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ABSTRACT : In this paper,Hub proteins are proteins that interact with numerous other proteins. Because of
their tremendous interconnectedness, hub proteins are crucial in protein-protein interaction. However,
identifying these hub proteins based on their function is a difficult undertaking. The Markov Clustering
Algorithm is often used to rank the hub proteins in investigations. The hub proteins are ranked according to
how connected they are. The goal of this study is to rank hub proteins according to their interacting partners
because as the number of interacting proteins rises, so does their biological significance. If we rank the hub
proteins according to their interacting partners, we can quickly identify the hub protein that is biologically
significant. Pandas, a free and open-source python library, is used to rank the hub proteins. The ranked hub
proteins are examined and categorised as disease-causing or not, heat shock or cold shock, utilising pandas and
tkinter. Hub proteins are responsible for complicated ailments, the most significant of which is
neurodegenerative disease. Hence a database called Neuro Hub was constructed using javascript, CSS, and
HTML so that we could examine the hub proteins responsible for neurodegenerative diseases and related
information. It will make it easier for people to get data on this topic and will also provide more details for
those doing research on neurodegenerative diseases.
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l. INTRODUCTION

A network consists of several nodes that are connected by edges. Hubs are the name for these nodes
[1]. For instance, proteins act as nodes and interactions as edges in a protein-protein interaction. Small, densely
connected nodes make up a scale-free network [2]. The key benefit of this is the domain repeats which are
associated with binding are enriched in hubs. The hubs are divided into two groups—party hubs and dating
hubs—Dbased on the expression profile. The party hubs engage with the majority of partners simultaneously [3].
Party hubs are the central or static part. Party hubs are the central or static part. They are long disordered region
compared to date hubs; indicating that the regions are crucial for flexible binding. They serve as the central node
of densely grouped functional modules. However, because the date hubs are dynamic, they cannot communicate
with the majority of partners at same time [4]. In every sector, hub proteins are very important. Hubs are
particularly intriguing pharmacological targets since they are important for cancer research and have unique
biological characteristics that make them more important than non-hub proteins. Hub proteins play a crucial part
in the modular structure of the protein interaction network. Hubs have fast turnover and regulation despite being
slow to evolve because of evolutionary conservation. They play a fundamental part in a wide range of biological
processes in a number of different ways, and they are also to responsible for a number of diseases like cancer,
auto immune disorders, and neuro degenerative illnesses [5]. However, identifying these hub proteins based on
their significance is a difficult undertaking.

The relevance of hub proteins nowadays is extremely high, making it challenging to rank them in terms
of importance. Currently there is a database STRING, in that the hubs are ranked on the basis of their interaction
[6]. The Markov Clustering Algorithm (MCL) is an algorithm that may be used to rank the hubs based on the
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characteristics of their shared connectivity [7]. Although the MCL algorithm can be used in low-density
locations, hubs can still be located there. For exploring significant nodes in the interactome network, there is
another web-based service called Hub object analyzerHubba [8], which is based on the Maximum
Neighbourhood Component method (based on topology). However, it is extremely particular for disease
pathologies and depends on the correctness and completeness of the supplied interactome information. Although
ranking hubs is now very tough, they are very significant.

Through this work, we intend to rank the hub proteins according to the proteins that they interact with;
as the number of interacting proteins rises, so will the hub proteins' biological significance. Numerous studies
have shown that the biological significance of the interacting proteins depends on the biological functions of the
hub proteins; the more interacting proteins, the more biological relevance. Python's major strength is its
enormous library collection and open-source nature, which make it a general-purpose language [9]. Pandas and
tkinter (a Python GUI application), out of all the libraries, were utilized to implement the work. Using the _.sort
value() method and the panda library in Python, the interacting proteins with the highest value are identified.
The above-ranked hub proteins' susceptibility to heat shock or cold shock is also determined using the Python
computer language.

Numerous complicated diseases, including cancer, autoimmune disorders, and neurodegenerative
disorders, are caused by the hub proteins [10]. Since neurodegenerative disease is the most prevalent of these, a
database for it was also created using JavaScript, CSS, and HTML. Using this database, we can examine the hub
proteins responsible for neurodegenerative diseases, different neurodegenerative disorders, their symptoms,
pathways, and treatment options, among other things.

