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Abstract—The main objective of this review is to discuss the
biological activities of plants and their potential for therapeutic
use, as well as to highlight the many kinds of bioactive proteins.
Plant-derived bioactive proteins are essential because of their
many functional qualities and health advantages in a variety of
domains, including nutrition, medicine, and agriculture. Plant-
derived bioactive proteins have attracted a lot of attention
because of their potential as medicines and health advantages.
To improve comprehension and application, this study uses
bioinformatic tools to present a thorough analysis of the toxicity
and functional properties of these proteins. We examine the
variety of bioactive proteins originating from plants,
emphasizing their functions in anti-inflammatory, anti-cancer,
and antibacterial properties. We evaluate these proteins’
structural characteristics, binding affinities, and processes of
interaction with target molecules using sophisticated
bioinformatics technologies. A particular focus is on assessing
possible toxicity, using in silico predictive algorithms to detect
side effects and guarantee safety in medicinal applications. We
also go over how to anticipate the functional characteristics of
novel bioactive proteins by integrating proteomic and genomic
data. There are many tools such as BLAST, Clustal Omega,
Inter Pro Scan for the analysis of bioinformatic data have been
reviewed here. This study emphasizes how important
bioinformatics is to understand the safety and therapeutic
potential of bioactive proteins generated from plants, which
opens the door to their optimal application in nutrition and
medicine.
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I. INTRODUCTION

The substantial therapeutic potential and wide range of
health advantages of plant-derived bioactive proteins have
spurred research into them. These proteins, which are present
in many different plant species, have a variety of biological
properties, such as antibacterial, anti-inflammatory, and anti-
cancer properties [1]. Because they are natural products, they
may be less harmful and have fewer negative effects than
manufactured medications. To wuse them safely and
effectively, though, requires a full grasp of their possible
toxicity and functional properties. Bioinformatic methods
have become more potent tools for the study and description
of bioactive proteins in recent years. Proteins can be
identified, annotated, and functionally predicted thanks to
these approaches, which also shed light on the proteins'
interactions with biological targets and their structure and
mode of action. Bioinformatics makes it easier to find new
bioactive proteins and evaluate their potential as therapeutic
agents by utilizing massive datasets from proteomic and

genetic research [2]. Antimicrobial activities of plant
bioactive proteins are demonstrated against bacteria, fungi,
and viruses. For example, defensins have the ability to
damage microbial cell membranes, which makes them
promising candidates for the development of novel
antimicrobial drugs, particularly against bacteria resistant to
antibiotics. Cereals and seed thionine have the capacity to
fight microbiological infections as well [3].

Bioactive proteins are an essential part of the
pharmacological toolkit that plants have been using for
generations as a rich supply of therapeutic chemicals [4].
These proteins are essential to plant defense processes and
have been demonstrated to provide a range of medicinal
benefits. To fully use these proteins' potential in medication
research and dietary applications, it is imperative to
comprehend their structural and functional properties [5]. But
there are several obstacles facing scientists, including the
variety of plant species and the intricacy of protein structures.
The study of bioactive proteins has undergone a
revolutionary change with the introduction of high-
throughput sequencing and proteomic technology. Massive
genomic data sets produced by large-scale sequencing efforts
are a useful tool for finding and describing bioactive proteins.
Proteomic methods allow for the deep investigation of
protein expression, alteration, and interaction networks, such
as mass spectrometry [6]. These datasets are integrated by
bioinformatics, which provides strong tools for predicting
protein function, clarifying methods of action, and evaluating
possible toxicity.

Bioinformatic methods have become more potent tools
for the study and description of bioactive proteins in recent
years [7]. Proteins can be identified, annotated, and
functionally predicted thanks to these approaches, which also
shed light on the proteins' interactions with biological targets
and their structure and mode of action. Bioinformatics makes
it easier to find new bioactive proteins and evaluate their
potential as therapeutic agents by utilizing massive datasets
from proteomic and genetic research. Even with the progress
made in bioinformatics, assessing the toxicity and functional
characteristics of bioactive proteins originating from plants
still poses considerable difficulties. Because traditional
experimental procedures need a lot of time and resources, in
silico methods have to be developed in order to forecast
toxicity and guarantee safety [8]. Predictive algorithms and
computational models can quickly screen for possible side
effects, directing experimental validation and minimizing the
need for animal testing.
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Bowman-Birk Inhibitor (BBI) — Soybeans is the example
of plant-derived bioactive proteins. BBI has been shown to
inhibit the activity of serine proteases, such as trypsin and
chymotrypsin, which are involved in cancer progression. BBI
can suppress tumor growth and metastasis, particularly in
colon, breast, and prostate cancers. BBI reduces
inflammation by modulating protease activity linked to
inflammatory pathways. Lectins can bind to carbohydrates on
the surface of cancer cells, inducing apoptosis and inhibiting
tumor growth. Concanavalin A, for instance, has
demonstrated the ability to induce cell death in liver cancer
cells.

