global health crisis, 

affecting millions and posing major challenges 

to public health systems. Notwithstanding 

considerable progressions in understanding 

Abstract 

The Toll-like receptor 7 (TLR7) is an essential to the immune response against viral infections, mainly HIV. This 

study examines the amino acid interactions between TLR7 and HIV across three species: humans, cows, and sheep, 

concentrating on binding distances and docking scores as indicators of interaction strength. In humans, the most favorable 

interactions include 330A (Lysine, LYS) with 540A (Arginine, ARG) at a distance of 1.642 Å and a docking score of -

316.27, indicating strong electrostatic interactions. The second best interaction, 242A (Asparagine, ASN) and 269B 

(Glutamine, GLN), displays a distance of 2.516 Å, likely involving hydrogen bonding for enhanced specificity. In cattle, 

the interaction between 561A (Glutamic Acid, GLU) and 1B (Proline, PRO) is remarkably the strongest across species, with 

a distance of 1.439 Å and a docking score of -235.19. In sheep, the interaction 559A (Glutamine, GLN) with 96B (Histidine, 

HIS) at 2.181 Å reflects effective binding with a score of -295.91. Generally, these interactions expose critical insights into 

the structural dynamics of TLR7's recognition of HIV, highlighting the significance of binding affinities in immune response 

strategies. This analysis can guide the progress of therapeutic approaches to improve TLR7-mediated responses to HIV 

across various species. 
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 الملخص

 يعتبر عنصرًا أساسياً في الاستجابة المناعية ضد العدوى الفيروسية، وخاصة فيروس نقص المناعة البشرية (TLR7) 7المستقبل الشبيه بالإنزيم 

(HIV). تدرس هذه الدراسة تفاعلات الأحماض الأمينية بين TLR7 و HIV  عبر ثلاثة أنواع وهي: البشر، الأبقار، والغنم، مع التركيز على مسافات الربط

  .والنقاط المرتبطة كدلائل على قوة التفاعل

، مما 316.27-ودرجة ربط قدرها  Å 1.642) على مسافة ARG(الأرجينين،  540A) مع LYS(الليسين،  330Aفي البشر، تشمل التفاعلات الأكثر ملاءمة 

، ويحتمل أن Å 2.516)، فيظهر مسافة GLN(الجلوتامين،  269B) وASN(الأسباراجين،  242Aيدل على تفاعل كهربائي قوي. أما التفاعل الثاني الأفضل، 

) هو الأكثر قوة PRO(البروتين،  1B) وGLU(حمض الغلوتاميك،  561Aينطوي على روابط هيدروجينية لتعزيز التخصص. في الأبقار، يعُتبر التفاعل بين 

) عند HIS(الهستيدين،  96B) مع GLN(الجلوتامين،  559A. وفي الغنم، يدل التفاعل 235.19-ودرجة ربط قدرها  Å 1.439بين الأنواع، حيث تبلغ المسافة 

2.181 Å  بشكل عام، تكشف هذه التفاعلات عن رؤى حيوية حول الديناميكيات الهيكلية لتعرف 295.91-على ارتباط فعال مع درجة قدرها .TLR7  على

HIV ابات الوسيطة لـ مما يبرز أهمية روابط الربط في استراتيجيات الاستجابة المناعية. يمكن أن توجه هذه التحليلات تقدم الأساليب العلاجية لتحسين الاستج

TLR7  ضدHIV .عبر الأنواع المختلفة 

 ، فيروس نقص المناعة البشرية، الاستجابة المناعية، تفاعلات الأحماض الأمينية، قوة الارتباطTLR7الكلمات المفتاحية : 

38 

mailto:azharqas@vet.shu.edu.iq
mailto:dhurgham.alfahad@sci.utq.edu.iq2
mailto:Hekmatkadhum@shu.edu.iq3


 

 

 

 

 

 
Al-Shatrah Veterinary and Biological Sciences Journal  

ISSN (Print): 2958-8952 

Volume 2, Issue 2 

Page 38 - 46 

 

HIV pathogenesis, effective vaccination 

strategies and cures remain mysterious[7, 8]. 

The immune system's capability to detect and 

respond to viral infections is initial in combating 

diseases such as HIV. TLR7 has reaped interest 

due to its role in activating antiviral immune 

responses, prompting both humoral and cellular 

immunity[9, 10]. This interest is particularly 

relevant in the context of HIV, where the 

immune response can be dysfunctional, leading 

to chronic infection and disease progression[11, 

12]. 

In humans, TLR7 is predominantly expressed in 

plasmacytoid dendritic cells and definite 

lymphatic tissues, enabling the recognition of 

HIV RNA and subsequent activation of immune 

responses[13, 14]. When activated, TLR7 leads 

to the assembly of type I interferons and pro-

inflammatory cytokines that are vital for 

antiviral defense[15, 16]. However, the 

interaction between TLR7 activation and HIV 

pathogenesis is complex, as the virus has 

developed mechanisms to evade immune 

detection, leading to insistent infection. 

