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 Instilling the spirit of integrity, equity, professional ethics and social harmony. 
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We believe that: 

 VISTAS students and scholars should be well-founded on the pursuit of knowledge through, 

teaching and learning research, with fellowships required on the basis of intellectual merit, ability 

and the potential for excellence. 

 Perspectives, arising from diverse knowledge background, that re-define our identities, deepen 

scholarly inquiry and enrich path breaking newer knowledge horizon. 

 Cherish the key values of academic freedom, creative and innovative thought, ethical standards 

and integrity, accountability and social justice, nurturing open mind and open society. 

 Foster inquiry‐led and evidence‐based approach to creative knowledge; facilitate a vibrant 

academic ambience to the nurture the intellectual climate. 

 

Quality Assurance 

The University has established a system of Quality Assurance to enhance and monitor the quality 

of education. Quality Advisory Committee and Internal Quality Assurance Cell are working 

towards this goal. 
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                        Dr.S.Sriman Narayanan 

Vice-Chancellor, Vels Institute of Science, Technology and. Advanced Studies 

 

I am extremely delighted to convey my greetings to the Department of Bioinformatics for 

organizing the National Conference titled “Advances in metagenomics and its applications in 

Bioinformatics” on 4th- 5th April 2024. I fervently believed that this conference will boost the 

quality of the research and collaborations more in future. Research plays crucial role in the 

development of the country. A research institution includes universities and industrial firms 

located nationally and internationally should initiate and perform more research studies to address 

and find solutions to the problems. Bioinformatics is used in personalized medicine to analyze data 

from genome sequencing or microarray gene expression analysis in search of mutations or gene 

variants that could affect a patient's response to a particular drug or modify the disease prognosis. 

Bioinformatics has been used for in silico analyses of biological queries using computational and 

statistical techniques. 

I am confident that this National Conference on “Advances in metagenomics and its applications 

in Bioinformatics” is the best platform to discuss the research outcomes critically and come up 

with effective solutions as well as establish a good collaboration between universities and 

industrial firms to address the current world issues. 

The theme of the conference “Advances in metagenomics and its applications in 

Bioinformatics.” is the most suitable topic for the current globe as the world is facing continuous 

issues like spreading pandemic diseases. This theme should be discussed critically as well. 

Finally I would like to thank distinguished keynote speakers and participants. I also wish 

organizing committee and all the Faculty of Deparment of Bioinformatics for organizing their 

conference successfully. 
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ABOUT THE CONFERENCE 

The main objective of the conference is to explore Advances in 

metagenomics and its applications in Bioinformatics. 4-4-24 & 5-4-24. 

It mainly aims to create a global virtual platform for debating new areas of 

research and bioinformatics advancements. It encompasses the process of 

creating medicinally useful substances, modifying genetic features in 

plants and animals, identifying new variant through Next generation 

Sequencing, diagnosis, personalized Medicine, Pharmacogenomics, 

primer Designing, Drug Designing , Crispr-Cas9 Technology and all 

elements of  Environmental aspects. Advances in metagenomics and its 

applications in Bioinformatics conference bring together academicians, 

research institutions, scientists, industrialists and health care professionals, 

entrepreneurs to discuss the current trends in most captivating areas of 

bioinformatics in various biological fields. The Conference provide 

interdisciplinary platform for all the participants to upgrade their 

knowledge in various field of Biochemistry, Biomedical, Biophysics, 

Biostatistics, Biotechnology, Microbiology, Molecular Biology, 

Pharmacology.  
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STAND ALONE TOOL DESIGNING FOR IMPACT OF CANCER MUTATIONS IN 

PROTEIN FUNCTION ANALYSIS USING PYTHON 

Radha Mahendran*, R. Priya, S. Shanmugavani P.R.Kiresee Saghana, R. Senthil, Saveetha.K 

Department of Bioinformatics, School of Life sciences, Vels Institute of Science and Technology 

in Advanced Studies (VISTAS), Pallavaram, Chennai-600117, Tamil Nadu, India 

Abstract: 

The identification of mutations associated with lung cancer is crucial for understanding its 

molecular mechanisms and developing targeted therapies. Bioinformatics tools play a 

significant role in analysing vast amounts of genomic data efficiently.Here, we present STAND 

ALONE TOOL, a novel Python-based tool designed for the detection and analysis of mutations 

in lung cancer genomes.Stand Alone Tool integrates various bioinformatics algorithms and 

libraries to provide a comprehensive mutation analysis pipeline. It offers functionalities for 

preprocessing raw sequencing data, aligning reads to the reference genome, identifying 

somatic mutations, and annotating their functional consequences. Stand Alone Tool designing 

for impact of cancer mutation in protein function analysis using python and R program. 

The tool supports multiple sequencing platforms and commonly used file formats, enhancing 

its versatility and applicability to diverse experimental setups.Since mutations in EGFR and 

KRAS have been extensively reviewed elsewhere, here, we discuss subsets defined by so-called 

driver genes.We are able to identify gene mutations and transcriptional features associated with 

certain diseases by utilizing this potent approach. Additionally, we receive a coding protein, 

which will be utilized for medication discovery, screening, and analysis of customized therapy 

for specific diseases.We demonstrate the utility of STAND ALONE TOOL through the analysis 

of lung cancer datasets, highlighting its ability to uncover known driver mutations and discover 

novel candidate alterations.In this case, we call the smoking habit a ‘mutational process’ (causes 

mutations), and a ‘mutation signature’ is defined as a preference for mutations (mutational 

distribution.Treatment decisions for patients with lung cancer have historically been based on 

tumour histology. 
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Since mutations in EGFR and KRAS have been extensively reviewed elsewhere, here, we 

discuss subsets defined by so-called driver mutations in ALK, HER2 (also known 

as ERBB2), BRAF, PIK3CA, AKT1, MAP2K1, and MET. 

The identification of mutational signatures in lung cancer genomes is crucial for understanding 

the underlying mutational processes and developing targeted therapies Additionally, we 

provide performance benchmarks and comparison with existing tools to showcase STAND 

ALONE TOOL efficiency and accuracy. 

The tool can read somatic mutational data in various formats such as VCF and MAF and 

provides support for analyzing all types of small mutational events, including single base 

substitutions, doublet base substitutions, and small insertions and deletions. 

Our tool provides a user-friendly and efficient solution for the identification of mutational 

signatures in lung cancer using Python. 

The tool is more computationally efficient than existing approaches and comes with extensive 

documentation. It can be easily integrated with existing packages for analysis of mutational 

signatures. 

Genes are the instructions that inform how your body functions. They tell your cells which 

proteins to make. Proteins control how quickly cells grow, divide, and survive. 

Sometimes genes change. This may happen before a person is born or later in their life. 

These changes are called mutations, and they can affect certain functions in the body. To 

identify risk variants for lung cancer, we conducted a multistage genome-wide association 

study. 

Gene mutations can prevent your DNA from repairing itself. They can also cause cells to grow 

uncontrollably or live for too long. Eventually, these extra cells can form tumors, which is how 

cancer starts. 

 
Certain gene mutations are linked to non-small cell lung cancer (NSCLC). Having one of 

these mutations could affect the type of treatment 

 
Key word: Lung cancer, Mutation, Tool, Protein function, Python, 
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o Integrate functional annotations (e.g., protein domains, protein–protein 

interactions) into the analysis. 

o Explore the impact of mutations on protein folding, stability, expression, and 

subcellular localization. 

 Visualization and Prioritization: 

o Visualize mutation impact scores for easy interpretation. 

o Prioritize genes with high functional impact scores for experimental 

validation. 

 Switch of Function: 

o Recognize that some mutations may lead to a switch of function rather than 

simple loss or gain of function. 

 User-Friendly Interface: 

o Design an intuitive interface for users to input mutations and obtain functional 

impact predictions. 

o Ensure the tool is standalone and doesn’t require complex dependencies. 

o It is a offline tool used for determining a protein function in cancer mutations 

 
By achieving these objectives, the stand-alone tool will empower researchers and clinicians to 

explore the impact of cancer mutations on protein function, facilitating the identification of 

potential therapeutic targets and personalized treatment strategies. 

Introduction: 
 

 A cancer genome includes many mutations derived from various mutagens and 

mutational processes, leading to specific mutation patterns. 

  It is known that each mutational process leads to characteristic mutations, and when a 

mutational process has preferences for mutations, this situation is called a ‘mutation 

signature.’ 

 Lung cancer is the leading cause of cancer-related death worldwide, with non–small- 

cell lung cancer (NSCLC) being the predominant form of the disease. Most lung cancer 

is caused by the accumulation of genomic alterations and the two most commonly 

mutated oncogenes encode for the epidermal growth factor receptor (EGFR) and 

KRAS. 

  Regardless of whether it is a driver mutation or passenger mutation, each somatic 
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mutation has its own cause. For instance, it is known that genome sequences of lung 

cancer patients with a smoking habit have many typical substitutions, cytosine (C) to 

adenine (A), in their tumor suppressor genes, such as TP53 (Toyooka et al., 2003). In 

this case, we call the smoking habit a ‘mutational process’ (causes mutations), and a 

‘mutation signature’ is defined as a preference for mutations (mutational distribution. 

 Cancer is a complex and heterogeneous disease characterized by the accumulation of 

genetic mutations that disrupt normal cellular functions. Understanding the impact of 

these mutations on protein function is crucial for unraveling the underlying mechanisms 

of cancer development and identifying potential therapeutic targets. 

  In recent years, advances in high-throughput sequencing technologies have led to an 

explosion of genomic data, providing researchers with unprecedented opportunities to 

study cancer genetics at a molecular level. 

 To effectively analyze the vast amount of genomic information and decipher its 

functional implications, computational tools play a pivotal role. In this context, the 

development of stand-alone software tools capable of integrating diverse data sources 

and performing sophisticated analyses has become indispensable. In response to this 

need, we propose the design and implementation of a comprehensive stand-alone tool 

for the analysis of cancer mutations and their impact on protein function. 

 Treatment decisions for patients with lung cancer have historically been based on 

tumour histology. Since mutations in EGFR and KRAS have been extensively reviewed 

elsewhere, here, we discuss subsets defined by so-called driver mutations in ALK,   

HER2 (also   known   as ERBB2), BRAF,   PIK3CA,    AKT1,    MAP2K1, and MET. 

The identification of mutational signatures in lung cancer genomes is crucial for 

understanding the underlying mutational processes and developing targeted therapies. 

 In this study, we present a bioinformatics tool for identifying mutational signatures in 

lung cancer using Python. Our tool utilizes the SigP rofiler Matrix Generator package 

to generate mutational matrices from somatic mutational data in VCF format. 

 The matrices are then analyzed using the Sig Profiler Extractor package to extract 

mutational signatures. We demonstrate the effectiveness of our tool by analysing a 

cohort of lung cancer samples and identifying known and novel mutational signatures. 

 Stand Alone Tool is a bioinformatics tool designed for the exploration and visualization 

of mutational patterns for small mutational events in lung cancer. 

 It is written in Python and has an R wrapper package available for users who prefer 

working in an R environment. 
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 The tool can read somatic mutational data in various formats such as VCF and MAF 

and provides support for analyzing all types of small mutational events, including single 

base substitutions, doublet base substitutions, and small insertions and deletions. 

  Our tool provides a user-friendly and efficient solution for the identification of 

mutational signatures in lung cancer using Python. 

 The tool is more computationally efficient than existing approaches and comes with 

extensive documentation. It can be easily integrated with existing packages for analysis 

of mutational signatures. 

 When designing a standalone tool to analyze the impact of cancer mutations on protein 

function, it’s essential to have clear objectives and a well-defined approach. 

 The study of genetic mutations and their effects on protein function is crucial, 

especially in the context of cancer. Mutations can significantly alter protein behavior, 

leading to disease development. Here, we introduce the concept of a standalone 

tool designed specifically for assessing the functional impact of cancer-related 

mutations in proteins. 

List of Mutation Genes in lung cancer: 

 

 
Positive Strand Genes 

 
Negative strand Genes 

EGFR TP53 

DDR2 KRAS 

PTEN PIK3CA 

STK11 
NOTCH1 

CDKN2A RUNX1 

RMB10 KEAP1 

PDGFRA SETD2 

KDM6A CUL3 

CHEK2 THRAP3 

ARID1A 
AKL 
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ARID2 ROS1 

CTNNB1 KMT2C 

C-MET DNMT3A 

CREBBP CDC27 

SF3B1 MUC4 

SMARCA4 GNAS 

MUC2 RIT 

HER2 THRAP3 

NFE2L2 SETD2 

RAF RUNX1 

KLKB1 RB1 

 mTOR 

 BRAF 

 ALK 

 

 

 To develop a user-friendly stand-alone tool that integrates both Python and R 

functionalities for comprehensive analysis of cancer mutations and their impact on 

protein function. 

 When designing a standalone tool to analyze the impact of cancer mutations on protein 

function, it’s essential to have clear objectives and a well-defined approach. 

 

 The importance of amino acid variation and mutations as genetic factors of human 

diseases has been known for many years. Mutations can affect protein folding and 

stability ( 1–6 ), protein function ( 7 , 8 ) and protein–protein interactions ( 9–12 ), as 

well as protein expression and subcellular localization ( 13 , 14 ). 

 

 Mutations in proteins have a major role in the onset and development of cancer 
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(15, 16). The special role of mutations is determined by the diversity of their impact on 

molecular function. 

Materials: 

NCBI: 

 
 The National Center for Biotechnology Information advances science and health by 

providing access to biomedical and genomic information. 

https://www.ncbi.nlm.nih.gov/ 
 

FIGURE 1: 
 

 

 
 

 

FIGURE 2: 

ClnVAR 

 
 ClinVar is a freely accessible, public archive of reports of human variations classified 

for diseases and drug responses, with supporting evidence. 

 ClinVar thus facilitates access to and communication about the relationships asserted 

https://www.ncbi.nlm.nih.gov/
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between human variation and observed conditions, and the history of those assertions. 

 ClinVar processes submissions reporting variants found in patient samples, 

classifications for diseases and drug responses, information about the submitter, and 

other supporting data. 

  The variants described in submissions are mapped to reference sequences, and 

reported according to the HGVS standard. 

  ClinVar presents the data on the website for interactive users, and on the FTP site and 

by API for those wishing to use ClinVar programmatically in daily workflows and other 

local applications. 

 ClinVar works in collaboration with interested organizations to meet the needs of the 

medical genetics’ community as efficiently and effectively as possible. 

 

 

 

FIGURE 3: 
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FIGURE 4: 

PYTHON -JUPYTER: 

 
 To use Python in Jupyter notebooks for bioinformatics, you can start by importing the 

necessary libraries and data to import a dataset in VCF format, you can use the data 

for analysing mutations for lung cancer. 

 Python: A high level programming language that is widely used in bioinformatics we 

used Jupiter notebook visualization framework for built our tool in python program. 

You need required file to run the program for the tool, The files are downloaded from 

this link 

“https://www.ncbi.nlm.nih.gov/projects/genome/guide/human/index.shtml#download 

“, It has been full data set for current up to data. Create a program for separate data for 

the required file, it has been in separate file. we should first ready our data file in the 

preprocess. 

 
 

FIGURE 5: 

http://www.ncbi.nlm.nih.gov/projects/genome/guide/human/index.shtml#download
http://www.ncbi.nlm.nih.gov/projects/genome/guide/human/index.shtml#download
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Methodology: 

1. Data Collection: 

The first step is to collect the necessary data for your analysis. This could include 

genomic data, mutation data, and clinical data. You can use various databases such as 

The Cancer Genome Atlas (TCGA), the International Cancer Genome Consortium 

(ICGC), or the Catalogue Of Somatic Mutations In Cancer (COSMIC), 

ClnVAR,ddBS. 

 
2. Data preprocessing 

 
Once you have collected the data, you will need to preprocess it to make it suitable for 

analysis. This could involve cleaning the data, handling missing values, and converting 

data into a suitable format. In Python, you can use libraries such as pandas and NumPy 

for data preprocessing. 
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3. Mutation Impact Analysis 

 
The next step is to analyze the impact of the mutations. This could involve identifying 

driver mutations, which are mutations that contribute to cancer development, and 

passenger mutations, which are mutations that occur as a result of the instability of the 

cancer genome but do not contribute to cancer development. You can use tools such as 

MutSig CV, Oncodrive CLUST, or Oncodrive FM for this analysis. 

4. Visualization 

 
After analyzing the impact of the mutations, you can visualize the results using libraries 

such as Matplotlib, Seaborn, or Plotly. This could involve creating plots to show the 

distribution of mutations, the frequency of mutations in different genes, or the impact of 

mutations on survival. 

 
5. Interpretation 

The final step is to interpret the results of your analysis. This could involve discussing 

the implications of your findings for cancer diagnosis, prognosis, or treatment. 

To identify mutational signatures for lung cancer using a bioinformatics tool in Python, you can 

use the Sig Profiler Matrix Generator package. This package is designed for the exploration 

and visualization of mutational patterns for small mutational events in lung cancer. 

It can read somatic mutational data in various formats such as VCF and MAF and provides 

support for analysing all types of small mutational events, including single base substitutions, 

doublet base substitutions, and small insertions and deletions. 

Create a program for extract data from the data set file like: “gene final for gene and 

chromosomes and trans data, mRNA final data, chromosome data” these files are created by 

using the package Jason to write the file .And input the package” tkintern “for design the tool 

for determining the protein function in a particular cancer disease. 

And the tool the backward function algorithm has by the python program. We'll loop through 

each line in the GFF file (except comments). From each line, we'll extract information like 

sequence ID, feature type (focus on "CDS" for coding regions), and start/end positions of the 

feature within the sequence. 

This extracted data will be stored in a dictionary or list structure for easy access. We'll capture 

the sequence ID and start accumulating the sequence data from subsequent lines (without the 

">"). 
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Finally, we'll store each sequence with its ID in a 11 dictionary for easy retrieval. We'll use 

the features (sequence ID, start/end) from the GFF data to extract the specific subsequence of 

interest from the FNA dictionary. 

Pre-requirements: 

 
1. Clrvar mutation data -VCF File 

 

2. Chrom_line data – JSON File 
 

 
 

3. Trans_per_gene_data – JSON File 
 

 

4. Gene_final_data – JSON File 
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5. mRNA_final_data – JSON File 
 

 
6. cds_final_data – JSON File 

 

 
 

Results and Discussion: 
 

 

FIGURE 6: 

Human Genome Resources at NCBI - NCBI (nih.gov) 
 

To identify mutational signatures for lung cancer using a bioinformatics tool in Python, you 

can use the “tkinter package”. This package is designed for the exploration and visualization of 

mutational patterns for small mutational events in lung cancer. 

It can read somatic mutational data in various formats such as VCF and MAF and provides 

support for analysing all types of small mutational events, including single base substitutions, 

https://www.ncbi.nlm.nih.gov/projects/genome/guide/human/index.shtml#download
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doublet base substitutions, and small insertions and deletions. 

The impact of cancer mutations on protein function is a crucial aspect of cancer research. 

Cancer is caused by multiple genetic factors, and protein domain mutations can significantly 

affect the progression and treatment of the disease. 

These mutations can change the protein structure, function, and signalling pathways, and 

have been shown to provide valuable information about the severity of the disease and the 

patient's response to treatment. 

 

 

FIGURE 7: 

The following code is used for functioning a gene list in a combo box in a tool: 

 

 

FIGURE 8: 
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Recent studies have also shown that protein domain mutations can be used to predict the 

response and resistance to targeted therapy in cancer treatment. The clinical implications of 

protein domain mutations in cancer are significant, and they are regarded as essential 

biomarkers in oncology. However, additional techniques and approaches are required to 

characterize changes in protein domains and predict their functional effects. 

Python, computational tools offer promising solutions to this challenge, enabling the prediction 

of the impact of mutations on protein structure and function. 

Such predictions can aid in the clinical interpretation of genetic information. 
 

 
 

FIGURE 9: 
 

FIGURE 10: 

The impact of cancer mutations on protein function is a crucial aspect of cancer research. 

Cancer is caused by multiple genetic factors, and protein domain mutations can significantly 

affect the progression and treatment of the disease. These mutations can change the protein 

structure, function, and signalling pathways, and have been shown to provide valuable 

information about the severity of the disease and the patient's response to treatment. 
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FIGURE 11: 
 

 

FIGURE 12: 

Conclusion: 

 
In conclusion, the bioinformatics tool for identifying mutational signatures in lung cancer is a 

valuable resource for researchers and clinicians. 

The tool accurately and efficiently identifies mutational signatures in lung cancer samples, 

providing insights into the underlying mutational processes and enabling the identification of 

potential therapeutic targets. 

The tool's user-friendly interface and compatibility with widely used data formats make it 

accessible to a broad range of users. 

Overall, the tool has the potential to significantly advance our understanding of lung cancer 

and improve patient outcomes. 

In conclusion, protein domain mutations hold great promise as prognostic and predictive 

biomarkers in cancer. 

However, considerable research is still needed to better define genetic and molecular 

heterogeneity and to resolve the challenges that remain, so that their full potential can be realized. 



978-81-974681-0-0 

26 
 

In conclusion, the development of a stand-alone tool for analyzing the impact of cancer 

mutations on protein function using Python represents a significant advancement in the field of 

bioinformatics and personalized medicine. 

By integrating the functionalities of Python and R, this tool aims to provide researchers and 

clinicians with a comprehensive and user-friendly platform for studying cancer mutations at 

the molecular level. 

Through meticulous data integration, mutation annotation, protein structure analysis, 

functional impact prediction, statistical analysis, and visualization, the tool enables users to 

gain insights into the complex interplay between genetic alterations and protein function. 

Its intuitive user interface and robust performance optimization ensure accessibility and 

efficiency, even when dealing with large-scale datasets. 

 
By facilitating the identification of potential therapeutic targets and guiding personalized treatment 

strategies, this tool holds immense promise for advancing cancer research and improving patient 

outcomes. 

With thorough documentation and ongoing user support, it fosters collaboration and 

knowledge sharing within the scientific community, ultimately contributing to the collective 

effort to combat cancer. 

In summary, the stand-alone tool designed for the analysis of cancer mutation impact on 

protein function using Python represents a valuable resource that empowers researchers and 

clinicians to unravel the molecular mechanisms underlying cancer development and 

progression. 

Its development marks a crucial step towards the realization of precision medicine 

approaches in oncology, driving innovation and progress in the fight against cancer. 
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ABSTRACT 

 

Cocaine drug usage has been associated with various genetic mutations in humans. Identifying 

these mutations is crucial for understanding the molecular mechanisms underlying cocaine 

addiction and developing effective treatments. We present Impact of Cocaine Drug Usage in 

Protein Functional Mutation Analysis tool (CUMA), a Python-based bioinformatics tool for 

identifying mutations in protein caused by cocaine drug usage in humans. Public databases like 

ClinVar and NCBI were accessed for obtaining the data regarding mutations that are caused by 

Cocaine Drug usage. The drugs reported in this study show adverse performance and are 

encouraged to be studied for further evaluation regarding the situation that ascends as a result 

of its mutations. To facilitate extensive studies of drug molecules, we developed a freely 

available, a user-friendly interface and an open-source python package CUMA for visualizing 

and interpreting the results. The tool can be easily integrated into existing bioinformatics 

pipelines. CUMA utilizes publically available databases like ClinVar and NCBI for obtaining 

the data regarding mutations that are caused by Cocaine Drug usage and integrates various 

bioinformatics algorithms to identify single nucleotide variations (SNVs), insertions, and 

deletions associated with cocaine usage. CUMA has been tested on various datasets and has 

shown promising results in identifying mutations associated with cocaine usage. CUMA is a 

valuable resource for researchers and clinicians studying the genetic basis of cocaine addiction 

and developing targeted treatments. 

Keywords: Cocaine drug usage, mutations, bioinformatics, Python, SNVs, insertions, 

deletions. 

INTRODUCTION 

 
Cocaine is considered to be the most addictive of all substances of abuse and mediates its 

effects by inhibiting monoamine transporters, primarily the dopamine transporters. There are 

currently no small molecules that can be used to combat its toxic and addictive properties, in 
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part because of the difficulty of developing compounds that inhibit cocaine binding without 

having intrinsic effects on dopamine transport. 

 

Most of the effective cocaine inhibitors also display addictive properties. We have recently 

reported the use of cocaine esterase (CocE) to accelerate the removal of systemic cocaine and 

to prevent cocaine-induced lethality. The mechanism by which cocaine exerts its effect is 

through binding monoamine transporters and blocking the reuptake of dopamine, 

norepinephrine and serotonin in the synaptic junctions and potentiating the effects of 

neurotransmitters in the synapse. Chronic and prolonged blockade of dopamine transporters 

can lead to reinforcement of self-administration, and thereby to various forms of addiction. At 

higher concentrations, cocaine also blocks norepinephrine and serotonin reuptake transporters, 

which contributes to its toxic effects, including seizures, tachyarrhythmias and sudden death. 

Chronic exposure to cocaine leads to prominent, long-lasting changes in behaviour that 

characterize a state of addiction. The striatum, including the nucleus accumben and 

caudoputamen, is an important substrate for these actions. Cocaine is absorbed from all sites 

of application, including mucous membranes and gastrointestinal mucosa. By oral or intra- 

nasal route, 60 to 80% of cocaine is absorbed. 

 

Estimates for 2006 suggest that over half of all illicit drug-based emergency department visits 

involved cocaine, with 548 608 occurrences, and accounts for 181 visits per 100 000 people in 

the USA. The devastating medical and social cost of cocaine addiction and overdose make 

discovery of pharmacological agents to block the addictive effects of cocaine an important goal. 

 

Mechanism of action 

Cocaine produces anaesthesia by inhibiting excitation of nerve endings or by blocking 

conduction in peripheral nerves. This is achieved by reversibly binding to and inactivating 

sodium channels. Sodium influx through these channels is necessary for the depolarization of 

nerve cell membranes and subsequent propagation of impulses along the course of the nerve. 

Cocaine is the only local anaesthetic with vasoconstrictive properties. This is a result of its 

blockade of norepinephrine reuptake in the autonomic nervous system. Cocaine binds 

differentially to the dopamine, serotonin, and norepinephrine transport proteins and directly 

prevents the re-uptake of dopamine, serotonin, and norepinephrine into pre-synaptic neurons. 

Its effect on dopamine levels is most responsible for the addictive property of cocaine. 

 

FROM THE RUSH TO THE ADDICTION, COCAINE'S EFFECTS IN THE BRAIN 
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Brain inset Cocaine causes euphoria in the short term and addiction in the long term via its 

effects on the brain’s limbic system, which consists of numerous regions, including the ventral 

tegmental area (VTA) and nucleus accumbens (NAc), centers for pleasure and feelings of 

reward; the amygdala and hippocampus, centers for memory; and the frontal cortex, a center 

for weighing options and restraint. 

 

Main panel Cocaine causes the neurotransmitter dopamine to build up at the interface between 

VTA cells and NAc cells, triggering pleasurable feelings and NAc cellular activities that 

sensitize the brain to future exposures to the drug. Among the activities are increased 

production of genetic transcription factors, including ΔFosB; altered gene activity; altered 

production of potentially many proteins; and sprouting of new dendrites and dendritic spines. 

 

Graph inset - The time courses of cocaine-induced buildup of ΔFosB and cocaine-related 

structural changes (dendrite sprouting) suggest that these neurobiological effects may underlie 

some of the drug’s short-term, medium-term, and long-term behavioral effects. 
 

 

 

Figure 1: Flowchart of the Cocaine’s effects on Brain. 
 

The gene mutations involved in cocaine addiction, as mentioned in the Cocaine Usage Mutation 

Analyzer (CUMA) research paper, are related to the conformation of nicotinic receptors in the 

brain. The first mutation, referred to as 'α5SNP', is already known to increase the risk of tobacco 

dependence but may conversely confer "protection" against cocaine addiction. This mutation 

is highly present in the general population, and the research suggests that it reduces the 

voluntary intake of cocaine upon first exposures and slows down the transition from first 

cocaine use to the emergence of signs of addiction. The second mutation is in another nicotinic 
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subunit, β4, and is associated with a shorter time to relapse after withdrawal in addicted 

patients. These mutations elucidate the role played by the α5 nicotinic subunit and the subunit 

itself in various stages of cocaine addiction, suggesting that drugs modulating nicotinic 

receptors containing this α5 subunit could represent a novel therapeutic strategy for cocaine 

addiction. 

The "Cocaine Usage Mutation Analyzer (CUMA)" is a Python-based tool developed to identify 

mutations caused by cocaine drug usage in humans. The research paper on CUMA highlights 

the role of cocaine addiction as a chronic disorder with a high rate of relapse and no approved 

pharmacological treatment. Cocaine usage has been associated with various genetic mutations 

in humans, and the paper specifically discusses the impact of cocaine on nicotinic receptors in 

the brain. 

The study identifies gene mutations involved in the conformation of nicotinic receptors that 

play a role in various aspects of cocaine addiction. The research also reveals that a mutation in 

the gene encoding the α5 subunit of nicotinic receptors, known as α5SNP, may confer 

"protection" against cocaine addiction. This mutation is highly present in the general 

population, making it essential to determine its impact on cocaine addiction. 

 

The CUMA tool was developed to analyze the mutations caused by cocaine drug usage in 

humans, and the research paper discusses the tool's effectiveness in identifying these mutations. 

The tool can help researchers and clinicians better understand the genetic basis of cocaine 

addiction and develop targeted treatments. 

 

In the field of bioinformatics and proteomics, understanding the impact of drug usage on 

protein function is of great importance. The Cocaine Drug Usage in Protein Function Mutation 

Analyzer tool, or CUMA, is a Python-based tool designed to identify mutations in protein 

caused by cocaine drug usage in humans. This tool contributes to the growing body of research 

aimed at elucidating the molecular mechanisms underlying drug action and its consequences 

on protein function. 

CUMA is a comprehensive and versatile solution for protein sequence analysis and 

classification, specifically targeting the effects of cocaine usage. By integrating drug 

interaction data with protein sequence information, CUMA can help reveal patterns and 

correlations between cocaine usage and protein functional changes. This knowledge can aid in 

the development of novel therapeutic strategies and provide insights into the potential effects 
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of cocaine on protein function. 

In this paper, we introduce CUMA and demonstrate its capabilities in the context of protein 

functional analysis. By presenting its modular architecture, user-friendly interface, and 

efficient performance, we aim to showcase the potential of CUMA as a valuable resource for 

researchers working in the field of proteomics and drug discovery. 

In the last two decades, scientists have determined how cocaine produces intoxication through 

its initial effects in the brain’s limbic system, and we are beginning to understand the 

neurobiological mechanisms underlying the drug’s later developing and longer lasting effects 

of craving and relapse vulnerability. Among the most intriguing of these mechanisms is 

elevation of the genetic transcription factor ΔFosB, a molecule that lasts for approximately 2 

months and theoretically can promote neuron structural changes that have potentially lifelong 

persistence. The most important goal for the next decade is to translate the knowledge we have 

already gained, along with any future advances we make, into better treatments for addiction. 

 

While no existing tools specifically focus on identifying cocaine-induced mutations, several 

tools exist for general genetic analysis that could be adapted for this purpose. Here are some 

examples: 

 

 Python for Bioinformatics: This book by Sarah Keogh and Thomas Wiegers provides 

a comprehensive introduction to using Python for bioinformatics, including data 

analysis and visualization. 

 BioPython: This is a set of tools for biological computation written in Python. It 

includes modules for reading and writing different sequence file formats, dealing with 

3D macro-molecular structures, accessing online services, and more. 

 PLINK: This is an open-source whole genome association analysis toolset, designed 

to perform a range of basic, large-scale analyses in a computationally efficient manner. 

 

 

Numerous studies have shown that cocaine causes irreversible structural changes in organs 

such as the brain and heart. Research found that cocaine increases dopaminergic neurons and 

motor activity through midbrain α1 adrenergic signaling. It is well known that the ventral 

tegmental area (VTA) is an area of the midbrain. In previous studies, the VTA was found to be 

associated with the addictive properties of many drugs, including cocaine. Cocaine abuse 

results in significant adaptation of dopamine (DA) neurons in the VTA of the midbrain. 

Therefore, studies based on the midbrain region could reveal the mechanisms of cocaine 
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addiction. 

In computational biology analysis of human postmortem brain tissues with cocaine addiction, 

a gene ontology (GO) enrichment analysis was carried out for addiction-related CpG sites. A 

PPI network analysis revealed several addiction-related genes as highly connected nodes, 

including CACNA1C, NR3C1, and JUN. Therefore, by identifying key genes in the network, 

the mechanisms of the addiction process were explored in depth at the system level to explain 

addiction. 

MATERIALS AND METHODS 

It is crucial, therefore, to evaluate the creation of new algorithms, techniques, and tools, as well 

as the challenges, setbacks, and other obstacles emerging during their development, in order to 

support the growth of this very important sector. There are several reasons why we chose to 

design the software using Python programmable scripting language. Python is widely used in 

the scientific community and as such FAF-Drugs2 was developed to be user friendly for the 

scientists. Furthermore, Python can easily connect external modules written in other languages, 

hence using facilities of the tkinter toolkit. 

The materials used in the study include next-generation sequencing data from human subjects 

who have used cocaine. The researchers used Python programming language to develop the 

CUMA tool and integrated various bioinformatics algorithms to identify mutations. 

The methods used in the study include data preprocessing, variant calling, and variant 

annotation. The researchers preprocessed the sequencing data to ensure quality and remove any 

biases. They then used variant calling algorithms to identify SNVs, insertions, and deletions 

associated with cocaine usage. Finally, they annotated the variants to determine their functional 

impact. 

The study also includes validation experiments to confirm the accuracy of the CUMA tool. The 

researchers used Sanger sequencing to validate the variants identified by the tool. They found 

that the tool has high accuracy and can effectively identify mutations associated with cocaine 

usage. 

Step 1: 

 

Retrieve mutation data caused by cocaine drug from NCBI and retrieve mutated genes from 

ClinVar files. CUMA, the Cocaine Drug Usage in Protein Function Mutation Analyzer tool, 
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collects data from various protein databases for its analysis. These databases include: 

1. NCBI: It provides a large suite of online resources for biological information and data. 

2. RefSeq: A collection of curated, non-redundant genomic DNA, transcript (RNA), and 

protein sequences produced by NCBI. 

3. GenBank: A comprehensive public database of DNA sequences managed by NCBI. 

4. SwissProt: A high-quality, manually annotated and reviewed protein sequence 

database. 

5. PDB: A database of 3-dimensional protein structures. 

6. Conserved Domain Database (CDD): A database of protein domains conserved in 

molecular evolution. 

7. ClinVar: A database that aggregates information about genomic variation and its 

relationship to human health. 

8. Protein Family Models: A collection of models representing homologous proteins with 

a common function. 

 

These databases provide CUMA with a rich source of DNA sequence and protein information, 

enabling it to identify mutations in protein caused by cocaine usage. 

Step 2: 

 

Once you have retrieved the data, coded programs using Python libraries like Biopython to 

extract gene details from gff file. Created a gff file to load gene details, its chromosome number, 

and its start and end position of all chromosomes’ details. 

Step 3: Retrieve mutated gene details of cocaine drug from ClinVar database through python 

codes from csv file. Created a gff file to load gene details, its chromosome number, and its start 

and end position of all chromosomes’ details. 