Because they are inherently biocompatible with human
systems, plant-derived bioactive proteins lower the
possibility of harmful side effects and toxicity that are
frequently associated with synthetic medications. They are
typically easier to digest and produce less allergic reactions
because they are derived from natural food sources. Protease
inhibitors and lectins are two examples of plant proteins that
show strong target selectivity, meaning they only harm
cancer cells and other specific targets while sparing healthy
cells and tissues. As synthetic medications frequently have
broader, less focused actions, this lessens collateral damage,
which is a serious problem.

Il. METHODOLOGY

Several methodical processes make up the methodology
for carrying out a comprehensive analysis of the toxicity and
functional properties of bioactive proteins made from plants
using bioinformatic tools [9]. First, a thorough literature
search utilizing pertinent keywords like "bioactive proteins,"”
"plant-derived proteins,” “bioinformatics,” and certain
protein classes will be carried out across scientific databases,
including PubMed, Scopus, and Web of Science. Research in
bioinformatics, plant biology, pharmacology, and
biotechnology will be included, with an emphasis on
predefined criteria [10]. Peer-reviewed publications,
conference proceedings, and reputable books will all be
included. The next step is data extraction, which is gathering
important data such protein names, plant sources, biological
activity (including antibacterial and anticancer properties),
structural features, and techniques used in computational or
experimental research. In order to investigate evolutionary
links and distribution patterns among plant families or
genera, taxonomy analysis will be used in conjunction with
structural and functional properties to classify bioactive
proteins [11]. Structural analysis uses computational
techniques like molecular docking and homology modeling
to study protein structure, binding sites, and interactions with
target molecules, while functional analysis uses
bioinformatic tools to predict protein function and
mechanisms of action.

Using databases and computational models, in silico
predictions will be carried out to evaluate physicochemical
attributes, pharmacokinetics, and probable negative effects in
order to determine toxicity and safety profiles [12].
Homology-based Methods (BLAST, FASTA) rely on the
idea that proteins with similar sequences often share similar
functions. By comparing an unknown protein's sequence to
known proteins in databases (e.g., using BLAST), researchers
can infer the function of the unknown protein based on

homology to well-characterized proteins. If a protein
sequence has high similarity to known kinase enzymes, it
may also have kinase activity. Motif and Domain Analysis
(Pfam, InterProScan) motifs are characteristic regions of a
protein that are responsible for specific functions (e.g.,
catalytic activity or binding). Identifying such motifs through
databases like Pfam or SMART can provide insights into a
protein's role.

I11. BIOACTIVE PROTEINS

Specialized proteins known as "bioactive proteins" have
amajor impact on biological processes and living things [13].
These proteins are essential for maintaining health,
preventing disease, and providing therapeutic treatments
[14]. They are involved in many physiological processes.
Enzymes, which catalyze vital biochemical reactions,
hormones, which function as chemical messengers regulating
diverse physiological activities, and antibodies, which are
generated by the immune system to recognize and eliminate
pathogens, are a few examples of bioactive proteins.
Furthermore, immunological responses and inflammation are
significantly influenced by cytokines, which are tiny proteins
involved in cell signaling, whereas growth factors promote
the division, development, and proliferation of cells.
Antimicrobial peptides are another class of bioactive proteins
that destroy harmful bacteria, fungi, and viruses.
Nutraceutical proteins, found in foods like casein and whey,
offer beneficial health effects [15]. Bioactive proteins can be
naturally occurring or synthetically produced and have
applications in medicine, nutrition, and biotechnology, where
they are researched for their potential to treat diseases,
enhance immune function, and promote overall well-being.

