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H I G H L I G H T S

� A logical approach to finding homologous and identical protein/peptide sequences.
� A Peptide Utility (PU) search webserver is developed for homologous and identical searching from the available sequences.
� Peptide sequences can be searched from the ~0.4 million entries from different databases in both online and offline mode.
� This will open up avenues to explore peptide design for various pharmacological interventions.
A R T I C L E I N F O

Keywords:
Proteins
Peptide sequence
PDB
Homologous pairs
Identical pairs
* Corresponding author.
** Corresponding author.
*** Corresponding author.

E-mail addresses: hemasai.biotech@gmail.com (
1 Denotes equal contribution as the first author.

https://doi.org/10.1016/j.heliyon.2022.e12283
Received 23 September 2022; Received in revised
2405-8440/© 2022 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Proteins are essential building blocks in humans that have garnered huge attention from researchers worldwide
due to their numerous therapeutic applications. To date, different computational tools have been developed to
extract pre-existing information on these biological molecules, but most of these tools suffer from limitations such
as non-user friendly interface, redundancy of data, etc. To overcome these limitations, a user-friendly interface,
the Peptide Utility (PU) webserver (https://chain-searching.herokuapp.com/) has been developed for searching
and analyzing homologous and identical protein/peptide sequences that can be searched from approximately 0.4
million sequences (structural and sequence information) in both online and offline modes. The PU web server can
also be used to study different types of interactions in PDBSum, identifying the most dominating interface resi-
dues, the most prevalent interactions, and the interaction preferences of different residues. The webserver would
also pave way for the design of novel therapeutic peptides and folds by identifying conserved residues in the
three-dimensional structure space of proteins.
1. Introduction

Proteins are the primary workhorses of biological systems, serving a
range of functions and possessing antimicrobial, antifungal, antiviral,
antiparasitic, and anticancer properties [1, 2, 3, 4]. Peptides have
favorable pharmacokinetic properties and a wide range of biological
activities which makes them ideal for the treatment of a variety of
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diseases such as cancer, immune disorders, cardiovascular disease,
gastrointestinal dysfunction, hemostasis, and microbial infections [5, 6,
7]. The intermolecular interactions in the proteins can be utilized for
pharmacological research [8, 9]. Moreover, detailed knowledge about
the dynamics of these biomolecules is needed to understand their func-
tions and intermolecular interactions [10]. It also helps in identifying
important functional sites in proteins, sites involved in disease
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manifestation, identifying drug targets, and studying various mutations
associated with them [11]. Designed and stabilized α-helical ligands are
being explored for their therapeutic applications because they can
modulate biomolecular interfaces, have high thermal stability and can
act as promising platforms for developing peptide-based pharmaceuticals
[12].