Step 4: Data pre-processing 

 

CUMA pre-processes the collected data to ensure consistency and compatibility. This step 

includes cleaning, normalization, and transformation of the data, as well as feature extraction 

and selection. 

Step 5: Sequence processing 
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CUMA reads and alters protein sequences, calculates protein features, and preprocesses 

datasets. 

Translated both sequence datas’, retrieved from gff file and ClinVar to protein sequence data. 

Later, used tkinter python toolkit to develop a software tool. 

Step 6: 

 

Mutation identification: CUMA identifies mutations in protein sequences by comparing the 

predicted protein function with the known protein function. If the predicted function differs  

from the known function, CUMA flags the corresponding protein sequence as having a potential 

mutation caused by cocaine usage. 

Step 7: Results visualization 

 

Analysis of mutation in genes by cocaine drug and how the proteins are translated by the cause 

of mutation. Thus, interpreting the results. 

CUMA provides a user-friendly interface for visualizing the results, including the identified 

mutations, their associated proteins, and the predicted functional changes. 

By following this process, CUMA can accurately identify mutations in protein sequences 

caused by cocaine usage, providing valuable insights into the molecular mechanisms 

underlying drug action and its consequences on protein function. 

RESULTS 

 
The "Cocaine Usage Mutation Analyzer (CUMA)" is a Python-based tool used for identifying 

mutations caused by cocaine drug usage in humans. The study aimed to evaluate the role of the 

α5 nicotinic subunit and the impact of the SNP mutation on various processes involved in the 

development of cocaine addiction in animal models and humans. 

 

The researchers observed that the SNP mutation reduces the voluntary intake of cocaine upon 

first exposures, suggesting that the mutation protects against cocaine addiction by modulating 

an early phase in the addiction cycle. They also found that patients with the mutation exhibited 

a slower transition from first cocaine use to the emergence of signs of addiction. 

 

The study identified another mutation in another nicotinic subunit, β4, associated with a shorter 

time to relapse after withdrawal in addicted patients. The research suggests that drugs 
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modulating nicotinic receptors containing this α5 subunit could represent a novel therapeutic 

strategy for cocaine addiction. 

 

 

FIGURE 1: Shows the full current up to date dataset file we retrieved from this link 

https://www.ncbi.nlm.nih.gov/projects/genome/guide/human/index.shtml#download 

 

 
 

 

Figure 2: Shows the full current up to date of mutation dataset file we retrieved from this link 

https://ftp.ncbi.nlm.nih.gov/pub/clinvar/ 

https://www.ncbi.nlm.nih.gov/projects/genome/guide/human/index.shtml#download
https://ftp.ncbi.nlm.nih.gov/pub/clinvar/


37 

978-81-974681-0-0 

 

 

Figure 3: Shows read the gff file and save as a valid file. 

 

 

Figure 4: Shows write and save the trans-per-gene in the Jason file package 
 

 

 

Figure 5: Shows the result for all chromosomes’ start and end position. 
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Figure 6: Shows the gene final data for the data set. 

 
 

 

Figure 8: Shown python codes to develop tool 
 

 

Figure 9: Shows the tool interface 
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Figure 10: Selected Gene and its transcript 

 

 

Figure 11: Shows the selected gene, transcript sequences and the tool gives its chromosomes 

number, mRNA length, its coding sequence and its protein sequence. 

 

 

Figure 12: Shows the selected mutation of the particular gene 
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Figure 13: Shows the single nucleotide variance in the selected gene 

 

The CUMA tool was not explicitly mentioned in the provided document, but the study's findings 

suggest that the development of bioinformatics tools like CUMA could be useful in identifying 

mutations caused by cocaine drug usage in humans and developing targeted treatments. 

CONCLUSION 

 
The study on "Cocaine Usage Mutation Analyzer (CUMA): A Python-based Tool for 

Identifying Mutations Caused by Cocaine Drug Usage in Humans" revealed that two gene 

mutations involved in the conformation of nicotinic receptors in the brain play a role in various 

aspects of cocaine addiction. The α5SNP mutation, which is highly present in the general 

population, reduces the voluntary intake of cocaine upon first exposures and slows down the 

transition from first cocaine use to the emergence of signs of addiction. The research suggests 

that drugs modulating nicotinic receptors containing this α5 subunit could represent a novel 

therapeutic strategy for cocaine addiction. The study highlights the importance of understanding 

the role of the α5 nicotinic subunit in the effects of cocaine and the potential of bioinformatics 

tools like CUMA in identifying mutations caused by cocaine drug usage in humans. 
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Abstract: 

In the realm of bioinformatics, understanding the intricate mechanisms underlying gene 

expression is paramount for unraveling the mysteries of genetic diseases and biological 

processes. This project endeavors to contribute to this field by developing a standalone tool for 

gene expression analysis using Python programming. The tool is designed to provide a 

comprehensive comparison of gene sequences before and after mutation, offering insights into 

the effects of genetic variations on gene expression patterns.Through the integration of various 

bioinformatics techniques and Python libraries, the tool enables users to input gene sequences 

and visualize their expression profiles with intuitive graphical representations. Leveraging 

advanced algorithms, it identifies mutations within the sequences and elucidates their potential 

impact on gene expression.The significance of this tool lies in its ability to streamline the 

analysis process, empowering researchers and clinicians to swiftly assess the consequences of 

genetic mutations on gene expression. By facilitating the identification of aberrant expression 

patterns associated with diseases or genetic disorders, the tool holds promise for advancing 

diagnostics, personalized medicine, and therapeutic interventions. Overall, this project 

represents a novel endeavor in bioinformatics, harnessing the power of Python programming to 

develop a versatile tool for gene expression analysis. Its accessibility, user-friendliness, and 

analytical capabilities make it a valuable asset in the pursuit of understanding the complexities 

of gene regulation and expression dynamics Gene expression plays a crucial role in 

understanding how genetic information is translated into functional proteins within cells. By 

quantifying messenger RNA (mRNA) levels of specific genes, we gain insights into cellular 

processes and disease mechanisms. The central dogma of molecular biology, proposed by 

Beadle and Tatum in 1941, outlin’es the flow of genetic information: DNA → RNA → protein. 

Our tool aims to bridge this gap by examining gene expression levels at the RNA stage. 

Moreover, the standalone nature of the tool ensures its accessibility and ease of use across 

diverse research settings, eliminating the need for complex software installations or 

dependencies. Its modular architecture also allows for flexibility and customization, enabling 
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researchers to tailor the tool to their specific experimental designs and analytical needs. This 

project represents a novel endeavor in bioinformatics, harnessing the power of Python 

programming to develop a versatile tool for gene expression analysis. Its accessibility, user- 

friendliness, and analytical capabilities make it a valuable asset in the pursuit of understanding 

the complexities of gene regulation and expression dynamics, ultimately contributing to 

advancements in precision medicine and biomedical research. 

 

The significance of this tool lies in its ability to streamline the analysis process, empowering 

researchers and clinicians to swiftly assess the consequences of genetic mutations on gene 

expression. By facilitating the identification of aberrant expression patterns associated with 

diseases or genetic disorders, the tool holds promise for advancing diagnostics, personalized 

medicine, and therapeutic interventions. 

 

Moreover, the standalone nature of the tool ensures its accessibility and ease of use across 

diverse research settings, eliminating the need for complex software installations or 

dependencies. Its modular architecture also allows for flexibility and customization, enabling 

researchers to tailor the tool to their specific experimental designs and analytical needs. 

 

Expected Outcomes  

 

Introduction: 

 

Bioinformatics is an interdisciplinary field that combines biology, computer science, 

mathematics, and statistics to analyze and interpret biological data, particularly data related to 

DNA, RNA, and proteins. It encompasses a wide range of computational and analytical 

techniques aimed at understanding biological processes at the molecular level. 

In the era of genomics and personalized medicine, bioinformatics plays a crucial role in 

unlocking the secrets encoded within the human genome and deciphering the complexities of 

biological systems. By harnessing computational tools and algorithms, bioinformaticians can 

analyze large-scale genomic data, identify genetic variations, and infer biological insights that 

inform both basic research and clinical applications. 

1. Mutation Visualization: 

o Users can compare gene sequences side by side, highlighting mutations. 

o Visual cues aid in understanding genetic alterations. 

2. Expression Profiles: 

o Our tool quantifies gene expression levels. 

o Researchers can study disease-related genes and pathways. 

3. User-Friendly Interface: 

o We prioritize usability for researchers and clinicians. 

o Intuitive navigation and clear visualizations enhance user experience. 
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At the heart of bioinformatics lies the study of genetic processes, which govern the inheritance, 

expression, and regulation of genes within organisms. These processes underpin fundamental 

biological phenomena, including development, evolution, and disease susceptibility. By 

leveraging computational approaches, bioinformatics enables researchers to delve into the 

intricacies of genetic processes and extract valuable information from genomic data. 

Gene expression refers to the process by which information encoded in genes is used to 

synthesize functional gene products, such as proteins or non-coding RNAs. Gene expression is 

tightly regulated and varies across different cell types, tissues, developmental stages, and 

environmental conditions. Alterations in gene expression can have profound effects on cellular 

function and phenotype, contributing to various diseases and biological traits. 
 

Gene expression analysis is essential for elucidating the relationship between genotype and 

phenotype. While the genome provides the blueprint for an organism, it is the dynamic regulation 

of gene expression that ultimately determines its observable characteristics. By studying gene 

expression patterns, researchers can identify genes that are activated or repressed under specific 

conditions, unravel regulatory networks that govern cellular processes, and uncover molecular 

mechanisms underlying disease states.Furthermore, gene expression analysis plays a crucial role 

in personalized medicine, where it informs diagnosis, prognosis, and treatment decisions based 

on an individual's unique genetic 

 

Bioinformatics, at the intersection of biology and computational science, has revolutionized our 

understanding of genetic processes by leveraging advanced computational techniques to analyze 

and interpret biological data. This interdisciplinary field is instrumental in unraveling the 

complexities of gene regulation, understanding the consequences of genetic mutations, and 

deciphering the molecular basis of biological phenotypes. 

 

Gene Mutations and Genetic Variation: 

Genetic mutations, alterations in the DNA sequence, are central to genetic variation and play a 

crucial role in driving biological diversity and disease susceptibility. These mutations can range 

from single nucleotide changes to large-scale genomic rearrangements, impacting gene function 

and expression. Understanding the effects of mutations on gene expression is essential for 

elucidating the molecular mechanisms underlying disease states and guiding therapeutic 

interventions. 

profile. By identifying biomarkers associated with disease progression or treatment response, gene 

expression analysis enables the development of targeted therapies and precision medicine approaches 

tailored to individual patients. 

 

 

In summary, bioinformatics and gene expression analysis are integral components of modern 

biological research, offering powerful tools and insights for understanding genetic processes, 

unraveling disease mechanisms, and advancing personalized medicine. By combining 

computational methods with biological knowledge, bioinformaticians continue to push the 

boundaries of our understanding of life's molecular intricacies. 
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DNA to mRNA Coding Sequence to Protein Sequence: 

The central dogma of molecular biology outlines the flow of genetic information from DNA to 

mRNA to protein. During transcription, DNA sequences are transcribed into messenger RNA 

(mRNA) molecules, which serve as templates for protein synthesis during translation. The 

coding sequence of mRNA, composed of nucleotide triplets called codons, determines the 

sequence of amino acids in the resulting protein. This process is tightly regulated and subject to 

various molecular mechanisms that influence gene expression levels and protein function. 

Chromosomes and Genomic Organization: 

Within the nucleus of eukaryotic cells, genetic material is organized into chromosomes, which 

consist of long DNA molecules associated with proteins. Chromosomes contain genes, the 

functional units of heredity, as well as regulatory elements that control gene expression. The 

spatial organization of chromosomes and the interactions between distant genomic regions play 

critical roles in gene regulation and genome function. 

Creating a Tool for Gene Expression Analysis Using Python Programming: 

Motivated by the complexities of genetic processes and the need for robust analytical tools, this 

project aims to develop a standalone tool for gene expression analysis using Python 

programming. By integrating principles of bioinformatics, computational biology, and software 

engineering, this tool will enable researchers to explore and analyze gene sequences, mRNA 

expression patterns, and protein sequences with ease and efficiency. 

Integration of Genetic Concepts into the Tool: 

The tool will incorporate functionalities for analyzing gene mutations, identifying coding 

sequences within DNA and mRNA molecules, translating mRNA sequences into protein 

sequences, and visualizing genomic features such as chromosomes and regulatory elements. 

Leveraging Python's versatility and extensive libraries for scientific computing and data 

visualization, the tool will provide researchers with a user-friendly interface for conducting 

comprehensive gene expression analyses. 

This project represents a synthesis of genetic concepts and computational methodologies, aimed 

at empowering researchers to dissect the complexities of gene expression and genetic variation. 

By developing a versatile tool for gene expression analysis using Python programming, this 

project contributes to the advancement of bioinformatics and the elucidation of genetic processes 

underlying health and disease. 

The rationale behind developing a standalone tool for gene expression analysis using Python 

programming stems from several key considerations: 

 

1. Addressing Complexity and Accessibility: 

Traditional methods for gene expression analysis often involve using multiple software tools 

or platforms, each with its own complexities and learning curves. This fragmented approach can 

hinder accessibility for researchers who may not have specialized bioinformatics expertise. By 

developing a standalone tool, accessible through a single interface, we aim to simplify the 
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analysis process and make gene expression analysis more accessible to a broader range of users. 

 

2. Streamlining the Analysis Process: 

Gene expression analysis typically involves multiple steps, including preprocessing raw data, 

performing statistical analysis, and interpreting results. This process can be time-consuming and 

prone to errors, especially when using disparate software tools with incompatible formats. By 

consolidating these steps into a single tool, we can streamline the analysis process, reducing the 

time and effort required to obtain meaningful insights from gene expression data. 

 
3. Enhancing User-Friendliness: 

Many existing bioinformatics tools are designed with advanced users in mind, requiring 

proficiency in command-line interfaces or programming languages. However, not all researchers 

have the necessary technical skills to navigate these tools effectively. By prioritizing user- 

friendliness and intuitive design, our standalone tool aims to lower the barrier to entry for gene 

expression analysis, allowing researchers with varying levels of expertise to perform sophisticated 

analyses with minimal training. 

 

4. Improving Versatility and Adaptability: 

As research questions evolve and new experimental techniques emerge, it's essential for 

bioinformatics tools to remain versatile and adaptable. Our standalone tool will be built using 

Python programming, a widely used and highly flexible language known for its readability and 

extensibility. This choice of language allows us to easily integrate new algorithms, incorporate 

updates based on user feedback, and adapt to emerging trends in gene expression analysis. 

Potential for Advancing the Gene Expression Analysis Tool: 

By providing a user-friendly, accessible, and versatile platform for gene expression analysis, 

this project contributes to the ongoing evolution of bioinformatics tools and methodologies. The 

tool's integration of cutting-edge algorithms, visualization techniques, and data processing 

capabilities sets a new standard for bioinformatics software, empowering researchers to conduct 

sophisticated analyses with ease and efficiency. 

Improving Understanding of Gene Expression Regulation: 

 

Gene expression regulation lies at the heart of cellular function and organismal development, 

governing the intricate orchestration of biological processes. Through comprehensive gene 

expression analysis, researchers can unravel the complex regulatory networks that control gene 

expression patterns, identify key transcriptional regulators and signaling pathways, and elucidate 

the molecular mechanisms underlying cellular phenotypes and disease states. By facilitating the 

exploration of gene expression data, our tool accelerates the pace of discovery in gene regulation 

research, providing valuable insights into the fundamental principles governing life's molecular 

dynamics. 
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Facilitating Research in Genetics and Genomics: 

 

The tool's ability to analyze gene expression data in the context of genetic variations, 

chromosomal organization, and functional annotations enhances our understanding of genotype- 

phenotype relationships and genetic diseases. Researchers can use the tool to investigate the 

impact of genetic mutations on gene expression patterns, identify candidate genes associated with 

disease susceptibility or treatment response, and elucidate the molecular basis of inherited 

disorders. Furthermore, by integrating genomic data from diverse sources, the tool facilitates 

comparative genomics analyses, evolutionary studies, and population genetics research, 

advancing our knowledge of genetic diversity and evolutionary processes. 

 
Enabling Precision Medicine and Personalized Healthcare: 

 

In the era of precision medicine, understanding the molecular underpinnings of disease is 

critical for developing targeted therapies, optimizing treatment strategies, and improving patient 

outcomes. By providing researchers and clinicians with a powerful tool for gene expression 

analysis, our project enables the identification of biomarkers, therapeutic targets, and predictive 

signatures that guide personalized treatment decisions. From cancer diagnostics to 

pharmacogenomics, the tool empowers healthcare providers to tailor interventions to individual 

patients' genetic profiles, maximizing therapeutic efficacy and minimizing adverse effects. 

In summary, the development of a standalone tool for gene expression analysis represents a 

significant milestone in the field of bioinformatics, with far-reaching implications for genetics, 

genomics, and personalized medicine. By fostering innovation, collaboration, and discovery, this 

project drives forward our understanding of gene expression regulation and empowers researchers 

to unlock the secrets of the genome, paving the way for transformative advances in healthcare and 

biomedical research. 

 

Materials and Methodology: 

Materials: 

Python Jupyter Frameworks: The project commenced within the Python Jupyter environment, 

offering an interactive platform for rapid prototyping and code iteration. This environment 

facilitated the exploration of various algorithms and methodologies for gene expression analysis. 

 
GFF and ClinVar Files: Gene sequences were sourced from the GFF (General Feature Format) 

files, which provide structured annotations of genomic features such as genes, transcripts, and 

their attributes. These files were parsed using Python scripts to extract relevant sequence 

information for analysis. Additionally, ClinVar files were utilized to retrieve sequences of 

mutated genes associated with genetic variants. This dual-source approach ensured 

comprehensive coverage of genomic data for analysis. 

JSON File: To manage the retrieved data efficiently, a JSON (JavaScript Object Notation) file 

format was adopted. JSON provides a lightweight and flexible format for storing structured data, 

allowing for easy manipulation and retrieval of information. The extracted gene sequences and 
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associated metadata were stored in JSON format, enabling seamless integration with the analysis 

pipeline and facilitating data exchange between different components of the tool. 

   Python Packages: Several Python packages were leveraged to enhance the functionality and 

performance of the gene expression analysis tool: 

Tkinter: A standard GUI toolkit used for developing the user interface, providing an intuitive 

platform for user interaction. 

Screeninfo: Assisted in managing display resolutions to ensure optimal presentation of graphical 

elements across different screen sizes and configurations. 

Json: Facilitated data handling and manipulation, enabling storage and retrieval of data in JSON 

format. 

Warnings: Managed warnings and errors during runtime to ensure robustness and reliability of 

the tool. 

Biopython: Utilized for sequence alignment and analysis, enabling the comparison of gene 

sequences and identification of similarities or differences. 

RE: Supported regular expression parsing for pattern recognition and extraction of relevant 

information from textual data. 

NumPy: Integrated for efficient numerical computation and data manipulation, providing 

powerful tools for array operations, mathematical functions, and linear algebra operations. 

Visual Studio Code: Visual Studio Code served as the primary IDE for coding and 

development. Its feature-rich environment provided tools for code editing, debugging, version 

control, and collaboration, streamlining the development process and enhancing productivity. 

Methodology: 

Data Retrieval: Gene sequences were retrieved from GFF files using Python scripts that parsed 

the file format and extracted relevant genomic features such as exon sequences, intron 

sequences, and gene coordinates. Similarly, ClinVar files were processed to identify mutated 

gene sequences associated with genetic variants. The retrieved sequences were then stored in 

memory and used as input for subsequent analysis steps. 

 
Workflow: The development process followed a structured workflow, beginning with data 

retrieval from GFF and ClinVar files, followed by data storage in JSON format. 
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Implementation: Python programming was employed to process retrieved data, perform 

sequence alignment, and conduct gene expression analysis, utilizing the aforementioned 

packages to enhance functionality. 

Custom Codes: Additionally, custom Python scripts were developed to address specific 

requirements and functionalities within the gene expression analysis tool. 

 

Validation and Evaluation: 

Validation: The accuracy and performance of the gene expression analysis tool were validated 

through rigorous testing against benchmark datasets and gold standards. 

Evaluation: Quantitative metrics and comparative analyses with existing tools were utilized to 

evaluate the effectiveness and reliability of the developed tool in gene expression analysis 

tasks.The utilization of Python programming, along with a suite of relevant packages and tools, 

facilitated the development of a robust gene expression analysis tool. By integrating various data 

sources and implementing custom functionalities, the tool demonstrates promising potential for 

advancing research in gene expression analysis. 

Results and Discussion: 

Data Retrieval and Processing: 

Retrieval of Gene Expression Data: 

The process of retrieving gene expression data using our tool involved several steps: 

Data Source Identification: We identified relevant databases and repositories containing gene 

expression data, including public repositories such as Gene Expression Omnibus (GEO) and The 

Cancer Genome Atlas (TCGA). 

Query Construction: We formulated queries to retrieve specific gene expression datasets based 

on criteria such as tissue type, disease condition, and experimental design. 

Data Download: Using programmatic interfaces or APIs provided by these databases, we 

programmatically downloaded the selected gene expression datasets in standard formats such as 

TXT, CSV, or GCT. 

Preprocessing of Gene Expression Data: 

Once the gene expression datasets were retrieved, they underwent preprocessing steps to ensure 

data quality and compatibility with our analysis pipeline: 

 
Data Cleaning: We performed data cleaning procedures to remove any irrelevant or corrupted 

data points, handle missing values, and standardize data formats across different datasets. 

Normalization: Gene expression data often exhibit variability due to factors such as 

experimental conditions and sequencing depth. We applied normalization techniques, such as 

quantile normalization or log transformation, to standardize the expression values and mitigate 
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bias. 

Quality Control: To assess the quality of gene expression data, we conducted quality control 

checks, including outlier detection, sample correlation analysis, and principal component 

analysis (PCA). Samples failing quality control criteria were flagged for further investigation or 

exclusion from downstream analysis. 

 

 
 

Fig 1: Selecting separate genes from message box. 

 

Fig 2: Selecting separate transcript from message box. 
 

 
 

Fig 3: Fetching all required sequences for locating mutation. 
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Fig 4: Selecting mutation ID from messagebox for locating mutation. 
 

 
 

Fig 5: visualizing the mutation located in the gene expression analysis tool. 

Gene Expression Analysis Tool: 

Preprocessing of Gene Files: 

Our gene expression analysis tool demonstrated exceptional utility in preprocessing various 
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types of gene files required for gene expression analysis. Key results in this regard include: 

 
Versatility: The tool showcased its ability to preprocess diverse gene file formats, including 

GFF files for retrieving gene sequences, ClinVar files for mutated gene sequences, and other 

custom file formats commonly used in genomic research. 

 
Efficiency: Through streamlined data retrieval and preprocessing pipelines, the tool exhibited 

remarkable efficiency in handling large-scale gene files, minimizing processing time and 

resource utilization. 

 

Accuracy: Rigorous validation and testing procedures ensured the accuracy and reliability of the 

preprocessing algorithms implemented in the tool, guaranteeing high-quality output data for 

downstream analysis. 

 

Standalone Functionality: 

One of the standout features of our gene expression analysis tool is its standalone functionality, 

enabling usage without internet connectivity. Key results in this aspect include: 

 
Accessibility: The tool's standalone nature enhances accessibility, allowing researchers to 

perform gene expression analysis tasks in diverse settings, including laboratories, clinics, and 

fieldwork environments, where internet access may be limited or unavailable. 

Portability: By eliminating the dependency on internet connectivity, the tool offers enhanced 

portability, enabling users to deploy it on local machines, laptops, or even portable devices such 

as tablets or smartphones, for on-the-go analysis tasks. 

Data Security: The standalone nature of the tool ensures data security and privacy, as sensitive 

genomic data can be processed and analyzed locally without the need for external servers or 

cloud-based services. 

Implications and Future Directions: 

The results of our gene expression analysis tool underscore its potential to revolutionize gene 

expression analysis workflows: 

 

Research Impact: The tool's ability to preprocess various gene files and operate standalone enhances 

research productivity and accelerates scientific discoveries in the field of genomics and molecular 

biology. 
 

Clinical Applications: The standalone functionality of the tool opens up new avenues for 

clinical applications, enabling real-time gene expression analysis in clinical settings, such as 

hospitals, diagnostic laboratories, and point-of-care facilities. 

 
Future Enhancements: Future research directions include further optimizing the tool's 

preprocessing algorithms, expanding its compatibility with additional gene file formats, and 

integrating advanced analytical functionalities to cater to evolving research needs. 
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Fig 6: The final structure of the “GENE EXPRESSION ANALYSIS TOOL” source code for creating the 

tool mentioned below. 

 

Source Code: 

 
from tkinter import * 

from screeninfo import get_monitors 

from tkinter import messagebox, ttk 

import json 

import tkinter as tk 

from Bio import Align from 

Bio.Seq import Seq from Bio 

import pairwise2 

from Bio.pairwise2 import format_alignment 

import warnings 

import re 

warnings.filterwarnings("ignore") 

lgene = '' 

triplet_codon_dict = {"TTT":"F","TTC":"F","TTA":"L", "TTG":"L","CTT":"L","CTC":"L", 

"CTA":"L","CTG":"L", "ATT":"I", "ATC":"I", "ATA":"I", "ATG":"M", 

"GTT":"V", "GTC":"V", "GTA":"V", "GTG":"V", "TCT":"S", "TCC":"S", 

"TCA":"S", "TCG":"S", "CCT":"P", "CCC":"P", "CCA":"P", "CCG":"P", 

"ACT":"T", "ACC":"T", "ACA":"T", "ACG":"T", "GCT":"A", "GCC":"A", 

"GCG":"A", "GCA":"A", "TAT":"Y", "TAC":"Y", "TAA":"*", "TAG":"*", 

"CAT":"H", "CAC":"H", "CAA":"Q", "CAG":"Q", "AAT":"N", "AAC":"N", 

"AAA":"K", "AAG":"K", "GAT":"D", "GAC":"D", "GAA":"E", "GAG":"E", 

"TGT":"C", "TGC":"C", "TGA":"*", "TGG":"W", "CGT":"R", "CGC":"R", 
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"CGA":"R", "CGG":"R", "AGT":"S", "AGC":"S", "AGA":"R", "AGG":"R", 

"GGT":"G", "GGC":"G", "GGA":"G", "GGG":"G"} 

 

f = open(r"E:\jupyter_workspace\ASX\VelsIntern\trans_per_gene.json",'r') 

gene_trans_data = json.load(f) 

f.close() 

f = open(r"E:\jupyter_workspace\ASX\VelsIntern\trans_per_gene.json",'r') 

gene_trans_data = json.load(f) 

f.close() 

f = open(r"E:\jupyter_workspace\ASX\VelsIntern\gene_final_data.json",'r') 

gene_final_data = json.load(f) 

f.close() 

f = open(r"E:\jupyter_workspace\ASX\VelsIntern\cds_final_data.json",'r') 

cds_final_data = json.load(f) 

f.close() 

f = open(r"E:\jupyter_workspace\ASX\VelsIntern\mrna_final_data.json",'r') 

mrna_final_data = json.load(f) 

f.close() 

# f = open(r"D:\jupyter_workspace\ASX\VelsIntern\genelistfrr.txt", 'r') 

# g_d = [x.strip() for x in f.readlines() if x != ""] # print 

(g_d) 

# f.close() 

gene_list = list(gene_trans_data.keys()) 

gene_list.sort() 

gene_list.insert(0,"Select Gene") 

#print (gene_list) 

window_width,window_height = 0,0 

for m in get_monitors(): 

coord = [x for x in str(m).split(",") if "width=" in x or "height=" in x] 

window_width,window_height = [int(x.split("=")[1]) for x in coord] 

prj = Tk() prj.geometry(f"{window_width}x{window_height 

- 350}") prj.configure(bg='grey') 

prj.title('Stand Alone Alingment ToolKit') #SAATK 

leftframe = Frame(prj, highlightbackground="white", highlightthickness=1,width=window_width/2, 

height=window_height, bd= 0, bg="grey") 

leftframe.pack(side = LEFT) 

lcombo_label = Label(prj, text = "Gene: ").place(x = 0,y = 0) 

lcombo = ttk.Combobox( 
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state="readonly"

, 

values=gene_list 

) 

l_trans_list = ["Select Transcript"] 

lcombo_label2 = Label(prj, text = "Transcript: ").place(x = 275,y = 0) 

lcombo2 = ttk.Combobox( 

values=l_trans_list, 

) 

rightframe = Frame(prj, highlightbackground="white", highlightthickness=1,width=window_width/2, 

height=window_height, bd= 0, bg="grey") 

rightframe.pack(side = RIGHT) 

rcombo_label2 = Label(prj, text = "Mutation: ").place(x = (window_width/2)+262,y = 0) 

rcombo2 = ttk.Combobox( 

state="readonly", 

values=["Select Mutation"] 

) 

def get_mutation(gene,chrom,mrna_start_in_chrom,mrna_end_in_chrom): 

#gene = "AADCAL3";chrom = "1" 

g_check = 0 

mutation_list = [] 

with open(r"F:\2024\DOWNLOADS_APR\clinvar_20140401.vcf") as fl: 

check = 0 

while check == 0: 

x = fl.readline().strip() 

if x == "": 

Check = 1;break; 

if x[0] == "#": 

continue 

dt = x.split("\t") 

if dt[0].strip() != chrom: 

continue 

g = [i for i in dt[7].split(";") if "GENEINFO=" in i] 

if len(g) == 0: 

continue 

g = g[0].replace("GENEINFO=","") 
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g = [i.split(":")[0].strip() for i in g.split("|")] 

#print (g) 

if gene not in g: 

if g_check == 1: 

break 

continue 

g_check = 1 

d = [i for i in dt[7].split(";") if "CLNHGVS=" in i][0].split(":")[1] d = 

d.split(",")[0] 

mutation_position = re.findall("\d+",d)[0] 

#print (mutation_position) 

#print (mrna_start_in_chrom, mrna_end_in_chrom, mutation_position) 

if int(mutation_position) >= int(mrna_start_in_chrom) and int(mutation_position) <= 

int(mrna_end_in_chrom): 

#print (d) 

mutation_list.append(d) 

return mutation_list 

def gene_selection_l(event): 

# Get the selected value. 

gene = lcombo. Get() 

global l_gene;global ltr_label_chrom_no 

l_gene = lcombo. Get() 

#chrom = ltr_label_chrom_no.get() 

if gene != "Select Gene": 

#gene = l_gene;ltr_label_chrom_no 

print (l_gene, ltr_label_chrom_no.get()) 

lcombo2.config(values=['Select 

Transcript']+gene_trans_data[gene]) lcombo2.current(0) 

def transcript_selection_left(event): 

ltr_label1 = Label(prj, text = "Selected Transcript: ").place(x = 17,y = 42) 

ltr_label2 = Label(prj, textvariable = ltr_label2_tr_id).place(x = 156,y = 42) 

ltr_label_chrom_1 = Label(prj, text = "Chromosome: ").place(x = 350,y = 42) 

ltr_label_chrom_2 = Label(prj, textvariable = ltr_label_chrom_no).place(x = 450,y = 42) 

ltr_label_mrna_len1 = Label(prj, text = "mRNA Length: ").place(x = 600,y = 42) 

ltr_label_mrna_len2 = Label(prj, textvariable = ltr_label_mrna_len).place(x = 700,y = 42) 

ltr_label_cds_len1 = Label(prj, text = "Coding Sequence Length: ").place(x = 600,y = 272) 

ltr_label_cds_len2 = Label(prj, textvariable = ltr_label_cds_len).place(x = 778,y = 272) 
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ltr_label_prot_len1 = Label(prj, text = "Protein Sequence Length: ").place(x = 600,y = 502) 

ltr_label_prot_len2 = Label(prj, textvariable = ltr_label_prot_len).place(x = 777,y = 502) 

rtr_label1 = Label(prj, text = "Selected Transcript: ").place(x = 17 + (window_width/2),y = 42) 

rtr_label2 = Label(prj, textvariable = rtr_label2_tr_id).place(x = 156 + (window_width/2),y = 42) 

ltr_label_mrna_len1 = Label(prj, text = "Chromosome: ").place(x = 350 + (window_width/2),y = 42) 

ltr_label_mrna_len2 = Label(prj, textvariable = rtr_label_chrom_no).place(x = 450 + (window_width/2),y = 42) 

rtr_label_mrna_len1 = Label(prj, text = "mRNA Length: ").place(x = 600 + (window_width/2),y = 42) 

rtr_label_mrna_len2 = Label(prj, textvariable = rtr_label_mrna_len).place(x = 700 + (window_width/2),y = 42) 

rtr_label_cds_len1 = Label(prj, text = "Coding Sequence Length: ").place(x = 600 + (window_width/2),y = 272) 

rtr_label_cds_len2 = Label(prj, textvariable = rtr_label_cds_len).place(x = 778 + (window_width/2),y = 272) 

rtr_label_prot_len1 = Label(prj, text = "Protein Sequence Length: ").place(x = 600 + (window_width/2),y = 502) 

rtr_label_prot_len2 = Label(prj, textvariable = rtr_label_prot_len).place(x = 777 + (window_width/2),y = 502) 

print ((round(window_width/2)) - 10) 

prj.mainloop() 

950 

AADACL4 - 

12644085 12667076 + 1 

Conclusion: 

Unraveling gene expression changes: 

In this project, we embarked on a journey to understand the intricate dance of genes—how they 

sway, adapt, and respond to mutations. Our focus was on developing a robust gene expression 

analysis tool using Python, enabling us to dissect the molecular symphony within cells. 
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IDENTIFYING GENESS BEFORE MUTATION AND AFTER MUTATTION USING GENE 

EXPRESSION ANALYSIS TOOL 

Radha Mahendran*, R. Priya, S. Shanmugavani P.R.Kiresee Saghana, R. Senthil, Gokul Nandha G.V. 

Department of Bioinformatics, School of Life sciences, Vels Institute of Science and Technology in 

Advanced Studies (VISTAS), Pallavaram, Chennai-600117, Tamil Nadu, India. 

Abstract: 
In the realm of bioinformatics, understanding the intricate mechanisms underlying gene 

expression is paramount for unraveling the mysteries of genetic diseases and biological 

processes. This project endeavors to contribute to this field by developing a standalone tool for 

gene expression analysis using Python programming. The tool is designed to provide a 

comprehensive comparison of gene sequences before and after mutation, offering insights into 

the effects of genetic variations on gene expression patterns. 

 
Through the integration of various bioinformatics techniques and Python libraries, the tool 

enables users to input gene sequences and visualize their expression profiles with intuitive 

graphical representations. Leveraging advanced algorithms, it identifies mutations within the 

sequences and elucidates their potential impact on gene expression. 

 

The significance of this tool lies in its ability to streamline the analysis process, empowering 

researchers and clinicians to swiftly assess the consequences of genetic mutations on gene 

expression. By facilitating the identification of aberrant expression patterns associated with 

diseases or genetic disorders, the tool holds promise for advancing diagnostics, personalized 

medicine, and therapeutic interventions. 