Because of their significant effects on biological systems
and human health, bioactive proteins are essential [16]. These
proteins play a critical role in preserving physiological
equilibrium and enhancing general health. Enzymes are
bioactive proteins that play a vital role in biochemical
reactions, enabling cellular functions such as metabolism.
Hormones affect development, metabolism, and reproductive
health by regulating essential biological processes. Immune
protection relies heavily on antibodies to recognize and
eliminate dangerous infections [17]. Inflammation and
immunological responses are important aspects of cytokine
function, supporting the body's defense mechanisms. Growth
factors play a crucial role in development and healing by
promoting cell proliferation, differentiation, and tissue repair.

Antimicrobial peptides work by eliminating bacteria,
fungi, and viruses to provide a natural defense against
ilinesses [18]. Nutraceutical proteins, which are present in
foods like whey and casein, improve immunological function
and general health in addition to offering nutritional
advantages. Bioactive proteins have a wide range of uses in
nutrition, biotechnology, and medicine, which highlights
their significance since they may lead to novel therapies,
better disease prevention, and higher standards of living.
Bioactive proteins have many advantages, but there are a
number of obstacles that prevent them from being used
widely and effectively. A significant obstacle is their
stability; a lot of bioactive proteins are susceptible to changes
in pH, temperature, and enzymatic breakdown, which can
lower their effectiveness [19]. It is vital but challenging to
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guarantee the stability of these proteins during transportation,
storage, and administration. The difficulty of extracting and
purifying them from natural sources, which frequently calls
for expensive and complex methods, is another difficulty.
Furthermore, immunological responses to bioactive proteins
may result in allergic reactions or, over time, a decrease in
efficacy as a result of the production of neutralizing
antibodies. It is extremely difficult to distribute these proteins
to specific body tissues or cells since sophisticated delivery
methods are needed to guarantee that the proteins arrive to
their destinations without deteriorating or ceasing to function.
Furthermore, there are technological and legal barriers to
overcome in the large-scale manufacturing of bioactive
proteins, especially when using recombinant DNA
technology [20]. To address these issues and create bioactive
protein-based medicines and products that are safer, more
effective, and more stable, continued research and innovation
are required.

IV. BIOINFORMATIC TECHNIQUES

A wide variety of statistical and computational
approaches are employed in bioinformatics to examine
biological data, especially when studying plant-produced
bioactive proteins. These methods are crucial for
understanding a wide range of biological phenomena, from
structural and functional predictions to protein sequence
analysis. Researchers can determine evolutionary linkages
and similarities between protein sequences using sequence
analysis techniques like BLAST [21]. This information is
essential for comprehending the functional domains and
evolutionary origins of individual protein sequences. The
three-dimensional structures of proteins and their interactions
with ligands are predicted using structural bioinformatics
approaches such as homology modeling and molecular
docking, which shed light on the possible biological activities
and mechanisms of action of the proteins.

In order to help clarify the roles that proteins play in
cellular pathways and disease mechanisms, functional
annotation methods, such as Gene Ontology analysis and
route mapping, classify proteins according to their biological
processes and molecular functions [22]. The prediction of
protein functions and toxicity is facilitated by predictive
modeling techniques, such as machine learning algorithms
and QSAR modeling, which help in the identification of
strong candidates for additional experimental validation.
Bioinformatics is a relatively new and evolving discipline
that combines skills and technologies from computer science
and biology to help us better understand and interpret
biological data which is shown in Fig. 1. Comprehensive
investigation of protein sequences, post-translational
modifications, and expression patterns across many plant
species is made possible by the integration of genomic and
proteomic data from databases such as NCBI GenBank and
UniProt [23].

These bioinformatic methods open the door for novel
developments in biotechnology, agriculture, and medicine by
speeding up the identification and characterization of
bioactive proteins and improving our knowledge of their
possible uses in these fields.

V. Toxic CHARACTERIZATION OF BIOACTIVE
PROTEINS

When using bioactive proteins derived from plants for
nutritional and medicinal objectives, it is important to take
their toxicity features into account. Bioinformatic methods
are essential for evaluating and forecasting these traits,
providing important information on the safety profile of these
proteins [24]. This is a summary of the methods used in
bioinformatics research on the toxicity properties of plant-
derived bioactive proteins:

Developing
diagnostic tools

Collaborating and
communicating

Problem-solving
o ——

Fig. 1. Architecture of bioinformatics

A. Analysis of Sequence and Structure

Sequence Similarity: Protein sequences are compared
with known poisons or allergens in databases using
bioinformatics methods like BLAST. This facilitates the
discovery of putative homologies or conserved motifs linked
to toxicity [25].