1.1. Application and use of the database

One of the major challenges faced by researchers and pharmaceutical
companies is the interpretation of the data being deposited in various
databanks. In the past few years, peptide-based drug development has
garnered attention across the globe due to high selectivity, better toler-
ability, and reduced production costs [13]. The current work involves the
development of a web-based interface that searches for homologous and
identical peptide sequences from various database repositories. These
searches can help in studying the evolution of species and their shared
ancestry, evolutionary pathways for proteins, structure prediction, and
many more. The application developed consists of approximately 0.4
million entries from various databases which makes the search more
exhaustive and meaningful. This application can be used for the analysis
of all kinds of peptide sequences deposited in several databases from
various source organisms. It provides the user with the option to search
for homologous or identical sequences and to select a specific database
during identical searches. This application obtains data from various
kinds of databases and not from a single database which makes it much
more comprehensive as compared to other applications. While designing
therapeutic peptides, the researcher faces many challenges like designing
sequences for the secondary structure for instance, loops and turns. The
modelling and designing of peptides exploits the relationship between
structure and peptide sequence [14]. The construction of protein folds
depends mainly on the conversion of a linear polypeptide chain into a
three-dimensional structure. This can be possible by identifying various
homologous and identical sequences for which structural details have
already been elucidated. Design of protein folds de novo requires a
thorough knowledge of protein structure and its stability [15]. This
application allows the user to search for 6–7 amino acids long sequences
from all the databases or a specific database and with the help of ho-
mologous and identical search, the user can identify the lead residues
involved in the complex architecture of proteins. This will help the user
in the designing of new peptides. The current application can be further
modified to include secondary structures of the results obtained in the
homologous and identical search from the PDB database. Along with
facilitating the study of protein-peptide interactions, the application
developed can be used for the designing of new therapeutic molecules as
well as studying various conserved domains crucial for deciphering the
functions of unknown proteins. It contains information on peptides
extracted and studied from a variety of experiments and not a single
experiment, thus differentiating it from databases such as Bolt, PepArML,
PeptideAtlas, etc. which contain information on peptides obtained
through mass spectrometry (MS) experiments [16, 17, 18]. The
web-based interface developed in the current work can also be curated to
study the peptide structure and function. Furthermore, evolutionary
relatedness among a group of organisms that share related peptides from
a family can also be analyzed [19].

Searching for homologous sequences using sequence similarity
method is one of the first and the most crucial steps in the analysis of new
sequences. Since protein databases tend to be large, over 80% of meta-
genomic sequences have significant similarities to proteins already found
in databases [20]. Pattern similarity searching normally performed using
BLAST [20] is the most widely employedmethod for characterizing novel
sequences. To identify “homologous” sequences (statistically substantial
similarity) by comparing different proteins or gene sequences, similarity
searches are performed, which may reflect shared ancestry. Protein
structure prediction is primarily focused on modelling proteins to known
structures through homology approaches.
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1.2. Similar databases

Studying the evolution of proteins can only be possible through the
identification of identical and homologous sequences. So various
research groups across the world have attempted to develop applications
or software for sequence database search like PepBank [21], Propedia
[22], and PeptideDB [19]. This approach facilitates peptide recognition
and identical and homologous searches via the incorporation of a large
number of databases [23]. PepBank is a database with 19,792 entries
with major databases from public sources like Artificially Selected Pro-
teins/Peptides Database (ASPD) and Universal protein resource (Uni-
prot). Some of the applications of this database include prediction of
binding partners of biological peptides and the development of various
peptide-based therapeutics [21]. Propedia is a database that can be used
for searching and visualizing protein-peptide complexes, with over 19,
000 high-resolution structures from PDB along with their structural and
sequence information. Studying protein-peptide interaction can help in
the design of new therapeutic molecules [22]. PeptideDB is a database of
bioactive peptides with 20,027 entries with different peptide motifs [19].
PeptideAtlas is a compilation of peptides from various species obtained
through tandem MS experiments. It incorporates raw data from mass
spectrometer output files which can be used for experimental design
[16]. Bolt is a cloud-based MS-MS peptide search engine which has the
capability to search from 9,00,000 sequences with 41 post-translational
modifications (PTMs); as the size of the proteome is increasing at an
exponential rate which it can handle in an efficient manner [17].
PepArML meta search peptide identification platform provides a search
interface to study tandem MS data via the incorporation of seven search
engines which help in the identification of the best peptide for each
spectrum [18]. PepServe is a webserver for peptide analysis along with
their clustering and visualization, thus making it a useful tool to under-
stand the distribution of features in the peptides. With this application,
an analysis of human peptide sequences can be done via UniProt using a
set of selected peptide features [24].