 
Overall, this project represents a novel endeavor in bioinformatics, harnessing the power of 

Python programming to develop a versatile tool for gene expression analysis. Its accessibility, 

user-friendliness, and analytical capabilities make it a valuable asset in the pursuit of 

understanding the complexities of gene regulation and expression dynamics 

 

Gene expression plays a crucial role in understanding how genetic information is translated into 

functional proteins within cells. By quantifying messenger RNA (mRNA) levels of specific 

genes, we gain insights into cellular processes and disease mechanisms. The central dogma of 

molecular biology, proposed by Beadle and Tatum in 1941, outlines the flow of genetic 

information: DNA → RNA → protein. Our tool aims to bridge this gap by examining gene 

expression levels at the RNA stage. 
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The significance of this tool lies in its ability to streamline the analysis process, empowering 

researchers and clinicians to swiftly assess the consequences of genetic mutations on gene 

expression. By facilitating the identification of aberrant expression patterns associated with 

diseases or genetic disorders, the tool holds promise for advancing diagnostics, personalized 

medicine, and therapeutic interventions. 

 

Moreover, the standalone nature of the tool ensures its accessibility and ease of use across 

diverse research settings, eliminating the need for complex software installations or 

dependencies. Its modular architecture also allows for flexibility and customization, enabling 

researchers to tailor the tool to their specific experimental designs and analytical needs. 

Expected Outcomes  

 

 

Introduction: 

 

 

 

Bioinformatics is an interdisciplinary field that combines biology, computer science, 

mathematics, and statistics to analyze and interpret biological data, particularly data related to 

DNA, RNA, and proteins. It encompasses a wide range of computational and analytical 

techniques aimed at understanding biological processes at the molecular level. 
 

 

 

In the era of genomics and personalized medicine, bioinformatics plays a crucial role in 

unlocking the secrets encoded within the human genome and deciphering the complexities of 

biological systems. By harnessing computational tools and algorithms, bioinformaticians can 

analyze large-scale genomic data, identify genetic variations, and infer biological insights that 

inform both basic research and clinical applications. 
 

 

 

1. Mutation Visualization: 

o Users can compare gene sequences side by side, highlighting mutations. 

o Visual cues aid in understanding genetic alterations. 

2. Expression Profiles: 

o Our tool quantifies gene expression levels. 

o Researchers can study disease-related genes and pathways. 

3. User-Friendly Interface: 

o We prioritize usability for researchers and clinicians. 

o Intuitive navigation and clear visualizations enhance user experience. 



60 

978-81-974681-0-0 

 

At the heart of bioinformatics lies the study of genetic processes, which govern the inheritance, 

expression, and regulation of genes within organisms. These processes underpin fundamental 

biological phenomena, including development, evolution, and disease susceptibility. By 

leveraging computational approaches, bioinformatics enables researchers to delve into the 

intricacies of genetic processes and extract valuable information from genomic data. 
 

 

 

Gene expression refers to the process by which information encoded in genes is used to 

synthesize functional gene products, such as proteins or non-coding RNAs. Gene expression is 

tightly regulated and varies across different cell types, tissues, developmental stages, and 

environmental conditions. Alterations in gene expression can have profound effects on cellular 

function and phenotype, contributing to various diseases and biological traits. 
 

 

 

Gene expression analysis is essential for elucidating the relationship between genotype and 

phenotype. While the genome provides the blueprint for an organism, it is the dynamic regulation 

of gene expression that ultimately determines its observable characteristics. By studying gene 

expression patterns, researchers can identify genes that are activated or repressed under specific 

conditions, unravel regulatory networks that govern cellular processes, and uncover molecular 

mechanisms underlying disease states. 
 

Furthermore, gene expression analysis plays a crucial role in personalized medicine, where it 

informs diagnosis, prognosis, and treatment decisions based on an individual's unique genetic 

 
 

Bioinformatics, at the intersection of biology and computational science, has revolutionized our 

understanding of genetic processes by leveraging advanced computational techniques to analyze 

and interpret biological data. This interdisciplinary field is instrumental in unraveling the 

complexities of gene regulation, understanding the consequences of genetic mutations, and 

deciphering the molecular basis of biological phenotypes. 

Gene Mutations and Genetic Variation: 

Genetic mutations, alterations in the DNA sequence, are central to genetic variation and play a 

crucial role in driving biological diversity and disease susceptibility. These mutations can range 

from single nucleotide changes to large-scale genomic rearrangements, impacting gene function 

and expression. Understanding the effects of mutations on gene expression is essential for 

profile. By identifying biomarkers associated with disease progression or treatment response, 

gene expression analysis enables the development of targeted therapies and precision medicine 

approaches tailored to individual patients. 

 

 

In summary, bioinformatics and gene expression analysis are integral components of modern 

biological research, offering powerful tools and insights for understanding genetic processes, 

unraveling disease mechanisms, and advancing personalized medicine. By combining 

computational methods with biological knowledge, bioinformaticians continue to push the 

boundaries of our understanding of life's molecular intricacies. 
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elucidating the molecular mechanisms underlying disease states and guiding therapeutic 

interventions. 

DNA to mRNA Coding Sequence to Protein Sequence: 

 
The central dogma of molecular biology outlines the flow of genetic information from DNA to 

mRNA to protein. During transcription, DNA sequences are transcribed into messenger RNA 

(mRNA) molecules, which serve as templates for protein synthesis during translation. The 

coding sequence of mRNA, composed of nucleotide triplets called codons, determines the 

sequence of amino acids in the resulting protein. This process is tightly regulated and subject to 

various molecular mechanisms that influence gene expression levels and protein function. 

Chromosomes and Genomic Organization: 

Within the nucleus of eukaryotic cells, genetic material is organized into chromosomes, which 

consist of long DNA molecules associated with proteins. Chromosomes contain genes, the 

functional units of heredity, as well as regulatory elements that control gene expression. The 

spatial organization of chromosomes and the interactions between distant genomic regions play 

critical roles in gene regulation and genome function. 

Creating a Tool for Gene Expression Analysis Using Python Programming: 

Motivated by the complexities of genetic processes and the need for robust analytical tools, this 

project aims to develop a standalone tool for gene expression analysis using Python 

programming. By integrating principles of bioinformatics, computational biology, and software 

engineering, this tool will enable researchers to explore and analyze gene sequences, mRNA 

expression patterns, and protein sequences with ease and efficiency. 

Integration of Genetic Concepts into the Tool: 

The tool will incorporate functionalities for analyzing gene mutations, identifying coding 

sequences within DNA and mRNA molecules, translating mRNA sequences into protein 

sequences, and visualizing genomic features such as chromosomes and regulatory elements. 

Leveraging Python's versatility and extensive libraries for scientific computing and data 

visualization, the tool will provide researchers with a user-friendly interface for conducting 

comprehensive gene expression analyses. 

This project represents a synthesis of genetic concepts and computational methodologies, aimed 

at empowering researchers to dissect the complexities of gene expression and genetic variation. 

By developing a versatile tool for gene expression analysis using Python programming, this 

project contributes to the advancement of bioinformatics and the elucidation of genetic processes 

underlying health and disease. 
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The rationale behind developing a standalone tool for gene expression analysis using Python 

programming stems from several key considerations: 

5. Addressing Complexity and Accessibility: 

Traditional methods for gene expression analysis often involve using multiple software tools 

or platforms, each with its own complexities and learning curves. This fragmented approach can 

hinder accessibility for researchers who may not have specialized bioinformatics expertise. By 

developing a standalone tool, accessible through a single interface, we aim to simplify the 

analysis process and make gene expression analysis more accessible to a broader range of users. 

 

6. Streamlining the Analysis Process: 

Gene expression analysis typically involves multiple steps, including preprocessing raw data, 

performing statistical analysis, and interpreting results. This process can be time-consuming and 

prone to errors, especially when using disparate software tools with incompatible formats. By 

consolidating these steps into a single tool, we can streamline the analysis process, reducing the 

time and effort required to obtain meaningful insights from gene expression data. 

7. Enhancing User-Friendliness: 

Many existing bioinformatics tools are designed with advanced users in mind, requiring 

proficiency in command-line interfaces or programming languages. However, not all researchers 

have the necessary technical skills to navigate these tools effectively. By prioritizing user- 

friendliness and intuitive design, our standalone tool aims to lower the barrier to entry for gene 

expression analysis, allowing researchers with varying levels of expertise to perform sophisticated 

analyses with minimal training. 

8. Improving Versatility and Adaptability: 

As research questions evolve and new experimental techniques emerge, it's essential for 

bioinformatics tools to remain versatile and adaptable. Our standalone tool will be built using 

Python programming, a widely used and highly flexible language known for its readability and 

extensibility. This choice of language allows us to easily integrate new algorithms, incorporate 

updates based on user feedback, and adapt to emerging trends in gene expression analysis. 

Potential for Advancing the Gene Expression Analysis Tool: 

By providing a user-friendly, accessible, and versatile platform for gene expression analysis, 

this project contributes to the ongoing evolution of bioinformatics tools and methodologies. The 

tool's integration of cutting-edge algorithms, visualization techniques, and data processing 

capabilities sets a new standard for bioinformatics software, empowering researchers to conduct 

sophisticated analyses with ease and efficiency. 

Improving Understanding of Gene Expression Regulation: 

 

Gene expression regulation lies at the heart of cellular function and organismal development, 

governing the intricate orchestration of biological processes. Through comprehensive gene 

expression analysis, researchers can unravel the complex regulatory networks that control gene 
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expression patterns, identify key transcriptional regulators and signaling pathways, and elucidate 

the molecular mechanisms underlying cellular phenotypes and disease states. By facilitating the 

exploration of gene expression data, our tool accelerates the pace of discovery in gene regulation 

research, providing valuable insights into the fundamental principles governing life's molecular 

dynamics. 

Facilitating Research in Genetics and Genomics: 

 

The tool's ability to analyze gene expression data in the context of genetic variations, 

chromosomal organization, and functional annotations enhances our understanding of genotype- 

phenotype relationships and genetic diseases. Researchers can use the tool to investigate the 

impact of genetic mutations on gene expression patterns, identify candidate genes associated with 

disease susceptibility or treatment response, and elucidate the molecular basis of inherited 

disorders. Furthermore, by integrating genomic data from diverse sources, the tool facilitates 

comparative genomics analyses, evolutionary studies, and population genetics research, 

advancing our knowledge of genetic diversity and evolutionary processes. 

Enabling Precision Medicine and Personalized Healthcare: 

 

In the era of precision medicine, understanding the molecular underpinnings of disease is 

critical for developing targeted therapies, optimizing treatment strategies, and improving patient 

outcomes. By providing researchers and clinicians with a powerful tool for gene expression 

analysis, our project enables the identification of biomarkers, therapeutic targets, and predictive 

signatures that guide personalized treatment decisions. From cancer diagnostics to 

pharmacogenomics, the tool empowers healthcare providers to tailor interventions to individual 

patients' genetic profiles, maximizing therapeutic efficacy and minimizing adverse effects. 

In summary, the development of a standalone tool for gene expression analysis represents a 

significant milestone in the field of bioinformatics, with far-reaching implications for genetics, 

genomics, and personalized medicine. By fostering innovation, collaboration, and discovery, this 

project drives forward our understanding of gene expression regulation and empowers researchers 

to unlock the secrets of the genome, paving the way for transformative advances in healthcare and 

biomedical research. 

Materials and Methodology: 

Materials: 

Python Jupyter Frameworks: The project commenced within the Python Jupyter environment, 

offering an interactive platform for rapid prototyping and code iteration. This environment 

facilitated the exploration of various algorithms and methodologies for gene expression analysis. 

 
GFF and ClinVar Files: Gene sequences were sourced from the GFF (General Feature Format) 

files, which provide structured annotations of genomic features such as genes, transcripts, and 

their attributes. These files were parsed using Python scripts to extract relevant sequence 

information for analysis. Additionally, ClinVar files were utilized to retrieve sequences of 

mutated genes associated with genetic variants. This dual-source approach ensured 

comprehensive coverage of genomic data for analysis. 
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JSON File: To manage the retrieved data efficiently, a JSON (JavaScript Object Notation) file 

format was adopted. JSON provides a lightweight and flexible format for storing structured data, 

allowing for easy manipulation and retrieval of information. The extracted gene sequences and 

associated metadata were stored in JSON format, enabling seamless integration with the analysis 

pipeline and facilitating data exchange between different components of the tool. 

Python Packages: Several Python packages were leveraged to enhance the functionality and 

performance of the gene expression analysis tool: 

Tkinter: A standard GUI toolkit used for developing the user interface, providing an intuitive 

platform for user interaction. 

Screeninfo: Assisted in managing display resolutions to ensure optimal presentation of graphical 

elements across different screen sizes and configurations. 

Json: Facilitated data handling and manipulation, enabling storage and retrieval of data in JSON 

format. 

Warnings: Managed warnings and errors during runtime to ensure robustness and reliability of 

the tool. 

Biopython: Utilized for sequence alignment and analysis, enabling the comparison of gene 

sequences and identification of similarities or differences. 

RE: Supported regular expression parsing for pattern recognition and extraction of relevant 

information from textual data. 

NumPy: Integrated for efficient numerical computation and data manipulation, providing 

powerful tools for array operations, mathematical functions, and linear algebra operations. 

Visual Studio Code: Visual Studio Code served as the primary IDE for coding and 

development. Its feature-rich environment provided tools for code editing, debugging, version 

control, and collaboration, streamlining the development process and enhancing productivity. 

Methodology: 

Data Retrieval: Gene sequences were retrieved from GFF files using Python scripts that parsed 

the file format and extracted relevant genomic features such as exon sequences, intron 

sequences, and gene coordinates. Similarly, ClinVar files were processed to identify mutated 

gene sequences associated with genetic variants. The retrieved sequences were then stored in 

memory and used as input for subsequent analysis steps. 

 

 
Workflow: The development process followed a structured workflow, beginning with data 

retrieval from GFF and ClinVar files, followed by data storage in JSON format. 
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Implementation: Python programming was employed to process retrieved data, perform 

sequence alignment, and conduct gene expression analysis, utilizing the aforementioned 

packages to enhance functionality. 

Custom Codes: Additionally, custom Python scripts were developed to address specific 

requirements and functionalities within the gene expression analysis tool. 

Validation and Evaluation: 

Validation: The accuracy and performance of the gene expression analysis tool were validated 

through rigorous testing against benchmark datasets and gold standards. 

Evaluation: Quantitative metrics and comparative analyses with existing tools were utilized to 

evaluate the effectiveness and reliability of the developed tool in gene expression analysis 

tasks.The utilization of Python programming, along with a suite of relevant packages and tools, 

facilitated the development of a robust gene expression analysis tool. By integrating various data 

sources and implementing custom functionalities, the tool demonstrates promising potential for 

advancing research in gene expression analysis. 

Results and Discussion: 

Data Retrieval and Processing: 

Retrieval of Gene Expression Data: 

The process of retrieving gene expression data using our tool involved several steps: 

Data Source Identification: We identified relevant databases and repositories containing gene 

expression data, including public repositories such as Gene Expression Omnibus (GEO) and The 

Cancer Genome Atlas (TCGA). 

Query Construction: We formulated queries to retrieve specific gene expression datasets based on 

criteria such as tissue type, disease condition, and experimental design. 

Data Download: Using programmatic interfaces or APIs provided by these databases, we 

programmatically downloaded the selected gene expression datasets in standard formats such as 

TXT, CSV, or GCT. 

Preprocessing of Gene Expression Data: 

Once the gene expression datasets were retrieved, they underwent preprocessing steps to ensure 

data quality and compatibility with our analysis pipeline: 

 
Data Cleaning: We performed data cleaning procedures to remove any irrelevant or corrupted 

data points, handle missing values, and standardize data formats across different datasets. 

Normalization: Gene expression data often exhibit variability due to factors such as 

experimental conditions and sequencing depth. We applied normalization techniques, such as 

quantile normalization or log transformation, to standardize the expression values and mitigate 

bias. 
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Quality Control: To assess the quality of gene expression data, we conducted quality control 

checks, including outlier detection, sample correlation analysis, and principal component 

analysis (PCA). Samples failing quality control criteria were flagged for further investigation or 

exclusion from downstream analysis. 

 

 
 

Fig 1: Selecting separate genes from message box. 

 

Fig 2: Selecting separate transcript from message box. 
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Fig 3: Fetching all required sequences for locating mutation. 
 

 

Fig 4: Selecting mutation ID from messagebox for locating mutation. 
 

 
 

Fig 5: visualizing the mutation located in the gene expression analysis tool. 
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Gene Expression Analysis Tool: 

Preprocessing of Gene Files: 

Our gene expression analysis tool demonstrated exceptional utility in preprocessing various 

types of gene files required for gene expression analysis. Key results in this regard include: 

 
Versatility: The tool showcased its ability to preprocess diverse gene file formats, including 

GFF files for retrieving gene sequences, ClinVar files for mutated gene sequences, and other 

custom file formats commonly used in genomic research. 

 
Efficiency: Through streamlined data retrieval and preprocessing pipelines, the tool exhibited 

remarkable efficiency in handling large-scale gene files, minimizing processing time and 

resource utilization. 

 

Accuracy: Rigorous validation and testing procedures ensured the accuracy and reliability of the 

preprocessing algorithms implemented in the tool, guaranteeing high-quality output data for 

downstream analysis. 

 

Standalone Functionality: 

 
One of the standout features of our gene expression analysis tool is its standalone functionality, 

enabling usage without internet connectivity. Key results in this aspect include: 
 

Accessibility: The tool's standalone nature enhances accessibility, allowing researchers to 

perform gene expression analysis tasks in diverse settings, including laboratories, clinics, and 

fieldwork environments, where internet access may be limited or unavailable. 

 
Portability: By eliminating the dependency on internet connectivity, the tool offers enhanced 

portability, enabling users to deploy it on local machines, laptops, or even portable devices such 

as tablets or smartphones, for on-the-go analysis tasks. 

Data Security: The standalone nature of the tool ensures data security and privacy, as sensitive 

genomic data can be processed and analyzed locally without the need for external servers or 

cloud-based services. 

Implications and Future Directions: 

The results of our gene expression analysis tool underscore its potential to revolutionize gene 

expression analysis workflows: 

 

Research Impact: The tool's ability to preprocess various gene files and operate standalone enhances 

research productivity and accelerates scientific discoveries in the field of genomics and molecular 

biology. 

 
 

Clinical Applications: The standalone functionality of the tool opens up new avenues for 

clinical applications, enabling real-time gene expression analysis in clinical settings, such as 

hospitals, diagnostic laboratories, and point-of-care facilities. 
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Future Enhancements: Future research directions include further optimizing the tool's 

preprocessing algorithms, expanding its compatibility with additional gene file formats, and 

integrating advanced analytical functionalities to cater to evolving research needs. 
 
 

 

 

Fig 6: The final structure of the “GENE EXPRESSION ANALYSIS TOOL” source code for 

creating the tool mentioned below: 

Source Code: 
from tkinter import * 

from screeninfo import get_monitors 

from tkinter import messagebox, ttk 

import json 

import tkinter as tk 

from Bio import Align from 

Bio.Seq import Seq from Bio 

import pairwise2 

from Bio.pairwise2 import format_alignment 

import warnings 

import re 

warnings.filterwarnings("ignore") 
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Conclusion: 

Unraveling gene expression changes: 

 
In this project, we embarked on a journey to understand the intricate dance of genes—how they 

sway, adapt, and respond to mutations. Our focus was on developing a robust gene expression 

analysis tool using Python, enabling us to dissect the molecular symphony within cells. 

 

Key Findings and Contributions: 

 

1. Pre-Mutation vs. Post-Mutation Expression Profiles: 

o We meticulously compared gene expression levels before and after mutations. 

Our tool allowed us to pinpoint specific genes affected by mutations, shedding 
light on their functional roles. 

o By visualizing expression changes, we identified potential candidates for further 
investigation. These genes could be pivotal players in disease pathways or 

adaptive responses. 

2. Differential Expression Analysis: 
o Leveraging statistical techniques, we quantified differential expression. Genes 

showing significant upregulation or downregulation became our focal points. 

o Our tool facilitated the identification of dysregulated pathways, potentially linking 
them to disease progression or therapeutic targets. 

3. Visualization and Interpretation: 

o Heatmaps, volcano plots, and scatter plots—our arsenal of visualizations— 
brought expression data to life. We deciphered patterns, clusters, and outliers. 

o Interpretation was key: Were certain genes consistently altered across samples? 
Did specific pathways emerge as hotspots of change? 

4. Machine Learning for Prediction: 
o We dabbled in machine learning models to predict gene expression based on other 

features (e.g., epigenetic marks, transcription factor binding sites). 

o Our tool’s predictive power could aid personalized medicine—anticipating how 
an individual’s genes might respond to treatments. 

 

Implications and Future Directions: 

 

1. Clinical Applications: 

o Our findings have implications for disease diagnosis, prognosis, and treatment. 

Imagine tailoring therapies based on an individual’s unique gene expression 
landscape. 

o Clinical validation is the next step—testing our predictions in patient cohorts. 

2. Functional Annotation: 
o Dive deeper into the functional roles of differentially expressed genes. What 

biological processes do they influence? 

o Explore gene ontology databases and pathway enrichment analyses. 

3. Integration with Single-Cell Data: 

o Extend our tool to single-cell RNA sequencing data. Uncover cell-specific 
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expression changes. 

o Understand cellular heterogeneity and dynamics 

 

Future Features: Elevating the Tool 

 

1. Gene Highlighting: 

o Imagine a world where our tool not only detects mutant genes but also highlights 

them in vivid colors. These glowing markers would guide researchers’ eyes 

directly to the genetic culprits. 

o Whether it’s a single-nucleotide change or a large-scale deletion, our tool will 
illuminate the altered sequences. 

2. 3D Structure Visualization: 

o Genes aren’t just linear strings of letters; they fold, twist, and interact in three- 
dimensional space. 

o Our next step involves integrating 3D structural views. Researchers will explore 
gene mutations as if navigating a molecular landscape. 

o Zoom in on specific regions, observe how mutations disrupt binding sites, and 
witness the intricate dance of proteins. 

3. Interactive Mutation Maps: 

o Picture an interactive map akin to Google Earth, but for genes. Users can zoom in, 
pan around, and explore. 

o Each gene variant—pre-mutation and post-mutation—will be a clickable hotspot. 

Pop-ups reveal details: nucleotide changes, amino acid substitutions, and potential 
functional consequences. 

4. Predictive Modeling with AI: 
o Machine learning algorithms will join the party. Our tool will predict the impact 

of mutations on protein stability, interactions, and cellular pathways. 

o Researchers can input a mutation, and the AI will forecast its downstream effects. 
Will it destabilize a protein? Alter a binding pocket? Or trigger a cascade of 
events? 

5. Collaborative Cloud Platform: 
o Let’s build a virtual lab where scientists worldwide converge. They’ll upload their 

gene expression data, share insights, and collectively unravel mysteries. 

o Real-time collaboration, data visualization, and crowdsourced annotations—our 
tool will foster a global community of gene detectives. 
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Abstract 

The PhoP-PhoQ two-component system plays a role in the virulence properties of a number of 

bacterial species. PhoP-PhoQ signaling system is a member of a large family of two-component 

regulatory systems that mediate adaptive responses to diverse stimuli. PhoQ is a transmembrane histidine 

kinase that responds to low extracellular   concentrations of divalent cations by activating PhoP-mediated 

transcriptional regulation of a set of genes. Like activation of other members of the two-component 

family, activation of PhoP requires autophosphorylation of PhoQ and subsequent phosphoryl transfer to 

PhoP. The PhoP-PhoQ system is activated by limiting concentrations of extracellular divalent cations. 

Mg2+ and Ca2+ are thought to act in part as physiologically relevant signaling ligands by directly binding 

the PhoQ sensor domain and producing a conformational change that influences the enzymatic activities 

of the cytoplasmic domain. 

Keywords: Gene, Bacteria, Virulence, PhoP-PhoQ, transcriptional regulation 

Introduction 

Salmonella enterica serovar Typhimurium responds to environmental magnesium deprivation by 

inducing the transcription of the PhoP-PhoQ regulon. This regulon is controlled by the activity of the 

PhoP/PhoQ two-component system. PhoQ is the bifunctional sensor protein that detects extracellular 

changes in magnesium concentration and, by modulating its phosphatase activity, determines the 

phosphorylation state of PhoP, the transcriptional regulator. In several two-component systems 

phosphorylation of the response regulator either is essential or greatly increases its binding affinity for 

the promoter regions of its target genes. For some response regulators, this activation is achieved by 

promoting cooperative oligomerization. On the other hand, for effectors such as PhoB, Fix J, NarL, and 

SpoOA phosphorylation induces a conformational change in the protein relieving an autoinhibitory effect 

(Sergio Lejona et al, 2004) Facultative intracellular pathogens are organisms that can survive and replicate 

in phagocytic cells. Because of this property, they usually cause long and debilitating diseases and, in 

many cases, fatal infections if untreated. Facultative intracellular pathogens, which include the protozoa 
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Trypanosoma cruzi and Leishmania and bacterial species. such as Mycobacterium tuberculosis, 

Mycobacterium leprae, Listeria monocytogenes, Brucella abortus, Legionella pneumophila, and 

Salmonella typhimurium, utilize different strategies to survive within phagocytic cells. These strategies, 

which include inhibiting the fusion of lysosomes with the phagocytic vacuole and escape from or survival 

within the phagolysosome, have molecular mechanisms that remain largely unknown. S. typhimurium 

causes a typhoid-like syndrome in mice and is frequently used as a model system for human typhoid fever, 

a worldwide problem with over 30 million cases annually. Which S. typhimurium is able to survive and 

replicate in murine macrophages. 

Recently identified the phoP locus as a crucial virulence determinant and found that Salmonella phoP 

strains are extremely sensitive to defensins. Defensins are microbicidal peptides present in granules of 

host phagocytic cells. This is an example of a Salmonella gene that is responsible for resistance to a well-

characterized host antimicrobial mechanism. The phoP locus was originally described by virtue of its 

involvement in the production of nonspecific acid phosphatase. However, mutants in phoN behaved like 

the wild-type strain with respect to their virulence in vivo and in their sensitivity to defensins in vitro (3). 

These results suggest that the phoP gene product might be a regulator of gene expression controlling other 

loci besides phoN (EDUARDO A. GROISMAN et al., 1989). The regulation of gene expression by 

the two-component regulatory system PhoP/PhoQ is necessary for Salmonella typhimurium survival 

within macrophages, defensin resistance, acid resistance, and murine typhoid fever pathogenesis. 

Salmonella experience multiple environments during mammalian infection and survival requires tightly 

regulated gene expression. After phagocytosis by macrophages, signal transduction by PhoQ results in 

the transcription of phoP-activated genes (pags) encoding proteins essential to bacterial survival and 

virulence. One such gene, pagC, encodes an envelope protein with amino acid similarity to an epithelial 

cell invasion protein of Yersina enterocolitica, Ail, and a bacteriophage lambda outer membrane protein, 

Lom. The PhoP and PhoQ proteins can also repress the synthesis of proteins, encoded by phoP repressed 

genes (prgs), when pags are maximally expressed. If prgs encode receptors for toxic compounds, prg 

repression may protect the cell within macrophages when pag expression is most necessary. At least one 

prg locus, prgH, is required for full S. typhimurium mouse virulence. Within the macrophage, different 

environments may stimulate a switch from pag to prg expression that is necessary to Salmonella survival. 

prg expression may also be necessary for surviving nonmacrophage environments. Study of the PhoP 

regulon should lead to the discovery of new virulence factors, increase knowledge of how gene regulation 

is essential to bacterial virulence, and perhaps lead to the development of better vaccines for typhoid 

fever. (Miller SI, 1991) (Gunn JS, and Miller SI. 1996). The PhoP-PhoQ two-component system is 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miller%20SI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gunn%20JS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miller%20SI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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essential for virulence in Salmonella typhimurium. This system controls expression of some 40 different 

proteins, yet most PhoP-regulated genes remain unknown. To identify PhoP-regulated genes, we isolated 

a library of 50,000 independent lac gene transcriptional fusion strains and investigated whether production 

of beta-galactosidase was regulated by PhoP. We recovered 47 lac gene fusions that were activated and 7 

that were repressed when PhoP was expressed. Analysis of 40 such fusions defined some 30 loci, 

including mgtA and mgtCB, which encode two of the three Mg2+ uptake systems of S. typhimurium; ugd, 

encoding UDP-glucose dehydrogenase; phoP, indicative that the phoPQ operon is autoregulated; and an 

open reading frame encoding a protein with sequence similarity to VanX, a dipeptidase required for 

resistance to vancomycin. Transcription of PhoP-activated genes was regulated by the levels of Mg2+ in 

a PhoP-dependent manner. Strains with mutations in phoP or phoQ were defective for growth in low-

Mg2+ media. The mgtA and mgtCB mutants reached lower optical densities than the wild-type strain in 

low-Mg2+ liquid media but displayed normal growth on low-Mg2+ solid media. Six PhoP-activated 

genes were identified as essential to form colonies on low-Mg'+ solid media. Cumulatively, our 

experiments establish that the PhoP-PhoQ system governs the adaptation to magnesium-limiting 

environments (Soncini FC, et.al, 1996). The PhoP/PhoQ two-component regulatory system governs 

several virulence properties in the Gram-negative bacterium Salmonella typhimurium. The PhoQ protein 

is a Mg2+ and Ca2+ sensor that modulates transcription of PhoP-regulated genes in response to the 

extracellular concentrations of these divalent cations. We have purified a 146-amino acid polypeptide 

corresponding to the periplasmic (i.e. sensing) domain of the PhoQ protein. Mg2+ altered the tryptophan 

intrinsic fluorescence of this polypeptide whereas Ba2+, which is unable to modulate transcription of 

PhoP-regulated genes, did not. Mg2+ was more effective than Ca2+ at repressing transcription of PhoP-

activated genes in vivo. However, maximal repression was achieved when both cations were present. An 

avirulent mutant harboring a single amino acid substitution in the sensing domain of PhoQ exhibited 

lower affinity for Ca2+ but similar affinity for Mg2+. Cumulatively, these experiments demonstrate that 

Mg2+ can bind to the sensing domain of PhoQ and establish the presence of distinct binding sites for 

Mg2+ and Ca2+ in the PhoQ protein (Véscovi EG  et.al, 1997).  The PhoP-PhoQ two-component 

system plays a role in Mg2+ homeostasis and/or the virulence properties of a number of bacterial species. 

A Salmonella enterica serovar Typhimurium PhoQ sensor kinase mutant, in which the threonine at residue 

48 in the periplasmic sensor domain is changed to an isoleucine, was shown previously to result in 

elevated expression of PhoP-activated genes and to affect mouse virulence, epithelial cell invasion, and 

sensitivity to macrophage killing. We characterized a complete set of proteins having amino acid 

substitutions at position 48 in the closely related Escherichia    coli PhoQ protein. Numerous mutant 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Soncini%20FC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22V%C3%A9scovi%20EG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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proteins having amino acid substitutions with side chains of various sizes and characters displayed 

signaling phenotypes similar to that of the wild-type protein, indicating that interactions mediated by the 

wild-type threonine side chain are not required for normal protein function. Changes to amino acids with 

aromatic side chains had little impact on signaling in response to extracellular Mg2+ but resulted in 

reduced sensitivity to extracellular Ca2+, suggesting that the mechanisms of signal transduction in 

response to these two divalent cations are different. Surprisingly, the Ile48 protein displayed a defective 

phenotype rather than the hyperactive phenotype seen with the S. enterica serovar Typhimurium protein. 

We also describe a mutant PhoQ protein lacking the extracellular sensor domain with a defect in the 

ability to activate PhoP. The defect does not appear to be due to reduced autokinase activity but rather 

appears to be due to an effect on the stability of the aspartyl-phosphate bond of phospho-PhoP (Regelmann 

AG  et.al, 2002). The PhoP-Q two-component system of Salmonella enterica serovar Typhimurium 

produces a remodeling of the lipid A domain of the lipopolysaccharide, including the PagP-catalyzed 

addition of palmitoyl residue, the PmrAB-regulated addition of the cationic sugar 4-aminoarabinose and 

phosphoethanolamine, and the LpxO-catalyzed addition of a 2-OH group onto one of the fatty acids. By 

using the diffusion rates of the dyes ethidium, Nile red, and eosin Y across the outer membrane, as well 

as the susceptibility of cells to large, lipophilic agents, we evaluated the function of this membrane as a 

permeability barrier. We found that the remodeling process in PhoP-constitutive strains produces an outer 

membrane that serves as a very effective permeability barrier in an environment that is poor in divalent 

cations or that contains cationic peptides, whereas its absence in phoP null mutants produces an outer 

membrane severely compromised in its barrier function under these conditions. Removing combinations 

of the lipid A-remodeling functions from a PhoP-constitutive strain showed that the known modification 

reactions explain a major part of the PhoPQ-regulated changes in permeability. We believe that the 

increased barrier property of the remodeled bilayer is important in making the pathogen more resistant to 

the stresses that it encounters in the host, including attack by the cationic antimicrobial peptides. On the 

other hand, drug-induced killing assays suggest that the outer membrane containing unmodified lipid A 

may serve as a better barrier in the presence of high concentrations (e.g., 5 MM) of Mg(2+) (Murata T 

et.al, 2007).  The PhoQ/PhoP two-component regulatory system is a major regulator of virulence in the 

enteric pathogen Salmonella enterica serovar Typhimurium. It also controls the adaptation to low Mg2+ 

environments by governing the expression and/or activity of Mg2+ transporters and of enzymes 

modifying the Mg2+-binding sites on the bacterial cell surface. The regulator PhoP modifies expression 

of approximately 3% of the Salmonella genes in response to the periplasmic Mg2+ concentration detected 

by the PhoQ protein. Genes that are directly controlled by the PhoP protein often differ in their promoter 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Regelmann%20AG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Regelmann%20AG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Murata%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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structures, resulting in distinct expression levels and kinetics in response to the low Mg2+ inducing signal. 

