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Abstract 

Proteins carry out the majority of the biological processes of living cells. These macromolecules are almost 

involved in every cellular process: replication and transcription of DNA, and produce, process, and 

biosynthesize other proteins. They are controlling cell division, metabolism, and materials and information 

transportation into and out of the cell. The understanding how living cells work requires revealing the structure 

and function of proteins. Our protocol aim is to analyze protein(s) structure and its function in biological 

systems. There are 9 steps of the protocol by which the protein(s) is extensively analyzed structurally and 

functionally. These steps are bioinformatics tools and software: Retrieving sequence of protein(s), Sequence 

alignment, Phylogenetic tree construction, Protein(s) 3D Structure Prediction and Refinement, Protein(s) 3D 

structure validation and visualization, Protein(s) Domain Identification, Subcellular Localization of Protein(s) 

and Interactome Analysis. The protocol links between the structure and function of the protein(s) and a 

heuristic to predict protein(s) function. 
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1 Introduction 

Proteins are the most abundant macromolecules in the living cells. Proteins perform a variety of functions, 

including catalyzing biochemical reactions, transporting molecules, and providing structural support. In spite 

of our better knowledge about genomic but we miss a lot of information about proteins. In this study, the 

sequential procedure steps are very crucial to understand the structure of the protein which is the initial step to 

understand the functionality of the protein. 

 

2 Material and Methods 

2.1 Retrieving sequence of protein(s) 
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The sequences of proteins were retrieved from the National Center for Biotechnology Information (NCBI) or 

The Arabidopsis Information Resource (TAIR) databases. 

2.2 Sequence alignment 

Pairwise or Multiple sequence alignments (MSA) are tools that are used for prediction and analysis of protein 

structure and function, and also some other essential tasks like homology and phylogeny inference (Edgar and 

Batzoglu, 2006). When several sequences are aligned, it shows areas where they are similar and that might be 

related to specific properties and features that are more conserved than other regions (Sievers et al., 2011). 

This method is commonly used for aligning several sequences at once (Bacon and Anderson, 1986). In this 

study we mainly want to check the similarity and homology between the sequences of proteins and also the 

patterns of conserved regions between the sequences. Clustal Omega was the tool used to obtain the wanted 

results, which is available at the European Bioinformatics Institute (EMBL-EBI) website. Clustal Omega is the 

most popular multiple sequence alignment tool that is based on using the various techniques at once in order to 

do alignment of three or more sequences (Sievers et al., 2011). For obtaining the results default options were 

used. 

2.3 Phylogenetic tree construction 

Phylogenetic tree was constructed in order to predict the evolutionary relationships among proteins of the 

study and to deduce similarity among them. The tool used was the Phylogeny.fr software (Dereeper et al., 

2008). 

2.4 Protein(s) 3D Structure Prediction and Refinement 

In order to determine the functions of a protein and possible interaction with other molecules, protein 

three-dimensional structure has to be determined. Therefore, structure infers function (Berg et al., 2002). 

Bioinformatics tools were used in order to predict 3D structure of protein(s) in silico. 

Three dimensional (3D) models for protein(s) were built using the SWISS-MODEL server. The 

SWISS-MODEL represents a completely automated modeling server which is based on protein structure and 

homology, and it is accessible through ExPASy web server. SWISS-MODEL can automatically build model 

with using its own modelling algorithms already built in the program (Arnold et al. 2006). It was the first 

automated modelling server which started in 1993 and today it is the most used web server used for this 

purpose (Schwede et al., 2003). 

2.5 Protein(s) 3D structure validation and visualization 

This was shown to be valid by usage of Ramachandran plot on the RAMPAGE webpage (Lovell et al., 2002). 

The Ramachandran plot is used to visualize the possible conformation angles (phi and psi) of the polypeptides 

in the protein molecule (Gopalakrishnan et al., 2007). Best model was picked by determining which model has 

the higher number of residues in the favored region. The expected and best score should be around 98 % 

(Lovell et al., 2002). 

The validation was also shown by global model quality estimation (GMQE) score. It is a score that 

estimates quality and it makes the combination of properties from the alignment. It is represented in a range 

from 0 to 1 and it shows the accuracy of the model that was built. Higher accuracy and reliability is 

represented with higher number (score) (Biasini et al., 2014). 

The PDB files downloaded from the SWISS-MODEL were visualized in the PyMOL (The PyMOL 

Molecular Graphics System) in order to visualize the models and get the high-quality picture. It is a 

visualization tool on molecular level which enables us to view, customize and download the picture of 

molecule which is visualized (Secic et al., 2015). 

2.6 Protein(s) Domain Identification 

The identification of protein domains was done using the Simple Modular Architecture Research Tool 
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(SMART), which can be found on the website of European Molecular Biology Laboratory (EMBL). SMART 

can provide the identification and annotation of many mobile domains and also the further analysis of the 

architecture of domains. This tool can detect more than 400 families of domains that can be found in signaling, 

chromatin-associated and extracellular proteins. These types of domains are described in detail considering the 

phyletic distribution, functional class, tertiary structures and residues that have an important function. User 

interfaces that are part of this database provide possibility to search for proteins that have a specific 

combination of domains (Schultz et al., 2000). 

2.7 Subcellular Localization of Protein(s) 

Localization of proteins was determined in subcellular level where two different localization tools were used. 