Structure Prediction: The three-dimensional structure of
proteins is predicted using methods such as ab initio
modeling and homology modeling. Potential structural
elements associated with toxicity, such as protein domains
known to have negative effects, can be found by structural
analysis.

B. Models for Predicting Toxicity

Machine Learning Algorithms: Based on structural
characteristics or protein sequences, computational models
trained on datasets of known dangerous proteins can forecast
toxicity [26]. These models offer a quick screening strategy
by categorizing proteins into dangerous and non-toxic
groups.

QSAR models are used to establish a relationship between
the structural characteristics of proteins and their biological
functions, including toxicity. Through the examination of
physicochemical properties, QSAR models forecast toxicity
by utilizing molecular descriptors [27].

C. Pathway Analysis and Functional Annotation

Analysis of Gene Ontology (GO): Using bioinformatic
methods, proteins are categorized according to their
molecular roles and biological processes [28]. Proteins
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implicated in toxicological pathways or processes can be
identified with the use of annotation.

Pathway Mapping: By placing proteins on biological
pathways, one can better comprehend systemic effects by
observing their interactions and possible contributions to
toxicity pathways.

D. Combining Omics Data

Combining data from proteomic (like UniProt) and
genomic (like NCBI GenBank) databases can give detailed
insights into the patterns, changes, and interactions of protein
expression [29]. The comprehension of toxicity processes
and diversity among various plant species is improved by this
data integration.

E. Hazardous Result Trajectories and Structural Warnings

Structural Alerts: Reactive groups or cellular receptor
binding locations are examples of structural motifs linked to
toxicity that can be found using bioinformatic methods.

Adverse Outcome Pathways (AOPs): AOP frameworks
integrate molecular initiating events, key events, and adverse
outcomes to predict and understand toxicity mechanisms at
different biological levels [30].

V1. FUNCTIONALITY CHARACTERIZATION OF
BIOACTIVE PROTEINS

By providing a methodical way to comprehend the many
biological activities and mechanisms of action of bioactive
proteins derived from plants, bioinformatic approaches play
a crucial role in investigating the functioning properties of
these proteins [31]. Here is a summary of the methods used
to investigate the functional properties of these proteins using
bioinformatics. Using soy, rice, grains, and sunflower as
sources, the example of the plant world is selected. Bioactive
peptides can be released either in vitro (by processing) or in
situ in vivo (upon digestion) through enzymatic digestion or
fermentation. These peptides can have a variety of positive
effects, from immune system support to protection against
excessive oxidative stress and even cancer. Fig. 2 shows the
functions of plant-derived bioactive peptides released by
enzymatic digestion or fermentation
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-
p
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Fig. 2. Functions of plant-derived bioactive peptides released by
enzymatic digestion or fermentation [32]
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A. Analysis of Sequences

Homology Search (BLAST): To find homologous
proteins with established activities, bioinformatics methods
such as BLAST compare protein sequences against
databases. Based on sequence similarity, this aids in the

prediction of the possible biological activities of bioactive
proteins [33].

Domain Prediction: Programs like Pfam and InterProScan
help find functional domains in protein sequences, which can
reveal information about the structural and functional
properties of the sequences.

B. Organizational Bioinformatics

Using homologous protein structures with known
functions as a basis, homology modeling predicts the three-
dimensional structure of bioactive proteins. Understanding
the spatial organization of functional domains and interaction
locations that are essential for biological activity is made
easier by structural models [34].

Molecular docking: Research using computational
docking models the binding interactions that bioactive
proteins will have with target molecules, such as enzymes and
receptors [35]. This facilitates the clarification of the
specificity and mechanisms of action of bioactive proteins in
biological systems.

C. Annotation for Function

Bioactive proteins are categorized using Gene Ontology
(GO) analysis, which takes into account their molecular roles,
biological processes, and cellular components. The
systematic annotations provided by GO keywords explain
how a protein is involved in particular biological activities
[36].