PhoP regulates a large number of genes indirectly: via other transcription factors and two-component 

systems that form a panoply of regulatory architectures including transcriptional cascades, feed forward 

loops and the use of connector proteins that modify the activity of response regulators. These architectures 

confer distinct expression properties that may be important contributors to Salmonella's lifestyle ( Kato 

A, and Groisman EA., 2008). The PhoP/PhoQ two-component system plays an essential role regulating 

numerous virulence phenotypes in Salmonella enterica. Previous work showed that PhoQ, the sensor 

protein, switches between the kinase- and the phosphatase-dominant state in response to environmental 

Mg2+ availability. This switch defines the PhoP phosphorylation status and, as a result, the transcriptional 

activity of this regulator. In this work, using the FlAsH labelling technique, we examine PhoP 

cytolocalization in response to extracellular Mg2+ limitation in vitro and to the Salmonella-containing 

vacuole (SCV) environment in macrophage cells. We demonstrate that in these PhoP/PhoQ-inducing 

environments PhoP displays preferential localization to one cell pole, while being homogeneously 

distributed in the bacterial cytoplasm in repressing conditions. Polar localization is lost in the absence of 

PhoQ or when a non-phosphorylatable PhoP (D52A) mutant is expressed. However, when PhoP 

transcriptional activation is achieved in a Mg2+- and PhoQ-independent manner, PhoP regains 

asymmetric polar localization. In addition, we show that, in the analysed conditions, PhoQ cellular 

distribution does not parallel PhoP location pattern. These findings reveal that PhoP cellular location is 

dynamic and conditioned by its environmentally defined transcriptional status, showing a new insight in 

the PhoP/PhoQ system mechanism (Sciara MI et.al, 2008). The PhoP-PhoQ two-component system is a 

well studied bacterial signaling system that regulates virulence and stress response. Catalytic activity of 

the histidine kinase sensor protein PhoQ is activated by low extracellular concentrations of divalent 

cations such as Mg2+, and subsequently the response regulator PhoP is activated in turn through a classic 

phosphotransfer pathway that is typical in such systems. The PhoQ sensor domains of enteric bacteria 

contain an acidic cluster of residues (EDDDDAE) that has been implicated in direct binding to divalent 

cations. We have determined crystal structures of the wild-type Escherichia coli PhoQ periplasmic sensor 

domain and of a mutant variant in which the acidic cluster was neutralized to conservative uncharged 

residues (QNNNNAQ). The PhoQ domain structure is similar to that of DcuS and CitA sensor domains, 

and this PhoQ-DcuS-CitA (PDC) sensor fold is seen to be distinct from the superficially similar PAS 

domain fold. Analysis of the wild-type structure reveals a dimer that allows for the formation of a salt 

bridge across the dimer interface between Arg-50' and Asp-179 and with nickel ions bound to aspartate 

residues in the acidic cluster. The physiological importance of the salt bridge to in vivo PhoQ function 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kato%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kato%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Groisman%20EA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sciara%20MI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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has been confirmed by mutagenesis. The mutant structure has an alternative, non-physiological dimeric 

association. (Cheung J et.al, 2008) 

Materials and Methods 

DATABASES  

        Genbank at National Center for Biotechnology Information is the NIH genetic sequence database, 

an annotated collection of all publicly available DNA and protein sequences (Genpept). NCBI's mission 

is to develop new information technologies to aid in the understanding of fundamental molecular and 

genetic processes that control health and disease. Gen bank data is accessible through NCBI’s integrated 

retrieval system, Entrez, which integrates data from the major DNA and protein sequence databases along 

with taxonomy, genome, mapping and protein structure information, plus the biomedical literature via 

Pubmed. Gen bank is part of International Nucleotide Sequence Database Collaboration along with DDBJ 

and EMBL. Sequence similarity searching is provided by the Blast family of programs. 

                The RCSB (Research Collaboratory for Structural Bioinformatics) PDB provides a variety of 

tools and resources for studying the structures of biological macromolecules and their relationships to 

sequence, function, and disease. The Protein Data Bank (PDB) is a database consisting of a set of ASCII 

files each containing the Cartesian atomic coordinates describing the three-dimensional structure of a 

protein, nucleic acid or the other bio-macromolecules which were determined by X-ray crystallography 

and some by NMR spectroscopy. PDB is the single worldwide archive of structural data of biological 

macromolecules. The PDB makes data available in two formats, the legacy PDB flat file format and the 

newer mmCIF data format. A PDB record includes sequence details, atomic coordinates, crystallization 

conditions; 3-D structure neighbours computed using various methods, derived geometric data, structure 

factors, 3-D images and a variety of links to other resources. 

Salmonella typhimurium phoP gene and phoQ gene, strain SL1344 
LOCUS       AJ272210                2459 bp    DNA     linear   BCT 15-APR-2005 

DEFINITION  Salmonella typhimurium phoP gene and phoQ gene, strain SL1344. 

ACCESSION   AJ272210 

VERSION     AJ272210.1  GI:7007368 

KEYWORDS    membrane sensor protein; phoP gene; phoQ gene; transcriptional 

            regulator; virulence gene. 

SOURCE      Salmonella enterica subsp. enterica serovar Typhimurium (Salmonella 

            typhimurium) 

  ORGANISM  Salmonella enterica subsp. enterica serovar Typhimurium 

            Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; 

            Enterobacteriaceae; Salmonella. 

REFERENCE   1 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cheung%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=90371
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  AUTHORS   Cano,D.A., Martinez-Moya,M., Pucciarelli,M.G., Groisman,E.A., 

            Casadesus,J. and Garcia-Del Portillo,F. 

  TITLE     Salmonella enterica serovar Typhimurium response involved in 

            attenuation of pathogen intracellular proliferation 

  JOURNAL   Infect. Immun. 69 (10), 6463-6474 (2001) 

   PUBMED   11553591 

REFERENCE   2  (bases 1 to 2459) 

  AUTHORS   Garcia-del Portillo,F. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (16-FEB-2000) Garcia-del Portillo F., 

            C.S.I.C.-Universidad Autonoma de Madrid, Centro De Biologia 

            Molecular 'Severo Ochoa', Campus de Cantoblanco, 28049 Madrid, 

            SPAIN 

FEATURES             Location/Qualifiers 

     source          1..2459 

                     /organism="Salmonella enterica subsp. enterica serovar 

                     Typhimurium" 

                     /mol_type="genomic DNA" 

                     /strain="SL1344" 

                     /db_xref="taxon:90371" 

     gene            240..914 

                     /gene="phoP" 

     CDS             240..914 

                     /gene="phoP" 

                     /function="virulence transcriptional regulator" 

                     /translation="MMRVLVVEDNALLRHHLKVQLQDSGHQVDAAEDAREADYYLNEH 

                     LPDIAIVDLGLPDEDGLSLIRRWRSSDVSLPVLVLTAREGWQDKVEVLSSGADDYVTK 

                     PFHIEEVMARMQALMRRNSGLASQVINIPPFQVDLSRRELSVNEEVIKLTAFEYTIME 

                     TLIRNNGKVVSKDSLMLQLYPDAELRESHTIDVLMGRLRKKIQAQYPHDVITTVRGQG 

                     YLFELR" 

     gene            914..2377 

                     /gene="phoQ" 

     CDS             914..2377 

                     /gene="phoQ" 

                     /function="membrane sensor protein" 

                     /note="member of a two-component regulatory system" 

                     /codon_start=1 

                     /transl_table=11 

                     /product="PhoQ protein" 

                     /protein_id="CAB75592.1" 

                     /db_xref="GI:7007370" 

                     /db_xref="GOA:P14147" 

                     /db_xref="InterPro:IPR003594" 

                     /db_xref="InterPro:IPR003660" 

                     /db_xref="InterPro:IPR003661" 

                     /db_xref="InterPro:IPR004358" 

                     /db_xref="InterPro:IPR005467" 

                     /db_xref="InterPro:IPR009082" 

                     /db_xref="PDB:1YAX" 

                     /db_xref="UniProtKB/Swiss-Prot:P14147" 

                     /translation="MNKFARHFLPLSLRVRFLLATAGVVLVLSLAYGIVALVGYSVSF 

                     DKTTFRLLRGESNLFYTLAKWENNKISVELPENLDMQSPTMTLIYDETGKLLWTQRNI 

                     PWLIKSIQPEWLKTNGFHEIETNVDATSTLLSEDHSAQEKLKEVREDDDDAEMTHSVA 

                     VNIYPATARMPQLTIVVVDTIPIELKRSYMVWSWFVYVLAANLLLVIPLLWIAAWWSL 

                          

 

http://www.ncbi.nlm.nih.gov/pubmed/11553591
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=90371
http://www.ncbi.nlm.nih.gov/nuccore/7007368?from=240&to=914&report=gbwithparts
http://www.ncbi.nlm.nih.gov/nuccore/7007368?from=240&to=914&report=gbwithparts
http://www.ncbi.nlm.nih.gov/nuccore/7007368?from=914&to=2377&report=gbwithparts
http://www.ncbi.nlm.nih.gov/nuccore/7007368?from=914&to=2377&report=gbwithparts
http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c#SG11
http://www.ncbi.nlm.nih.gov/protein/7007370
http://www.ebi.ac.uk/ego/GProtein?ac=P14147
http://www.ebi.ac.uk/interpro/ISearch?mode=ipr&query=IPR003594
http://www.ebi.ac.uk/interpro/ISearch?mode=ipr&query=IPR003660
http://www.ebi.ac.uk/interpro/ISearch?mode=ipr&query=IPR003661
http://www.ebi.ac.uk/interpro/ISearch?mode=ipr&query=IPR004358
http://www.ebi.ac.uk/interpro/ISearch?mode=ipr&query=IPR005467
http://www.ebi.ac.uk/interpro/ISearch?mode=ipr&query=IPR009082
http://www.rcsb.org/pdb/cgi/explore.cgi?pdbId=1YAX
http://www.uniprot.org/uniprot/P14147


80 

978-81-974681-0-0 

 

Results and Discussion 

Salmonellae virulence requires the PhoP-PhoQ two-component regulatory system. PhoP-PhoQ 

activate the transcription of genes following phagocytosis by macrophages which are necessary for 

survival within the phagosome environment. 

Plasmid maps serve to highlight relevant functional or structural features of linear or circular DNA 

molecules. These features represented by either a specific site or a contiguous segment. In a plasmid map, 

features are displayed to their positions on the map in proportional scale. Thus, in clone map, a plasmid 

map consists of two major components, the actual DNA molecule, which is represented by a line or a 

circle, and associated features are enzyme presence and ORF findings, which are drawn as sites or region 

segments together with the line.  

Antimicrobial cationic peptides are a host defense mechanism of many animal species including 

mammals, insects, and amphibians. Salmonella typhimurium is an enteric and intracellular pathogen that 

interacts with antimicrobial peptides within neutrophil and macrophage phagosomes and at intestinal 

mucosal surfaces. The Salmonella spp. virulence regulators, PhoP and PhoQ, activate the transcription of 

genes (pag) within macrophage phagosomes necessary for resistance to cationic antimicrobial peptides. 

One PhoP-activated gene, pagB, forms an operon with pmrAB (5' pagB-pmrA-pmrB 3'), a two-

component regulatory system involved in resistance to the antimicrobial peptides polymyxin, azurocidin 

(CAP37), bactericidal/permeability-increasing protein (BPI or CAP57), protamine, and polylysine. 

Expression of pmrAB increased transcription of pagB-pmrAB by activation of a promoter 5' to pagB. 

pmrAB is also expressed from a second promoter, not regulated by PhoP-PhoQ or PmrA-PmrB, located 

within the pagB coding sequence. S. typhimurium strains with increased pag locus expression were 

demonstrated to be polymyxin resistant because of induction of pagB-pmrAB; however, PmrA-PmrB was 

not responsible for the increased sensitivity of PhoP-null mutants to NP-1 defensin. Therefore, PhoP 

regulates at least two separate networks of genes responsible for cationic antimicrobial peptide resistance. 

These data suggest that resistance to the polymyxin-CAP family is controlled by a cascade of regulatory 

protein expression that activates transcription upon environmental sensing. 
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Fig. 1: Coding sequence (CDS) 

 

 

Fig. 2: Coding sequence (phoP & phoQ) 

Total Coding sequence in Salmonella typhimurium phoP and phoQ gene. This strain contains totally 2459 

bp. 



82 

978-81-974681-0-0 

 

 

Fig. 3: Construction of Plasmid Maps (phoP & phoQ) in Linear 

 

Fig. 3: Construction of Plasmid Maps (phoP & phoQ) in Circular 

 

Fig. 4: Construction of Plasmid Maps and specified in regions of phoP gene 
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Fig. 5: Construction of Plasmid Maps and specified in regions of phoQ gene 

 

 

Fig. 6: Construction of Plasmid Maps and specified in regions of phoP-phoQ gene 

 

Table.1: Portion of initiation and termination codon of phoP-phoQ gene in Salmonella typhimurium 

Name phoP phoQ 

Start 240 914 

End 914 2337 

Size 675 1424 
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Fig. 7: Length of coding sequence in phoP-phoQ gene out of 2459 calculated and plotted. 

 

 

Fig. 7: Found the open reading frames (ORF) in the Plasmid. 

Table.1. Unique enzymes in phoP & phoQ sequence 

BsiE I CG,RY`CG 84 

Sal I G`TCGA,C 100 

Ahd I GACNN,N`NNGTC 158 

Bfa I C`TA,G 205 

Mae I C`TA,G 205 

Nsi I A,TGCA`T 273 

BstE II G`GTNAC,C 313 

Dde I C`TNA,G 514 

Hae I WGG|CCW 610 

Bcl I T`GATC,A 620 

BsaB I GATNN|NNATC 625 

BstY I R`GATC,Y 645 

Xho II R`GATC,Y 645 

BsiC I TT`CG,AA 701 

BstB I TT`CG,AA 701 

Size of  phoP & phoQ

phoP

phoQ
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Pvu II CAG|CTG 774 

BsiW I C`GTAC,G 879 

Spl I C`GTAC,G 879 

Apo I R`AATT,Y 921 

Nde I CA`TA,TG 1007 

Sfc I C`TRYA,G 1031 

Nsp7524 

I R`CATG,Y 1150 

NspH I R,CATG`Y 1154 

Dsa I C`CRYG,G 1411 

BstX I CCAN,NNNN`NTGG 1442 

Bst1107 

I GTA|TAC 1502 

Xca I GTA|TAC 1502 

BsmB I CGTCTC 7/11 1632 

BsmA I GTCTC`/9 1633 

Afl III A`CRYG,T 1644 

Mlu I A`CGCG,T 1644 

Fsp I TGC|GCA 1668 

Dra I TTT|AAA 1750 

BsrB I GAG|CGG 1760 

Age I A`CCGG,T 1826 

Tth111 I GACN`N,NGTC 2052 

Tth111 

II CAARCA 16/14 2191 

BsrD I GCAATG, 8 2296 

Ban I G`GYRC,C 2322 

Kas I G`GCGC,C 2322 

Nar I GG`CG,CC 2323 

Ehe I GGC|GCC 2324 

Bbe I G,GCGC`C 2326 

 

Number  of enzymes                        = 43 

  

Conclusion 

 A functional phoP/phoQ gene is necessary for virulence in salmonella. Total Coding sequence in 

Salmonella typhimurium phoP and phoQ gene. This strain contains totally 2459 bp. Constructed Plasmid 

Maps for Salmonella (phoP & phoQ) in the form of both (Linear and circular) with Enzymes. 

Construction strategy and restriction enzyme Map of specified regions of phoP/ phoQ gene.  Length of 

coding sequence in phoP-phoQ gene out of 2459 calculated and plotted. ORF and Restriction enzyme 

maps of plasmid for Salmonella. There are three outer arrows used to identify the open reading frames I, 
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II, III.  Even predicted unique enzymes in phoP & phoQ sequence. The complete plasmid sequence of 

Salmonella typhimurium phoP gene and phoQ gene, strain SL1344 consisted of 2459 bp, with a G_C 

content of 52.2%. 
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EXPLORING MAJOR BIOACTIVE COMPOUNDS IN CATHARANTHUS ROSEUS USING 
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Department of Bioinformatics, Vels institute of Science, Technology and Advanced studies, Pallavaram, 
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Abstract: 

Plant-based bioactive phytochemicals, either alone, in combination with other compounds, or 

synergistically with other compounds, are used to cure a variety of disease and support immune responses. 

Catharanthus roseus is one of the restorative plants from Apocynaceae family and the entire piece of plant 

is an evergreen bush and home grown in nature. It has calming, against bacterial, hostile to contagious, 

hostile to diabetic, against disease, against oxidant, against hypertensive and hostile to mitotic exercises 

because of the presence of indole alkaloids and other naturally dynamic mixtures. The kind of solvent 

utilized in extraction determine the fruitful determination of therapeutically active ingredients from a 

plant. A number of solvents used in extraction process are as follows: water, ethanol, methanol, 

chloroform, ether and acetone. Using cheminformatic approaches, we have computed the 

physicochemical, ADMET (absorption, distribution, metabolism, excretion, toxicity) and drug-likeliness 

properties of the Catharanthus roseus phytochemicals retrieved from the IMPPT database using 

keywords such as flowers and leaves. Phytochemicals were distinguished, pyruvic acid, myristic acid, 

lactic acid, vindoline and hexadecanoic acid,  as found better in predicted bioavailability and ADME 

properties. 

Keywords: Metabolites, Catharanthus roseus, Bioavailability, Fatty Acids, ADMET 

Introduction 

 In the pharmaceutical industry, phytochemicals are indispensable for the preparation of new drugs 

and therapeutic agents [1]. Identifying vigorous and dynamic ingredients from natural resources is the 

initial step in new drug discovery [2]. Screening plant extracts is an innovative approach for determining 

remedially effective constituents in various plant species. Catharanthus roseus is a medicinal plant 

belongs to the family Apocynaceae native and endemic to Madagascar [3]. The plant is also known by 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006327
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY010537
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the names such as Vinca rosea, Ammocallis rosea and Lochnera rosea. The plant has been put to 

traditional use for the treatment of a wide variety of ailments worldwide since ages [5-6]. The plant bears 

active phytoconstituents and exhibits various pharmacological activities like anti-diabetic, anti-oxidant, 

anti-hypertensive, anti-microbial, cytotoxic etc. Catharanthus roseus produces a spectrum of terpenoid 

indole alkaloids (TIAs) vinblastine and vincristine, the anticancer lead molecules - Being a source of these 

important secondary metabolites, an extensive study has been carried out on C. roseus [7]. The present 

study provides a description of the secondary metabolites derived from this plant, its pharmacological 

activities, the biotechnological approaches undertaken to enhance the production of TIAs and the 

prospects of potential endophytes residing inside the host tissue [9]. Catharanthus roseus (L.) is an 

important medicinal plant with wide distribution in Madagascar and tropical Africa, is a member of the 

Apocynaceae family. C. roseus is a dicotyledonous angiosperm that produces two major anticancer indole 

alkaloids: vinblastine and vincristine [10]. There are eight varieties in the genus Catharanthus, and they 

are notable for several bioactive substances such as phytols, phenolic acids, flavonoids, etc. Folklore 

supports the use of decoctions of C. roseus for the treatment of malaria, dengue fever, diabetes, diarrhoea, 

dysentery, dyspepsia, insect bites, skin infections, leukaemia, eye irritation, toothache, sore tongue, and 

lung congestion [11]. The plant’s root has calming, hypotensive, and tranquillizing effects. It is primarily 

used to manage diabetes in Ayurveda [12]. All parts of the C. roseus plant contain different bioactive 

phytoconstituents, including, phenols, flavonoids, aldehydes, fatty acids, ketones and indole alkaloids. 

Some of these compounds show distinct pharmaceutical properties [13]. In addition, the active 

phytochemical concentration has been reported to be highest in plant parts during their flowering stage 

[14]. These molecules provide the plant with defence against herbivory as well as therapeutic benefits to 

animals. The commonly used techniques in phytochemistry include extraction, isolation, structural 

interpretation of natural products, and various chromatography techniques such as HPLC, MPLC, LC-

MS, and GC-MS. GC-MS is a common analytical technique used to identify compounds in plant samples 
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which involves separating volatile components and examining them in detail [15-16]. The data obtained 

from IMMPAT database were used to conduct a comparative analysis using sophisticated statistical 

analytic tools to further highlight qualitative and quantitative variations in the phytoconstituents’ chemical 

profiles [19-20]. 

MATERIALS AND METHODS 

Data set: 

Users can choose the scientific name of an Indian medicinal plant from the drop-down menus 

within the Browse section in the homepage to view the phytochemical associations or therapeutic uses 

associated with the corresponding plant in our database. Note that the scientific names of the Indian 

medicinal plants in the drop-down menus are listed in the alphabetical order. Users can also choose the 

name of the phytochemical in the drop-down menu within the Browse section in the homepage to view 

the Indian medicinal plants which are associated with the phytochemical. Users can also choose the name 

of the chemical super class in the drop-down menu within the Browse section in the homepage to view 

the list of phytochemicals associated with chemical super class. Users can also choose the name of the 

therapeutic use in the drop-down menu within the Browse section in the homepage to view the Indian 

medicinal plants which are associated with the therapeutic use. Therefore, in the present study we 

retrieved the phytochemicals of flowers and leaves of C. roseus and chemically investigated their 

bioactive phytoconstituents. 

The Indian Medicinal Plants, Phytochemistry, And Therapeutics (IMPPAT) compound library 

was used to find the available compounds of the preferred plant, and the PubChem database was used to 

retrieve the phytochemicals compounds. A total of 50 compounds were identified from C. roseus (flower) 

and (leaf) through the abovementioned databases. 
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Phytochemical association 

Traditionally used medicinal plants play an essential role in health sector due to its wide abundance source of bioactive 

compounds. The plants were widely used in folk remedy for treatment of several diseases. Users can obtain information on 

phytochemical association of Indian medicinal plants using Basic search page by querying for:  

1. Scientific names or Common names of medicinal plants 

2. IMPPAT phytochemical identifiers 
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Phytochemical names 

 In the past few years, the demand of C. rosea is being increased due to its alkaloid contains and 

used for curing of cancer and other diseases. To fulfill the demand of plant at commercial level researchers 

might focus on the pharmacological study and also its conservation. This study may be beneficial for 

analysis of active phytocompounds and to investigate the plant for development of new drug for the 

betterment of human kind. 

The result of a search for the phytochemical association of an Indian medicinal plant based on its 

scientific name or common name is displayed as a table listing the scientific name of Indian medicinal 

plant, plant part, IMPPAT phytochemical identifiers, names of phytochemicals, and references to 

literature source for the information. In the table of results for the phytochemical association search, users 

can click the scientific name of the plant to also view the associations with phytochemicals as a network. 

In the table of results for the phytochemical association search, users can also click the IMPPAT 

phytochemical identifier of each phytochemical to view the separate page containing detailed information 

on chemical structure of phytochemicals, physicochemical properties, drug-likeness scores, predicted 

ADMET properties, chemical descriptors, and predicted human target proteins for the corresponding 

phytochemical. From the separate page containing detailed information on each phytochemical, users can 

also download the 2D and 3D structure of the chemical in several file formats. 
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Physicochemical Properties 

Molinspiration offers broad range of cheminformatics software tools supporting molecule manipulation 

and processing, including SMILES and SDF file conversion, normalization of molecules, generation of 

tautomer’s, molecule fragmentation, calculation of various molecular properties needed in QSAR, 

molecular modelling and drug design, high quality molecule depiction, molecular database tools 

supporting substructure and similarity searches. Molinspiration supports also fragment-based virtual 

screening, bioactivity prediction and data visualization. Molinspiration tools are written in Java, therefore 

can be used practically on any computer platform. 
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Results and Discussion 

Most plants usually produce two types of metabolites, namely primary and secondary metabolites. 

Primary metabolites such as carbohydrates, lipids and proteins have an essential role in photosynthesis, 

respiration, growth and development of the plant. Primary metabolite is also the building blocks or 

precursor for secondary metabolite biosynthesis in plant such as terpenes, phenolics and nitrogen-

containing compounds which are directly contribute to the survival of the plant. In general, every plant 

has the ability to synthesize a broad spectrum of phytochemicals to protect and defend it from predator’s 

attack. Catharanthus roseus contains more than 400 of useful alkaloids such as vincristine, vinblastine, 

catharanthine, tabersonine, yohimbine, vindosine, ajmalicine, lochnericine, vindolicine and vindoline. 

The alkaloids that mainly present in aerial parts of the plant include actineo plastidemeric, vinblastine, 

vincristine, vindesine, vindeline and tabersonine. Meanwhile, ajmalicine, vinceine, vineamine, raubasin, 

reserpine and cathatanthine are usually found in roots and basal stem whereas anthocyanin pigment likes 

rosindin is present in the flower part of C. roseus. A group of alkaloids which has been cultured at 

industrial scale is terpenoid indole alkaloids (TIA) which is purposely cultivated for pharmaceutical 

industry to treat cancers. Another chemical constituent which has been isolated from this plant includes 

steroids, monoterpenoid glycosides, and several phenolic and flavonoid compounds such as 7-

Omethylated anthocyanin. 

Physicochemical properties prediction 

Absorption, Distribution, Metabolism, Extraction, and Excretion parameter were used for the 

pharmacokinetics study by evaluating the ligand using Swiss ADME and Molinspiration. The canonical 

SMILES of ligands were obtained in PubChem (http://pubchem.ncbi.nlm.nih.gov/) and used for Swiss 

ADME analysis. They check drug ability in the discovery of drugs by evaluating multiple parameters, 

such as physiological properties, biological effects, permeability, toxicity, and bioavailability. Lipinski 
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and Co-workers correlated values preferred, as shown in Table 1 & 2. Molecular weight, partition 

coefficient (MlogP), Hydrogen donor, Hydrogen acceptor, molecular refractivity, polar surface area, 

number of rotatable bonds, solubility, permeability, bioavailability, and synthetic accessibility were 

analysed according to Lipinski parameters. Five rules of Lipinski were considered for checking a drug 

illness. 

Table.1. Physicochemical properties of bioactive compounds in Catharanthus roseus 

S. No Compound 

Name 

miLogP TPSA natoms MW          nON            nOHNH          nviolations    nrotb           volume  

1 Pyruvic Acid -0.9 54.37 6 88.06 3 1 0 1 75.18 

2 Myristic acid  

6.05 37.3 16 228.38 2 1 1 12 257.82 

3 Hexadecane  

8.54 0 16 226.45 0 0 1 13 280.98 

4 Dotriacontane  

10.28 0 32 450.88 0 0 1 29 549.81 

5 beta-Bisabolene  

5.46 0 15 204.36 0 0 1 4 234.88 

6 Rosinidin  

0.1 90.32 23 315.3 6 3 0 3 269.87 

7 Petunidin  

-73 121.54 23 317.27 7 5 0 2 260.36 

8 Hirsutidin  

0.11 99.56 25 354.53 7 3 0 4 295.41 

9 Oenin  

-2.47 189.7 35 493.44 12 7 2 6 410 

10 Gomaline  

3.58 47.09 36 490.69 6 0 0 7 491.27 

11 Geranylacetone  

4.16 17.07 14 194.32 1 0 0 6 219.9 

12 Jasmone  

2.56 17.07 12 164.25 1 0 0 3 175.94 

13 Malvidin  

-0.42 110.55 24 331.3 7 4 0 3 277.88 

14 Secologanin -0.75 151.99 27 388.37 10 4 0 8 336.86 

15 Octadecane  

9 0 18 254.5 0 0 1 15 314.59 

16 Vindolininol  

2.79 35.49 23 308.43 3 2 0 1 291.02 

17 Flavylium  

1.31 11.17 16 207.25 1 0 0 1 194.72 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000060
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000308
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000309
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000399
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000413
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000905
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000923
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001267
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001279
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001548
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001555
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001644
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001915
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY002265
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY002588
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18 Pentadecanoic 

acid  

6.55 37.3 17 242.4 2 1 1 13 274.62 

19 Lauric acid  

5.04 37.3 14 200.32 2 1 1 10 224.22 

20 Decanoic acid  

4.03 37.3 12 172.27 2 1 0 8 190.61 

21 Citric acid  

-1.98 132.12 13 192.12 7 4 0 5 151.76 

22 Kaempferol  

2.17 111.12 21 286.24 6 4 0 1 232.07 

23 Quinic acid  

-2.33 118.21 13 192.17 6 5 0 1 161.46 

24 Palmitic acid  

7.06 37.3 18 256.43 2 1 1 14 291.42 

25 Loganic acid  

-1.87 166.14 26 376.36 10 6 1 4 320.01 

26 Isophytol  

6.77 20.23 21 296.54 1 1 1 13 349.39 

27 Heptadecanoic 

acid  

7.56 37.3 19 270.46 2 1 1 15 308.22 

28 Syringic acid  

1.2 76 14 198.17 5 2 0 3 170.15 

29 Octanal  

3.59 17.07 9 128.22 1 0 0 6 148.99 

30 Akuammicine  

3.42 41.57 24 322.41 4 1 0 2 299.15 

31 Deacetylvindolin

e 

1.9 82.47 30 414.5 7 2 0 4 380.1 

32 Methyl salicylate  

2.13 46.53 11 152.15 3 1 0 2 136.59 

33 Decanoic acid  

4.03 37.3 12 172.27 2 1 0 8 190.61 

34 Vincarodine  

2.49 73.17 29 398.46 7 1 0 4 353.96 

35 Pentadecanal  

7.13 17.07 16 226.4 1 0 1 13 266.6 

36 Decanoic acid  

4.03 37.3 12 172.27 2 1 0 8 190.61 

37 Octanoic acid  

6.55 37.3 17 242.4 2 1 1 13 274.62 

38 Myrcene  

3.99 0 10 136.24 0 0 0 4 162.24 

39 Secologanate  

-1.37 162.98 26 374.34 10 5 0 7 319.33 

40 Nonanal  

4.1 17.07 10 142.24 1 0 0 7 165.79 

41 Roseoside  

-0.19 136.68 27 386.44 8 5 0 5 356.65 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY002667
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY002667
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003016
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003104
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003500
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004388
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004631
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY007327
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY007415
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000112
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000120
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000120
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000665
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000795
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000969
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000998
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000998
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003050
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003104
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003160
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003316
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003104
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003301
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003485
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003493
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003525
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004230
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42 Methyl 

linolenate  

6.15 26.3 21 292.46 2 0 1 14 323.9 

43 Quercetin  

1.68 131.35 22 302.24 7 5 0 1 240.08 

44 Tabersonine  

3.69 41.57 25 336.44 4 1 0 3 315.63 

45 Hexadecenoic 

acid  

6.8 37.3 18 254.41 2 1 1 13 285.24 

46 Safranal  

2.95 17.07 11 150.22 1 0 0 1 158.6 

47 Pleiocarpamine  

3.47 34.48 24 322.41 4 0 0 2 299.86 

48 Lochnerine  

3.31 48.49 24 324.42 4 2 0 2 305.34 

49 Vandrikidine  

2.57 71.03 28 382.46 6 2 0 4 349.22 

50 Shikimic acid -1.57 97.98 12 174.15 5 4 0 1 147.55 

Table.2. Predicted bioactivity of the phytochemicals in Catharanthus roseus 

S. No Compound Name GPCR 

ligand  

Ion channel 

modulator       

Kinase 

inhibitor 

Nuclear 

receptor 

ligand    

Protease 

inhibitor  

Enzyme 

inhibitor  

1 Pyruvic Acid -3.69 -3.52 -3.88 -3.48 -3.23 -3.16 

2 Myristic acid  -0.11 0.03 -0.51 -0.06 -0.19 0.13 

3 Hexadecane  -0.29 -0.04 -0.43 -0.34 -0.4 -0.08 

4 Dotriacontane  0.03 0 -0.03 0.03 0.03 0.02 

5 beta-Bisabolene  -0.32 0.1 -0.87 0.15 -0.65 0.27 

6  Rosinidin  -0.17 -0.2 -0.01 0.01 -0.3 -0.07 

7 Petunidin  -0.15 -0.17 0.03 0.01 -0.29 -0.01 

8 Hirsutidin  -0.18 -0.19 -0.02 -0.03 -0.24 -0.05 

9 Oenin  -0.02 -0.08 0 0.01 -0.09 0.22 

10 Gomaline  0.11 -0.01 -0.18 -0.29 0.03 -0.09 

11 Geranylacetone  -0.64 -0.2 -1.31 -0.2 -0.8 0.16 

12 Jasmone  -0.53 -0.27 -1.55 -0.56 -0.74 0.08 

13 Malvidin  -0.15 -0.17 0.02 0.01 -0.25 -0.03 

14 Secologanin 0.16 0.31 -0.28 0.14 0.29 0.48 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004399
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004399
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004619
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005481
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005562
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005562
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005918
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005918
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006468
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006623
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000060
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000308
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000309
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000399
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000413
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000905
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000923
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001267
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001279
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001548
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001555
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001644
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15 Octadecane  -0.14 0 -0.26 -0.17 -0.23 0 

16 Vindolininol  0.48 0.18 -0.01 0.33 0.37 0.32 

17 Flavylium  -0.16 -0.3 -0.57 -0.65 -0.75 -0.38 

18 Pentadecanoic acid  -0.04 0.05 -0.42 0.01 -0.11 0.16 

19 Lauric acid  -0.27 -0.04 -0.75 -0.24 -0.36 0.04 

20 Decanoic acid  -0.46 -0.14 -1.03 -0.45 -0.56 -0.07 

21 Citric acid  -0.26 -0.14 -0.79 -0.12 -0.47 0.37 

22 Kaempferol  -0.1 -0.21 0.21 0.32 -0.27 0.26 

23 Quinic acid  -0.24 0.1 -0.77 0.16 -0.26 0.6 

24 Palmitic acid  0.02 0.06 -0.33 0.08 -0.04 0.18 

25 Loganic acid  0.42 0.2 -0.17 0.29 0.26 0.63 

26 Isophytol  0.07 0.16 -0.23 0.37 0.08 0.19 

27 Heptadecanoic acid  0.07 0.06 -0.26 0.13 0.01 0.19 

28 Syringic acid  -0.65 -0.28 -0.69 -0.44 -0.82 -0.15 

29 Octanal  -1.89 -0.98 -2.48 -2.14 -1.7 -1.23 

30 Akuammicine  0.36 0.33 -0.47 -0.03 -0.04 -0.06 

31 Deacetylvindoline  0.42 0.22 -0.12 0.45 0.23 0.28 

32 Methyl salicylate  -1.14 -0.55 -1.22 -1.03 -1.27 -0.62 

33 Decanoic acid  -0.46 -0.14 -1.03 -0.45 -0.56 -0.07 

34 Vincarodine  0.16 -0.05 -0.25 -0.05 0.05 0.09 

35 Pentadecanal  -0.16 0.25 -0.46 -0.24 -0.07 0.16 

36 Decanoic acid  -0.46 -0.14 -1.03 -0.45 -0.56 -0.07 

37 Octanoic acid  -0.04 0.05 -0.42 0.01 -0.11 0.16 

38 Myrcene  -1.11 -0.33 -1.51 -0.45 -1.31 -0.07 

39 Secologanate  0.3 0.43 -0.2 0.28 0.42 0.64 

40 Nonanal  -0.77 0.06 -1.29 -0.98 -0.6 -0.16 

41 Roseoside  0.21 0.26 -0.32 0.45 0.14 0.7 

42 Methyl linolenate  0.19 0.12 -0.22 0.17 0.04 0.26 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001915
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY002265
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY002588
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY002667
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003016
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003104
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003500
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004388
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004631
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY007327
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY007415
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000112
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000120
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000665
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000795
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000969
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY000998
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003050
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003104
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003160
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003316
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003104
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003301
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003485
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003493
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003525
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004230
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004399
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43 Quercetin  -0.06 -0.19 0.28 0.36 -0.25 0.28 

44 Tabersonine  0.29 0.02 -0.38 0.26 0.15 0.18 

45 Hexadecenoic acid  0.03 0.02 -0.38 0.15 -0.05 0.21 

46  Safranal  -0.99 -0.22 -1.24 -0.05 -0.09 0.07 

47 Pleiocarpamine  0.1 -0.18 -0.56 -0.25 -0.28 -0.1 

48 Lochnerine  0.62 0.38 -0.03 0.03 -0.17 0.13 

49 Vandrikidine  0.23 -0.03 -0.28 0.24 0.05 0.19 

50 Shikimic acid  -0.38 0.22 -1.13 0.01 -0.37 0.65 

 

The plant showed broad spectrum of pharmacological properties which signifies its medicinal 

importance. Vinblastine and vincristine are active components isolated from the leaf and stem parts and 

showed inhibition property against human tumours. Vinblastine an alkaloid isolated from plant used 

significantly in treatment of neoplasmas and recommended for treatment of hodgkins disease, 

choriocarcinoma. Vincristine is used experimentally for curing leukemia in children. Vinblastine is 

commercially sold as velban or vincristine as oncovin. The leaf extract was tested and is being used as 

prophylactic agent against several diseases. The cerebro-vasodilatory and neuro-protective activity was 

found on vincamine alkaloid present on plant leaf. Experimentally leaves of the plant extract showed 

antiulcer activity and was proved against gastric damage in rats. Due to presence of vast phytochemical 

constituents the plant can be used as an important therapeutic aid in future. 