Databases like UniProt provide extensive information about protein
sequences [25], and the Biomolecular Interaction Network Database and
related tools elucidate interactions of proteins [26], while databases like
ASPD [27] are used specifically for peptides. Despite the availability of
numerous such data repositories, a large fraction/chunk of data has not
been tapped [28, 29]. PDB is one of the primary data repositories with 3D
structural coordinates for macromolecular structures including proteins
and nucleic acids determined experimentally using X-ray crystallog-
raphy, nuclear magnetic resonance (NMR), and electron microscopy. The
PDB archive started with fewer structures, and with each passing year,
more entries were added [30, 31]. Alpha fold is another artificial intel-
ligence system being used for the prediction of protein structures from
amino acid sequences obtained via sequencing techniques. The structures
obtained using this software have been observed to be profoundly similar
to the experimental structures. Alpha fold has been developed by Deep-
Mind and European Molecular Biology Laboratory-European Bioinfor-
matics Institute (EMBL-EBI) [32, 33]. To date, training language models
for protein sequences has been done at a smaller scale, but the precise
details of what biological information they learn on scaling up are not
known. For overcoming these limitations, ESMetafold has been recently
developed. This enables 3D structure prediction of protein at the atomic
level from its sequence. It is comparable to RoseTTAFold and AlphaFold2
in terms of accuracy [34]. In the last few decades, various advanced
experimental techniques for determining protein structures have
emerged. Several existing databases which have been used in the current
study are enlisted in Table 1. The webserver thus developed by our group
deploys sequence information from these databases to search for iden-
tical and homologous sequences in response to the input sequence of the
user.

Rapidly expanding sequence databases include entries for various
evolutionary linked proteins, i.e., homologous proteins, grouped into
various protein families and aligned via broad multiple sequence



Table 1. Peptide and protein databases used in the current study.

Databanks Description URL

AVPdb Database of antiviral peptides
(experimentally validated) against
viruses [38]

http://crdd.osdd.net/serv
ers/avpdb

BaAMPs Database of biofilm active
antimicrobial peptides [39]

http://www.baamps.it/

BactPepDB Database of predicted peptides from
prokaryotic genomes [40]

http://bactpepdb.rpbs.uni
v-paris-diderot.fr/cgi-bin/h
ome.pl

CancerPPD Database of anticancer peptides and
proteins [41]

http://crdd.osdd.net/ragh
ava/cancerppd/

Cell-Penetrating
peptides (CPP)

CPP site – Database of cell-
penetrating peptides which are
manually curated [42]

http://crdd.osdd.net/ragha
va/cppsite/

DADP Database of anuran defense peptides
[43]

http://split4.pmfst
.hr/dadp/

DBAASP Database for antimicrobial peptide
and structure of peptides [44]

https://dbaasp.org/

PEPlife Database of the half-life of peptides
[45]

http://crdd.osdd.net/ragh
ava/peplife

PeptideDB Database for bioactive peptides [19] http://www.peptides.be/
index.php?p¼home

Propepper Database for food disorders related
to wheat [46]

https://propepper.net

PlantPepDB Database of phytopeptides [47] http://14.139.61.8/PlantP
epDB/index.php

RCSB PDB Database for various biomolecules
[48]

https://www.rcsb.org

SATpdb Database of therapeutic peptides
which are structurally annotated
[49]

http://crdd.osdd.net/ragha
va/satpdb/links.php

TopicalPdb Database for topically delivered
peptides [50]

http://crdd.osdd.net/ragh
ava/topicalpdb/

TumorHoPe Database for tumor homing peptides
[51]

http://crdd.osdd.net/ragh
ava/tumorhope/

YADAMP Yet another database of
antimicrobial peptides [52]

http://yadamp.unisa.it/
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alignments (MSA). Pairwise sequence identities between homologous
proteins usually drop to 20–30%, or even lower in several cases [35, 36,
37]. Such low sequence identities are remarkable, given that even a few
spontaneous mutations may destabilize or interrupt the function of a
protein. The idea was to create the PU search server/platform where all
major peptide databases including sequence information from PDB are
connected and used to explore specific peptide sequences, whether
identical or homologous. This involves as many as 0.4 million entries via
online cloud platforms like Selenium framework, MongoDB, and Heroku.
We envision that the information fetched through this webserver would
open new avenues for designing and exploring novel peptides as thera-
peutics for pharmacological interventions.