Bioactive proteins can be mapped onto biological
pathways and networks using pathway analysis, which
reveals the functions these proteins play in metabolic
pathways, signaling cascades, and disease mechanisms [37].
The comprehension of the wider functional consequences of
bioactive proteins in cellular settings is aided by this analysis.

D. Networks of Protein-Protein Interaction (PPI)

Building interaction networks to find protein-protein
interactions involving bioactive proteins is known as network
analysis. PPl networks clarify intricate connections and
functional interactions between proteins, emphasizing
possible regulatory or synergistic functions [38].

E. Predictive Modeling and Machine Learning

Function Prediction: Based on sequence characteristics,
structural motifs, and evolutionary connections, machine
learning techniques and computer models forecast the
activities of proteins [39]. These models help identify new
roles and potential treatment targets by grouping bioactive
proteins into functional groups.

Quantitative Structure-Activity Relationships (QSARS):
QSAR models predict functional attributes like enzymatic
activity, receptor binding affinity, or pharmacological
potency by establishing a correlation between the structural
characteristics of bioactive proteins and their biological
activities [40].

VII. DISCUSSION

A crucial area of biotechnological research is the toxicity
and functional properties of bioactive proteins derived from
plants, which may be studied thanks to bioinformatics
methods. Promising prospects for medicinal and nutritional
uses, bioactive proteins have a broad range of advantageous
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biological actions, such as antibacterial, anticancer, and anti-
inflammatory qualities. By offering systematic tools to
examine protein sequences, predict structural properties, and
evaluate probable biological roles, bioinformatics plays a
crucial role in elucidating these aspects. Functionally,
researchers may anticipate the three-dimensional structures
of bioactive proteins and discover conserved domains using
bioinformatic tools like homology modeling and BLAST
[41]. Understanding the interactions of proteins with
biological targets and their mechanisms of action within
cellular pathways is made possible by these insights into the
architecture of proteins. A thorough understanding of the
functional roles that bioactive proteins play in biological
systems is provided by gene ontology (GO) analysis and
pathway mapping, which further classify bioactive proteins
according to their molecular activities and participation in
physiological processes [42]. At the same time, bioinformatic
methods play a major role in assessing the safety profile of
bioactive proteins. Early detection of safety concerns can be
facilitated by the discovery of potentially poisonous or
allergic motifs within protein sequences by sequence and
structural analysis. To anticipate possible negative effects,
computational toxicity prediction models such as machine
learning techniques and QSAR approaches extrapolate from
structural and physicochemical data. This helps with risk
assessment and regulatory decision-making.

However, there are still a number of difficulties in the
subject. To reliably forecast both functionality and toxicity,
rigorous experimental validations and updated computer
models are required due to the heterogeneity across plant
species and the intricacy of protein interactions [43]. The
integration of multi-omics data, including proteomics and
genomics, improves the analysis's depth by revealing patterns
of protein expression and post-translational changes that
affect safety profiles and biological activity. Going forward,
the full therapeutic potential of plant-derived bioactive
proteins can only be possible with sustained progress in
bioinformatics. To improve evidence-based applications in
healthcare, agriculture, and other fields, this entails
developing bioinformatics databases, improving predictive
models, and incorporating cutting-edge technologies. The
significance of responsible research and development in
utilizing these natural substances for global health and
environmental sustainability is further highlighted by ethical
considerations related to sustainable sourcing procedures and
fair distribution of biotechnological advantages.

Because bioactive proteins naturally affect biological
processes at the molecular level, they are truly extremely
promising in a variety of sectors, including nutrition,
biotechnology, and medicine. They are important resources
in contemporary science because of their capacity to preserve
health, fend against illnesses, and provide therapeutic
treatments. Bioactive proteins have the potential to transform
biotechnology, nutrition, and medicines through further study
and development. They can offer new treatments, improve
illness prevention, and raise people's quality of life in general.
Their inherent source, uniqueness, and versatility provide
them with essential resources in the quest for better, more
enduring answers for the times ahead.