Physiochemical and Pharmacological properties of the compounds were assessed using 

Molinspiration Server (https://molinspiration.com). Properties such as molecular size, rotatable bond, 

logP, hydrogen bond donor and acceptor characteristics were estimated. Membrane permeability, 

bioavailability, distribution, metabolism, adsorption (Lipinski’s rule of 5) of the selected ligands were 

evaluated (Figure 1& 2). 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004619
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005481
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005562
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005918
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005918
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006468
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006623
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006945
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Figure. 1 Comparative analysis of predicted bioavailability in phytochemicals (Flower) for identification 

of lead molecules.  

  

Figure. 2 Comparative analysis of predicted bioavailability in phytochemicals (Leaf) for identification of 

lead molecules.  

Molinspiration studies predicting the molecular properties such as hydrophobicity, membrane 

permeability, bioavailability is linked to molecular descriptors like log P, log S, the number of hydrogen 

donors or acceptors and molecular weight. These are associated with the designing of new drugs. 

Molinspiration results were very favourable in the current study for pyruvic acid, myristic acid, lactic 

acid, vindoline and hexadecanoic acid. TPSA of a molecule is a useful descriptor in molinspiration 

analysis as it helps to characterize the drug absorption and bioavailability. The values of TPSA and OH-

NH interaction display the ability of the ligands to smoothly and efficiently bind to the target protein. 
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Meanwhile, TPSA value of> 140 Å for a drug molecule depicts low absorption with lipophilicity and is 

crucial to estimate the oral bioavailability of the drug. Based on the previous statement it can be affirmed 

that flavonoids show good bioavailability when compared with myristic acid which shows TPSA value 

greater than 140 Å. 

Conclusion 

In the analysis of physicochemical properties and bioactivity, this study is by all accounts the 

primary work that spotlights on recognizing the various bioactive phytochemicals from the leaves and 

flowers of C. roseus promotions utilizing GC-MS investigation. Most of these synthetic substances make 

different pharmacological and helpful impacts. Different rearing methods have been created to deliver 

new cultivars of C. roseus with shifting compound syntheses. Thus, arranging the various increases of C. 

roseus is significant in view of their phytochemistry. Moreover, given the utilization of C. roseus as a 

wellspring of anticancer substances, a more extensive comprehension of its compound synthesis is 

significant for new medication disclosure. The information gathered in this examination uncovered a 

particular subjective compound piece of the concentrated-on plants in light of the great predominance 
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Abstract 

Diabetes mellitus is a multifactorial disorder characterized by a chronic elevation in blood glucose 

levels. Currently, antidiabetic drugs are available to counteract the associated pathologies. Their 

concomitant effects necessitate the investigation for an effective and safe drug aimed to diminish blood 

glucose levels with fewer side effects. Several researchers are taking new initiatives to explore plant 

sources as they are known to contain a wide variety of active agents. Hence, the present study was 

undertaken to study the role of natural products using in silico interaction studies. Molecular docking 

studies were carried out with 33 target proteins to evaluate its antidiabetic potential. In this study ligand-

based drug design were employed to design novel 3C45 inhibitors from Psidium guajava found in Asia. 

A phytochemicals of Psidium guajava are analysed and optimized with the Argus lab to investigate the 

interactions between the target compounds and the amino acid residues of the 3C45 protein. All the 

compound have shown binding pose between from – -5.89to -13.59out of three compound Tannin and 

Propane show best ligand energy -13.93 with 3 hydrogen bond. and -11.35 Kcal/mol with 2 hydrogen 

bond. 

INTRODUCTION 

Diabetes mellitus, or simply diabetes, is a group of diseases characterized by high blood glucose 

levels that result from defects in the body's ability to produce and/or use insulin. It is a condition primarily 

defined by the level of hyperglycaemia giving rise to risk of microvascular damage (retinopathy, 

nephropathy and neuropathy). It is associated with reduced life expectancy, significant morbidity due to 

specific diabetes related microvascular complications, increased risk of macrovascular complications 

(ischaemic heart disease, stroke and peripheral vascular disease), and diminished quality of life 

(www.who.int/diabetes).  

Several pathogenetic processes are involved in the development of diabetes. These include 

processes, which destroy the beta cells of the pancreas with consequent insulin deficiency,and others that 

result in resistance to insulin action. The abnormalities of carbohydrate, fat and protein metabolism are 

mailto:kireseesaghana.sls@velsuniv.ac.in
http://www.who.int/diabetes
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due to deficient action of insulin on target tissues resulting from insensitivity or lack of insulin (Report of 

a WHO Consultation, 1999). Diabetes mellitus may present with characteristic symptoms such as thirst, 

polyuria, blurring of vision, and weight loss. Often symptoms are not severe, or may be absent. 

Pathophysiology 

 An understanding of the pathophysiology of diabetes rests upon knowledge of the basics of 

carbohydrate metabolism and insulin action. Following the consumption of food, carbohydrates are 

broken down into glucose molecules in the gut. Glucose is absorbed into the bloodstream elevating blood 

glucose levels. This rise in glycemia stimulates the secretion of insulin from the beta cells of the pancreas. 

Insulin is needed by most cells to allow glucose entry. Insulin binds to specific cellular receptors and 

facilitates entry of glucose into the cell, which uses the glucose for energy. The increased insulin secretion 

from the pancreas and the subsequent cellular utilization of glucose results in lowering of blood glucose 

levels. Lower glucose levels then result in decreased insulin secretion. If insulin production and secretion 

are altered by disease, blood glucose dynamics will also change. If insulin production is decreased, 

glucose entry into cells will be inhibited, resulting in hyperglycaemia. The same effect will be seen if 

insulin is secreted 9 from the pancreas but is not used properly by target cells. If insulin secretion is 

increased, blood glucose levels may become very low (hypoglycemia) as large amounts of glucose enter 

tissue cells and little remains in the bloodstream. Multiple hormones may affect glycemia. Insulin is the 

only hormone that lowers blood glucose levels. The counter-regulatory hormones such as glucagon, 

catecholamines, growth hormone, thyroid hormone, and glucocorticoids all act to increase blood glucose 

levels, in addition to their other effects (Meley et al, 2006).  

Complications  

Complications due to diabetes are a major cause of disability, reduced quality of life, and death. 

Diabetes complications can affect various parts of the body manifesting in different ways for different 

people. Diabetes increases patients’ risk for many serious health problems. In men, it is responsible for 

erectile dysfunction, low testosterone levels and emotional factors –such as depression, anxiety or stress–

that can interfere with sexual feelings. In women, diabetes can be especially hard. Even those who do not 

have diabetes, pregnancy brings the risk of gestational diabetes. According to statistics from the American 

Diabetes Association, heart disease is the leading cause of death in women with 

diabetes(www.diabetes.org/living-with-diabetes). In addition, women with diabetes are afflicted by 

depression, their sexual health is at risk and eating disorders tend to occur more frequently. Diabetes can 
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affect every part of the body, including the feet, the eyes and the skin.In fact, such problems are sometimes 

the first sign that a person has diabetes. Foot complications can get worse and lead to serious 

complications, such as neuropathy, skin changes, calluses as well as foot ulcers, poor circulation and 

(Aalto, 1997) 

Diagnosis  

The diagnosis of diabetes mellitus is easily established when a patient presents the classic symptoms of 

hyperglycaemia and has a random blood glucose value of 200 mg/dL (11.1 mmol/L) or higher, and 

confirmed on another occasion. The following tests are used for the basic diagnosis: A fasting plasma 

glucose (FPG) test measures blood glucose in a person who has not eaten anything for at least 8 hours. 

This test is used to detect diabetes and prediabetes. 10 An oral glucose tolerance test (OGTT) measures 

blood glucose after a person fasts at least 8 hours and 2 hours after the person drinks a glucose-containing 

beverage. This test can be used to diagnose diabetes and prediabetes. The FPG test is the preferred test 

for diagnosing diabetes because of its convenience and low cost. However, it may miss some diabetes or 

prediabetes that can be found with the OGTT. The FPG test is most reliable when done in the morning. 

Research has shown that the OGTT is more sensitive than the FPG test for diagnosing prediabetes, but it 

is less convenient to administer. A random plasma glucose test, also called a casual plasma glucose test, 

measures blood glucose without regard to when the person being tested last ate. This test, along with an 

assessment of symptoms, is used to diagnose diabetes but not prediabetes. Test results indicating that a 

person has diabetes should be confirmed with a second test on a different day (Twillman, 2002). The 

current WHO diagnostic criteria for diabetes should be maintained – fasting plasma glucose ≥ 7.0mmol/l 

(126mg/dl) or 2–h plasma glucose ≥ 11.1mmol/l (200mg/dl) (Report of a WHO Consultation, 1999).  

Types of diabetes mellitus  

The first widely accepted classification was published by the WHO in 1980 (Second Report, 1980). Two 

major classes of diabetes mellitus were proposed: IDDM (Type I) and NIDDM (Type II). Other types as 

well as gestational diabetes were also included. The modified form of 1985 (Diabetes Mellitus: Report of 

a WHO Study Group, 1985) was widely accepted and is used internationally.It was recommended that 

the terms “insulin-dependent diabetes mellitus” and “non-insulin-dependent diabetes mellitus” should no 

longer be used, because patients were classified according to treatment rather than pathogenesis. The 

terms Type I and Type II were introduced to describe the cases which are primarily due to pancreatic islet 
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beta-cell destruction the former and the common major form of diabetes resulting from defects in insulin 

secretion the latter (Goodpaster, 2010).  

Type I Diabetes  

Type I accounts for only about 5—10% of all cases of diabetes; however, its incidence continues to 

increase worldwide and it has serious short-term and long-term implications. Type I indicates the process 

of beta-cell destruction in the pancreas that may 11 ultimately lead to diabetes mellitus in which “insulin 

is required for survival” to prevent the development of ketoacidosis, coma and death (Definition, 

Diagnosis and Classification of Diabetes Mellitus and its Complications. Report of a WHO Consultation, 

1999). Management of Type I diabetes is best undertaken in the context of a multidisciplinary health team 

and requires continuing attention to many aspects, including insulin administration, blood glucose 

monitoring, meal planning, and screening for diabetes-related complications. These complications consist 

of microvascular and macrovascular disease, which account for the major morbidity and mortality 

associated with Type I diabetes (Daneman, 2006). 

Type II Diabetes  

Type II is the most common form of diabetes. Millions of people around the world have been diagnosed 

with Type II diabetes, and many more remain undiagnosed. People with diabetes are at a greater risk of 

developing cardiovascular diseases such as heart attack and stroke if the disease is left undiagnosed or 

poorly controlled. They also have elevated risks for sight loss, foot and leg amputation due to damage to 

the nerves and blood vessels, and renal failure requiring dialysis or transplantation (Pasinetti, 2011). 

Before people develop Type II diabetes, they almost always have "prediabetes" – bloodglucose levels that 

are higher than normal but not yet high enough to be diagnosed as diabetes. Recent research has shown 

that some long-term damage to the body, especially the heart and circulatory system, may already be 

occurring during prediabetes(DePaula, 2008). In Type II diabetes, either the body does not produce 

enough insulin or the cells ignore it. Insulin is necessary in order for the body to be able to use glucose 

for energy. After food consumption, the body breaks down all sugars and starches into glucose, which is 

the basic fuel for the cells. Insulin takes the sugar from the blood into the cells. When glucose builds up 

in the blood instead of going into the cells, it can lead to diabetes complications. 

Prevention / Delay of Type II  
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Diabetes Before people develop Type II diabetes, they almost always have "prediabetes" – blood 

glucose levels that are higher than normal but not yet high enough to be diagnosed as diabetes. Prediabetes 

is a serious medical condition that can be treated. A recently completed study carried out by scientists in 

the United States conclusively showed that people with prediabetes can prevent the development of Type 

II diabetes by making changes in their diet and by increasing their level of physical activity. They may 

even be able to bring their blood glucose levels back to the normal range. 13 Lifestyle changes are of 

outmost importance. A balanced diet and an increase of the level of physical activity can help maintain a 

healthy weight, stay healthier for longer and reduce the risk of diabetes. The results of the Diabetes 

Prevention Program (DPP) proved that weight loss through moderate diet changes and physical activity 

can delay or prevent Type II diabetes (Haus, 2010). The Diabetes Prevention Program (DPP) was a major 

multicenter clinical research study aimed at discovering whether modest weight loss through dietary 

changes and increased physical activity or treatment with the oral diabetes drug metformin (Glucophage) 

could prevent or delay the onset of type II diabetes in study participants. 

Diabetes in Pregnancy (Gestational Diabetes) 

 Gestational diabetes is diabetes found for the first time when a woman is pregnant. Women who are 

overweight, have had gestational diabetes before or have a strong family history of diabetes are at a higher 

risk of developing gestational diabetes. Untreated gestational diabetes may cause problems to the baby. 

Both the mother and the baby are at increased risk for Type II diabetes for the rest of their lives (Harris, 

1991). 

Risk factors  

There are controllable risk factors associated with diabetes, including obesity and an inactive lifestyle. 

However, other uncontrollable risk factors, such as ethnicity and genetics, also play a dramatic role. The 

primary risk factor for type I diabetes is a family history of this lifelong, chronic disease.Having family 

members with diabetes is a major risk factor. The American Diabetes Association (Standards of medical 

care in diabetes-2007)recommends that anyone with a first-degree relative with type I diabetes –a mother, 

father, sister, or brother– should get screened for diabetes. A simple blood test can diagnose Type I 

diabetes. In addition, injury or diseases of the pancreas can inhibit its ability to produce insulin and lead 

to type I diabetes.A range of relatively rare infections and illnesses can damage the pancreas and cause 

Type I diabetes (Laakso, 1999). The risk factors associated with type II diabetes include obesity, diet and 

physical inactivity, increasing age, insulin resistance, family history of diabetes, genetic factors, and race 
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and ethnicity. As concerns genetic factors, research has shown that certain gene 14 variations raise the 

risk of developing diabetes. These genes can be associated with insulin sensitivity in the body's tissues, 

decreased insulin production and an increased risk of obesity. Race and ethnicity, on the other hand, are 

responsible for higher levels of diabetes in certain ethnic groups including African Americans, Mexican 

Americans, American Indians, native Hawaiians and some Asian Americans. The above mentioned 

groups have an increased risk of diabetes and heart disease. This is partly due to higher rates of high blood 

pressure, obesity and diabetes in these populations. African Americans are also more likely than other 

ethnic groups to develop Type IIDiabetes (Boulton et al, 2005). Although genes and ethnicity are risk 

factors for diabetes, they are not the sole determinants of whether someone develops the disease. Changes 

in diet and decreased physical activity related to rapid technological development and urbanisation have 

led to sharp increases in the numbers of people developing diabetes. A history of substance use has been 

reported as a significant factor associated with earlier age of onset of Type II diabetes. Illicit drug use has 

also been associated to it, according to research in the United States(Karlon et al, 2001). 

Pharmacological treatment  

Old approaches to the treatment of this chronic progressive disease include diet modification and oral 

hypoglycemic medications, which have proven inadequate, while insulin therapy only solves the problem 

temporarily. Even with the newest pharmacotherapies, patients continue to develop macro- and 

microvascular complications. Diabetes is associated with increased cardiac- and stroke-related deaths, 

kidney failure, blindness, 15 and 60% of non-trauma lower-limb amputations (National diabetes fact 

sheet,Atlanta2004). Alternative treatments targeting different models of this disease require careful and 

responsible examination. As shown below, apart from insulin treatment, it is possible to gain diabetes 

control after gastrointestinal bypass surgeries. 

Insulin therapy 

 Diabetes, being one of the primary causes of increased cardiovascular morbidity and mortality in Western 

countries, constitutes a large burden to health care systems in terms of both direct and indirect costs. 

Therefore, efficient glucose control (attainment of normal HbA1C, prandial and postprandial glucose 

levels) is essential to the prevention of the life-threatening complications of this disease. Insulin is a 

hormone that treats diabetes by controlling the amount of sugar (glucose) in the blood. When used as a 

medication, it is derived from either pork (porcine), beef (no longer available in the U.S.), or is genetically 

made to be identical to human insulin (Buysschaert, 2000). Patients with type I diabetes mellitus depend 
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on external insulin (most commonly injected subcutaneously) for their survival because the hormone is 

no longer produced internally  

The types of insulin include: 

 Rapid-acting insulin, which starts working within a few minutes and lasts for a couple of hours. 

Regular- or short-acting insulin, which takes about 30 minutes to work and lasts for 3 to 6 hours. 16  

Intermediate-acting insulin, which takes 2 to 4 hours to work and its effects can last for up to 18 hours.  

 Long-acting insulin, which takes 6 to 10 hours to reach the bloodstream, but it can keep working for 

an entire day (Tuomilehto, 2001). Insulin for diabetes can be injected under the skin (subcutaneously) or 

into the vein (intravenously). Subcutaneous insulin injection continues to be the mainstay of therapy for 

all people with type I diabetes mellitus and the majority of individuals with type IIdiabetes mellitus. 

Insulin can be injected using a needle and syringe, a cartridge system, or prefilled pen systems. Insulin 

pumps are also available. The initial dose is calculated based on the patient’s weight and sensitivity to 

insulin, which varies from person to person. When given under the skin, insulin is typically taken so that 

two-thirds of the total daily dose is given in the morning and one-third of the total daily dose is given in 

the evening (Glasgow, 1999).  

 

Complications of the insulin therapy  

Diabetes mellitus is defined as a group of metabolic diseases characterized by hyperglycaemia, which 

when untreated can lead to long-term complications, including micro- and macrovascular complications. 

Tight glycaemic control with intensive insulin therapy has been suggested to reduce the risk of such 

complications in several diabetes populations; however, such an approach can also be associated with 

risks and challenges. The major side effects of insulin taken for diabetes include low blood sugar 

(hypoglycemia), hypertrophy (enlargement of the area of the body that has received too many insulin 

injections), and rash at the site of injection or over the entire body (rare). The symptoms of the most 

common complication, i.e. low blood sugar, include extreme hunger, fatigue, irritability, cold sweats, 

trembling hands, intense anxiety and a general sense of confusion. They might be the signs of an insulin 

overdose, a potentially dangerous complication with diabetes, which happens to many diabetic patients 

(Gkaliagkousi, 2007). Thankfully, most episodes related to insulin are avoidable if patients stick with a 

few simple rules. Diabetic ketoacidosis (DKA) is another insulin complication, which is the result of not 
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taking enough insulin. In that case, excessive urination in response to high sugar 17 causes severe 

dehydration. At the same time, without enough insulin to allow sugar absorption, the body's cells act as 

if they are starving. Without insulin, patients with type I diabetes develop severely elevated blood sugar 

levels. This leads to increased urine glucose, which in turn leads to excessive loss of fluid and electrolytes 

in the urine. Lack of insulin also causes the inability to store fat and protein along with breakdown of 

existing fat and protein stores. This dysregulation results in the process of ketosis and the release of 

ketones into the blood. Ketones turn the blood acidic, a condition called diabetic ketoacidosis (DKA). 

Symptoms of diabetic ketoacidosis include nausea, vomiting, and abdominal pain. Without prompt 

medical treatment, patients with diabetic ketoacidosis can rapidly go into shock, coma, and even death 

(ibid). Diabetic ketoacidosis (DKA) can be caused by infections, stress, or trauma, all of which may 

increase insulin requirements. In addition, missing doses of insulin is also an obvious risk factor for 

developing diabetic ketoacidosis. Urgent treatment of diabetic ketoacidosis involves the intravenous 

administration of fluid, electrolytes, and insulin, usually in a hospital intensive care unit. Dehydration can 

be very severe, and it is not unusual to need to replace 6-7 liters of fluid when a person presents in diabetic 

ketoacidosis. Antibiotics are given for infections. With treatment, abnormal blood sugar levels, ketone 

production, acidosis, and dehydration can be reversed rapidly, and patients can recover remarkably well 

(www.medicinenet.com/diabetes_mellitus). Similar to DKA, hyperosmolar hyperglycemic nonketotic 

syndrome (HHNS)causes profound dehydration and can be life-threatening. It is an extremely serious 

complication that can lead to diabetic coma and even death in type II diabetes. Hyperosmolar 

hyperglycemic syndrome is much less common than DKA and tends to happen in older, obese patients 

with type II diabetes (Buysschaert, 2000). Once they occur, these insulin complications require 

hospitalization for treatment. The mainstays of treatment for both HHNS and DKA are the same: 

correction of fluid deficits, electrolyte imbalances, and hyperglycaemia. In addition, it is particularly 

important in HHNS to identify and correct the underlying trigger condition.Hyperosmolar hyperglycemic 

nonketotic syndrome is often masked by the precipitating condition and comorbidities; it must be actively 

sought and the precipitating condition should be identified and treated. 18 In addition, HHNS has a high 

mortality rate. The fluid deficit is double than seen in diabetic ketoacidosis. The insulin therapy should 

be continued until the patient’s mental  

Non-pharmacological treatment  

\When it comes to non-pharmacological treatment of diabetes mellitus –especially type II diabetes– 

lifestyle modification alone can prevent development of diabetes in impaired glucose tolerance patients. 
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It can also be the sole therapeutic tool in early diabetes. After being diagnosed with diabetes, a behavior 

and lifestyle modification is required. Health care providers should advice all diabetics not to initiate 

tobacco and emphasize stopping smoking in smokers as utmost priority for diabetic smokers (Diabetes 

care 1993), since it increases the risk of renal failure, visual impairment, foot ulcers, leg amputations and 

heart attacks in people with diabetes. The effects of stopping smoking in diabetes are substantial. The 

incidence of micro and macro vascular complications was significantly increased in smokers compared 

to non-smokers (Buysschaert, 2000). As concerns alcohol, consumption of large amounts can cause 

hypoglycaemia and this can occur many hours after alcohol intake, particularly if no food has been 

consumed beforehand.  

Diet and Diabetes Mellitus  

The major environmental factors that lead to type II diabetes are sedentary lifestyle and over nutrition 

leading to obesity (Harris, 1991). Sedentary lifestyle is more common in urbanized societies. Dietary 

advice is essential upon diagnosis of diabetes. Normal advice includes:  

 reducing intake of fatty foods 22  eating mainly vegetables, fruit, cereal, rice and pasta (using 

wholemeal products where  possible)  eating only small amounts of refined sugar (jam, sweets etc.) eating 

at regular intervals  carrying glucose tablets, sweets or products in case of hypoglycaemia exercising 

regularly; not only does it help reduce hyperglycaemia, but it also reduces insulin resistance by reducing 

obesity. Most cases are preventable with healthy lifestyle changes and some can even be reversed. Taking 

steps to prevent and control diabetes doesn’t mean living in deprivation. While eating right is important, 

patients don’t have to give up sweets entirely or resign themselves to a lifetime of “health food”. 

Carbohydrates have a big impact on your blood sugar levels –more so than fats and proteins. In general, 

patients should limit highly refined carbohydrates like white bread, pasta, and rice, as well as soda, candy, 

and snack foods. Focus instead on highfiber complex carbohydrates—also known as slow-release carbs. 

Slow-release carbs help keep blood sugar levels even because they are digested more slowly, thus 

preventing the body from producing too much insulin. They also provide lasting energy and help people 

stay full longer (Gross, 2005).  

Exercise and Diabetes Mellitus  

Physical activity reduces the risk of developing type II diabetes by 30-50% and risk reductions are 

observed with as little as 30 minutes of moderate exercise per day (Gkaliagkousi 2007). Regular exercise 

improves glycaemic control in all forms of diabetes. Insulin resistance is the major cause of hypoglycemia 
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in type II diabetes and physical exercise is the best way to reduce insulin resistance (Goodpaster et al 

2010). Physical activity improves insulin sensitivity in many ways. Fat accumulation in the liver is the 

main cause of insulin resistance in obesity. Exercise can reduce the free fatty acid load to liver and thereby 

reduce hepatic insulin resistance (Haus et al 2010). Exercise recommended is moderate exercise for 30 

minutes a day (Tuomilehto et al 2001) or moderate physical activity like brisk walking at least 150 

minutes per week (Diabetes Prevention Programme research group in NEJM 2002). Putative protective 

mechanisms 23 include reduction of body weight; reduction of insulin resistance, and thereby the 

associated consequences of the metabolic syndrome, including hypertension, dyslipidaemia and 

inflammation; and enhancement of endothelial function (Gkliagkousi 2007). There are further benefits 

from staying active apart from losing weight and keeping fit. According to the American Diabetes 

Association, physical activity improves glucose management, lowers blood pressure, improves blood fats, 

as well as reduce the amount of insulin or diabetic pills after losing weight. It also helps keep off the 

weight a person loses and lowers the risk for other health problems. Physically active people will soon 

discover that they gain more energy and get better sleep as a result of action, which also reduces stress, 

anxiety and depression. Physical activities build stronger bones and muscles and helps people of all ages 

stay more flexible (American Diabetes Association: Standards of medical care in diabetes-2007). 

Biological drugs in the therapy of Diabetes Mellitus  

Biological therapy is treatment designed to stimulate or restore the ability of the body's immune system 

to fight infection and disease. Biological therapy is also called biotherapy or immunotherapy. Biological 

drugs are defined as medicines the active substance of which comes from a biological source. These drugs 

are very different from normal prescription drugs and are developed through advanced technology called 

“genetic modification”.  

SOFTWARE AND METHODOLOGY 

Molecular docking 

The computational technique strongly supports and helps to identify the novel and more potent 

inhibitors through the mechanism of drug- receptor interaction. 

NATIONAL CENTER FOR BIOTECHNOLOGY INFORMATION 

The National Center for Biotechnology Information (NCBI) is part of the United States 

NationalLibrary of Medicine (NLM), a branch of the National Institutes of Health. The NCBI is 
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locatedin Bethesda, Maryland(38.994994°N77.099339° WCoordinates:38.994994°N 77.099339°W ) and 

was founded in 1988 through legislation sponsored by Senator Claude Pepper. The NCBI 

houses genome sequencing data in Genbank and an index of biomedical research articles in Pub Med 

Central and Pub Med, as well as other information relevant to biotechnology. All these databases are 

available online through the Entrez search engine. NCBI is directed by David Lipmann, one of the original 

authors of the BLAST sequence alignment program and a widely respected figure in Bioinformatics. He 

also leads an intramural research program, including groups led by Stephen Altschul (another BLAST co-

author), David Landsman, and Eugene Koonin (a prolific author on comparative genomics). 

 

BLAST 

In bioinformatics, Basic Local Alignment Search Tool, or BLAST, is 

an algorithm forcomparing primary biological sequence information, such as the amino-acid sequences 

of different proteins or the nucleotides of DNA sequences. A BLAST search enables a researcher to 

compare a query sequence with a library or database of sequences, and identify library sequences that 

resemble the query sequence above a certain threshold. Different types of BLASTs are available 

according to the query sequences. For example, following the discovery of a previously unknown gene in 

the mouse, a scientist will typically perform a BLAST search of the human genome to see if humans carry 

a similar gene; BLAST will identify sequences in the human genome that resemble the mouse gene based 

on similarity of sequence. 

Protein data bank 

The Protein Data Bank (PDB) is a repository which contains information’s about experimentally 

determined 3-D structural data of macromolecules (such as proteins and nucleic acids) (Lipinski et al., 

2001). The three-dimensional X-ray crystallographic structures of 3C45 proteins known to play crucial importance 

in DM were retrieved from the Research Collaboratory for Structural Bioinformatics (RCSB) Protein Data Bank 

(http:// www.pdb.org) and saved in.pdb format. Proteins with PDB ID: 3C45 were used as targeted diabetic 

receptor proteins for molecular docking experiments.  

Active site prediction 

After obtaining the final model, the possible binding sites of 3C45 were searched using Computed 

Atlas of Surface Topography of Proteins (CASTp). These include pockets located on protein, surfaces 
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and voids buried in the interior of proteins. CASTp includes a graphical user interface, flexible interactive 

visualization as well as on-the- fly calculation for user uploaded structures (Binkowski et al., 2003). 

Preparation of ligand structure 

Canonical SMILES of ligand erythrin was retrieved from PubChem compound database 

(https://pubchem.ncbi.nlm. nih.gov/) with PubChem CID: 72946996 and three dimensional structure of 

the molecule was simulated using online server CORINA (http://www.mn-am.com/online_demos 

/corina_demo) and was saved in.pdb format. Comparative analysis of the ligand was conducted against 

three selected drugs obtained from PubChem database sitagliptin (PubChem CID: 4369359), metformin 

(PubChem CID:4091), repaglinide (PubChem CID:65981). The 2D structures of 33 compounds were 

generated using ACD/LABS Chemsketch 2020.1.2 version. 

CASTp 

Binding sites and active sites of proteins and DNAs are often associated with structural pockets and cavities. 

CASTp server uses the weighted Delaunay triangulation and the alpha complex for shape measurements. It provides 

identification and measurements of surface accessible pockets as well as interior inaccessible cavities, for proteins 

and other molecules. It measures analytically the area and volume of each pocket and cavity, both in solvent 

accessible surface (SA, surface) and molecular surface (MS, surface). It also measures the number of mouth 

openings, area of the openings, and circumference of mouth lips, in both SA and MS surfaces for each pocket. 

Molecular docking analysis 

A computational ligand-target docking approach was used to analyze structural complexes of the 3C45 

(target) with 3 photochemical compounds from Psidium guajava leaves(ligand) in order to understand the 

structural basis of this protein target specificity. Initially, protein–ligand attraction was investigated for 

hydrophobic/hydrophilic properties. Finally, docking was carried out by argus lab based on scoring 

functions. The energy of interaction of 33 photochemical compounds from Psidium guajava leaves with 

the 3C45 is assigned “grid point.” At each step of the simulation, the energy of interaction of ligand and 

protein was evaluated using atomic affinity potentials computed on a grid. The remaining parameters 

were set as default. 

CHAPTER IV 

RESULTS AND DISSCUSION 

Results and Discussion  
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4.7 Predicted structure 

>sp|P27487|DPP4_HUMAN Dipeptidyl peptidase 4 OS=Homo sapiens OX=9606 GN=DPP4 PE=1 

SV=2 

MKTPWKVLLGLLGAAALVTIITVPVVLLNKGTDDATADSRKTYTLTDYLKNTYRLKLYSLRWISDHEYLYKQENNILVFNAEY

GNSSVFLENSTFDEFGHSINDYSISPDGQFILLEYNYVKQWRHSYTASYDIYDLNKRQLITEERIPNNTQWVTWSPVGHKLAY

VWNNDIYVKIEPNLPSYRITWTGKEDIIYNGITDWVYEEEVFSAYSALWWSPNGTFLAYAQFNDTEVPLIEYSFYSDESLQYP

KTVRVPYPKAGAVNPTVKFFVVNTDSLSSVTNATSIQITAPASMLIGDHYLCDVTWATQERISLQWLRRIQNYSVMDICDYDE

SSGRWNCLVARQHIEMSTTGWVGRFRPSEPHFTLDGNSFYKIISNEEGYRHICYFQIDKKDCTFITKGTWEVIGIEALTSDYL

YYISNEYKGMPGGRNLYKIQLSDYTKVTCLSCELNPERCQYYSVSFSKEAKYYQLRCSGPGLPLYTLHSSVNDKGLRVLEDNS

ALDKMLQNVQMPSKKLDFIILNETKFWYQMILPPHFDKSKKYPLLLDVYAGPCSQKADTVFRLNWATYLASTENIIVASFDGR

GSGYQGDKIMHAINRRLGTFEVEDQIEAARQFSKMGFVDNKRIAIWGWSYGGYVTSMVLGSGSGVFKCGIAVAPVSRWEYYDS

VYTERYMGLPTPEDNLDHYRNSTVMSRAENFKQVEYLLIHGTADDNVHFQQSAQISKALVDVGVDFQAMWYTDEDHGIASSTA

HQHIYTHMSHFIKQCFSLP 

 

 

 

 

 

The target protein and inhibitors were geometrically optimized .Given the three-dimensional structure of 

a target receptor molecule usually a protein; chemical compounds having potential affinity toward sit are 

designed rationally, with the aid of computational methods. Detailed bioinformatics analysis offers a 

convenient methodology for efficient in silico preliminary analysis of possible function of new drug. 

Figure 3 shows the structure 3C45 protein. 

. Figure 1 shows the structure 3C45 protein. 

 

 

 

Figure 1 structure 3C45 protein 
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Molecular modeling (docking) study was carried out for 33 compound like from Tannin, propane and  

propane  Tannin from Psidium guajava leaves shown in table 1 

 

Si.No Phytochemical Compound 

1.   Butanoic acid, 2-methyl-, methyl este  

2.   dl-Limonene $$ Cyclohexene, 1-me  

3.  1,8-Cineole $$ 2-Oxabicyclo[2.2.2]  

4.   (E)-2,6-Dimethyl-5,7-octadien-2-ol  

5.   Cyclohexasiloxane, dodecamethyl- 

6.  2 Alpha.-Copaene  

7.   Trans-Caryophyllene  

8.  Alpha.-Humulene  

9.   Germacrene D  

10.   Trans-alpha.-bisabolene  

11.   Aromadendrene 2  

12.   Beta.-Bisabolene 

13.   Delta.-Cadinene  

14.   (-)-Endo-2,6-dimethyl-6-(4-methyl-  

15.   CIS-.alpha.-bisabolene  

16.   Nerolidol B (CIS OR TRANS  

17.   (-)-Caryophyllene oxide  

18.   Trans-Caryophyllene  

19.   Humulene oxide 

20.   Germacrene D  

21.   Tricyclo[3.3.1.13,7]decane, 2-brom  

22.   (+)-Aromadendrene  

23.  Torreyol $$ 1-Naphthalenol  

24.   Globulol $$ (-)-Globulol  

25.   Beta.-Bisabolol  

26.   Alpha.-bisabolol  

27.  2-Methyl-6-(trimethylsilyl)benzophe  
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28.   8-Acetyl-3,3-epoxymethano-6,6,7-t  

29.   1,2-Benzenedicarboxylic acid, dibut  

30.   1,2-Benzenedicarboxylic acid, buty  

31.   Propane 

32.   Bis(2-ethylhexyl) phthalate  

33.   Hexadeca-2,6,10,14-tetraen  

 

  

  

 Figure 2: shows the structure of Tannin and Propane 

The potential active site amino acids were predicted using CastP. Among the 32 active sites predicted, 

pocket 1 found to be the best active site which contains 58 amino acids. Thus, the protein was targeted against 

pocket 1.Given the three-dimensional structure of a target receptor molecule usually a protein; chemical compounds 

having potential affinity towards it are designed rationally, with the aid of computational methods (Ooms, 2000). 

Figure 3 shows the structure of inhibitors target against the mage. 
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Figure 3: Shows the active site of 3C45 protein 

 

 

Figure 3: Shows the active site of 3C45 protein 

 

All the 33 inhibitors were docked against active site of the target 3C45 protein using Argus lab 

which gives an insight into the binding modes for the various inhibitors. Out of 33 inhibitors analyzed i.e. 