2. Methodology

2.1. Data collection

Data was collected from various databases, including the RCSB PDB
(https://www.rcsb.org/). All the databases (total 16) used for the current
study are enlisted in Table 1.

AVPdb is a database of antiviral peptides (AVP) that are experimentally
verified against approximately 60 viruses using a different database that
includes anti-HIV peptides (HIPdb) [38]. BaAMPs is a database of antimi-
crobial peptides (AMPs) with the capability to specifically target the mi-
crobial biofilm [39]. BactPepDB, a database of predicted peptides from
prokaryotic genomes aims at providing reannotation to the genome i.e.,
chromosomal as well as plasmid DNA obtained from RefSeq which are
already defined. It provides key information of peptides, their conservation
3

through evolution, and their biological and structural features [40]. Can-
cerPPD is a database of anticancer peptides and proteins which are exper-
imentally determined with data curated from various articles and patents.
This database provides information on the tertiary structure of the peptides
aswell as about variousmodifications in the amino acids [41].CPP site is a
database of cell-penetrating peptides; the recent version of this database
contains information on approximately 1850 cell-penetrating peptides.
These peptides have the capability to enter eukaryotic cellswithout causing
any major damage to the membranes, so they can be used for therapeutic
purposes [42]. DADP is a database of anuran defence peptides as anuran
tissue-like skin is rich in bioactive peptides e.g., AMPs [43]. Database of
Antimicrobial Activity and Structure of Peptides (DBAASP) is curated
manually for designing compounds with antimicrobial activity. This data-
base has information on the 3D structure of AMPs and their activities [44].
PEPlife is a database that contains information about the half-life of pep-
tides as the short half-life of peptides significantly impacts their develop-
ment as therapeutic peptides. It contains information on about 1193 unique
peptides. Bioactive peptides have a crucial role in the regulation of a ma-
jority of biological processes in living organisms and several peptides with
clinical and industrial importance have been discovered in vitro [45]. Pep-
tideDB contains information about naturally occurring peptides and in-
cludes various AMPs, peptide hormones, etc. [19]. ProPepper database
consists of prolamin proteins obtained from the family of grasses (Poaceae)
along with their peptides. It also contains B- and T-cell specific epitopes
responsible for food disorders related to wheat. Datasets are collected from
several public databases like NCBI GenBank etc. [46]. PlantPEPDB is a
database that is curated manually for phytopeptides involved in plant de-
fense mechanisms against pathogens and has potential therapeutic prop-
erties with 3848 entries [47]. Research Collaboratory for Structural
Bioinformatics (RCSB) Protein Data Bank (PDB) provides access to infor-
mation on three-dimensional (3D) structures of various biological mole-
cules like nucleic acids, and proteins. It further supports data deposition and
validation of structural data [48]. Database of structurally annotated ther-
apeutic peptides (SATPdb) consists of information about antihypertensive,
anticancer, and AMPs used for drug delivery with assigned structures. This
database has 19,192 entries of experimentally validated therapeutic pep-
tides [49]. TopicalPdb is a database for topically delivered peptides. This
includes entries for peptides delivered via the eye, nose, and skin. Every
entry provides information about the nature of the peptide, its origin,
length, various modifications, etc. [50]. Tumor homing peptides are the
peptides that play a crucial role in the delivery of anticancer drugs in tumor
tissues. These possess high specificity and thus a database containing in-
formation about these peptides has been developed with the name
TumorHoPe. All the details about these peptides and their target cells
available on thedatabase are experimentally validated [51].YADAMAP is a
database that contains information about 2133 peptides that show activity
against bacteria. This database is different from other databases in that it
contains information about antimicrobial activity against a variety of bac-
terial strains [52].