VIII. CONCLUSION

To sum up, the investigation of the toxicity and functional
properties of bioactive proteins obtained from plants using
bioinformatic methods highlights the great complexity and
promise of these proteins. The field of bicinformatics offers
invaluable resources for forecasting the actions of proteins,
clarifying their structural characteristics, and evaluating the
possible hazards linked to their use in diverse applications.
Even while bioactive proteins have a variety of advantageous
properties that make them useful for nutritional and
medicinal applications, it is still crucial to carefully assess
their safety profiles. In the future, it will be crucial to improve
the precision and dependability of bioinformatic predictions
using integrated techniques such sophisticated computational
modeling and multi-omics data integration. This will make it
easier for researchers to traverse the complexity of
interactions between proteins and variety among different
plant species. Furthermore, for the responsible development
and broad application of bioactive proteins, it will be essential
to address ethical issues and promote sustainable practices in
their manufacture and use. Researchers can speed up the
development of novel treatments, environmentally friendly
farming practices, and functional foods by utilizing
bioinformatics to expand our knowledge of bioactive
proteins. This comprehensive strategy helps solve global
health issues and encourages environmental responsibility in
addition to advancing science. Bioinformatics is going to be
crucial in utilizing the potential of plant-based bioactive
proteins for the good of both society and the environment as
research advances. In fact, even though bioactive proteins
have a great deal of promise for use in many different
contexts, extensive safety testing must be done before
bioactive proteins are widely used in industrial, nutritional, or
medicinal contexts. Advanced screening tools and preclinical
and clinical trials are necessary to thoroughly address safety
concerns such immunological reactions, allergies, and
toxicity.

REFERENCES

[1] S. I. Cuevas-Cianca, C. Romero-Castillo, J. L. Galvez-Romero, Z. N.
Juarez, L. R. Herndndez, “Antioxidant and anti-inflammatory
compounds from edible plants with anti-cancer activity and their
potential use as drugs,” Molecules, vol. 28, no. 3, p. 1488, 2023,
https://doi.org/10.3390/molecules28031488.

[2] N.J.Kang, H. S. Jin, S. E. Lee, H. J. Kim, H. Koh, D. W. Lee, “New
approaches towards the discovery and evaluation of bioactive peptides
from natural resources,” Critical Reviews in Environmental Science
and Technology, wvol. 50, no. 1, pp. 72-103, 2020,
https://doi.org/10.1080/10643389.2019.1619376.

[3] Z. F. Wang, J. Liu, Y. A. Yang, H. L. Zhu, “A review: the anti-
inflammatory, anticancer and antibacterial properties of four kinds of
licorice flavonoids isolated from licorice,” Current Medicinal
Chemistry, wvol. 27, no. 12, pp. 1997-2011, 2020,
http://dx.doi.org/10.2174/0929867325666181001104550.

[4] P. Kumar, I. Shaunak, M. L. Verma, “Biotechnological application of
health promising bioactive molecules,” Biotechnological production of
bioactive compounds, pp. 165-189, 2020,
https://doi.org/10.1016/B978-0-444-64323-0.00006-0.

[5] R. Boehm, “Bioproduction of therapeutic proteins in the 21st century
and the role of plants and plant cells as production platforms,” Annals
of the New York Academy of Sciences, vol. 1102, no. 1, pp. 121-134,
2007, https://doi.org/10.1196/annals.1408.009.

[6] S. Kumar, S. Paul, Y. K. Walia, A. Kumar, P. Singhal, “Therapeutic
Potential Of Medicinal Plants: A Review, J. Biol. Chem. Chron, vol. 1,
no. 1, pp. 46-54, 2015,

Most. Sharmin Khatun, Bioinformatics Analysis of Toxicity and Functional Properties of Plant-Derived Bioactive Proteins


https://doi.org/10.3390/molecules28031488
https://doi.org/10.1080/10643389.2019.1619376
http://dx.doi.org/10.2174/0929867325666181001104550
https://doi.org/10.1016/B978-0-444-64323-0.00006-0
https://doi.org/10.1196/annals.1408.009

Control Systems and Optimization Letters, VVol. 2, No 2, 2024

246

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

https://www.eresearchco.com/articles/therapeutic-potential-of--
medicinal-plants-a-review.pdf.

M. S. Akhtar, M. K. Swamy, U. R. Sinniah, “Natural bio-active
compounds,”  Springer, vol. 1, pp. 1-608, 2019,
https://doi.org/10.1007/978-981-13-7154-7.

D. Li, J. H. Bae, M. Rishi, “Sustainable development and SDG-7 in
Sub-Saharan Africa: balancing energy access, economic growth, and
carbon emissions,” The European Journal of Development Research,
vol. 35, no. 1, pp. 112-137, 2023, https://doi.org/10.1057/s41287-021-
00502-0.