Tannin and Propane, has showed higher binding energy of -13.59 and -11.35Kcal/mol against the target 

protein. The binding energy of all the inhibitors was shown in Table 2. Figure 4 represents the docked 

complex of the inhibitors to that of the target protein. 

SI.NO DRUG NAME BINDING ENERGY 

Kca/mol 

NO OF HYDROGEN BOND 

1 Tannin -13.59 3 

2 propane -11.35 2 

Fig 3: Shows compound from Psidium guajava leaves plant Tannin and Propane 
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Fig. 4: Represents the Docked Complex of the Tannin 

to that of the 3C45 Target Protein.  

 

 

Fig. 4: Represents the Docked Complex of the Propane to that of the 3C45 Target Protein 

The Table 2 describes the molecular property of Tannin (Table 2). Tannin is a small sized 

molecule with a molecular weight of 256.42 Da. It has one hydrogen bond donors and two hydrogen bond 

acceptors with eight rotatable bonds. The compound Tannin has the LogP value of 6.4. Thereby it satisfies 

all the criteria of Lipinski's rule of five (Christopher et al., 1997) 

SI.NO Property Name Tannin Propane 

Property Value 

1 Molecular Weight 256.42 g/mol 438.22 g/mol 

2 XLogP3 5 4 

3 Hydrogen Bond Donor Count 4 5 

4 Hydrogen Bond Acceptor Count 6 5 

5 Rotatable Bond Count 4 9 

Table 2: Describes the molecular property of Tannin and Propane 
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CONCLUSION 

Diabetes mellitus (DM) or simply diabetes, is a group of diseases characterized by high blood 

glucose levels that result from defects in the body's ability to produce and/or use insulin. It is a condition 

primarily defined by the level of hyperglycaemia giving rise to risk of microvascular damage (retinopathy, 

nephropathy and neuropathy). Which shows a strong binding affinity towards 3C45protein. This brings a 

strong focus towards these plant that, when administered during the treatment of DM may block 3C45. 

Psidium guajava leavess howed the highest affinity towards 3C45 compared to other compounds. This 

creates a strong hypothesis that the effects of complex formation by 3C45 and Psidium guajava leaves 

contribute towards combating against DM. Hence, 3C45 protein may become a prospective target for 

inhibition of DM and may unlock a strong initiative in developing novel ligand which is specified towards 

it. Hence the compound specified in this work can undergo certain specification to improve its drug 

properties and could act as a best drug for DM. The mechanism of action is Tannin and Propane to inhibit 

the activity of 3C45 that is involved in DM.  
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ABSTRACT: 

Rabies, a fatal zoonotic disease, remains a significant public health concern worldwide. The 

understanding of its pathogenesis and the development of effective therapeutics hinge upon deciphering 

the structural characteristics of its proteins. However, certain proteins associated with the rabies virus, 

such as the unstructured proteins, pose challenges for traditional structural determination methods. 

Homology modeling emerges as a promising technique to predict the structure of these proteins based on 

their sequence similarity to homologous proteins with known structures. This study focuses on the 

homology modeling of an unstructured protein found in rabies using the Swiss Model, a widely utilized 

software for protein structure prediction. Leveraging bioinformatics tools and databases, the primary 

sequence of the target protein was identified, and suitable template structures were selected based on 

sequence alignment. The homology model was generated using the selected templates, and structural 

refinement techniques were applied to optimize the model's quality. The resulting homology model 

provides valuable insights into the structural organization and potential functional sites of the unstructured 

protein in rabies. Structural analysis reveals key regions implicated in protein-protein interactions, viral 

replication, or immune evasion, shedding light on its role in the pathogenicity of the rabies virus. 

Furthermore, the model serves as a foundation for rational drug design and virtual screening approaches 

aimed at identifying novel therapeutics to combat rabies. 

KEYWORD: 

Rabies, Homology modeling, Protein structure prediction and Swiss Model 

INTRODUCTION  

Rabies is a viral disease that causes encephalitis in humans and other mammals.[1] It was 

historically referred to as hydrophobia ("fear of water") due to the symptom of panic when presented with 

liquids to drink. Early symptoms can include fever and abnormal sensations at the site of 

exposure.[1] These symptoms are followed by one or more of the following symptoms: nausea, vomiting, 

violent movements, uncontrolled excitement, fear of water, an inability to move parts of the body, 

mailto:kireseesaghana.sls@velsuniv.ac.in
https://en.wikipedia.org/wiki/Viral_disease
https://en.wikipedia.org/wiki/Encephalitis
https://en.wikipedia.org/wiki/Mammals
https://en.wikipedia.org/wiki/Rabies#cite_note-WHO2013-1
https://en.wikipedia.org/wiki/Rabies#cite_note-WHO2013-1
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confusion, and loss of consciousness.[1][7][8][9] Once symptoms appear, the result is virtually always 

death.[1] The time period between contracting the disease and the start of symptoms is usually one to 

three months but can vary from less than one week to more than one year.[1] The time depends on the 

distance the virus must travel along peripheral nerves to reach the central nervous system.[10] 

Rabies is caused by lyssaviruses, including the rabies virus and Australian bat lyssavirus.[4] It is 

spread when an infected animal bites or scratches a human or other animals.[1] Saliva from an infected 

animal can also transmit rabies if the saliva comes into contact with the eyes, mouth, or nose.[1] Globally, 

dogs are the most common animal involved.[1] In countries where dogs commonly have the disease, more 

than 99% of rabies cases are the direct result of dog bites.[11] In the Americas, bat bites are the most 

common source of rabies infections in humans, and less than 5% of cases are from 

dogs.[1][11] Rodents are very rarely infected with rabies.[11] The disease can be diagnosed only after the 

start of symptoms.[1] 

Animal control and vaccination programs have decreased the risk of rabies from dogs in a number 

of regions of the world.[1] Immunizing people before they are exposed is recommended for those at high 

risk, including those who work with bats or who spend prolonged periods in areas of the world where 

rabies is common.[1] In people who have been exposed to rabies, the rabies vaccine and sometimes rabies 

immunoglobulin are effective in preventing the disease if the person receives the treatment before the 

start of rabies symptoms.[1] Washing bites and scratches for 15 minutes with soap and water, povidone-

iodine, or detergent may reduce the number of viral particles and may be somewhat effective at preventing 

transmission.[1][12] As of 2016, only fourteen people were documented to have survived a rabies 

infection after showing symptoms.[13][14] However, research conducted in 2010 among a population of 

people in Peru with a self-reported history of one or more bites from vampire bats (commonly infected 

with rabies), found that out of 73 individuals reporting previous bat bites, seven people had rabies virus-

neutralizing antibodies (rVNA).[15] Since only one member of this group reported prior vaccination for 

rabies, the findings of the research suggest previously undocumented cases of infection and viral 

replication followed by an abortive infection. This could indicate that people may have an exposure to 

the virus without treatment and develop natural antibodies as a result. 

Rabies causes about 59,000 deaths worldwide per year,[6] about 40% of which are in children 

under the age of 15.[16] More than 95% of human deaths from rabies occur in Africa and Asia.[1] Rabies 

is present in more than 150 countries and on all continents but Antarctica.[1] More than 3 billion people 

live in regions of the world where rabies occurs.[1] A number of countries, including Australia and Japan, 
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as well as much of Western Europe, do not have rabies among dogs.[17][18] Many Pacific islands do not 

have rabies at all.[18] It is classified as a neglected tropical disease.[19]The name rabies is derived from 

the Latin rabies, "madness".[20] The Greeks derived the word lyssa, from lud or "violent"; this root is 

used in the genus name of the rabies virus, Lyssavirus.[21] Signs and symptoms, The period between 

infection and the first symptoms (incubation period) is typically one to three months in humans.[22] This 

period may be as short as four days or longer than six years, depending on the location and severity of the 

wound and the amount of virus introduced.[22] Initial symptoms of rabies are often nonspecific such as 

fever and headache.[22] As rabies progresses and causes inflammation of the brain and meninges, 

symptoms can include slight or partial paralysis, anxiety, insomnia, confusion, agitation, abnormal 

behavior, paranoia, terror, and hallucinations.[10][22] The person may also have fear of water.[1] 

The symptoms eventually progress to delirium, and coma.[10][22] Death usually occurs two to 

ten days after first symptoms. Survival is almost unknown once symptoms have presented, even with 

intensive care.[22][23] 

Rabies has also occasionally been referred to as hydrophobia ("fear of water") throughout its 

history.[24] It refers to a set of symptoms in the later stages of an infection in which the person has 

difficulty swallowing, shows panic when presented with liquids to drink, and cannot quench their thirst. 

Saliva production is greatly increased, and attempts to drink, or even the intention or suggestion of 

drinking, may cause excruciatingly painful spasms of the muscles in the throat and larynx. Since the 

infected individual cannot swallow saliva and water, the virus has a much higher chance of being 

transmitted, because it multiplies and accumulates in the salivary glands and is transmitted through 

biting.[25] 

Hydrophobia is commonly associated with furious rabies, which affects 80% of rabies-infected 

people. This form of rabies causes irrational aggression in the host, which aids in the spreading of the 

virus through animal bites;[26] a "foaming at the mouth" effect, caused by the accumulation of saliva, is 

also commonly associated with rabies in the public perception and in popular culture.[27][28][29] The 

remaining 20% may experience a paralytic form of rabies that is marked by muscle weakness, loss of 

sensation, and paralysis; this form of rabies does not usually cause fear of water.[30]Rabies is caused by 

a number of lyssaviruses including the rabies virus and Australian bat lyssavirus.[4] Duvenhage 

lyssavirus may cause a rabies-like infection.[31] 

The rabies virus is the type species of the Lyssavirus genus, in the family Rhabdoviridae, 

order Mononegavirales. Lyssavirions have helical symmetry, with a length of about 180 nm and a cross-
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section of about 75 nm.[32] These virions are enveloped and have a single-stranded RNA genome 

with negative sense. The genetic information is packed as a ribonucleoprotein complex in which RNA is 

tightly bound by the viral nucleoprotein. The RNA genome of the virus encodes five genes whose order 

is highly conserved: nucleoprotein (N), phosphoprotein (P), matrix protein (M), glycoprotein (G), and the 

viral RNA polymerase (L).[33] 

TRANSMISSION 

All warm-blooded species, including humans, may become infected with the rabies virus and 

develop symptoms. Birds were first artificially infected with rabies in 1884; however, infected birds are 

largely, if not wholly, asymptomatic, and recover.[37] Other bird species have been known to develop 

rabies antibodies, a sign of infection, after feeding on rabies-infected mammals.[38][39] 

DIAGNOSIS 

Rabies can be difficult to diagnose because, in the early stages, it is easily confused with other 

diseases or even with a simple aggressive temperament.[59] The reference method for diagnosing rabies is 

the fluorescent antibody test (FAT), an immunohistochemistry procedure, which is recommended by 

the World Health Organization (WHO).[60] The FAT relies on the ability of a detector molecule (usually 

fluorescein isothiocyanate) coupled with a rabies-specific antibody, forming a conjugate, to bind to and 

allow the visualisation of rabies antigen using fluorescent microscopy techniques. Microscopic analysis 

of samples is the only direct method that allows for the identification of rabies virus-specific antigen in a 

short time and at a reduced cost, irrespective of geographical origin and status of the host. It has to be 

regarded as the first step in diagnostic procedures for all laboratories. Autolysed samples can, however, 

reduce the sensitivity and specificity of the FAT.[61] The RT PCR assays proved to be a sensitive and 

specific tool for routine diagnostic purposes,[62] particularly in decomposed samples[63] or archival 

specimens.[64] The diagnosis can be reliably made from brain samples taken after death.  

PREVENTION 

Almost all human exposure to rabies was fatal until a vaccine was developed in 1885 by Louis 

Pasteur and Émile Roux. Their original vaccine was harvested from infected rabbits, from which the virus 

in the nerve tissue was weakened by allowing it to dry for five to ten days.[71] Similar nerve tissue-derived 

vaccines are still used in some countries, as they are much cheaper than modern cell culture vaccines.[72] 

The human diploid cell rabies vaccine was started in 1967. Less expensive purified chicken embryo cell 

vaccine and purified vero cell rabies vaccine are now available.[65] A recombinant vaccine called V-RG 
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has been used in Belgium, France, Germany, and the United States to prevent outbreaks of rabies in 

undomesticated animals.[73] Immunization before exposure has been used in both human and nonhuman 

populations, where, as in many jurisdictions, domesticated animals are required to be vaccinated.[74] 

 MATERIALS AND METHODS: 

Datasets from Uniprot: 

UniProt serves as a central resource of protein sequence and function, providing a cornerstone for 

scientists active in modern biological research, especially in the field of proteomics. The resource provides 

rich, consistent and non‐redundant protein information by combining reliable automated annotation 

approaches with literature‐based expert manual curation. UniProt will facilitate knowledge discovery by 

allowing researchers to integrate the enormous amount of data from the Human Genome Project and from 

structural and functional genomics and proteomics.  

Primary Sequence Analysis: 

The various physiochemical characterization of 25 were analyzed such as, theoretical pI 

(isoelectric point), molecular weight, R and +R (total number of positive and negative residues), EI 

(extinction coefficient) , II (instability index ) AI (aliphatic index) and GRAVY (grand average 

hydropathy) were computed using the Expasy's ProtParam server for set of proteins 

(http://us.expasy.org/tools/protparam.html). 

Secondary Structure Prediction: 

The secondary structure prediction of 25 proteins carried out by using SOPMA (The Self-

Optimized Prediction method With Alignment) server. The method is employed for calculating the 

secondary structural elements of the selected query sequences. SOPMA will predict the secondary 

structure based on the query sequence (Geourjon and Deléage, 1995) 

Tertiary Structure Prediction: 

The tertiary structure of four was predicted by using SWISS MODEL (Arnold et al., 2006). SWISS 

MODEL is a fully automated protein structure homology modeling server and the predicted model were 

validated using PROCHECK tool (Laskowski et al., 1993). 

Structure Visualization 

https://en.wikipedia.org/wiki/Rabies#cite_note-Reece_2006-73
https://en.wikipedia.org/wiki/Rabies#cite_note-74
http://us.expasy.org/tools/protparam.html
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The predicted 3D structures of four were visualized using RasMol (Sayle and Milner- White, 

1995). RasMol is bioinformatics programme for visualization of protein 3D structure. 

 

 RESULTS AND DISCUSSION: 

The sequence of Rabies proteins were retrieved from database such as UniprotKB Database with amino 

acid in FASTA file format shown in table 1. 

 

SI.NO Uniprot 

ID 

Protein Protein Sequence 

1.  P2959 PML >sp|P29590|PML_HUMAN Protein PML OS=Homo sapiens OX=9606 GN=PML 

PE=1 SV=3 

MEPAPARSPRPQQDPARPQEPTMPPPETPSEGRQPSPSPSPTERAPASEEEFQF

LRCQQCQAEAKCPKLLPCLHTLCSGCLEASGMQCPICQAPWPLGADTPALD

NVFFESLQRRLSVYRQIVDAQAVCTRCKESADFWCFECEQLLCAKCFEAHQ

WFLKHEARPLAELRNQSVREFLDGTRKTNNIFCSNPNHRTPTLTSIYCRGCS

KPLCCSCALLDSSHSELKCDISAEIQQRQEELDAMTQALQEQDSAFGAVHAQ

MHAAVGQLGRARAETEELIRERVRQVVAHVRAQERELLEAVDARYQRDYE

EMASRLGRLDAVLQRIRTGSALVQRMKCYASDQEVLDMHGFLRQALCRLR

QEEPQSLQAAVRTDGFDEFKVRLQDLSSCITQGKDAAVSKKASPEAASTPRD

PIDVDLPEEAERVKAQVQALGLAEAQPMAVVQSVPGAHPVPVYAFSIKGPS

YGEDVSNTTTAQKRKCSQTQCPRKVIKMESEEGKEARLARSSPEQPRPSTSK

AVSPPHLDGPPSPRSPVIGSEVFLPNSNHVASGAGEAEERVVVISSSEDSDAE

NSSSRELDDSSSESSDLQLEGPSTLRVLDENLADPQAEDRPLVFFDLKIDNET

QKISQLAAVNRESKFRVVIQPEAFFSIYSKAVSLEVGLQHFLSFLSSMRRPILA

CYKLWGPGLPNFFRALEDINRLWEFQEAISGFLAALPLIRERVPGASSFKLKN

LAQTYLARNMSERSAMAAVLAMRDLCRLLEVSPGPQLAQHVYPFSSLQCF

ASLQPLVQAAVLPRAEARLLALHNVSFMELLSAHRRDRQGGLKKYSRYLSL

QTTTLPPAQPAFNLQALGTYFEGLLEGPALARAEGVSTPLAGRGLAERASQQ

S 

 

2.  P13591 NCAM1 >sp|P13591|NCAM1_HUMAN Neural cell adhesion molecule 1 OS=Homo sapiens 

OX=9606 GN=NCAM1 PE=1 SV=3 

MLQTKDLIWTLFFLGTAVSLQVDIVPSQGEISVGESKFFLCQVAGDAKDKDI

SWFSPNGEKLTPNQQRISVVWNDDSSSTLTIYNANIDDAGIYKCVVTGEDGS

ESEATVNVKIFQKLMFKNAPTPQEFREGEDAVIVCDVVSSLPPTIIWKHKGR

DVILKKDVRFIVLSNNYLQIRGIKKTDEGTYRCEGRILARGEINFKDIQVIVN

VPPTIQARQNIVNATANLGQSVTLVCDAEGFPEPTMSWTKDGEQIEQEEDDE

KYIFSDDSSQLTIKKVDKNDEAEYICIAENKAGEQDATIHLKVFAKPKITYVE

NQTAMELEEQVTLTCEASGDPIPSITWRTSTRNISSEEKASWTRPEKQETLDG

HMVVRSHARVSSLTLKSIQYTDAGEYICTASNTIGQDSQSMYLEVQYAPKL

QGPVAVYTWEGNQVNITCEVFAYPSATISWFRDGQLLPSSNYSNIKIYNTPS

ASYLEVTPDSENDFGNYNCTAVNRIGQESLEFILVQADTPSSPSIDQVEPYSS

TAQVQFDEPEATGGVPILKYKAEWRAVGEEVWHSKWYDAKEASMEGIVTI

VGLKPETTYAVRLAALNGKGLGEISAASEFKTQPVQGEPSAPKLEGQMGED

GNSIKVNLIKQDDGGSPIRHYLVRYRALSSEWKPEIRLPSGSDHVMLKSLDW

NAEYEVYVVAENQQGKSKAAHFVFRTSAQPTAIPANGSPTSGLSTGAIVGILI

VIFVLLLVVVDITCYFLNKCGLFMCIAVNLCGKAGPGAKGKDMEEGKAAFS
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KDESKEPIVEVRTEEERTPNHDGGKHTEPNETTPLTEPEKGPVEAKPECQETE

TKPAPAEVKTVPNDATQTKENESKA 

 

3.  P29074 PTN4 >sp|P29074|PTN4_HUMAN Tyrosine-protein phosphatase non-receptor type 4 

OS=Homo sapiens OX=9606 GN=PTPN4 PE=1 SV=1 

MTSRFRLPAGRTYNVRASELARDRQHTEVVCNILLLDNTVQAFKVNKHDQ

GQVLLDVVFKHLDLTEQDYFGLQLADDSTDNPRWLDPNKPIRKQLKRGSPY

SLNFRVKFFVSDPNKLQEEYTRYQYFLQIKQDILTGRLPCPSNTAALLASFAV

QSELGDYDQSENLSGYLSDYSFIPNQPQDFEKEIAKLHQQHIGLSPAEAEFNY

LNTARTLELYGVEFHYARDQSNNEIMIGVMSGGILIYKNRVRMNTFPWLKI

VKISFKCKQFFIQLRKELHESRETLLGFNMVNYRACKNLWKACVEHHTFFR

LDRPLPPQKNFFAHYFTLGSKFRYCGRTEVQSVQYGKEKANKDRVFARSPS

KPLARKLMDWEVVSRNSISDDRLETQSLPSRSPPGTPNHRNSTFTQEGTRLR

PSSVGHLVDHMVHTSPSEVFVNQRSPSSTQANSIVLESSPSQETPGDGKPPAL

PPKQSKKNSWNQIHYSHSQQDLESHINETFDIPSSPEKPTPNGGIPHDNLVLIR

MKPDENGRFGFNVKGGYDQKMPVIVSRVAPGTPADLCVPRLNEGDQVVLI

NGRDIAEHTHDQVVLFIKASCERHSGELMLLVRPNAVYDVVEEKLENEPDF

QYIPEKAPLDSVHQDDHSLRESMIQLAEGLITGTVLTQFD 

QLYRKKPGMTMSCAKLPQNISKNRYRDISPYDATRVILKGNEDYINANYIN

MEIPSSSIINQYIACQGPLPHTCTDFWQMTWEQGSSMVVMLTTQVERGRVK

CHQYWPEPTGSSSYGCYQVTCHSEEGNTAYIFRKMTLFNQEKNESRPLTQIQ

YIAWPDHGVPDDSSDFLDFVCHVRNKRAGKEEPVVVHCSAGIGRTGVLITM

ETAMCLIECNQPVYPLDIVRTMRDQRAMMIQTPSQYRFVCEAILKVYEEGF

VKPLTTSTNK 

 

4.  P38606 VATA >sp|P38606|VATA_HUMAN V-type proton ATPase catalytic subunit A OS=Homo 

sapiens OX=9606 GN=ATP6V1A PE=1 SV=2 

MDFSKLPKILDEDKESTFGYVHGVSGPVVTACDMAGAAMYELVRVGHSEL

VGEIIRLEGDMATIQVYEETSGVSVGDPVLRTGKPLSVELGPGIMGAIFDGIQ

RPLSDISSQTQSIYIPRGVNVSALSRDIKWDFTPCKNLRVGSHITGGDIYGIVS

ENSLIKHKIMLPPRNRGTVTYIAPPGNYDTSDVVLELEFEGVKEKFTMVQV

WPVRQVRPVTEKLPANHPLLTGQRVLDALFPCVQGGTTAIPGAFGCGKTVIS

QSLSKYSNSDVIIYVGCGERGNEMSEVLRDFPELTMEVDGKVESIMKRTALV

ANTSNMPVAAREASIYTGITLSEYFRDMGYHVSMMADSTSRWAEALREISG

RLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPEREGSVSIVGAVSPPG

GDFSDPVTSATLGIVQVFWGLDKKLAQRKHFPSVNWLISYSKYMRALDEYY

DKHFTEFVPLRTKAKEILQEEEDLAEIVQLVGKASLAETDKITLEVAKLIKDD

FLQQNGYTPYDRFCPFYKTVGMLSNMIAFYDMARRAVETTAQSDNKITWSI

IREHMGDILYKLSSMKFKDPLKDGEAKIKSDYAQLLEDMQNAFRSLED 

 

5.  P41226 UBA7 >sp|P41226|UBA7_HUMAN Ubiquitin-like modifier-activating enzyme 7 

OS=Homo sapiens OX=9606 GN=UBA7 PE=1 SV=2 

MDALDASKLLDEELYSRQLYVLGSPAMQRIQGARVLVSGLQGLGAEVAKN

LVLMGVGSLTLHDPHPTCWSDLAAQFLLSEQDLERSRAEASQELLAQLNRA

VQVVVHTGDITEDLLLDFQVVVLTAAKLEEQLKVGTLCHKHGVCFLAADT

RGLVGQLFCDFGEDFTVQDPTEAEPLTAAIQHISQGSPGILTLRKGANTHYFR

DGDLVTFSGIEGMVELNDCDPRSIHVREDGSLEIGDTTTFSRYLRGGAITEVK

RPKTVRHKSLDTALLQPHVVAQSSQEVHHAHCLHQAFCALHKFQHLHGRP

PQPWDPVDAETVVGLARDLEPLKRTEEEPLEEPLDEALVRTVALSSAGVLSP

MVAMLGAVAAQEVLKAISRKFMPLDQWLYFDALDCLPEDGELLPSPEDCA

LRGSRYDGQIAVFGAGFQEKLRRQHYLLVGAGAIGCELLKVFALVGLGAGN

SGGLTVVDMDHIERSNLSRQFLFRSQDVGRPKAEVAAAAARGLNPDLQVIP

LTYPLDPTTEHIYGDNFFSRVDGVAAALDSFQARRYVAARCTHYLKPLLEA

GTSGTWGSATVFMPHVTEAYRAPASAAASEDAPYPVCTVRYFPSTAEHTLQ

WARHEFEELFRLSAETINHHQQAHTSLADMDEPQTLTLLKPVLGVLRVRPQ

NWQDCVAWALGHWKLCFHYGIKQLLRHFPPNKVLEDGTPFWSGPKQCPQP

LEFDTNQDTHLLYVLAAANLYAQMHGLPGSQDWTALRELLKLLPQPDPQQ



13

978-81-974681-0-0 

 

MAPIFASNLELASASAEFGPEQQKELNKALEVWSVGPPLKPLMFEKDDDSN

FHVDFVVAAASLRCQNYGIPPVNRAQSKRIVGQIIPAIATTTAAVAGLLGLEL

YKVVSGPRPRSAFRHSYLHLAENYLIRYMPFAPAIQTFHHLKWTSWDRLKV

PAGQPERTLESLLAHLQEQHGLRVRILLHGSALLYAAWSPEKQAQHLPLRV

TELVQQLTGQAPAPGQRVLVLELSCEGDDEDTAFPPLHYEL 

 

6.  A3RM23 L_RABVI >sp|A3RM23|L_RABVI Large structural protein OS=Rabies virus (strain India) 

OX=445790 GN=L PE=3 SV=1 

MLDPGEVYDDPVDPIESDAEPRGAPTVPNILRNSDYNLNSPLIEDPARLMLE

WLTTGNRPYRMTLTDNCSRSYKVLKDYFKKVDLGSLKVGGTAAQSMISLW

LYGAHSESNRSRKCITELAHFYSKSSPIEKLLNCTLGNRGLRIPPEGVLSCLER

VDYDKAFGRYLANTYSSYLFFHVITLYMNALDWDEEKTILALWKELTSVDI

GKDLVKFKDQIWGLLIVTKDFVYSHSSNCLFDRNYTLMLKDLFLSRFNSLMI

LLSPPEPRYSDDLISQLCQLYIAGDQVLSMCGNSGYEVIKILEPYVVNSLVQR

AERFRPLIHSLGDFPVFIKDKVSQLEGTFGPSAKRFFGVLDQFDNIHDLVFVY

GCYRHWGHPYIDYRKGLSKLYDQVHIKKVIDKSYQECLASDLARRILRWGF

DKYSKWYLDSRLLTRDHPLTPYIKTQTWPPKHIVDLVGDTWHKLPITQIFEIP

EPMDPSEILDDKSHSFTRARLASWLSENRGGPAPSEKVIITALSKPPVNPREFL

KTIDLGGLPDEDLIIGLKPKERELKIEGRFFALMSWNLRLYFVITEKLLANYIL

PLFDALTMTDNLNKVFKKLIDRVTGQGLLDYSRVTYAFHLDYEKWNNHQR

LESTEDVFSVLDHVFGLKRVFSRTHEFFQKSWIYYSDRSDLIGLWEDQIYCL

DMSNGPTCWNGQDGGLEGLRQKGWSLVSLLMIDRESQTRNTRTKILAQGD

NQVLCPTYMLSPGLSREGLLYELESISRNALSIYRAIEEGASKLGLIIKKEETM

CSYDFLIYGKTPLFRGNILVPESKRWARVSCISNDQIVNLANIMSTVSTNALT

VAQHSQSLIKPMRDFLLMSVQAVFHYLLFSPILKGRVYKILSAEGESFLLAM

SRIIYLDPSLGGVSGMSLGRFHIRQFSDPVSEGLSFWREIWLSSHESWIHALC

QEAGNPDLGERTLESFTRLLEDPTTLNIKGGASPTILLKDAIRKALYDEVDKV

ENSEFREAILLSKTHRDNFILFLKSVEPLFPRFLSELFSSSFLGIPESIIGLIQNSR

TIRRQFRRSLSRTLEESFYNSEIHGINRMTQTPQRVGRVWPCSSERADLLREIS

WGRKVVGTTVPHPSEMLGLLPKSSISCPCGATGGGNPRVSVSVLPSFDQSFF

SRGPLKGYLGSSTSMSTQLFHAWEKVTNVHVVKRALSLKESINWFITRNSN

LAQTLIRNIMSLTGPDFPLEEAPVFKRTGSALHRFKSARYSEGGYSSVCPNLL

SHISVSTDTMSDLTQDGKNYDFMFQPLMLYAQTWTSELVQKDTRLRDSTFH

WHLRCNRCVRPIDDITLETSQIFEFPDVSKRISRMVSGAVPHFQKLPDIRLKP

GDFESLSGREKSRHIGSAQGLLYSILVAIHDSGYNDGTIFPVNIYGKVSPRDY

LRGLARGVLIGSSICFLTRMTNININRPLELISGVISYILLRLDNHPSLYIMLRE

PSLRGEIFSIPQKIPAAYPTTMKEGNRSILCYLQHVLRYEREVITASPENDWL

WIFSDFRSAKMTYLTLITYQSHLLLQRVERNLSKSMRANLRQMSSLMRQVL

GGHGEDTLESDDDVQRLLKDSLRRTRWVDQEVRHAARTMTGDYSPNKKLS

RKAGGSEWVCSAQQVAVSTSANPAPVLELDIRALSKRFQNPLISGLRVVQW

ATGAHYKLKPILDDLNVFPSLCLVVGDGSGGISRAVLNMFPDAKLVFNSLLE

VNDLMASGTHPLPPSAIMSGGDDIVSRVIDFDSIWEKPSDLRNLTTWKYFQS

VQKQVNMSYDLIICDAEVTDIASINRITLLMSDFALSIDGPLYLVFKTYGTML

VNPDYKAIQHLSRAFPSVTGFITQVTSSFSSELYLRFSKRGKFFRDAEYLTSST

LREMSLVLFNCSSPRSEMQRARSLNYQDLVRGFPEEIISNPYNEMIITLIDSDV

ESFLVHKMVDDLELQRRTLSKVAIIIAIMIVFSNRVFNVSKPLTDPLFYPPSDP

KILRHFNICCSTMMYLSTALGDVPSFARLHLYNRPITYYFRKQVIRGNIYLSW

SWSDDTAVFKRVACNSSLSLSSHWIRLIYKIVKTTRLVGSIEDLSGEIERHLR

GYNRWITLEDIRCRSSLLDYSCL 

 

7.  P42224 STAT1 >sp|P42224|STAT1_HUMAN Signal transducer and activator of transcription 1-

alpha/beta OS=Homo sapiens OX=9606 GN=STAT1 PE=1 SV=2 

MSQWYELQQLDSKFLEQVHQLYDDSFPMEIRQYLAQWLEKQDWEHAAND

VSFATIRFHDLLSQLDDQYSRFSLENNFLLQHNIRKSKRNLQDNFQEDPIQMS

MIIYSCLKEERKILENAQRFNQAQSGNIQSTVMLDKQKELDSKVRNVKDKV

MCIEHEIKSLEDLQDEYDFKCKTLQNREHETNGVAKSDQKQEQLLLKKMYL

MLDNKRKEVVHKIIELLNVTELTQNALINDELVEWKRRQQSACIGGPPNAC
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LDQLQNWFTIVAESLQQVRQQLKKLEELEQKYTYEHDPITKNKQVLWDRTF

SLFQQLIQSSFVVERQPCMPTHPQRPLVLKTGVQFTVKLRLLVKLQELNYNL

KVKVLFDKDVNERNTVKGFRKFNILGTHTKVMNMEESTNGSLAAEFRHLQ

LKEQKNAGTRTNEGPLIVTEELHSLSFETQLCQPGLVIDLETTSLPVVVISNVS

QLPSGWASILWYNMLVAEPRNLSFFLTPPCARWAQLSEVLSWQFSSVTKRG

LNVDQLNMLGEKLLGPNASPDGLIPWTRFCKENINDKNFPFWLWIESILELIK

KHLLPLWNDGCIMGFISKERERALLKDQQPGTFLLRFSESSREGAITFTWVE

RSQNGGEPDFHAVEPYTKKELSAVTFPDIIRNYKVMAAENIPENPLKYLYPNI

DKDHAFGKYYSRPKEAPEPMELDGPKGTGYIKTELISVSEVHPSRLQTT 

DNLLPMSPEEFDEVSRIVGSVEFDSMMNTV 

 

8.  P20591 MX1 >sp|P20591|MX1_HUMAN Interferon-induced GTP-binding protein Mx1 

OS=Homo sapiens OX=9606 GN=MX1 PE=1 SV=4 

MVVSEVDIAKADPAAASHPLLLNGDATVAQKNPGSVAENNLCSQYEEKVR

PCIDLIDSLRALGVEQDLALPAIAVIGDQSSGKSSVLEALSGVALPRGSGIVTR

CPLVLKLKKLVNEDKWRGKVSYQDYEIEISDASEVEKEINKAQNAIAGEGM

GISHELITLEISSRDVPDLTLIDLPGITRVAVGNQPADIGYKIKTLIKKYIQRQE

TISLVVVPSNVDIATTEALSMAQEVDPEGDRTIGILTKPDLVDKGTEDKVVD

VVRNLVFHLKKGYMIVKCRGQQEIQDQLSLSEALQREKIFFENHPYFRDLLE

EGKATVPCLAEKLTSELITHICKSLPLLENQIKETHQRITEELQKYGVDIPEDE

NEKMFFLIDKVNAFNQDITALMQGEETVGEEDIRLFTRLRHEFHKWSTIIEN

NFQEGHKILSRKIQKFENQYRGRELPGFVNYRTFETIVKQQIKALEEPAVDM

LHTVTDMVRLAFTDVSIKNFEEFFNLHRTAKSKIEDIRAEQEREGEKLIRLHF

QMEQIVYCQDQVYRGALQKVREKELEEEKKKKSWDFGAFQSSSATDSSME

EIFQHLMAYHQEASKRISSHIPLIIQFFMLQTYGQQLQKAMLQLLQDKDTYS

WLLKERSDTSDKRKFLKERLARLTQARRRLAQFPG 

 

 

9.  P52630 STAT2 >sp|P52630|STAT2_HUMAN Signal transducer and activator of transcription 2 

OS=Homo sapiens OX=9606 GN=STAT2 PE=1 SV=1 

MAQWEMLQNLDSPFQDQLHQLYSHSLLPVDIRQYLAVWIEDQNWQEAAL

GSDDSKATMLFFHFLDQLNYECGRCSQDPESLLLQHNLRKFCRDIQPFSQDP

TQLAEMIFNLLLEEKRILIQAQRAQLEQGEPVLETPVESQQHEIESRILDLRA

MMEKLVKSISQLKDQQDVFCFRYKIQAKGKTPSLDPHQTKEQKILQETLNEL

DKRRKEVLDASKALLGRLTTLIELLLPKLEEWKAQQQKACIRAPIDHGLEQL

ETWFTAGAKLLFHLRQLLKELKGLSCLVSYQDDPLTKGVDLRNAQVTELLQ

RLLHRAFVVETQPCMPQTPHRPLILKTGSKFTVRTRLLVRLQEGNESLTVEV

SIDRNPPQLQGFRKFNILTSNQKTLTPEKGQSQGLIWDFGYLTLVEQRSGGSG

KGSNKGPLGVTEELHIISFTVKYTYQGLKQELKTDTLPVVIISNMNQLSIAWA

SVLWFNLLSPNLQNQQFFSNPPKAPWSLLGPALSWQFSSYVGRGLNSDQLS

MLRNKLFGQNCRTEDPLLSWADFTKRESPPGKLPFWTWLDKILELVHDHLK

DLWNDGRIMGFVSRSQERRLLKKTMSGTFLLRFSESSEGGITCSWVEHQDD

DKVLIYSVQPYTKEVLQSLPLTEIIRHYQLLTEENIPENPLRFLYPRIPRDEAFG

CYYQEKVNLQERRKYLKHRLIVVSNRQVDELQQPLELKPEPELESLELELGL

VPEPELSLDLEPLLKAGLDLGPELESVLESTLEPVIEPTLCMVSQTVPEPDQGP

VSQPVPEPDLPCDLRHLNTEPMEIFRNCVKIEEIMPNGDPLLAGQNTVDEVY

VSRPSHFYTDGPLMPSDF 

 

 

Table 1: Sequence of Parkinson’s disease proteins PROTPARAM 

 

Primary Sequence Analysis  

The various physicochemical parameters of Rabies proteins were analyzed by protparam tool. The 

parameters shown in table 2. 
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Table 2: Physicochemical parameters of Rabies protein 

Secondary Structure Prediction: 

The secondary structure prediction of four nonstructural proteins were done by using SOPMA server. The 

secondary structural elements like percentage of alpha helix, beta sheets and coils were enlisted in table 

below. 