. MATERIALS AND METHODS

2.1 Python

Guido Rossum founded the open-source general-purpose language Python in 1989. Python supports
procedural and object-oriented programming. It is perfectly suited for the quick prototyping of sophisticated
applications. The most recent version of the Python language, Python 3.x, is widely used in the software
industry. Python language usage was prevalent in many large software organisations, and it appears that this
trend is continuing. Various businesses, including Google, YouTube, Amazon, Facebook, Instagram, Uber,
Dropbox, etc. The Python programming language is utilised in a variety of fields, including bioinformatics and
machine learning applications. One of Python's greatest strengths is its extensive library system. Pandas and
Tkinter were two of the libraries we used to implement the work. Over the years, many versions of Python have
been released; the most recent is version 3.10.4.[9]

2.1.1 Pandas

Wes McKinney created the open-source Pandas Python library in 2008 because he was in need of a
powerful, adaptable tool for data analysis. Pandas is primarily used to deal quickly and intuitively with labelled
data as well as relational data. Since Pandas delivers high-performance data manipulation and analysis tools
using its potent data structures, it is frequently used for data science, data analysis, and machine learning. The
NumPy library, which supports multi-dimensional arrays, is the foundation upon which this library is based.
Pandas and Python are widely used in both academic and industrial fields like finance, economics, statistics,
analytics, etc. Pandas have been released in a variety of versions over the years. The latest version of the pandas
is 1.4.1. [9]

Pandas uses the two data structures series and data frame to manipulate and analyse data. One-
dimensional labelled arrays using the Pandas series can carry any datatype, including integers, strings, floats,
and Python objects, among others. The term indexes refers to the axis as a whole. An excel sheet has a column
called "Pandas Series." The two-dimensional data structure, where data is arranged in rows and columns in a
tabular form, is implemented using a Pandas DataFrame. Data frame id size-mutable, potentially heterogeneous,
and having marked axes, DataFrame is a tabular data format (rows and columns). There are three main parts to
it: the data, rows, and columns. The datasets will be loaded from pre-existing storage, such as an Excel file, SQL
database, or CSV file, to build both Pandas Series and Pandas Data Frame. It can be generated from scalar
values, lists, dictionaries, etc [11].

2.1.2 Tkinter

One of the most widely used Python GUI (Graphical User Interface) packages is Tkinter, which is used
to create desktop programmes. The Python interface for Tk, the GUI toolkit for Tcl/Tk, is called Tkinter. It
combines the common GUI frameworks of Python and Tk. The quickest and easiest approach to construct GUI
apps is with Python and Tkinter. To create GUI programmes, several different programming languages use the
open-source, cross-platform Tk toolkit. Python has long Tk/Tcl as a core component. It offers a powerful and
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platform-independent windowing toolkit that comes with the default Python library pre-installed. Tkinter has
seen the release of numerous versions over time. The latest version of the tkinter is 8.6 [12].

2.2 HTML

Web pages are made using the Hyper Text Mark — up Language. It is a markup language, not a
programming language. A set of markup tags are used in markup languages. To describe web pages, HTML
uses markup tags. HTML has the ability to contain embedded programming language code (like JavaScript) that
can change how Web browsers and other processors behave. A default or homepage is given to the user in
HTML format when a web client accesses a website. The HTML file can show multimedia objects like pictures,
music, and videos. The HTML document does not actually include the objects. Instead, a text reference to a
photo or other multimedia object is added externally [13] to the HTML document.

2.3 JAVASCRIPT

JavaScript is a scripting language used to enable programmatic access to objects within other
applications. It is primarily used in the form of user JavaScript for the development of dynamic websites.
JavaScript is characterized as a dynamic, weakly typed, prototype based language with first class functions.
JavaScript is used to do user side validation. It is used to create mouse over events [13].

2.4 CSS
Cascading Style Sheets also used provide more visual impact to website. It helps to add design layer
for the HTML program. It is a styling method, used to add more style and structure to web site [13, 14].

1. METHODOLOGY
For the programming, Python language is used version Python 3.7.9 with the operating system
Windows 10 (64-bit OS, x64-based processor). Python library such as pandas 1.3.5 and tkinter 8.6 was used and
Notepad ++ was used as editor.