A. Rani et al., “Microorganisms: a potential source of bioactive
molecules for antioxidant applications,” Molecules, vol. 26, no. 4, p.
1142, 2021, https://doi.org/10.3390/molecules26041142.

B. P. Singh, S. P. Bangar, M. Alblooshi, F. F. Ajayi, P. Mudgil, S.
Magsood, “Plant-derived proteins as a sustainable source of bioactive
peptides: recent research updates on emerging production methods,
bioactivities, and potential application,” Critical reviews in food
science and nutrition, vol. 63, no. 28, pp. 9539-9560, 2022,
https://doi.org/10.1080/10408398.2022.2067120.

E. Arjeh, H. R. Akhavan, M. Barzegar, A. A. Carbonell-Barrachina,
“Bio-active compounds and functional properties of pistachio hull: A
review,” Trends in Food Science & Technology, vol. 97, pp. 55-64,
2020, https://doi.org/10.1016/j.tifs.2019.12.031.

J. R. Campos et al., “Solid lipid nanoparticles (SLN): prediction of
toxicity, metabolism, fate and physicochemical properties,”
Nanopharmaceuticals, vol. 1, 1-15, 2020,

https://doi.org/lO.1016/B978—0—12—817778—5.00601—4.

P. J. Moughan, “Milk proteins: A rich source of bioactives for
developing functional foods,” Milk Proteins (Third Edition), pp. 633-
649, 2020, https://doi.org/10.1016/B978-0-12-815251-5.00017-7.

C. Hu et al., “Heat shock proteins: Biological functions, pathological
roles, and therapeutic opportunities,” MedComm, vol. 3, no. 3, p. e161,
2022, https://doi.org/10.1002/mco2.161.

A.Yigit, P. Bielska, D. Cais-Sokolinska, G. Samur, “Whey proteins as
a functional food: Health effects, functional properties, and
applications in food,” Journal of the American Nutrition Association,
vol. 42, no. 8, pp. 758-768, 2023,
https://doi.org/10.1080/27697061.2023.2169208.

R. Mehra et al., “Whey proteins processing and emergent derivatives:
An insight perspective from constituents, bioactivities, functionalities
to therapeutic applications,” Journal of Functional Foods, vol. 87, p.
104760, 2021, https://doi.org/10.1016/j.jff.2021.104760.

N. Shang, S. Chaplot, J. Wu, “Food proteins for health and nutrition,”
Proteins in Food Processing (Second Edition), pp. 301-336, 2018,
https://doi.org/10.1016/B978-0-08-100722-8.00013-9.

K. Sharma, E. S. Chauhan, “Role of whey protein in nutrition, health
and diseases: A non conventional foodstuff with amazing nutraceutical
potential,” 1JRAR-International Journal of Research and Analytical
Reviews, vol. 5, no. 3, pp. 464-470, 2018,
https://ijrar.com/upload_issue/ijrar_issue_1677.pdf.

S. Minj, S. Anand, “Whey proteins and its derivatives: Bioactivity,
functionality, and current applications,” Dairy, vol. 1, no. 3, pp. 233-
258, 2020, https://doi.org/10.3390/dairy1030016.

B. Kadam, R. Ambadkar, K. Rathod, S. Landge, “Health benefits of
whey: A brief review,” International Journal of Livestock Research,
vol. 8, no. 5, . 31-49, 2018,
https://www.davidpublisher.com/Public/uploads/Contribute/568202c8
b94£7.pdf.

F. Gabler et al., “Protein sequence analysis using the MPI
bioinformatics toolkit,” Current Protocols in Bioinformatics, vol. 72,
no. 1, p. 108, 2020, https://doi.org/10.1002/cpbi.108.

G. F. Ejigu, J. Jung, “Review on the computational genome annotation
of sequences obtained by next-generation sequencing,” Biology, vol. 9,
no. 9, p. 295, 2020, https://doi.org/10.3390/biology9090295.

J. M. Gonzélez, “Visualizing the superfamily of metallo-B-lactamases
through sequence similarity network neighborhood connectivity
analysis,” Heliyon, wvol. 7, no. 1, p. 05867, 2021,
https://doi.org/10.1016/j.heliyon.2020.e05867.