Understanding how TLR7 functions in this 

context is critical for evolving effective 

immunotherapies and vaccines against HIV[17, 

18]. 

Comparatively, the immune responses in 

livestock—such as cows, pigs, and chickens—

focus a compelling area of study. Livestock 

species have been revealed to display differing 

TLR7 responses to various pathogens, 

reflecting evolutionary adaptation to their 

distinctive environments and the pathogens they 

encounter. For instance, while some livestock 

species may have similar homologs of TLR7, 

the structural variants in these receptors can 

influence how they recognize viral RNA and 

initiate immune responses. This raises 

fascinating questions about the role of TLR7 in 

livestock during viral infections and how 

insights from these species can inform our 

understanding of TLR7 functionality in 

humans. 

The contrasting TLR7 responses between HIV-

infected humans and livestock not only light 

species-specific immune mechanisms but also 

underline the potential for cross-species 

insights[10]. By analyzing TLR7 gene 

variations and responses through these groups, 

investigators can better understand the 

evolutionary burdens shaping these immune 

receptors. Such comparative studies can reveal 

patterns of immune evasion employed by 

viruses and the corresponding strategies 

accepted by different hosts[19]. 

Moreover, discovering the implications of 

TLR7 functionality in both humans and 

livestock covers beyond viral immunity[20]. 

The understanding increased through such 

research can inform veterinary practices and 

develop livestock health management, which is 

vital for food security and public health[21]. 

The parallels between human and animal 

immunology also focus the significance of a 

One Health approach, where human, animal, 

and environmental health are unified[22]. This 

study aims to explore the differences in TLR7 

gene response between HIV-infected humans 

and livestock, offering insights into viral 

immunity and the evolutionary implications of 

immune system variability. 

Methods 

Homology Modeling 

The amino acid sequences of Toll-like receptor 

7 (TLR7) from Homo sapiens, Bos taurus, Ovis 

aries, and Bubalus bubalis were retrieved from 

the UniProt database. As crystal structures of 

these species were not available, homology 

modeling was performed using the Prime 

module of Schrödinger Suite 2023-1[23]. 

Suitable template structures were selected based 

on sequence identity using BLAST, and models 

were generated, followed by loop refinement 

and energy minimization using the OPLS4 force 
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field to ensure optimal structural geometry[24]. 

Viral Protein Structure Preparation 

The crystal structures of HIV (PDB ID: 1HQU) 

was obtained from the RCSB Protein Data 

Bank. Structure was prepared using the Protein 

Preparation Wizard in Maestro by assigning 

bond orders, optimizing hydrogen bonds, 

removing steric clashes, and minimizing energy 

with the OPLS4 force field[25]. 

 

 

 

Protein–Protein Docking 

Protein–protein docking was carried out using 

the BioLuminate module in Schrödinger, 

employing the PIPER algorithm[26]. The 

leucine-rich repeat (LRR) domain of TLR7, 

which is crucial for single-stranded RNA 

(ssRNA) recognition[27], was defined as the 

receptor, while HIV was used as ligand protein. 

Each docking run produced thousands of poses, 

and the top-ranking clusters were selected based 

on docking score and interface quality. The best 

docking pose was selected for interaction 

analysis based on energy minimization and 

visual inspection. 

Interaction Analysis 

The top-docked complexes were analyzed using 

Maestro’s Protein Interactions module. 

Residue-residue interactions such as hydrogen 

bonds, salt bridges, π–π stacking, and 

hydrophobic interactions were characterized, 

and interacting residue distances were measured 

to evaluate biological relevance[28]. 

Comparative interaction profiling across 

species was conducted to assess differences in 

binding affinity and residue conservation that 

may explain host-specific viral recognition. 

 

Results and Discussion  

The Toll-like receptor 7 (TLR7) shows a vital 

role in the immune response against viral 

infections, including HIV[13]. Understanding 

the interactions between TLR7 and HIV can 

provide insights into the mechanisms of viral 

recognition and possible therapeutic targets[29]. 

This analysis emphases on the best amino acid 

interactions between TLR7 and HIV in humans, 

cows, and sheep, observing their binding 

distances and conforming docking scores 

(binding energies). 

In humans, the best three amino acid 

interactions with TLR7, based on the lowest 

binding distances, are emphasized, with a 

docking score of -316.27. The first interaction 

includes 330A (Lysine, LYS) and 540A 

(Arginine, ARG), with a distance of 1.642 Å. 

This short distance shows strong electrostatic or 

hydrogen bonding interactions, contributing to 

high stability in the receptor-ligand complex. 