2.2. Architecture and interface of the database

Figure 1 showcases an abstract view of the approach used in the
creation of this application/web server. As there are exceedingly large
numbers of entries, web scraping was performed by using the Selenium
framework. Selenium [https://selenium-python.readthedocs.io/] is a
web application/website automation research tool that monitors the
browser to access the website like a human. Finally, the script was
automated to “go to page”, extracting the data and then saving it. After
extraction and pre-processing of the data, the sequences on the cloud
were inserted using MongoDB (https://www.mongodb.com/home).

2.3. Database design: data scraping and database insertion

Selenium employs a web-driver package that can take control of the
browser and imitate user-oriented behavior. An HTTP request was made

https://www.rcsb.org/
https://selenium-python.readthedocs.io/
https://www.mongodb.com/home
http://crdd.osdd.net/servers/avpdb
http://crdd.osdd.net/servers/avpdb
http://www.baamps.it/
http://bactpepdb.rpbs.univ-paris-diderot.fr/cgi-bin/home.pl
http://bactpepdb.rpbs.univ-paris-diderot.fr/cgi-bin/home.pl
http://bactpepdb.rpbs.univ-paris-diderot.fr/cgi-bin/home.pl
http://crdd.osdd.net/raghava/cancerppd/
http://crdd.osdd.net/raghava/cancerppd/
http://crdd.osdd.net/raghava/cppsite/
http://crdd.osdd.net/raghava/cppsite/
http://split4.pmfst.hr/dadp/
http://split4.pmfst.hr/dadp/
https://dbaasp.org/
http://crdd.osdd.net/raghava/peplife
http://crdd.osdd.net/raghava/peplife
http://www.peptides.be/index.php?p=home
http://www.peptides.be/index.php?p=home
http://www.peptides.be/index.php?p=home
https://propepper.net
http://14.139.61.8/PlantPepDB/index.php
http://14.139.61.8/PlantPepDB/index.php
https://www.rcsb.org
http://crdd.osdd.net/raghava/satpdb/links.php
http://crdd.osdd.net/raghava/satpdb/links.php
http://crdd.osdd.net/raghava/topicalpdb/
http://crdd.osdd.net/raghava/topicalpdb/
http://crdd.osdd.net/raghava/tumorhope/
http://crdd.osdd.net/raghava/tumorhope/
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to fetch data from the RCSB website. Thus, a list of PDBs on that webpage
was fetched and stored in a file and this process was repeated until the
data from the last page was fetched. Then, at that point, the server tra-
versed through the downloaded PDB list and made an HTTP request to
extract the required FASTA sequence that was appended to the list of
PDBs. After this extraction process, a JSON file was created which had a
key (the PDB code), the URL from where the PDB entry was downloaded,
and the FASTA sequence of the PDB entry. The URL contains basic in-
formation about the PDB entries, such as the biological assembly, digital
object identifier (DOI) number, classification, organism(s), expression
system, and mutations. The data was then embedded into MongoDB,
which is an open-source cross-platform, document-oriented software
application. It is a NoSQL database software that works with JSON-like
documents and optional schemas using threading (after checking
whether all threads are completed or not). The whole process was opti-
mized using threading. But if the threads were not completed, then the
whole process after traversal through the PDB list is repeated (Figure 2).
Figure 1. Flowchart for application development – Flowchart represen
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2.4. Web interface and search modules

To incorporate the search queries for both identical and homologous
sequences, an applicationwas developed that was deployed using Heroku
used for deploying websites (https://www.heroku.com/). This applica-
tion program has two separate functions, one for identical searching and
another for homologous searching. Thus a website with two search bars
was created. At the point when a user enters a specific sequence in the
search bar, the query parameters are forwarded to the application pro-
gram, which further calls the respective function. For example, if a user
enters the sequence for homologous searching, the application program
will call the function corresponding to homologous search and the same
applies to identical searching. In the case of the identical chain function,
the input provided by the user was used, however, in the case of the ho-
mologous chain function a list of similar chains was prepared by referring
to the inset table in Figure 3, and afterwardmaking a list of unique chains.
A schematic visual Figure 3 was added for better clarity of the concept of
ting the abstract view for the creation of the application/web server.