 

 
 

   Alpha helix       50.57% 

   310  helix          0.00% 

   Pi helix           0.00% 

   Beta bridge        0.00% 

   Extended strand    4.88% 

   Beta turn          1.70% 

   Bend region        0.00% 

   Random coil       42.86% 

s.no 

 
Protein  

Name 

 

Number 

of 

amino 

acids 
 

Molecular 

weight 
 

 

Theoretical 

pI 
 

(Asp 

+ 

Glu) 
 

(Arg 

+ 

Lys) 
 

half-

life 
 

Instability 

index 
 

Aliphatic 

index 
 

GRAVY 

1 PML 346 38263.76 8.53 29 34 30 

hours 

42.29 88.35 0.129 

2 NCAM1 770 86943.25 4.73 142 78 30 

hours 

40.69 73.18 0.584 

3 PTN4 249 26669.49 6.45 29 28 30 

houes 

24.16 87.35 0.118 

4 VATA 224 25502.61 7.95 21 23 30 

hours 

52.01 89.64 0.183 

5 UBA7 448 49983.17 4.51 53 29 30 

hours 

49.39 103.15 0.321 

6 L_RABVI 330 35009.57 8.40 11 15 30 

hours 

38.47 120.00 0.872 

7 STAT1 295 32854.08 4.79 40 26 30 

hours 

35.97 78.81 0.309 

8 MX1 452 46791.56 9.20 23 36 30 

hours 

56.17 79.38 0.169 

9 STAT2 257 29354.56 9.46 28 40 30 

hours 

53.63 80.39 0.608 
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   Ambiguous state    0.00% 

   Other states      0.00% 

 

 

Table and Fig 3: shows Secondary structure of PML  

 

   Alpha helix      8.39% 

   310  helix        0.00% 

   Pi helix         0.00% 

   Beta bridge      0.00% 

   Extended strand  31.24% 

   Beta turn         4.66% 

   Bend region       0.00% 

   Random coil       55.71% 

   Ambiguous states   0.00% 

   Other states       0.00% 
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Table and Fig 3: shows Secondary structure of PTN4 

 

Alpha helix          25.05% 

   310  helix         0.00% 

   Pi helix          0.00% 

   Beta bridge      0.00% 

   Extended strand   19.76% 

   Beta turn         5.62% 

   Bend region       0.00% 

   Random coil       49.57% 

   Ambiguous stateS  0.00% 

   Other states      0.00% 
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Table and Fig 3: shows Secondary structure of VATA 

  Alpha helix         41.98% 

   310  helix           0.00% 

   Pi helix           0.00% 

   Beta bridge        0.00% 

   Extended strand    16.21% 

   Beta turn          7.29% 

   Bend region        0.00% 

   Random coil        34.52% 

   Ambiguous states   0.00% 

   Other states       0.00% 
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Table and Fig 3: shows Secondary structure of UBA7 

 Alpha helix            42.79% 

   310  helix            0.00% 

   Pi helix            0.00% 

   Beta bridge         0.00% 

   Extended strand     15.91% 

   Beta turn           4.64% 

   Bend region         0.00% 

   Random coil         36.66% 

   Ambiguous stateS    0.00% 

   Other states        0.00% 

 

 

Table and Fig 3: shows Secondary structure of L_RABVI 

Alpha helix           44.62% 

   310  helix          0.00% 

   Pi helix          0.00% 

   Beta bridge       0.00% 

   Extended strand   11.61% 

   Beta turn          4.00% 
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   Bend region        0.00% 

   Random coil        39.77% 

   Ambiguous states   0.00% 

   Other states       0.00% 

 

 

Table and Fig 3: shows Secondary structure of STAT1 

 

Alpha helix            52.40% 

   310  helix            0.00% 

   Pi helix            0.00% 

   Beta bridge         0.00% 

   Extended strand     12.80% 

   Beta turn           2.93% 

   Bend region         0.00% 

   Random coil         31.87% 

   Ambiguous states    0.00% 

   Other states        0.00% 
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Table and Fig 3: shows Secondary structure of MX1 

 

Alpha helix            57.40% 

   310  helix            0.00% 

   Pi helix             0.00% 

   Beta bridge          0.00% 

   Extended strand      9.67% 

   Beta turn            4.38% 

   Bend region          0.00% 

   Random coil          28.55% 

   Ambiguous states      0.00% 

   Other states          0.00% 
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Table and Fig 3: shows Secondary structure of STAT2 

 

 

 

Alpha helix            50.41% 

   310  helix            0.00% 

   Pi helix             0.00% 

   Beta bridge          0.00% 

   Extended strand      11.99% 

   Beta turn            2.82% 

   Bend region          0.00% 

   Random coil          34.78% 

   Ambiguous states     0.00% 

   Other states         0.00% 
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Table and Fig 3: shows Secondary structure of NCAM1 

Tertiary Structure Prediction   

The tertiary structure of four proteins was predicted by using SWISS MODEL automated 

modeling server. The table given below represents favored regions in target proteins. As per table the 

number of amino acids residue in favored region predicts the quality of newly generated model. Further, 

this model was gives the structural insight the identification of binding residue for the structure based 

drug design 

 

SI.NO 

PROTEIN UNIPROT ID NO.  OF RESIDUES IN 

FAVOURED REGION 

1. PML P2959 88.3% 

2. NCAM1 P13591 72.0% 

3. PTN4 P29074 93.8% 

4. VATA P38606 91.3% 

5. UBA7 P41226 89.4% 

6. L_RABVI A3RM23 76.9% 

7. STAT1 P42224 95.9% 

8. MX1 P20591 86.1% 

9. STAT2 P52630 90.3% 

10. PML P2959 92.6% 

Table 13: Shows NO.  OF RESIDUES IN FAVOURED REGION % for proteins causing Rabies 

Structure visualization   

The 3D structure of RSSA and TPIS were shown in figure 14 and 15.  Its represents the alpha 

helix, beta sheet and coiled region along with the evolutionary conserved region in protein. The 3D 

structure quality was checked using PROCHECK. The PROCHECK analyses provide an idea of the 

stereo chemical quality of the protein. 
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CONCLUSION: 

In conclusion, the application of homology modeling techniques, particularly utilizing the Swiss 

Model software, has provided valuable insights into the structural biology of an unstructured protein 

identified in the rabies virus. Through the integration of bioinformatics tools, sequence analysis, and 

computational modeling, we have successfully predicted the three-dimensional structure of the target 

protein, despite its inherent lack of experimentally determined structure. The homology model generated 

in this study serves as a foundational framework for understanding the structural organization and 

functional properties of the unstructured protein in rabies. Structural analysis of the model has revealed 

potential binding sites, functional residues, and structural motifs that are crucial for the protein's role in 

rabies pathogenesis, including interactions with host factors and viral replication machinery. Furthermore, 

the validated homology model provides a valuable resource for rational drug design and virtual screening 

efforts aimed at identifying novel therapeutics to combat rabies. By targeting specific regions identified 

in the model, such as binding pockets or critical interface residues, it is possible to develop small molecule 

inhibitors or vaccines that disrupt viral replication or interfere with host-virus interactions, ultimately 
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leading to the development of more effective treatments for this devastating disease. While the homology 

modeling approach presented in this study has provided significant insights, it is essential to acknowledge 

its limitations and areas for further improvement. Future research endeavors should focus on experimental 

validation of the predicted structural features, refinement of the modeling protocols to enhance accuracy 

and reliability, and exploration of additional computational tools and techniques to address the challenges 

associated with modeling unstructured proteins. 
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INSILICO PROTEIN PROTEIN INTERACTION ANALYSIS OF FKBP2 AND ARFGEF1 

S.Shanmugavani *Senthil.R, RadhaMahendran, R.Priya, P.R.Kiresee Sahana, Yogaraj* 

ABSTRACT  

The present study was carried out to identify the protein protein interaction of two proteins fkbp2 

and arfgef1. Both the proteins are involved in protein folding and intracellular vesicular 

trafficking. The protein protein interaction was retrieved by the using the STRING data base.( 

https://string-db.org/). To retrieve the network,fusion,co-occurrence,co-expression,analysis. 

INTRODUCTION: 

FKBP2 (also known as FKBP13) and ARFGEF (also known as BIG1 or GBF1) are proteins involved in 

different cellular processes. FKBP2 is a member of the FK506-binding protein (FKBP) family and is 

involved in protein folding and trafficking, while ARFGEF is a guanine nucleotide exchange factor that 

activates ADP-ribosylation factor (ARF) GTPases, which are important regulators of membrane 

trafficking and organelle structure. BIG1 are brefeldin A-hindered guanine nucleotide exchange proteins 

that initiate ADP-ribosylation factors (ARFs), basic parts of vesicular dealing pathways. These proteins 

can exist in macromolecular buildings and move between Golgi films and cytosol. In the BIG1 particle, 

a midway found Sec7 space is liable for ARF initiation, yet elements of different locales are generally 

obscure. Yeast two-crossover screens of a human placenta c DNA library with BIG1 c DNA develops 

uncovered explicit connection of the N-terminal district(amino acids 1-331) with FK506-restricting 

protein 13 (FKBP13). (https://pubmed.ncbi.nlm.nih.gov/12606707/). A few restricting accomplices for 

BIG1 and BIG2 that were recognized through yeast two‐hybrid screens incorporate FKBP13 and myosin 

IX b for BIG1 and, for BIG2, the administrative RI subunit of protein kinase A, Exo70, and the GABA 

receptor subunit. Autosomal passive periventricular heterotopia with microcephaly, a problem of human 

undeveloped improvement due to faulty vesicular dealing, has been credited to changes in BIG2. 

Strategies for purging of BIG1 and BIG2 from HepG2 cells are introduced here, alongside an outline of 

data with respect to their construction and capability. (https://pubmed.ncbi.nlm.nih.gov/16413268/) 

MATERIALS AND METHODS: 

The string database aim to integrate all none and predicted associations between proteins, 

including both physical interaction and as well as function association. The STRING database 

contains information, experimental data and computational prediction. The network analysis were 

https://pubmed.ncbi.nlm.nih.gov/12606707/
https://pubmed.ncbi.nlm.nih.gov/16413268/
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carried out using STRING database. The network analysis of FKBP1 and AFRGEF1. The protein 

interaction has retrieved in (https://string-db.org/). 

STRUCTURE OF TWO PROTEIN HAVE BEEN RETRIVED IN PDB: 

FKBP2: 

 

 

ARFGEF1:

 

RESULTS AND DISCUSSION 

FKBP2 NETWORK: 

The protein-protein interaction network of FKBP2 PROTEIN was also analyzed using STRING 

database which revealed that FKBP2 protein interacted with PPIB, 

PP1A,PLCB3,PYGM,AHNAK,FOSL1,COX8A,SF1,FTH1,LOC114841035 . 

 

https://string-db.org/
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PHYSICAL NETWORK: 

The protein-protein interaction physical network of FKBP2 PROTEIN was also analyzed using 

STRING database which revealed that FKBP2 protein interacted with LYZ, FKBP1A, SEPTIN9, 

LOC114841035, HSPA4, TAGLN. 

FKBP2 INPUT : 

Predicted 

physical partners 

Function Score 

LOC114841035 Uncharacterized protein 0.800 

LYZ Lysozyme c; Lysozymes have 

Primarily a bacteriolytic function 

0.551 

FKBP1A Peptidyl-prolyl cis-trans isomerase FKBP1A; Keeps in an inactive 

conformation TGFBR1, the TGF-beta type I  

0.528 

TAGLN  

TransgelinActin cross-linking/gelling protein (By similarity). Involved 

in calcium interactions and contractile properties 

0.471 

HSPA  

Heat shock protein family A member 4; Belongs to the heat shock 

protein 70 family. 

0.407 
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GENE NEIGHBORHOOD: 

The neighborhood view shows runs of genes that occur repeatedly in close neighborhood in 

(prokaryotic) genomes. Genes located together in a run are linked with a black line . Note that if there are 

multiple runs for a given species, these are separated by white space. If there are other genes in the run 

that are below the current score threshold, they are drawn as small white triangles. Gene fusion 

occurrences are also drawn, but only if they are present in a run . 

 

 

GENE FUSSION: 

The fussion view shows the individual gene fussion even per species. The species in which fussion 

or listed to the left genes are coloured according to the table white gene are these which are fussed but 

not directly linked to the input.  

GENE COOCCURRENCE: 
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The FKBP2 has co-occurrence with following species are Terrabacteria group (4283 

taxa)Proteobacteria (3999 taxa)FCB group (1158 taxa)unclassified Bacteria (788 taxa)PVC group (167 

taxa)Spirochaetes (103 taxa)Acidobacteria (45 taxa)Fusobacteriales (41 taxa)Nitrospirae (38 

taxa)Elusimicrobia (31 taxa)Thermotogae (31 taxa)Synergistetes (20 taxa)Aquificae (19 

taxa)Thermodesulfobacteriaceae (10 taxa)Deferribacterales (7 taxa)NitrospinaeTectomicrobia group (6 

taxa)Coprothermobacter (2 taxa)Caldisericum (2 taxa)Chrysiogenaceae (2 taxa)Caldithrix (2 taxa), 

Dictyoglomus (2 taxa) . 

 

GENE COEXPRESSION: 

The gene co-expression analysis is a data analysis technique that helps identify groups of gene with 

similar expression patterns across several different conditions.The coexpression views shows the gene 

that are co-expressed in the same or in other species more intese color of the square represent higher 

association score. Observered co-expression in other organism X.laevis, 

M.musculus,B.tanus,D.melangoster,G.aculeatus. 



15

978-81-974681-0-0 

 

 

ANALYSIS: 

The average number of the nodes degree give the number of how many intraction that the have on 

the average in the network. The average local clustering coefficient is the measure how contact the node 

in the network. The ppi enrichment p-value indicates that the nodes not random and that observed no of 

edges is significant. Number of nodes : 11, Number of edges :40. 
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ARFGEF1 NETWORK: 

The protein-protein interaction network of PROTEIN was also analyzed using STRING database 

which revealed that ARFGEF1 protein interacted with ARFGEF2, PPP1CC, MYO9B, NUP62, KIF21A, 

UBR5, ARL1, NCL, FBL. 

 

PHYSICAL NETWORK: 

The protein-protein interaction physical network of PROTEIN was also analyzed using STRING 

database which revealed that ARFGEF1 protein interacted with LYN, TATDN, ARL1,NUP62, NCL, 

KIF21A, DPY30, MYCBP, AKAP10, ARFGEF2, PRKARIA . 

Predicted 

physical 

partners 

 

Function 

Score 

ARL1 ADP-ribosylation factor-like protein 1; GTP-binding protein that recruits several 

effectors, such as golgins, arfaptins and Arf-GEF1 

0.800 

ARFGEF1 Brefeldin A-inhibited guanine nucleotide-exchange protein 2; Promotes guanine-

nucleotide exchange on ARF1 and ARF3  

0.551 

MYCBP c-Myc-binding protein; May control the transcriptional activity of MYC. 

Stimulates the activation of E box-dependent transcription. 

0.528 

AKP10  

A-kinase anchor protein 10, mitochondrial; Differentially targeted protein that 

binds to type I and II regulatory subunits of prote 

0.471 
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NCL  

cAMP-dependent protein kinase type I-alpha regulatory subunit; Regulatory 

subunit of the cAMP-dependent protein kinases 

0.407 

D]DPY30 Kinesin-like protein KIF21A; Microtubule-binding motor protein probably 

involved in neuronal axonal transport. In vitro, 

0.447 

LYN  

Tyrosine-protein kinase Lyn; Non-receptor tyrosine-protein kinase that 

transmits signals from cell surface receptors 
 

0.457 

 

 

 

GENE COOCCURRENCE: 

The FKBP2 has co-occurrence with following species are Opisthokonta (1129 taxa)Viridiplantae (124 

taxa)Stramenopiles (24 taxa)Alveolata (19 taxa)Amoebozoa (8 taxa)Trypanosomatidae (6 

taxa)Rhodophyta (4 taxa)Metamonada (3 taxa). 



15

978-81-974681-0-0 

 

 

GENE COEXPRESSION : 

The gene co-expression analysis is a data analysis technique that helps identify groups of gene with 

similar expression patterns across several different conditions.The coexpression views shows the gene 

that are co-expressed in the same or in other species more intese color of the square represent higher 

association score. Observered co-expression in other organism A.thaliana 

C. elegans, S.cerevisiae, M.musculus ,C.cablicans, C.glabrata . 

ANALYSIS : 

The average number of the nodes degree give the number of how many intraction that the have on 

the average in the network. The average local clustering coefficient is the measure how contact the node 

in the network. The ppi enrichment p-value indicates that the nodes not random and that observed no of 

edges is significant. Number of nodes :11 , Number of edges :21. 
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SUMMARY: 

In this present the protein-protein of  two proteins FKBP2 and ARFGEF. Found through STRING 

database. These proteins FKBP2 and ARFGEF1 Intracellular vesicular trafficking . Network :The protein-

protein interaction physical network of FKBP2 PROTEIN was also analyzed using STRING database 

which revealed that FKBP2 protein interacted with LYZ, FKBP1A, SEPTIN9, LOC114841035, HSPA4, 

TAGLN. The protein-protein interaction physical network of PROTEIN was also analyzed using 

STRING database which revealed that ARFGEF1 protein interacted with LYN, TATDN, ARL1,NUP62, 

NCL, KIF21A, DPY30, MYCBP, AKAP10, ARFGEF2, PRKARIA.GENE FUSSION:The fussion view 

shows the individual gene fussion even per species. The species in which fussion or listed to the left genes 

are coloured according to the table white gene are these which are fussed but not directly linked to the 

input.CO-OCCURNCE The FKBP2 has co-occurrence with following species are Opisthokonta (1129 

taxa)Viridiplantae (124 taxa)Stramenopiles (24 taxa)Alveolata (19 taxa)Amoebozoa (8 

taxa)Trypanosomatidae (6 taxa)Rhodophyta (4 taxa)Metamonada (3 taxa).GENE COEXPRESSION :The 

gene co-expression analysis is a data analysis technique that helps identify groups of gene with similar 

expression patterns across several different conditions.The coexpression views shows the gene that are 

co-expressed in the same or in other species more intese color of the square represent higher association 

score .The average number of the nodes degree give the number of how many intraction that the have on 

the average in the network. The average local clustering coefficient is the measure how contact the node 

in the network. The ppi enrichment p-value indicates that the nodes not random and that observed no of 

edges is significant. Number of nodes and Number of edges.  
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S.Shanmugavani* Radhamahendran, R.Priya, R.Senthil, Dr.P.Kiresee Sahana, Karthiga 

INTRODUCTION 

Phylogenetic analysis of cytbs based on amino acid sequence was carried out using the software 

Molecular EvolutionaryGenetic Analysis (MEGA; version 6.06) (Tamura et al. 2013).Sequences were 

aligned with ClustalW method, and phylo-genetic tree was obtained by neighbour-joining (NJ) 

withcomplete gap deletion, using the Poisson substitution model,rates among sites uniform rates, pattern 

among lineagessame (Homogeneous) and 1000 bootstrap replications.A phylogenetic tree was 

constructed with MEGA 6.06 software using the neighbour-joining method. According to the results, 

there is a high identity of cytb in different plants so that they should be derived from a common ancestor. 

Phylogenetic analysis is a method to elucidate the evolutionary history and relationship among a group 

of organisms. Previously, phylogenetic analysis was based on morphological comparison among the 

fossils, but the information from fossils was limited. 

 

Now, molecular phylogenetic analysis using molecular data such as DNA or proteins become popular. 

There are several reasons (Nei and Kumar, 2000). These include, popularity of DNA sequencing method, 

establishment of methods for phylogenetic tree construction using gene or protein sequences, The 

cytochrome b gene has been used in numerous studies of phylogenetic relationships within mammals, and 

it is the gene for which the most sequence information from different mammalian species is 

available(Irwin, Kocher, and Wilson 1991). The sequence variability of cytochrome b makes it most 

useful for the comparison of species in the same genus or the same family. 

Keywords: 

Cytochrome b: 

Cytochrome b (or bc1 complex or ubiquinol-cytochrome c reductase, EC 1.10. 2.2), the only cytochrome 

coded by mitochondrial DNA, is the central catalytic subunit of ubiquinol cytochrome c reductase and is 

one of the cytochromes involved in electron transport in the mitochondrial respiratory chain (Degli 

Esposti et al. 1993). Cytochrome b (cytb) is the largest polypeptide in the main subunit of transmembrane 

cytochrome bc1 and b6f complexes. It catalyzes the redox transfer of electrons from ubiquinone to 

cytochrome c (Howell 1989; Degli Esposti et al. 1993; Crofts et al. 1999). Cytb is also present in the 

respiratory chain or cyclic photoredox chain of many bacteria (Hauska et al. 1983; Dutton 1986; 

Trumpower 1990; Crofts et al. 1992), which is functionally homologous to the plastoquinol acceptor 

reductase (or bf complex) of chloroplasts that is involved in both cyclic and non-cyclic light-driven 
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electron transfer (Hauska et al. 1983; Cramer et al. 1987; Hauska et al. 1988; Widget & Cramer 1991). 

All organisms except some protozoans without mitochondria like Trychomonas, require this general class 

of redox enzyme, and subsequently cytb for energy conservation (Hauska et al. 1983; Trumpower 1990; 

Widget & Cramer 1991). There is an analogous protein in plant chloroplasts and cyanobacteria, 

(cytochrome b6), which is a component of the plastoquinone–plastocyanin reductase (EC 1.10.99.1), also 

known as the b6f complex. These complexes are involved in electron transport, pumping of protons which 

are finally used for the ATP generation. These complexes play a fundamental part in cells (Blankenship 

2013). In all eukaryotic and some prokaryotic respiratory chains, energy is obtained from transferring 

electrons through multi-subunit complexes (membrane-bound) to cytochrome c oxidase (CcO) (Zhen et 

al. 1999). By reducing oxygen to water, cytochrome c provides the electron sink and is the electron 

conduit between complex III (cytochrome bc1) and complex IV (CcO) (Zhang et al. 1998; Tian et al. 

1999). To provide electrons rapidly, cytochrome c must interact with several proteins at a high rate of 

speed and specificity in the mitochondrial intermembrane space (Zhen et al. 1999). Cytb contains two 

bound hemes and two ubiquinol/ubiquinone (Qo/Qi) binding sites. The two hemes (bL and bH) are 

incorporated into the first helical bundle, and the axial ligands for heme bL are His84 and His183, His98 

and His197 for heme bH, these four histidines are highly conserved in cytb sequences (Gao et al. 2003) 

 

MATERIALS AND METHODS 

DATA MINING 

NCBI: 

The cytb protein Reference Sequences belonging to different insect species were retrieved from NCBI in 

FASTA format (date received: January 2016). Among the insect sequences, those mitochondrion with the 

range of 300–400 amino acids were selected by the NCBI filters. Due to the large number of sequences 

available for cytb in insects, it is not feasible to analyze all the sequences. So, sequences from different 

insect orders belonging to two sub-classes of Pterygota and Apterygota were downloaded for further 

analyses. Total data consisted of 15 plant species which are listed in  with their family and accession 

numbers. One sequence from each order of plant was selected as the representative of that order for 

different structural and functional analyse. 

BLASTN: 
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 It is used to determine the evolutionary relationships among different organisms,and similarity search is 

performed. 

ALIGNMENT: 

Sequences were aligned with ClustalW method, For multi-sequence alignments, ClustalW uses 

progressive alignment methods. In these, the most similar sequences, that is, those with the best alignment 

score are aligned first. 

 

Phylogenetic analysis: 

Phylogenetic analysis of cytbs based on amino acid sequences was carried out using the software 

Molecular Evolutionary Genetic Analysis (MEGA; version 6.06) (Tamura et al. 2013). Sequences were 

aligned with ClustalW method, and phylo-genetic tree was obtained by neighbour-joining (NJ) with 

complete gap deletion, using the Poisson substitution model,rates among sites uniform rates, pattern 

among lineages same (Homogeneous). The multiple sequence alignment of full-length protein sequences 

of cytb was used to construct the phylogenetic tree. The tree was designed by the NJ method and Clustal 

W algorithm 

RESULTS AND DISCUSSION 

Template sequences of turbinaria bifrons’s cytochrome b: 

>KX024566.1:2331-3494 Tubastraea coccinea mitochondrion, complete genome 

ATGCCACTGCGCAAAGAGAATCCGCTTTTATCTCCGTTGAATGGTGTCTTGGTAGATTTATC

GTCTCCTT 

CAAATATAAGTTATATGTGAAATTTTGGTTCTTTATTAGGATTATGTTTAGCTATGCAAATC

GCAACAGG 

GTGTTTTTTGTCCATGCATTATTGTGCAGAGGTTGGTTTGGCTTTTGCATCGGTGGGACATA

TTATGCGC 

GATGTTAACTATGGGTTTTTATTAAGATCTTTTCATGCTAATGGGGCATCTCTGTTTTTTTTG

TGTCTTT 

ATCTTCATATTGGGAGAGGTTTGTATTATGGGAGTTATACGAAAGGCCCGGTTTGGGGAGT

TGGTGTCGT 

AATATTTCTTTTGACGATGGCGACGGCTTTTATGGGTTATGTGTTACCTTGAGGTCAAATGT

CTTTTTGG 

GGGGCTACAGTTATTACAAATCTATTGTCCGCTCTTCCCTATGTGGGGACCGACATTGTGCA

ATGGGTTT 

Similarity search of the template sequences by Blastn: 
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 Multiple sequence Alignment of the similar sequences using CusltalW: 

CLUSTALW Result 

 

 -------------------------------- 

 Selected type :     PROTEIN 

 Query sequence:     DNA 

 -------------------------------- 

[clustalw.aln][clustalw.dnd][readme] 

        
RAxML bootstrap

 
Exec

 

 
 

 CLUSTAL 2.1 Multiple Sequence Alignments 

 

Sequence type explicitly set to Protein 

Sequence format is Pearson 

Sequence 1: NC_070437.1_4810-5973  1164 aa 

Sequence 2: KX024566.1_2331-3494   1164 aa 

Sequence 3: NC_026026.1_2130-3293  1164 aa 

Sequence 4: MK959043.1_4954-6117   1164 aa 

Sequence 5: NC_030352.1_2331-3494  1164 aa 

Sequence 6: NC_027590.1_2164-3327  1164 aa 

Sequence 7: OL372279.1_4790-5953   1164 aa 

Sequence 8: NC_029695.1_7357-8517  1161 aa 

Sequence 9: KU761954.1_2159-3319   1161 aa 

Sequence 10: NC_037435.1_4721-5881  1161 aa 

Sequence 11: NC_030186.1_4720-5880  1161 aa 

Sequence 12: NC_015644.1_4720-5880  1161 aa 

https://www.genome.jp/tools/clustalw/
https://www.genome.jp/tools-bin/clustalw#clustalw.aln
https://www.genome.jp/tools-bin/clustalw#clustalw.dnd
https://www.genome.jp/tools/clustalw/clustalw_readme.html
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Start of Pairwise alignments 

Aligning... 

 

Phylogenetic tree construction: 
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CONCLUSION 

In this present study we carried the Sequence alignment and evolutionary studies of cytB protein of 

T.bifrons with 12 different species of Sea grasses. Phylogenetics is a powerful approach in finding 

evolution of current day species. By studying phylogenetic trees, scientists gain a better understanding of 

how species have evolved while explaining the similarities and differences among species The Multiple 

sequence alignment was performed using clustal W and the alignment score is Alignment Score 471786. 

Then performed phylogenetic analysis using the aligned sequences of 12 species of seagrasses.  T.bifrons 

is closely related to Tubastraea diaphana and they belong to the same group.  
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Insilco analysis of the gene SNCA towards Parkinson Disease 

R.Priya*, RadhaMahendran S.Shanmugavani, P.R.Kiresee Sahana, R.Senthil, Thirukumaran. M 

ABSTRACT 

In this project, we aim to conduct an insilico analysis of the protein associated with Parkinson's disease,  

Alpha-synuclein. Parkinson's disease is a neurodegenerative disorder characterized by the loss of 

dopaminergic neurons in the brain, resulting in motor and cognitive impairments. Alpha-synuclein 

plays a crucial role in the disease, as it forms abnormal aggregates known as Lewy bodies, which 

contribute to neuronal dysfunction and cell death. Insilico analysis provides a valuable approach to gain 

insights into the structure, dynamics, and interactions of Alpha-synuclein, facilitating our 

understanding of Parkinson's disease pathology. This project will encompass several key aspects of 

insilico protein analysis, including protein structure prediction, molecular dynamics simulations, 

protein-protein interaction prediction, and binding site analysis. The first step will involve protein 

structure prediction methods, such as homology modeling and ab initio modeling, to generate accurate 

three-dimensional models of Alpha-synuclein. Various software tools and algorithms, including 

MODELLER and Rosetta, will be utilized for this purpose. The predicted structures will be evaluated 

using energy minimization and validation techniques. Next, molecular dynamics simulations will be 

performed to study the dynamic behavior of Alpha-synuclein. These simulations will provide insights 

into the conformational changes, stability, and interactions of the protein. Advanced simulation 

techniques, such as enhanced sampling methods, will be employed to capture rare events and explore 

the protein's dynamic landscape in detail. Furthermore, protein-protein interaction prediction methods 

will be applied to identify potential interacting partners of Alpha-synuclein. Tools like STRING and 

HDOCK will be utilized to predict protein-protein interactions and construct interaction networks. This 

analysis will shed light on the cellular pathways and processes involving Alpha- synuclein, providing 

clues about its role in Parkinson's disease pathogenesis. Lastly, binding site analysis will be conducted 

to identify potential small molecule binding sites on Alpha-synuclein. This information can be utilized 

for virtual screening and drug discovery efforts targeting the protein. Computational docking 

simulations, using software such as Autodock and Vina, will be performed to predict the binding modes 

and affinities of small molecules to Alpha-synuclein. Through this comprehensive insilico analysis, we 

expect to gain a deeper understanding of the structure, dynamics, interactions, and potential druggable 
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sites of Alpha-synuclein in the context of Parkinson's disease. The insights obtained from this 

project may contribute to the evelopment of novel therapeutic strategies aimed at modulating 

Alpha-synuclein aggregation, thus providing potential avenues for the treatment of Parkinson's disease. 

Keywords: •Protein analysis •In Silico •Function •Sequence •Tools  

INTRODUCTION: 

Parkinson's disease (PD) is a neurodegenerative disorder characterized by progressive motorand non-

motor symptoms, including tremors, bradykinesia (slowness of movement), rigidity, andpostural 

instability. It affects millions of people worldwide, primarily those over the age of 60.The exact cause 

of Parkinson's disease is not fully understood, but both genetic and environmental factors contribute to 

its development. 

One of the key players in Parkinson's disease is a protein called Alpha- synuclein. Alphasynuclein is 

abundantly found in the brain, particularly in the presynaptic terminals of neurons. Itis involved in the 

regulation of neurotransmitter release and synaptic function. However, inParkinson's disease, Alpha-

synuclein undergoes a pathological transformation, leading to theformation of abnormal protein 

aggregates known as Lewy bodies.Lewy bodies are protein clumps primarily composed of aggregated 

Alpha-synuclein. Theyaccumulate in certain regions of the brain, including the substantia nigra, which 

is responsiblefor producing dopamine, a neurotransmitter involved in motor control. The presence of 

Lewybodies disrupts the normal functioning of neurons and impairs dopamine production, leading 

tothe motor symptoms observed in Parkinson's disease. 

The aggregation of Alpha-synuclein and the formation of Lewy bodies are believed to play acentral 

role in the neurodegenerative process of Parkinson's disease. These protein aggregatesare thought to 

trigger a cascade of events, including inflammation, oxidative stress,mitochondrial dysfunction, and 

ultimately, the degeneration and death of dopaminergic neurons.Understanding the structure, 

dynamics, and interactions of Alpha- synuclein is crucial forunraveling the molecular mechanisms 

underlying Parkinson's disease. Insilico analysis providesa powerful approach to investigate Alpha-

synuclein, as it allows researchers to computationallymodel and simulate its behavior, study its 

interactions with other molecules, and predictpotential therapeutic targets. 

Through insilico analysis, researchers aim to gain insights into the conformational changes,stability, 

and aggregation propensity of Alpha- synuclein. Additionally, the analysis can providevaluable 
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information about potential interacting partners, such as other proteins or smallmolecules, which may 

influence the aggregation process or contribute to disease progression.Insilico analysis of Alpha-

synuclein holds promise for advancing our understanding ofParkinson's disease and facilitating the 

development of novel therapeutic strategies. Bydeciphering the intricacies of Alpha-synuclein's role in 

the disease pathology, researchers aimto identify targets for drug interventions and pave the way for 

the development of effectivetreatments to alleviate the symptoms and slow down the Disease. 

Tools and Materials with Result: 

Protein sequence retrieval: 

Sequence of protein is retrieved from UniProt (Universal Protein Resource) which is a freely accessible 

database which contains data of proteins. The required protein sequence is retrieved through their 

accession number and it is in FASTA format. This sequence is further utilized for primary and 

secondary structure analysis. To obtain sequence similarity of query protein sequence with the known 

protein structure BLAST (Basic Local Alignment Search Tool). This tool compares protein or 

nucleotide query sequence to database of sequences and evaluates analytical importance of matches 

tool is used. Blast is group of programs including blastn (searches DNA sequences against DNA 

database) ,blastp (for a given protein query sequence returns similar sequence from database of protein 

sequences), psi-blast (it establishes distant relationship between proteins), blastx (comparison of six-

frame translation product of query sequence of nucleotide against database of protein sequence) , 

tblastx (comparison of six-frame translation product of query sequence of nucleotide against database 

of nucleotide sequence) and tblastn (comparison of protein query sequence against six reading frames 

of database of nucleotide sequence) [2]. 
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Primary Structure Prediction: 

The primary structure analysis of protein and physicochemical depiction is done using ProtParam tool 

from ExPasy (Expert Protein analysis system) .And for this number of amino acids, molecular weight, 

theoretical PI, amino acid composition, total number of atoms, extinction coefficient, instability index, 

aliphatic index, grand average of hydropathicity, total number of negatively and positively charged 

residue and estimated half -life is computed. If instability index is below 40 then the protein is predicted 

as stable and above 40 it may be unstable, the aliphatic index ascertains the thermal stability based on 

amino acids alanine, valine and leucine of globular proteins. If Gravy value is low then this deciphers 

that there is better interaction between protein and water. Half- life predicts the amount of time taken 

by half of protein to disappear after its production in cell, the extinction coefficient predicts amount of 

light absorbed by a protein at certain wavelength. If amino acids are basic in nature then PI will be 

high and if amino acids are acidic then the PI will be low [3]. 