The second interaction between 242A 

(Asparagine, ASN) and 269B (Glutamine, 

GLN) displays a binding distance of 2.516 Å As 

shown in Table 1 and Figure 1. The interaction 

between these polar amino acids likely involves 

hydrogen bonds, increasing the specificity of 

the binding. Finally, the interaction between 

194A (Threonine, THR) and 449A (Glutamic 

Acid, GLU), with a distance of 2.758 Å, 

proposes the possibility of both hydrogen 

bonding and hydrophilic interactions, indicating 

a stable complex formation As shown in Table 

1 and Figure 1and 2. Together, these 

interactions demonstrate a robust binding 

affinity, essential for TLR7's recognition and 

response to HIV.
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Table 1. Molecular Docking of TLR7 from Different Species with HIV 

 

S.No Host Species Docking Partner 

(HIV) 

Binding Energy (HIV, 

kcal/mol) 

Key Interacting 

Residues (HIV) 

1 Human 

 

 (1HQU) -316.27 Lys 330, Asp 242, 

Thr 194 

2 Cow (1HQU) -235.19 Glu 561, His 637, 

Arg 480 

3 Sheep (1HQU) -295.91 Glu 559, Pro 762, 

Ise 214 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Binding Energy of TLR7 Interactions with HIV Across Species 
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This bar graph illustrates the binding energy of 

TLR7 interactions with HIV in humans, cows, 

and sheep. The blue bar represents humans, the 

red bar represents cows, and the purple bar 

represents sheep. The y-axis indicates the 

binding energy measured in kcal/mol, with 

lower values indicating stronger interactions. 

Statistical analysis shows significant 

differences (****p < 0.0001) in binding energy 

among the species, highlighting the variation in 

immune response potential across these 

mammals. Error bars represent standard 

deviation. 

 
 

Figure 2. Molecular surface representation of protein–protein docking interactions between 

human Toll-like receptor 7 (TLR7, yellow) and viral proteins— HIV (Walnut). 

 

In cattle, the top three interactions, with a 

docking score of -235.19, are fairly notable. The 

first is between 561A (Glutamic Acid, GLU) 

and 1B (Proline, PRO), which has the shortest 

distance of 1.439 Å, making it the strongest 

interaction across the species observed, 

suggestive of strong binding stability due to this 

close vicinity. The second interaction involves 

637A (Histidine, HIS) and 211B (Arginine, 

ARG), with a distance of 1.783 Å. This 

communication may include substantial 

electrostatic interactions that contribute to 

overall affinity. The third key interaction, 

between 480A (Arginine, ARG) and 220B 

(Lysine, LYS), displays a distance of 2.327 Å 

As shown in Table 1 and Figure 2 . As basic 

residues, these amino acids may form salt 

bridges, providing extra stabilization to the 

receptor-ligand complex. Notwithstanding the 

lower docking score compared to humans, these 

critical amino acid interactions nonetheless 

facilitate effective viral recognition by TLR7 in 

cattle. 
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Figure 3. Molecular surface depiction of protein–protein docking interactions between cow Toll-like 

receptor 7 (TLR7, yellow) and viral proteins— HIV (Walnut) 

 

In sheep, the three best interactions with a 

docking score of -295.91 reveal notable affinity 

as well. The first interaction, which includes 

559A (Glutamine, GLN) and 96B (Histidine, 

HIS), has a distance of 2.181 Å. This interaction 

probable includes hydrogen bonding, 

establishing a stable and specific binding site. 

The second best interaction is between 762A 

(Proline, PRO) and 14B (Proline, PRO), with 

a distance of 2.329 Å. This interaction proposes 

a unique compatibility, possibly improving 

structural integrity within the binding domain. 

Lastly, the third interaction between 214A 

(Isoleucine, ILE) and 449A (Glutamic Acid, 

GLU) displays a distance of 2.560 Å As shown 

in Table 1 and Figure 3, enabled through a 

combination of hydrophobic and polar 

interactions that permit the ligand to fit 

comfortably within the receptor environment. 
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Figure 4. Molecular surface representation of protein–protein docking interactions between 

Buffalo Toll-like receptor 7 (TLR7, yellow) and viral proteins— HIV (Walnut). 

 

A comparative analysis of TLR7 interactions 

with HIV reveals that humans have the strongest 

binding affinity, proved by a docking score of -

316.27 and stable interactions at 1.642 Å. This 

indicate the actual efficiency of TLR7 

stimulation in human rather than animals  may 

be influenced by various factors, including 

TLR7 polymorphisms and immune 

modulators[6, 30].  

 Conclusion 

The comparison of TLR7 interactions with HIV 

across different species highlights the 

evolutionary adaptations in immune responses. 

While the binding energies differ among 

humans, cows, and sheep, the key interactions 

are categorized by short binding distances, 

indicative of strong affinities that are vital for 

effective immune recognition. The insights 

gained from this analysis can inform therapeutic 

strategies aimed at improving TLR7-mediated 

responses to HIV across species.
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