https://www.heroku.com/


Figure 2. Pre-processing and data collection – Flow of pre-processing and data collection for the PU search server.
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identical andhomologous search outcomes. The application program then
forwards these queries for sequence search toMongoDB.MongoDB at that
point processes these requests and checks for similar sequences in the
database. All such sequences which are similar to the one entered by the
user are shown as output in the form of a dictionary that consists of a
collection of key-value pairs. Each key-value pair maps the key to its
Figure 3. Schematic representation of Identical and Homologous Search in P
mologous search in the search application is provided with an inset “table” represen

5

associated value. An API has also been developed for terminal users
(Figure 4). Flask was used for the development of the backend of the code
(https://flask.palletsprojects.com/en/2.0.x/) and the limit was kept to
100 sequences. A GUI program was also developed for exactly the same
thing, and since it is local, all the data can be obtained without rate limi-
tation and it is stored locally in a JSON formattedfile. As a result, an offline
U search application – Difference between the outcome of identical and ho-
ting the grouping logic for different amino acids in homologous pairs search.

https://flask.palletsprojects.com/en/2.0.x/
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tool, as well as an online tool that uses data from the cloud and permits
internet connection, was developed.

2.5. Availability and weblinks

The PU application is freely available as an online and offline tool with
different search options displayed on the homepage (https://chain-search
ing.herokuapp.com/). The homepage provides the user with a link on top
for identical (https://chain-searching.herokuapp.com/identical) and ho-
mologous search (https://chain-searching.herokuapp.com/homologous)
separately. This application also provides the user with an option for
identical search from a specific database under the DB search tab (https://
chain-searching.herokuapp.com/dbSearch) on the homepage and also
with a Web API tab (https://chain-searching.herokuapp.com/api_web)
which allows the user to download the results in API format to use this
application in their project which makes the application much more user
friendly.

3. Results

3.1. Rationale behind development

The PU search application is a web-based interface to search for
identical and homologous peptide and protein sequences from various
databases (https://chain-searching.herokuapp.com/). This sequence
search tool has been developed to search for identical or homologous
sequence pools. This is based on a web format, which is easily accessible
to users around the globe. It can be modified for use in predicting the
binding partners of biologically significant peptides, creating peptide-
based therapeutic or diagnostic agents, and predicting molecular tar-
gets or binding specificities of peptides selected by phage screen. Data
from different databases (as listed in Table 1) was collected and stored in
one place so the user does not need to navigate different websites to
obtain data. In this interface, a user can input a particular sequence and
search for identical and homologous sequences in a single application.
Figure 5 shows the home page of the interface which has many tabs that
the user can utilize as per their requirement.

3.2. Identical and homologous search functions in the application

The home page provides a tutorial for users describing the working of
the application. Identical and homologous search for a sequence can be
Figure 4. Mechanism of search – Flow of Ide
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donedirectly through the tabson the top,while if theuserwants to access a
specific database for identical search; it can be done by using the DB-
Search tab which provides a list of various databases before searching
the sequence. Twodifferent formatswere created, one is awebAPI and the
other is a JSONAPI (Figure 6). This allows the user to choose either one as
per the need under the DB-Search tab. In identical searching, the FASTA
sequences generated as output will include the exact input sequence. The
output of the identical search contains 4 attributes, the keyvalue forwhich
is the name or PDB code of that protein (if any), the FASTA sequence, the
URL of the sequence diverted to the page which contains information of a
particular output, and the database name from where it is fetched. In
homologous searching, the outputs have a relation with the input
sequence, which implies they have a common progenitor as per grouping
in the inset table in Figure 3. Unlike identical searching, the output FASTA
sequences in homologous searching may or may not possibly contain the
exact input sequences. The output of the homologous search contains 5
attributes, the key value for which is the name or PDB code of that protein,
the FASTA sequence, the URL of the page which contains information
about that particular output, and the database name from where it is
fetched and the homologous sequence which it was flagged for.