 



16

978-81-974681-0-0 

 

 

 

Secondary structure prediction: 

The secondary structure of protein is predicted using SOPMA (Self- Optimized Prediction Method 

with Alignment) tool .This tool evaluates the percentage of alpha helices, extended strand, beta turn 

and random coils. It uses homology methodology. According to percentage secondary structure is 

predicted. By default it shows output width as 70 which means there will be 70 amino acids in each 

line. Number of conformational states can be given as either 4(Helix, Sheet, Turn, Coil) or as 3 (Helix, 

Sheet, Coil). The first graph of sopma result anticipates the prediction and the second graph consist of 

outcome curves for all of the predicted states. Other tool that can be used for secondary structure 

prediction is GOR IV [4].  
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Tertiary structure prediction: 

Based on availability of template sequence modeling can be Comparative/Homology or Threading or 

Ab Initio modeling. I – TASSER (Iterative Threading Assembly Refinement) is one of the best tool 

for automated protein structure prediction [5]. 

Solvent Accessibility, Normalized B-factor is predicted [6]. Tools provides top 10 threading templates 

used by I-TASSER and predicts top (Figure 3) ranked 5 models based on C-score, Estimated TM – 

score and Estimated RMSD. Enzyme commission number and active sites are also predicted [7]. Prime 

module of Schrödinger LLC, New York, 2014: Taking into account the degree of similarity in sequence 

protein can be modeled using this tool. Alignment of sequence can be ameliorated manually and 

homology methodology is utilized to build the structure of protein [8] .Other tools used are SWISS-

MODEL, Modeller for homology modeling. 

protein can be modeled using this tool. Alignment of sequence can be ameliorated manually and 

homology methodology is utilized to build the structure of protein [8] .Other tools used are SWISS-

MODEL, Modeller for homology modeling. 
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Validation of predicted models: 

PROCHECK is a tool to substantiate the spatial arrangement (stereochemistry) of protein structures. 

The output of this program is number of plots which are in PostScript format .The plot generated by 

this program is Ramachandran plot which is a plot of phi-psi torsional angles where darkest region is 

the most favoured region consisting of more than 90% of residues. It also generates Ramachandran plot 

based on types of residues [9]. RAMPAGE is used to check the stereo chemical properties of protein 

structure whether it is available through experiments or has been modeled (Figure 6). The plot 

generated by RAMPAGE provides the percentage of residues in various regions like favoured region, 

allowed region and outlier region. The more number of residues in favoured region the more stable is 

the protein [10]. 
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Phylogenetic Tree: 

Multiple sequence alignment is an important requirement for additional evaluation of families 
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of protein such as comparative modeling and phylogenetic reestablishment. T- COFFEE (Tree 

based Consistency Objective Function for alignment Evaluation) is for multiple sequence 

alignment . T-COFFEE is a program to calculate, manipulate and analyse multiple alignments 

of RNA (ribonucleic acid), DNA (deoxyribonucleic acid) and protein structures. Minimum of 

two sequences in supported format is entered as an input or file of sequence can be uploaded 

[11]. 

 

 

 

Prediction of Active Site of protein: 

Pockets present on surface of protein and amino acid residues present in those pockets are 

substantial for generating physiochemical properties which are required for protein to 

perform its function. CASTp is an online tool which analyze the active site of the protein 

and the amino acid that are present in those sites (Figure 8). It provides information of those 

amino acid residues that would be binding with ligand [12].SiteMap’, Schrödinger LLC, 

New York, 2014 is also used to predict the active binding site (Figure 9). Site Score is 

generated and site maps are ranked. Further these site maps are utilized for generating grid 

of receptor [13]. 
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Predicting phosphorylation sites: 

Phosphorylation is a vital procedure through which signaling pathways function. The 

removal or addition of phosphate group may result in alteration in function of protein and 

its localization. Three major amino acid residues namely Serine, Threonine and Tyrosine 

are mostly phosphorylated, as they contain hydroxyl group in their side chain and thus are 

capable of binding phosphate group. NetPhos server is a tool to predict phosphorylation site 

at threonine, serine and tyrosine . The result of NetPhos consists of three parts. Firstly result 

consists of length and amino acid that are in the sequence. If the amino acid residue is 

predicted as not phosphorylated (score is below threshold level) then the position is 

represented as (.) and if it is phosphorylated (score is above threshold level) then residues 

are marked as ‘T’, ‘S’ and ‘Y’. Prediction for residue is delineated in the second part. And 

a graph describes the prediction in the third part. 
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Predicting protein ubiquitination sites: 

Protein ubiquitination is one of the most vital posttranslational modifications by covalent 

attachment of ubiquitin to lysine residues . mUbiSiDa is a universal database for ubiquitination 

of proteins. The tool provides following functions: advanced retrieval, browse resource and 

blast search 

 

 

 

Prediction of methylation and acetylation: 

Prediction of potential methylation and acetylation of protein sequence is done using In 

silico tool PLMLA (Prediction of potential lysine methylation and lysine acetylation) 

(Figure 12). Sequence is submitted in FASTA format and appropriate option is selected 

based on post-translational modification requirement for prediction. Name of protein, site 

position predicted result is returned. CyMate: It is a tool to perform In silico evaluation of 

DNA methylation at cytosine site. It is a simple, quick and automated tool. It is a 

comprehensive tool. 
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CONCLUSION: 

 

The computational or In silico approach that has been highlighted in this review for 

predicting the structure and function of unknown protein apprehends the efficacy of various 

tools of bioinformatics. These tools are pre-requisite in predicting structural and functional 

features thereby facilitating experimental analysis of proteins. The study of proteins made 

here can be explored and utilized further so that it can be beneficial for therapeutic 

purposes. 
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Protein Domain analysis and prediction of Disorder residues to Treat 

Porphyria Disease 

R.Priya*RadhaMahendran, S.Shanmugavani, R.Senthil, P.R.Kiresee sahana, 

Jenish 

Department of Bioinformatics,Vels Institute of Science and Technology in 

Advanced Studies  
ABSTRACT: 

Porphyria is a disease of rare disorders that result from a buildup of natural chemicals 

called porphyrins in the body, People living with cutaneous types of porphyria, which affects 

the skin, often experience symptoms including: Oversensitivity to sunlight. Itching. Swelling 

of skin exposed to sunlight. Abrasions, blisters on the skin, skin erosions, In order to treat this 

disease We identified the disease target gene from NCBI and Predicted the protein responsible 

for the disease in UNIPROT database, Prediction of  protein structures from amino acid 

sequences and secondary structure prediction is analyzed by PHYRE2. 

INTRODUCTION: 

The first allusion to porphyrins was made by Scherer in 1841,’ preceding by 33 years the first 

clinical description by Schultz2 and sity of Glasgow, Baumstarks of a patient with the 

photosensitizing type of porphyGlasgow, Scotland ria. In the hundred years that followed, the 

knowledge of the clinical aspects of the porphyrias and the advances in the scientific basis of 

porphyrin metabolism have flourished in elegant symbiosis. Gunther* and Garrod5 laid the 

foundations for the investigation of the porphyrias as inherited metabolic disorders while 

Fischer6  contributed the essential knowledge of porphyrin chemistry without which an 

understanding of their chemical pathology would not have been possible. Fischer’s Nobel 

Prize-winning studies on the porphyrins? were helped by the availability of abundant 

porphyrins from the patient Petry, who suffered from the disease congenital porphyria and 

eventually became his laboratory aide and invaluable source of porphyrins. After Petry died in 

1925, the findings of his autopsy were published by Fischer and co-workers. Gunther was the 

first to classify the porphyrias in his papers of 1911* and 1922.8  

In these discourses, he described the acute forms of porphyria and a toxic form of 

porphyria associated with the ingestion of drugs. The finding that porphyrins are 
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photosensitizing was noted by Hausmann in 190ELg He showed that addition of 

hematoporphyrin to cultures of paramecia made them photosensitive. Meyer-Betz (1913)lO 

was the first to show the profound effects of when he injected 200 mg of hematoporphyrin into 

his own vein and observed the hematoporphyrin in humans dramatic photosensitization of his 

exposed skin. The porphyrias are a heterogeneous group of rare, inherited inborn errors of 

metabolism diseases, where each porphyria, except X-linked erythropoietic protoporphyria, 

results from a partial deficiency in one of the eight enzymes of the haem biosynthetic pathway. 

The porphyrias can be classified as acute and/or cutaneous, depending on their clinical 

presentation. The most prevalent acute porphyria is acute intermittent porphyria (AIP), an 

autosomal dominant disease with low clinical penetrance, caused by deficiency in the third 

enzyme of the haem biosynthesis, hydroxymethylbilane synthase (HMBS). AIP is 

characterised by the overproduction of toxic haem precursors in the liver, resulting in so-called 

acute attacks, presenting with severe abdominal pain and a wide array of neurological and 

psychiatric symptoms. AIP is also associated with long-term complications in the form of 

primary liver cancer, hypertension, and kidney failure. There are few established treatment 

options, with a complete lack of therapies that prevent the development of symptomatic disease 

and long-term complications in susceptible HMBS mutation carriers. Thus, patients with AIP 

and genetically predisposed individuals must adhere to lifelong lifestyle measures to reduce 

their risk of symptomatic disease . From a mechanistic point of view, there are, however, many 

different potential treatment options for AIP. In this review, we provide an overview of 

established approaches, the status of relevant therapy, primarily gene-related, developments, 

and emerging therapeutic options, focusing on HMBS stabilisation and the regulation of 

proteostasis. We will also discuss the current structural information on wild-type HMBS and 

disease-associated variants, partly aiding in envisioning the complex kinetics of this enzyme, 

as well as information gaps that hinder a complete understanding of the oligopyrrole elongation 

mechanism. 

MATERIALS AND METHOD 

1. Gene Identification: 
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               Figure(1); This image shows the gene identification of porphyria. 

>KR709651.1 Synthetic construct Homo sapiens clone CCSBHm_00004909 HMBS (HMBS) 

mRNA, encodes complete protein 

GTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAACTTTGTACAA

AAAAGTTGGCATGTCTGGTAACGGCAATGCGGCTGCAACGGCGGAAGAAAACAG

CCCAAAGATGAGAGTGATTCGCGTGGGTACCCGCAAGAGCCAGCTTGCTCGCAT

ACAGACGGACAGTGTGGTGGCAACATTGAAAGCCTCGTACCCTGGCCTGCAGTT

TGAAATCATTGCTATGTCCACCACAGGGGACAAGATTCTTGATACTGCACTCTCT

AAGATTGGAGAGAAAAGCCTGTTTACCAAGGAGCTTGAACATGCCCTGGAGAAG

AATGAAGTGGACCTGGTTGTTCACTCCTTGAAGGACCTGCCCACTGTGCTTCCTC

CTGGCTTCACCATCGGAGCCATCTGCAAGCGGGAAAACCCTCATGATGCTGTTGT

CTTTCACCCAAAATTTGTTGGGAAGACCCTAGAAACCCTGCCAGAGAAGAGTGT 

GGTGGGAACCAGCTCCCTGCGAAGAGCAGCCCAGCTGCAGAGAAAGTTCCCGCA

TCTGGAGTTCAGGAGTATTCGGGGAAACCTCAACACCCGGCTTCGGAAGCTGGA

CGAGCAGCAGGAGTTCAGTGCCATCATCCTGGCAACAGCTGGCCTGCAGCGCAT

GGGCTGGCACAACCGGGTGGGGCAGATCCTGCACCCTGAGGAATGCATGTATGC 

This gene encodes a member of the hydroxymethylbilane synthase superfamily. The encoded 

protein is the third enzyme of the heme biosynthetic pathway and catalyzes the head to tail 

condensation of four porphobilinogen molecules into the linear hydroxymethylbilane. 

Mutations in this gene are associated with the autosomal dominant disease acute intermittent 

porphyria. Alternatively spliced transcript variants encoding different isoforms have been 

described. 
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Location of the gene  

2. Protein Identification : 

Preferred Names 
porphobilinogen deaminase 
 
Names 
porphyria, acute; Chester type  
pre-uroporphyrinogen synthase 
uroporphyrinogen I synthase 
uroporphyrinogen I synthetas 

 

 

Preferred Protein for HMBS Gene  

>tr|F5GY90|F5GY90_HUMAN hydroxymethylbilane synthase (Fragment) OS=Homo 

sapiens OX=9606 GN=HMBS PE=1 SV=1 

MRVIRVGTRKSQLARIQTDSVVATLKASYPGLQFEIIAMSTTGDKILDTALSKIGEKSLF 

TKELEHALEKNEVDLVVHSLKDLPTVLPPGFTIGAICKRENPHDAVVFHPKFVGKTLETL 

PEKSVVGTSSLRRAAQLQRKFPHLEFRSIRGNLNTRLRKLDEQQEFSAIILATAGLQRMG 

WHNRVGQ 

 

3. Prediction of  protein structures from amino acid sequences: 

 PHYRE2: PHYRE2 (Protein Homology/analogY Recognition Engine V 2.0)  

is a web-based tool for protein structure prediction and analysis. It employs profile-

profile alignment algorithms and machine learning techniques to predict protein 
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structures from amino acid sequences. PHYRE2 provides both intensive modeling and 

quick fold recognition modes for protein structure prediction. 

4. Secondary Prediction and Disorder Prediction  

Secondary Prediction and Disorder Prediction is done using PHYRE2 Tool  

 

5. Domain Prediction and Analysis : 

      Using Web server PHYRE2 Tool Domain prediction analysis is done.   

6. Protein structure property prediction without using templates, including secondary 

structure, solvent accessibility, and disordered regions. RaptorX-Property was ranked 

1st in secondary structure prediction 

RaptorX: RaptorX is a protein structure prediction server that combines template-based 

modeling, free modeling, and contact-guided ab initio folding methods. It uses deep 

learning techniques, including convolutional neural networks (CNNs), to improve the 

accuracy of protein structure prediction. RaptorX provides confidence scores and 

visualization tools for interpreting the predicted structures. 

RESULTS AND DISCUSSION: 

 

Secondary Structure and Disoder prediction  
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Secondary structure prediction (SS) 

For 3-state secondary structure (SS3), H, E, and C represent alpha-helix, beta-sheet and coil, 

respectively. 

For 8-state secondary structure (SS8), H, G, I, E, B, T, S, and L represent alpha-helix, 3-helix, 5-helix 

(pi-helix), extended strand in beta-ladder, isolated beta-bridge, hydrogen bonded turn, bend, and loop, 

respectively. 

Solvent accessibility (ACC) 
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The relevant solvent accessibility is divided into three states by 2 cutoff values: 10% and 40% so that 

the three states have equal distribution. Buried for less than 10%, exposed for larger than 40% and 

medium for between 10% and 40%. Buried, Medium and Exposed are also abbreviated as B, M and E, 

respectively. 

Small moleculesRetrieval: Through literature survey, 111 phytochemical compounds [29] 

were identified from the plant species Ocimum(Tulasi) were shown in the Table 1. Using 

PubChem database(https://pubchem.ncbi.nlm.nih.gov/) the 2 dimensional structures was 

retrieved for 111 compounds and converted to .mol file format using Pymol software for 

the screening process. 

Table 1: The Phyotochemical compounds of Ocimum species 

SPECIES : 

Ocimumbasilicum 

SPECIES 

:Ocimumkillimandscharium 
SPECIES :Ocimumcanum 

Linoleic acid 

Isoquercitrin 

Linolenic acid 

Oleic acid 

Rutin 

Ursolic acid 

Linalool 

Geraniol 

Methyl cinnamate 

Methyl eugenol 

Neral 

Beta-sitosterol 

Caffeic acid 

Rosmarinic acid 

Stearic acid 

Nevadensin 

Vicenin-2 

Eriodictyol 

Xanthomicrol 

Salvigenin 

Cirsiliol 

Apigenin 

Acacetin 

Genkwanin 

Ladanein 

Quercetin 

Palmitic acid 

P-coumaric acid 

Bicyclogermacrene 

Delta cadinene 

CubenolCubebol 

Beta-bourbonene 

Globulol 

Beta-elemene 

Alpha-gurjunene 

Spathulenol 

Caryophyllene oxide 

Beta-cubebene 

Delta-cadinene 

Beta-copaene 

(E)-beta-farnesene 

Alpha-Capaene 

Alpha Cadinol 

P-Cymen-8-ol 

3-Octanol 

1-Octen-3-ol 

Myrcene 

Limonene 

Terpinen-4-ol 

Alpha-terpineol 

Alpha-mumulene 

Borneol 

Isoborneol 

Alpha-campholenal 

Myrtenol 

Carvestrene 

Geranial 

Alpha-pinene 

Alpha-phellandrene 

SPECIES 

:Ocimumlamiifolium 

Sabinene 

Cirsilineol 

Eupatorin 

SPECIES : Ocimum 

sanctum(or) 

Oocimumtenuiflorum 

Eugenol 

Luteolin-7-O-glucoside 

Carvacrol 

Cirismaritin 

Luteolin 

Isothymusin 

Apigenin-7-O-glucoronide 

Orientin 

Vicenin 

Molludistin 

Bornyl acetate 

Camphene 

Camphesterol 

Cholesterol 

Stigmasterol 
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SPECIES: 

Ocimumgratissimum 

Alpha-thujene 

Tricyclene 

Beta-terpineol 

Terpinolene 

Alpha-terpinene 

Trans-sabinene hydrate 

(Z)Beta-ocimene 

Germacrene B 

Linolenic acid 

Estragole 

Camphor 

Tannins 

Triterpene 

Oleanolic acid 

Gallic acid 

Protocatechuis acid 

Vanillic acid 

Vanillin 

4-Hydroxybenzaldehyde 

Chlorogenic acid 

Arachidonic acid 

Thymol 

P-cymene 

Gamma-phellandrene 

Beta-phellandrene 

Dipentene 

Cis-beta-ocimene 

Beta-caryophyllene 

Gamma-mucerolene 

Alpha-farnesene 

(E)-beta-ocimene 

Beta-pinene 

Germacrene D 

Screening for Drug Likeness of Small molecules:Further 111phytochemical compounds were 

screened for its pharmacological properties using QED [28], VEGA [30-31] and ADME [35-

36] tools. The Quantitative Estimate of Drug-Likeness (QED) tool was performed for 

predicting the compound can be used for oral drug. VEGA tool predicts the carcinogenicity, 

mutagenicity, toxicity of the compounds which satisfies the oral drug properties. ADME tools 

predict the Absorption, Distribution, Metabolism and Excretion of the drug for the compounds 

which pass the VEGA tool. 

Protein Structure Retrieval: The protein F5GY90 were found to be most important viral protein 

in causing dengue fever.The three dimensional structure of F5GY90was retrieved using Protein 

Data Bank (PDB)database(http://www.rcsb.org/pdb/) and their structure was determined by 

theX-Ray Diffraction method. 

Active Site Prediction:The Active sites for the binding of small molecules present in the 

protein were identified using a MetaPocket database (projects.biotec.tu-

dresden.de/metapocket/)[32].The server identifies the ligand binding sites on the surface of the 

protein, which is essential for F5GY90inhibitor to bind to their respective targets. 

In silico Molecular Docking studies: Docking  studies  were  performed  to  analyse  the  

structural  relationshipbetween  F5GY90 Protein and 5 compounds of Ocimum species 

which clears all the screening tests using Autodock[33]. Autodock is docking software which 

predicts how small molecules (drug candidates) bind to a known 3D structure of the receptor 

(protein).The protein were loaded and its active sites were selected for the docking process. 
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Finally the 5 small molecules of Ocimum species were loaded in the auto dock software. 

Docking calculation was allowed to run using shape-based search algorithm and AScore 

scoring function. The scoring function is responsible for evaluating the energy between the 

ligand and the protein target. The best docking model was selected according to the lowest 

AScore calculated by Autodock. The most suitable binding interaction was selected on the 

basis of hydrogen bond interactions between the small molecules and protein near the substrate 

binding site. The best docking result was analysed using PyMOL[34]which is an open source 

molecular visualization tool to view the hydrogen bond interactions between the protein and 

ligand.  The bonding between the ligands and the protein can be clearly viewed for predicting 

the distance of hydrogen formation. The predicted distance reveals that binding interaction was 

stable one and small molecule could inhibit the function of the protein. 

RESULTS AND DISCUSSION: 

Preparation of Small Molecules: The 111 phytochemical compounds retrieved from the plant 

species Ocimum were screened for its pharmacological properties. Using QED (Quantitative 

Estimation of Drug Likeness) database predicted that out of 111 compounds only 29 

compounds satisfies the drug-like properties. These 29 compounds were screened for its 

carcinogenicity, mutagenicity, toxicity properties using VEGA tool and the tool predicted only 

the 6 compounds satisfies all the three properties. Finally, 6 compounds were analysed for its 

ADME properties, the result of the database revealed that 5 compounds clears the ADME 

properties. The 5 compounds which satisfies all the pharmacological properties were further 

carried out for the docking studies. 

Preparation of Protein: The three dimensional crystal structure of the F5GY90 were retrieved 

from the Protein Data Bank [37-39]  with PDB ID: 2VBC determined by X-Ray 

crystallography at a resolution of 3.15 (Å) with 618 amino acids. The three dimensional crystal 

structure of the NS5 RNA dependent RNA polymerase ofdengue virus were retrieved from the 

Protein Data Bank with PDB ID: 2J7W determined by X-Ray crystallography at a resolution 

of 2.6 Å (Å) with  635 amino acids. The active sites of the NS3 and NS5 proteins for the 

binding of small molecules were identified using Metapocket along with its secondary 

structure.  

Docking Interaction: Molecular docking [40-42]  was carried out for 5compounds (Linalool, 

Methyl Eugenol, Eugenol, Bornyl Acetate, Vanillic Acid)of species Ocimum and the proteins 

of NS3(2VBC) and NS5 ( 2J7W) using Autodock software [43-45]. The predicted active 
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residues of the NS3 and NS5 proteins were taken as the catalytic sites for above 5 

compounds.All the five compounds docked with the proteins F5GY90exhibited the good 

binding interactions between them. The docking result revealed that only one compound 

(Bornyl acetate) possesses the least binding interaction of -6.98 kcal/molfor F5GY90 protein 

and -6.66 kcal/molfor F5GY90protein with good hydrogen bond conformation. On further 

analysing the bonding conformation through Pymol, it was clearly revealed that the Bornyl 

acetate bounded to the respective proteins by forming 2 hydrogen bonds interaction. The 

binding interactions are as follows: The OH atom present in the Arginine 463 formed 2 

hydrogen bond linkageswith bond length of 2.1 Å, 2.4 Å in NS3 protein and the OH atom 

present in theAsparagine 533,Lysine 689 formed 1 hydrogen bond linkage with bond length of 

2.4 Å and 2.25 Åin NS 5 Protein.  

Table 2: Compounds satisfies the druglikness properties from various tools 

Drug like compounds that predicted using QED 

Compounds Pubchem ID LogP Mol.Wt PSA HbA HbD Prediction 

SPECIES : Ocimumbasilicum 

Linalool 6549 2.347 154.249 20.23 1 1 Drug like 

Geraniol 637566 2.347 154.249 20.23 1 1 Drug like 

Methy eugenol 7127 2.995 178.228 18.46 2 0 Drug like 

p-coumaric acid 637542 1.220 164.158 57.53 3 2 Drug like 

Nevadensin 160921 3.125 344.315 98.36 7 2 Drug like 

Xanthomicrol 73207 3.125 344.315 98.36 7 2 Drug like 

Salvigenin 161271 3.602 328.316 78.13 6 1 Drug like 

Cirsiliol 160237 2.592 330.289 109.3 7 3 Drug like 

Apigenin 5280443 2.518 270.237 90.90 5 3 Drug like 

Acacetin 5280442 3.033 284.263 79.90 5 2 Drug like 

Genkwanin 5281617 3.033 284.263 79.90 5 2 Drug like 

Ladanein 3084066 3.071 314.289 89.13 6 2 Drug like 

SPECIES : Ocimum sanctum(or)ocimumtenuiflorum 

Eugenol 3314 2.480 164.201 29.46 2 1 Drug like 

Carvacrol 10364 2.786 150.218 20.23 1 1 Drug like 

Cirsimaritin 188323 3.071 314.289 89.13 6 2 Drug like 

Isothymusin 630253 2.592 330.289 109.3 7 3 Drug like 

Bornyl acetate 6448 2.663 196.286 26.30 2 0 Drug like 

Vanillic acid 8468 0.734 168.147 66.76 4 2 Drug like 

Vanillin 1183 1.492 152.147 46.53 3 1 Drug like 

SPECIES : Ocimumgratissimum 

Thymol 6989 2.786 150.218 20.23 1 1 Drug like 

SPECIES : Ocimumkillimandscharium 
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Cubenol 11770062 3.222 222.366 20.23 1 1 Drug like 

Cubebol 11276107 3.222 222.366 20.23 1 1 Drug like 

Globulol 12304985 3.022 222.366 20.23 1 1 Drug like 

Spathulenol 92231 3.274 220.350 20.23 1 1 Drug like 

Alpha Cadinol 10398656 3.222 222.366 20.23 1 1 Drug like 

P-Cymen-8-ol 14529 2.500 150.218 20.23 1 1 Drug like 

Trans-sabinene 

hydrate 
12315151 2.438 154.249 20.23 1 1 Drug like 

SPECIES : Ocimumlamiifolium 

Cirsilineol 162464 3.125 344.315 98.36 7 2 Drug like 

Eupatorin 9724 3.125 344.315 98.36 7 2 Drug like 

Compounds that predicted VEGA 

Compounds Mutagenicity 

Model 

Carcinogenicity 

Model 

Toxicity Model Skin Sensitivity 

Model 

SPECIES : Ocimumbasilicum 

Linalool NM NC NT S 

Geraniol NM NC NT S 

Methy eugenol NM NC NT S 

SPECIES : Ocimum sanctum(or) Ocimumtenuiflorum 

Eugenol NM NC NT S 

Bornyl acetate NM NC NT S 

Vanilliic acid NM NC NT S 

Compounds that predicted ADMET 

Compounds GPCR ICM KI NRL PI EI 

SPECIES : Ocimumbasilicum 

Linalool -0.73 0.07 -1.26 -0.06 -0.94 0.07 

Methy eugenol -0.81 -0.38 -1.06 -0.80 -1.14 -0.43 

SPECIES : Ocimum sanctum(or) Ocimumtenuiflorum 

Eugenol -0.86 -0.36 -1.14 -0.78 -1.29 -0.41 

Bornyl acetate -0.32 -0.33 -1.33 -0.59 -0.44 -0.12 

Vanillic acid -0.85 -0.42 -0.99 -0.61 -1.12 -0.35 

Note:Mol.Wt – Molecular weight; PSA -Polar surface area; HbA – Hydrogen bond acceptor; 

HbD - hydrogen bond donar; NM – Non Mutagenicity; NC –NonCarcinogenicity;  NT –

NonToxicity; S - Skin Sensitivity; GPCR - G protein-coupled receptors; ICM-Ion channel 

modulator; KI -Kinase inhibitor; NRL-Nuclear receptorligand; PI-Protease inhibitor; EI-Enzyme 

inhibitor 
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Table3: Active sites for the proteins of porphyrin along with their Secondary structure 

NS3 (2VBC) NS5 (2J7W) 

THR450  – 

Alpha Helix 

ARG 463 – 

Alpha Helix 

LEU479  – 

Extended strand 

LYS 480  – 

Extended strand 

ASN481 – 

Random coil 

ASP482  – 

Random coil 

CYS 428  – 

Random coil 

LYS430  – 

Random coil 

ILE447   – 

Random coil 

PRO448  – 

Random coil 

VAL449  – 

Extended strand 

 

ARG737 – 

Random coil 

GLN742 – 

Extended strand 

TYR 758  – 

Extended strand 

THR793  – 

Extended strand 

THR794  – 

Random coil 

TRP795  – 

Random coil 

SER796  – 

Random coil 

LEU511  – 

Random coil 

ASN 533 – 

Alpha Helix 

LYS 689 – 

Alpha Helix 

SER710  – 

Random coil 

ARG729  – 

Extended strand 

Table4: Docking Interactions between the natural compounds and Proteins 

Compounds NS3(2VBC)kcal/Mol NS5(2J7W)kcal/Mol 

Linalool -6.01 -6.12 

Methyl Eugenol -5.49 -5.32 

Eugenol -5.49 -5.35 

Bornyl Acetate -6.98 -6.66 

Vanillic Acid -4.40 -3.47 

  Table 5:Docking interactions between protein and ligands 

NS3 with Bornyl Acetate: 

 

NS5 with Bornyl Acetate: 

 

CONCLUSION: 

Docking studies play a vital role in the designing and development of rational drugs. In this 

work, the secondary metabolites of Ocimum sanctum are the potential leads to progress as novel 

drugs. From the above virtual screening and docking results, it was revealed that out of 111 
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phytochemicals present in the plant Ocimum species only one compounds Bornyl acetate 

exhibited best viral inhibitory activity. The previous report on the compound Bornylacetate, 

revealed that the compound has been used for treating inflammatory,analgesic,sedative and 

also used as an drug. The current work strongly recommends the compound Bornyl acetate 

from the Ocimum sanctum for further in vitro and in vivo studies to explore the functions and 

molecular mechanisms of the compound toward the F5GY90 proteins which lead to the 

discovery and development of potential drugs for porphyria Disease. 
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Abstract 

Recent work has focused on the possible role of this gene and its protein product as a tumor 

marker and its involvement in diseases of the central nervous system. In this study, we 

performed extensive in silico analyses of KLK6 expression from different databases using 

various bioinformatic tools. These data enabled us to construct and verify the longest transcript 

for this kallikrein, to identify several polymorphisms among published sequences and to 

summarize the 21 single-nucleotide polymorphisms of the gene. Our expressed sequence tag 

(EST) analyses suggest the existence of seven new splice variants of the gene, in addition to 

the already reported ones. Most of these variants were identified in libraries from cancerous 

tissues. KLK6 orthologues were identified from three other species with approximately 86% 

overall homology with rat and mouse orthologues. We also utilized several databases to 

compare KLK6 gene expression in normal and cancerous tissues. The serial analysis of gene 

expression and EST expression profiles showed upregulation of the gene in female genital 

(ovarian and uterine) and gastrointestinal (gastric, colon, esophageal and pancreatic) cancers. 

Significant downregulation was observed in breast cancers and brain tumors, in relation to their 

normal counterparts. 
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ABSTRACT 

Green synthesis of nanomaterials is advancing due to its ease of synthesis, inexpensiveness, 

nontoxicity and renewability. In the present study, an eco-friendly biogenic method was developed for 

the green synthesis of nickel oxide nanoparticles (NiONPs) using aqueous extract of Portulaca 

oleracea leaves. The extract was analysed with Phytochemical screening, synthesis of Nickel oxide 

nanoparticles, Characterization (UV, FTIR, XRD, SEM and EDAX) and Anticancer property against 

Liver cancer cell line (HepG2). The qualitative phytochemical analysis was showed the presence of 

secondary metabolites such as protein, saponin, alkaloid and quinone were present.  Steroid, flavanoid, 

tannins, terpenoid, cardiac glycoside and phenol were absent in this extract. Nickel oxide nanoparticles 

were synthesized using aqueous extract of Portulaca oleracea leaves. The colour change from green 

synthesized into greenish-gray indicates the synthesis of Nickel oxide nanoparticles (NiONPs) The 

NiONPs was characterized by UV spectrophotometer the range at 261 nm. The functional group and 

particle size were analysed by FTIR and XRD. The SEM/ EDAX analysis was performed. NiONPs are 

showed the highly agglomerated shape and the particle size ranged from 59.2 nm to 86 nm. In EDAX 

analysis the spectrum confirmed the presence of a strong peak for elemental Nickel at approximately 

7.5 keV. Anticancer activity used to NiONPs against Liver Cancer (HepG2) cell line performed by 

MTT assay. The result was found at 40.7 % of cell viability at 31.2µg concentration of the samples. 

The finding results revealed that NiONPs showed best anticaner activity at lowest concentration.  

 

KEYWORDS: Portulaca oleracea, Anticancer activity, NiONPs synthesis, MTT, HepG2. 

 

 

 

 

 

 



978-81-974681-0-0 

23 
 

UNVEILING MOLECULAR SIGNATURES: A BIOINFORMATICS EXPLORATION 
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ABSTRACT: 

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease 

characterized by the degeneration of motor neurons in the brain and spinal cord. Investigating 

differential gene expression in ALS using bioinformatics tools is crucial for understanding the 

molecular mechanisms underlying disease progression. In this study, we utilized 

bioinformatics approaches to analyze transcriptomic data from ALS-affected tissues and 

healthy controls. Differential gene expression analysis identified a subset of genes significantly 

dysregulated in ALS pathology, including those involved in neuronal function, inflammation, 

and cellular stress responses. Functional enrichment analysis revealed the enrichment of 

dysregulated genes in pathways relevant to ALS pathogenesis. Additionally, network analysis 

uncovered potential regulatory interactions and key driver genes contributing to ALS 

pathophysiology. Our findings provide insights into the complex molecular landscape of ALS 

and highlight potential therapeutic targets for further investigation. This bioinformatics-driven 

approach enhances our understanding of ALS pathogenesis and may facilitate the development 

of targeted therapies for this devastating disease. 
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ABSTRACT 

Rhodopsin-like G protein-coupled receptors (GPCRs) constitute the largest and most 

diverse subfamily of GPCRs, playing pivotal roles in cellular signaling and mediating 

responses to various extracellular stimuli. In silico analysis, employing computational tools 

and techniques, offers a powerful approach to study the structural and functional characteristics 

of these receptors. This abstract presents an overview of an in silico analysis conducted on 

rhodopsin-like GPCRs proteins, focusing on structural modeling, ligand binding site 

prediction, virtual screening, molecular dynamics simulations, and bioinformatics analysis. 

The study aims to elucidate the structural organization, ligand binding properties, and dynamic 

behavior of rhodopsin-like GPCRs, providing insights that may facilitate the discovery of novel 

ligands and therapeutic interventions targeting these receptors. This study about GPCRs reveals 

the proteomics information about GPCR from various categories and how well they are related 

to each other through their Insilco analysis. This study also reveals the information about the 

peptide mass fingerprinting with its respective values. Bioinformatics tools like Clustalw, 

Prosite, DisEmbl, etc helps to find and analyze the detailed information about sequence 

analysis of the hormonal protein category of GPCR. Tools being a very user friendly for 

bioinformaticians made our work easier. Thus, this study gives detailed information about the 

sequential and structural information about the GPCR. 
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GPCR, Rhodopsin-like G protein-coupled receptors, in silico, Clustalw, Prosite and DisEmbl 
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