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ABSTRACT 
 
Computer modelling of ligand-protein interactions based on the structure is now an essential component of modern drug discovery. The 

design of small molecule drugs for the treatment of disease is made possible by the atomic resolution study of protein-ligand interaction. 

Here, we analyze several Riboviral proteins that briefly interacted with the ligands PO4 and SO4. The majority of the PDB data in the 

preceding study show that the amino acids Tyrosine and Tryptophan easily bind with PO4 and SO4 at about 2.85 and 2.56 Armstrong. 

Python is used to calculate bond lengths and RasMol is used to visualize the structure of various proteins. According to RasMol, Riboviral 

proteins favours Alpha helix and Beta Sheet structures. The analysis presented above is helpful for computational tasks as well as for 

experimental biologist working in molecular modelling and drug design. 
 

INTRODUCTION 
 

Proteins plays wide range of biological functions [1,2]. In addition to proteins and peptides, it interacts with 

nucleic acids, membranes, substrates, and small molecule ligands like oxygen and solvents[3,4]. One of 

the key characteristics of proteins is their ability to bind to other molecules with high specificity and 

affinity, which is determined by the shape and physicochemical properties of the residues [5-7]. In order 

for proteins to perform their functions, they must interact with other molecules, which is one of the most 

important types of protein function. Solving the complex structures using X-ray or nuclear magnetic 

resonance techniques is the ideal way to study the interaction. However, these experiments are usually 

time-consuming and expensive to carry out [8,9].  

 

The structures of some large proteins and membrane proteins are extremely difficult or impossible to solve 

using traditional techniques [10-12]. Rather than solving the structure, an alternative method is to locate 

the binding sites by theoretically is the cheapest [13-17]. By solving the protein-ligand complex structure or 

determining the interactions by experiments is often time consuming and expensive, many computational 

efforts have been made to facilitate the study of the interactions [18-20]. Protein binding to small 

molecules (called ligands) is of particular interest and has a wide range of applications in structure-based 

drug design [21]. Many biological processes depend on interactions between proteins and ligands [22]. 

 

 The functions of a protein can be regulated through ligand binding. Under physiological conditions, a 

protein can undergo conformational changes, which are responsible for the conformational transitions 

between low- and high-affinity states for the ligands [23-26]. This paper examines protein interactions with 

phosphate and sulphate. A phosphate group interacts with more than half of known proteins [27]. Various 

non-homologous protein families have evolved phosphate binding [28]. Molecular ligands with the 

phosphate group are involved in a large number of significant chemical reactions and molecular 

interactions that take place in the cell [27]. The binding of phosphoryl groups plays an essential role in a 

number of biological processes, including metabolism and biosynthesis, gene regulation, signal 

transduction, muscle contraction, and antibiotic resistance. [29]. Phosphate binding increases the stability 

of enzymes like aspartate aminotransferase and causes apoferritin to deposit iron [30].  

 

The phosphate group is required for nucleotide recognition, and nucleotide-containing ligands were the 

first cofactors to bind to proteins [31]. It is therefore of utmost significance to characterize a protein for its 

propensity to interact with a phosphate or a phosphate-containing ligand [32]. For protein engineering 

studies, drug design, and structure prediction, a clear understanding of the factors governing the 

phosphate binding would be beneficial. Due to their negative charges, phosphate groups are predicted to 

bind to the protein's positively charged region [33]. The sulphate polysaccharide binds to a wide range of 

biologically active polypeptides, including enzymes, growth factors, cytokines, and viral proteins [34]. 

 

 
MATERIALS AND METHODS 
 

Database 
 

Our current study is based on the crystallographic data of Riboviral proteins from the Protein Data Bank 

PDB of Brookhaven National Laboratory [35-37]. The chosen proteins were nonhomologous, and their 

structures, as well as their interaction with ligands PO4 and SO4, were determined at great resolution. In 
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this work, viral proteins were used with similarities between 30% (1508) and 90% (1050), their differences 

(458) being taken into account. Among these data sets, those with repeat protein sequences were 

removed, and the remaining IDs with ligand-interacting proteins were retained. Following protein selection, 

the next step is to determine bond length by building a Python program with a range of less than 

13A˚[38,39]. It will show the outcomes of amino acids interacting with the ligands PO4 and SO4. The 

amino acids are separated in Excel, then the results are analyzed using a statistical approach [40]. Chi 

square test was performed using the formula [41],   

 

χ 
2
 = 

                    

        
  

Graphical representations of chi square results show which amino acids are in the high preferential region 

and non-preferential region. Using RasMol, the shortest distances between amino acids that interact with 

the ligands PO4 and SO4 are visualized. Additionally, RasMol is used to analyse the structures of 

interacted amino acids [42]. The overall method is presented in the Figure. 1. 

 

 
 

Fig. 1: Flowchart of the overall methodology.  

…………………………………………………………………………………………………………………………. 

 
RESULTS 
 

The output has been extracted with the help of the program and is presented in graphical form.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Graphical representation of various protein IDs binding with SO4 and PO4 showing high preferences of 

amino acids binding with SO4 and PO4. 

…………………………………………………………………………………………………………………………. 
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As shown in Figure-2, the graphical analysis is categorized into four categories: -1, which indicates that 

amino acids are not in range, and above 0.5, which indicates that amino acids are interacting with the 

ligand. Finally, -0.5 denotes the non-preferred region, while 1.5 and higher denote the highly preferred 

region of amino acids with ligand. Tyrosine is the most common residue found to interact with phosphate, 

followed by Phenylalanine, Tryptophan, and Methionine. Similarly, Tryptophan is the most abundant 

residue in sulphate, followed by Phenylalanine, Tyrosine, and Methionine. No conventional phosphate and 

sulphate binding site exists. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Amino acid interactions and structure of 5WA7 using RasMol. 

…………………………………………………………………………………………………………………………. 

 

The Figure-3 represents the binding portion of amino acid residue with PO4 and structure. Similarly, the 

structure and binding sites of all these 1500 proteins were performed. 

 

CONCLUSION 
 

The traditional drug discovery process requires significant capital investments and takes a long time to 

develop a drug [43]. Because of the limitations and the more extended period of drug development, new 

techniques in drug discovery are required [44]. Python was chosen because of its widespread use and 

extensive utility in biosciences. To prepare data for further processing, it is collected, filtered, and altered. 

Python Programs are then used to analyse datasets to produce results. In this article Protein interactions 

with ligands, PO4 and SO4 are carried out. The main conclusion is that phosphate binding site residues 

are highly conserved relative to the alignment as a whole.The sulphate group is bound to the amino 

terminus of the alpha helix, whereas the phosphate group is bound to the Beta sheet. We anticipate that 

the precise prediction of ligand-binding sites and the improved ligand-protein complex structures will aid in 

other related studies, such as drug discovery. 
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