Determining the subcellular localization of a protein is an important step towards discovering its function(s) 

and also in determining and describing its interaction with other proteins in the cell. For subcellular 

localization of proteins, Plant Subcellular localization integrative predictor (PSI) tool was used. This tool is 

currently the most widely used subcellular location tool predictor for plants. The PSI predicts the location 

using the scores of multiple different predictors and makes the integrated score. It uses 11 predictor softwares 

to get integrated prediction results and these are: cello, Predotar, MultiLoc, Wolf PSORT, Ipsort, PTS1, mPloc, 

mitoProt, TargetP, SubcellPredict and YLoc. PSI gives precise results on most of the cellular compartments 

like vacuole, mitochondria, nucleus, golgi apparatus, membrane, plastid, cytosol, peroxisome and endoplasmic 

reticulum (Liu et al., 2013). 

   For subnuclear localization the online tool NucPred was used (MacCallum et al. 2017). NucPred analyses 

the sequences from eukaryotes and constructs a prediction that tells us if protein is at least sometimes located 

in the nucleus or never at all. It is a one of the newest web based tools which work on the basis of matching 

due to regular expression and also based on the work of several classifiers that are the result of genetic 

programming. The final score is calculated by the programs based on the each sequence that is submitted and 

position of each residue (Brameier et al., 2007). 

2.8 Interactome Analysis 

The interaction between proteins and also the proteins they interact with were demonstrated by Search Tool for 

the Retrieval of Interacting Genes/Proteins (STRING). The STRING database’s main purpose is to show us 

and provide us with certain protein-protein interactions, which includes physical (direct) interactions as well as 

functional (indirect) interactions. This database contains information from more than 2000 organisms and 

operates on new and up-to-date algorithms that are responsible for transfer of information about interaction 

between different organisms (Szklarczyk et al., 2015). 

2.9 Docking site prediction 

Computational docking represents a series of processes in which the positioning and binding affinity of ligand 

(protein) in the binding site of another protein is computationally predicted. Docking methods are mainly 

based on specific algorithms which are actually responsible for computing the position of ligand in the active 

site and also calculating the scoring function which shows us the binding affinity (how strong is the interaction 

between the ligand and receptor) (Dhanik and Kavraki, 2012). 

   Before performing the docking site prediction, FASTA sequences of proteins that are chosen for docking 

were retrieved firstly, and using the SWISS-MODEL, models of these proteins were built. These models were 

validated by Ramachandran plot and GMQE scores, and eventually Protein Data Bank (PDB) files of these 

proteins are retrieved. Finally, these proteins were visualized using PyMOL. 

   For docking prediction of a protein with some other chosen proteins, an online protein-protein docking tool 

was used according to (Kozakov et al., 2017). It represents one of the first web programs that was completely 

automated and used for computational docking of proteins. User can usually upload PDB files from its 
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computer or type in the PDB codes for certain model which are then automatically downloaded from the PDB 

server. The algorithms that are responsible for docking evaluation check billions of protein complexes saving 

only the ones that have similar favorable surfaces. This is followed by a filtering method which is applied to 

all of the structures, and in the end, the ones with the good electrostatic energies are selected (Comeau et al., 

2004). 

 

3 Results 

This protocol was successfully used to publish articles in different scientific journals in the field of proteomics 

and bioinformatics; Network Biology Journal, Current Proteomics Journal, Molecules MDPI Journal and 

Journal of Infectious and Public Health (Gawwad et al., 2013; Sutkovic et al., 2013; Ćemanović et al., 2014; 

Sutkovic and Gawwad, 2014; Gawwad et al., 2015; Gawwad and Musrati, 2015; Gawwad et al., 2016; 

Gawwad et al., 2017; Gawwad et al., 2020). 

 

4 Discussion  

Proteins are large, complex molecules that perform a wide range of crucial functions in the biological systems, 

including catalyzing chemical reactions, transporting molecules, and providing structural support. The 

structure of a protein is intimately tied to its function, and understanding the relationship between structure and 

function is essential for understanding many aspects of biology and medicine. 

Bioinformatics tools play a critical role in studying proteins, as they enable researchers to analyze and interpret 

vast amounts of data related to protein structure and function. These tools include sequence analysis software, 

which can be used to identify and compare protein sequences; structural analysis software, which can be used 

to visualize and analyze protein structures; and molecular dynamics simulations, which can be used to study 

the dynamic behavior of proteins. 

   One particularly powerful tool in the field of bioinformatics is protein structure prediction, which involves 

using computational methods to predict the three-dimensional structure of a protein based on its amino acid 

sequence. This technique has revolutionized the study of proteins, as it allows researchers to make predictions 

about protein function and behavior before conducting expensive and time-consuming experimental studies. 

   The In Silico Protocol for structure and function prediction of proteins in biological systems is a crucial 

tool for understanding the behavior and properties of proteins, which are essential components of living 

organisms. Understanding the structure and function of proteins is critical for many fields, including drug 

discovery, biotechnology, and molecular biology. The Protocol allows researchers to predict the 

three-dimensional structure and function of proteins using computational methods, without the need for 

laborious and time-consuming experimental approaches. This protocol has revolutionized the study of proteins, 

enabling researchers to make predictions that were previously difficult, leading to a deeper understanding of 

biological systems. 
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