3.3. Case studies for identical and homologous search

3.3.1. Identical search
For example, Oxytocin is a peptide of nine amino acids. The FASTA

sequence of Oxytocin is CYIQNCPLG. At the point when this sequence is
taken as input for identical searching, it displays 6 unique identical
FASTA sequences along with their key values and database names which
imply that this same sequence will be present in all those 6 FASTA se-
quences (Figure 7A). Highlighted portion in each result depicts the
sequence which was used for the search and where it is present in the
peptide sequence of the results.

3.3.2. Homologous search
For example, if the input sequence for homologous searching is CYIQ,

the result would include related PDBs and the connection between the
outputs and input sequences can be found as mentioned in the inset table
in Figure 3. As shown in the table, only cysteine (C), glycine (G), and
proline (P) are treated as separate characters, so they will not be mapped
with any other characters. Moving to the next character ‘Y’, it can be seen
that it belongs to group 2which has total 3 characters, ‘F’, ‘Y’, and ‘W’; this
means that ‘Y’ can bemapped to ‘F’ and ‘W’, therefore, CFIQ andCWIQare
ntical and Homologous search mechanism.

https://chain-searching.herokuapp.com/
https://chain-searching.herokuapp.com/
https://chain-searching.herokuapp.com/identical
https://chain-searching.herokuapp.com/homologous
https://chain-searching.herokuapp.com/dbSearch
https://chain-searching.herokuapp.com/dbSearch
https://chain-searching.herokuapp.com/api_web
https://chain-searching.herokuapp.com/


Figure 5. Home-page of the webserver – Home-page for the interface showing different tabs which can be employed by the user.
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homologous to the input sequence CYIQ. Thus, all those FASTA sequences
containing CFIQ and CWIQwill be shown as output for the input sequence
CYIQ. Similarly, checking for the next character, ‘I’, which belongs to
group 1 containing five amino acids, signifies ‘I’ can be mapped to other
five aliphatic amino acids. Now combining this mapping along with the
previous mapping of Y, 8 such sequences were obtained after the search,
which include CFIQ, CWIQ, CYLQ, CYMQ, CFLQ, CFMQ, CWLQ, and
CWMQ. Similarly, including the options for ‘Q’, a total of 16 sequences
were obtained: CFIQ, CWIQ, CYLQ, CYMQ, CFLQ, CFMQ, CWLQ, CWMQ,
CFIN,CWIN,CYLN,CYMN,CFLN,CFMN,CWLN, andCWMN.This implies
that the output FASTA sequences will contain any of the aforementioned
16 sequences and CYIQ in the exact format (Figure 7B). For the input
sequence CYIQ, the output of identical and homologous searching gen-
erates 83 identical PDBs and 914 FASTA sequences, which contain these
homologous sequences.

4. Discussion

The PU search tool (https://chain-searching.herokuapp.com/) offers
wide applicability for biological and pharmaceutical research domains.
The data was gathered from various sources and the whole process was
optimized using threading. Besides this, a separate application-
programming interface (API) was also incorporated for the terminal
users. For the development of the backend of the code, Flask has been
used. Even when the cost of design and development of novel peptides
would reduce, executing the code of this programwould still significantly
help in managing the budget for novel peptide development and it will be
profitable to search in this web crawler database. As the size of different
peptides gets reduced, the cost will also be reduced making it economi-
cally feasible for users from different fields.