3.1 To find the higher interacting proteins

The hub protein with the highest values of interacting proteins is found using the Python programming
language. Using the _.sort value() method and the panda library in Python, the interacting proteins with the
highest value are identified. A dataset concerning hub proteins is contained in an excel file that is provided as an
input file. In the python code, the _.read excel() function is used to read the excel file, and the result is stored
into another excel file using the _.ExcelWriter() function, which writes the data into excel file. Python's tkinter
module is used to build a GUI for user interaction. An interface is designed to allow users to add an input file
(an excel file) containing information on hub proteins, from which we wish to determine which interacting
proteins have a higher value.

3.2 To check whether the hub protein causes disease or not

To determine whether or not the hub protein causes disease, Python computer language is employed.
They gathered information on hub proteins and other hub protein details, which they then recorded in an excel
file. This excel file is used as the input file to determine our goal. The software is configured such that a user
can choose a specific hub protein to determine whether or not it contributes to a disease. The outcome is then
displayed along with some fundamental facts about the protein. The input file, which is an excel file, serves as a
dataset in this case, and the input hub protein is checked throughout it to determine the goal. Python code is
constructed at the back end to determine whether the hub protein causes sickness or not, and a GUI is created
using the Tkinter toolkit in Python. To successfully run the code, other libraries like pandas are utilised in
conjunction with the tkinter library to retrieve and process the excel file.

3.3 Database creation

The suggested system was developed using HTML, CSS, and Javascript. The software application's
output in this system is a database with details on neurodegenerative illnesses. A user can choose an illness and
find information about it using a straightforward keyword search. According to the user's requirements, the
software should extract the disease from the database. Before sending a query to the database, user input needs
to be verified. The information that has been pulled from the database must be displayed as a webpage with
pertinent information. Analysis of the system shows the need for database application, efficient server side
programming, user friendly web interface, client and administrator side validation and database connectivity.
The programming language Javascript complies with all coding standards. It features a lot of modules for
working with strings, connecting to databases, programming on the server side, and programming on the
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administrator side. HTML can be used to construct web interfaces. The server-side programme must validate the
user-entered query before passing it as an HTTP request. JavaScript is compatible with HTML and can be used
for client validation.

V. RESULT AND DISCUSSION

Physical interactions between proteins are cardinal to biological processes. In order to restore their
function, proteins must interact with one another. Hub proteins are densely interconnected proteins that have a
wide range of biological significance and are also to responsible for a number of illnesses, including cancer,
auto immune disorders, and neurodegenerative diseases. Hub proteins were ranked in early investigations based
on connection and interaction. String is an already available database for hub proteins in that the hub proteins
are organised according to how they interact with one another. The Markov Clustering Algorithm is an
algorithm that aids in ranking the hubs based on the characteristics of their shared connectivity. The hubs are
located in the denser zone, however the MCL algorithm is applicable for low-density regions. For investigating
significant nodes in the interactome network, there is another web-based tool called Hubba that also uses MNC
algorithm, which is typically based on topology. However, it depends on how accurate and complete the input
interactome database is. We are unable to predict the precise outcome of any of the aforementioned methods
because they all use graph-based analysis to interpret hub protein clusters. It is also impossible to interpret each
protein's functions based on biological precedent. However, using Python, we can quickly order hub proteins
according to functional relevance; all that is needed is the number of interacting partners.

Through this investigation, the hub proteins were gathered and ranked according to the number of
interacting partners. The biological relevance will increase based on the interacting partners. Biological function
will also rise as the number of interacting partners increases. The classification method developed with the use
of Tkinter and Panda also aids in determining which family the listed hub proteins belong to, whether they are
heat shock or cold shock proteins, if they cause any diseases or not, and also displays their molecular weight. It
also makes it very simple to identify the disease-causing hub proteins. The key draw of this work is the use of
simple python modules to do all of those tasks.

There are numerous databases on neurodegenerative diseases, however none of them provide
information on hub protein-related neurodegenerative diseases. Hence a database called "Neuro Hubs" was also
constructed because the hub proteins are also responsible for many complicated disorders like cancer,
autoimmune diseases, and neurodegenerative diseases. Neuro Hub contains information on the hub proteins that
cause neurodegenerative disorders, as well as the several types of neurodegenerative diseases, their causes,
symptoms, pathways, and treatments. It will be informative for both the general audience and professionals
working on neuro degenerative disease research and analysis.