4.1. Comparison with other databases PU database interests

The developed application is easy to execute, is freely available to all
the users and is robust due to a large number of entries. As also discussed
7

in the introduction section, this application includes information on
peptides obtained experimentally, and can be used to study evolutionary
relatedness. Like various applications, in the PU webserver, the searched
results from the databases can be downloaded in API format and can be
utilized by the user.

4.2. Limitations

The application was developed using only the freely available re-
sources with low computational power, so it has a limit of 6 amino
acids search at a time. The application has the limit of fetching 100
sequences in case of homologous searching due to the large size of the
database and also because of the limitation of 30 seconds timeout
offered by the deployment. For a single search, the server scans
through the entire database, making it an exhaustive search, which is
not only time-consuming but also puts constraints on the server.
Hence, the first 100 results which appear are not similarity-based. In
the event of homologous scanning, because the application runs into
an exceptionally enormous database and most deployment sites have a
timeout of 30 seconds, henceforth, the data constraint was necessary.
Heroku's system resources are not sufficient enough to perform high-
level calculations or search efficiently via a large database. For ho-
mologous searching, the proposed application is not very effective at
swiftly searching the database and is limited to a set of parameters or
characters. In Heroku, the web process has a 30-second window to
respond to HTTP queries with response data (either the completed
response or some amount of response data to indicate that the process
is active). If a process does not send response data within the first 30-
second timeframe, an H12 error will appear in the logs. This is
dependent on multiprocessing and calculation, which further rely on
the system configuration; which then determines how many threads
are allowed and how quickly homologous chain calculations can be
performed. Due to limited resources, the application cannot continue
data crawling regularly to keep the database updated and in sync with
other databases.

https://chain-searching.herokuapp.com/


Figure 6. DB-Search and Web API – (A) JSON output of identical search under DBsearch for sequence “CYIQNCPLG” from the RCSB PDB database that was spe-
cifically chosen from the drop-down menu, and (B) Web API output of identical search under Web API for sequence “CYIQNCPLG”.
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Figure 7. Screenshots of different searches (A) Identical search – Identical search for sequence “CYIQNCPLG” and (B) Homologous search – Homologous search
for “CYIQ” with homologous sequences as output is shown in the highlighted part (only first few are shown).
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4.3. Future work

A Graphical User Interface (GUI) application capable of performing
the same tasks for local computers, especially the high-end systems can
be created which would be devoid of rate limitation on data and the data
will be stored in JSON formatted files locally. With the use of high-end
computers, this application can also be further extended to include
more amino acids in a single search. With the inclusion of more re-
sources, the 30-second window time frame can also be removed. Here,
both offline and online tools were created for the users with an option to
extend (on faster networks/computers), which uses the data from cloud
and would require an internet connection. Henceforth, a generically
9

accessible tool has been developed for global researchers, who wish to
search for identical and homologous chain pools.

5. Conclusions

Peptide sequence information is crucial not just for predicting struc-
ture and function, but also for several other therapeutic applications.
Using available platforms like Selenium framework, MongoDB, and
Heroku, two sections were created by means of two search bars i.e., one
for identical (https://chain-searching.herokuapp.com/identical) and the
other for homologous searching (https://chain-searching.herokuapp.c
om/homologous). The dynamic website thus created made the tedious

https://chain-searching.herokuapp.com/identical
https://chain-searching.herokuapp.com/homologous
https://chain-searching.herokuapp.com/homologous
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task of searching simpler by providing most of the necessary information
in one place. With the inclusion of different databases, the user is also
provided with an option to search a sequence from a specific database
under the DBsearch tab. Following this, the search queries are imple-
mented for both identical and homologous sequences. After query
building, two separate functions are executed. The identical search
function is based on input provided by the user, while the homologous
search function is based on a list of similar chains created by referring to
the inset table in Figure 3, which was then queried to the databases. The
final application has been developed using Heroku. Overall, this PU
webserver/tool (https://chain-searching.herokuapp.com/) provides
reliability and stability even for long sequence searches and can reduce
the pre-processing work for peptide development.
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