4.1Working of the GUI to find the higher interacting proteins is given below:

Figure 1: Python code is executed using CMD (Command Prompt)
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' Hub_Proteins_interactions — 0 W

Upload file

Submit

Figure 2: GUI will be open up to upload the input file with the data of hub proteins using the upload file button.

¢ Hub_Proteies_nteractions
M Pecter | Functen Ireecactog Protens
AAR) sphcrmg factor homrolog 8
AATF 'th proten encoded by tha gene we 64
ABCCE Uanspont varous molecules aoess ¢ 133
AR Protocncogene that encodes » pecte 36
ACTAY ploy » role in cell motilty, structure  IRQ
ACTE ewvoled in coll metlty, tructure, & 331
ACTGY volved n vanows types of coll mots 229
ADMIA ondaton of sicohols to sldehydes 30
AGOY role in RNA rtederence 7
AGO2 ploy 2 role m BNA irterference. %
Submat J

Figure 3: The input data is displayed in the interface and submit button selected to find the protein with higher
interacting value.

? vob Proteins_nteractions 0
Hus Proten | Function | rteracting Protens
YWHAB tysosine 3. monoos ygense tnyptopd 778
GFE2 Growth 1acher recepton-bound prote 751
GO8 it & nvoled in energy metaboliom, « 60
w2 Mermber of 2 famiy of senne/threon 664
<oy The protein encoded by this gene u . 682
ESR1 impartant for hormone binding, DN 577
Csh2an nvolved in vancus celular peocesses 339
w5 tumor proten pi)[(Ths gere encode 478
YWHAZ tyroune J-menooxygensse tnyptopt 477
GABARAP lagarnd gated cMonde harneds that 474
Result

Figure 4: Finally, we will get the result of proteins with higher interacting values
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4.2 Working of the GUI to check whether the hub protein causes disease or not:

Figure 5: Python code is executed using CMD (Command Prompt)

¥ Hub_Proteins_Classification_result

Figure 6: From the GUI interface got, select the hub protein that we need to check from the hub proteins is
given. so that the user can select the protein to check.

§ Hub_Proteins_Classification_result
Hub Proteins Classification

paTs -

Submat

Figure 7: For example, from the options ‘AATEF” is selected.
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' Hub_Proteins_Classification_result - a X

Hub Proteins Classification
=
AATF hub protein causes disease
Family name: Transcription factors
Mass value: 63133
Cold Shock Protein

Figure 8: Output is displayed along with the information about the selected protein such family name, Mass
value, and heat shock protein or cold shock protein.

¢ Hub_Proteins_Classification_result - a X

Hub Proteins Classification
g
AQP9 hub protein doesn't causes disease
Family name: Intrinsic protein
Mass value: 31431
Cold Shock Protein

Figure 9: Another example, from the options ‘AQP9’ is selected Output is displayed along with the
information about the selected protein such family name, Mass value, and heat shock protein or cold shock
protein.

4. 3Database creation:

NEURO-HUBS

Wi %0 e Setatase Lvter

Figure 10: Home page of Neuro Hubs database
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V. CONCLUSION

The biological significance grows with an increase in the number of interacting partners, and this work
helped to rank the hub proteins according to their interacting partners. Prior to now, complicated techniques
based on the connectivity and topology of proteins were used to rank the proteins. However, this study ranked
the hub proteins on the basis of their interacting partners. Python, a straightforward programming language, was
also used. With the help of Python and its modules, a classification system was also developed after ranking,
allowing us to quickly determine whether the aforementioned hub protein causes disease or not and whether it is
caused by heat shock or cold shock. Future researchers who want to learn more about hub proteins and their
biological significance will find this study to be illuminating.

Some serious diseases, including cancer, autoimmune illnesses, and neurodegenerative disorders, are
caused by hub proteins. This research also led to the creation of the "Neuro Hub" database. It contains
comprehensive details about hub protein-related neurodegenerative diseases. It will make it easier for people to
get data on this topic and will also provide more details for those doing research on neurodegenerative diseases.
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