EFSA Panel on Genetically Modified Organisms (GMO) et al.,
“Scientific Opinion on development needs for the allergenicity and
protein safety assessment of food and feed products derived from
biotechnology,” EFSA Journal, vol. 20, no. 1, p. e07044, 2022,

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

https://doi.org/10.2903/j.efsa.2022.7044.

F. Ahmad, A. Mahmood, T. Muhmood, “Machine learning-integrated
omics for the risk and safety assessment of nanomaterials,”
Biomaterials science, vol. 9, no. 5, pp. 1598-1608, 2021,
https://doi.org/10.1039/D0BMO01672A.

D. Mitra, “Evolution of Bioinformatics and its impact on modern bio-
science in the twenty-first century: Special attention to pharmacology,
plant science and drug discovery,” Computational Toxicology, vol. 24,
p. 100248, 2022, https://doi.org/10.1016/j.comtox.2022.100248.

F. E. Agamah et al., “Computational/in silico methods in drug target
and lead prediction,” Briefings in bioinformatics, vol. 21, no. 5, pp.
1663-1675, 2020, https://doi.org/10.1093/bib/bbz103.

V. Yurina, O. R. Adianingsih, “Predicting epitopes for vaccine
development using bioinformatics tools,” Therapeutic advances in
vaccines and immunotherapy, vol. 10, 2022,
https://doi.org/10.1177/25151355221100218.

S. Vishnoi, H. Matre, P. Garg, S. K. Pandey, “Artificial intelligence
and machine learning for protein toxicity prediction using proteomics
data,” Chemical Biology & Drug Design, vol. 96, no. 3, pp. 902-920,
2020, https://doi.org/10.1111/chdd.13701.

N. Igbal, P. Kumar, “From data science to bioscience: emerging era of
bioinformatics applications, tools and challenges,” Procedia Computer
Science, vol. 218, pp- 1516-1528, 2023,
https://doi.org/10.1016/j.procs.2023.01.130.

X. Zhang, L. Liang, L. Liu, M. Tang, “Graph neural networks and their
current applications in bioinformatics,” Frontiers in genetics, vol. 12,
p. 690049, 2021, https://doi.org/10.3389/fgene.2021.690049.

M. Kussmann, P. J. V. Bladeren, “The extended nutrigenomics—
understanding the interplay between the genomes of food, gut
microbes, and human host,” Frontiers in genetics, vol. 2, p. 21, 2011,
https://doi.org/10.3389/fgene.2011.00021.

F. Dong, G. Zhao, H. Tong, Z. Zhang, X. Lao, H. Zheng, “The prospect
of bioactive peptide research: A review on databases and tools,”
Current Bioinformatics, vol. 16, no. 4, pp. 494-504, 2021,
http://dx.doi.org/10.2174/1574893615999200813192148.

C. A. D. Santos-Silva et al., “Plant antimicrobial peptides: state of the
art, in silico prediction and perspectives in the omics era,”
Bioinformatics and  Biology Insights, vol. 14, 2020,
https://doi.org/10.1177/1177932220952739.

Y. Yuan, C. Shi, H. Zhao, “Machine learning-enabled genome mining
and bioactivity prediction of natural products,” ACS synthetic biology,
vol. 12, no. 9, pp. 2650-2662, 2023,
https://doi.org/10.1021/acssynbio.3c00234.

B. Nowruzi, G. Afshari, “In silico analysis of molecular phylogeny of
genes involved in the synthesis of bioactive compounds in
cyanobacteria strains located in Tehran Cascade,” Jentashapir Journal
of Cellular and Molecular Biology, vol. 14, no. 1, p. €132400, 2023,
https://doi.org/10.5812/jjcmb-132400.

B. Nowruzi, G. Afshari, “In silico analysis of molecular phylogeny of
genes involved in the synthesis of bioactive compounds in
cyanobacteria strains located in Tehran Cascade,” Jentashapir Journal
of Cellular and Molecular Biology, vol. 14, no. 1, p. €132400, 2023,
https://doi.org/10.5812/jjcmb-132400.

B. D. F. Garcia, M. D. Barros, T. D. S. Rocha, “Bioactive peptides from
beans with the potential to decrease the risk of developing
noncommunicable chronic diseases,” Critical reviews in food science
and nutrition, vol. 61, no. 12, pp. 2003-2021, 2021,
https://doi.org/10.1080/10408398.2020.1768047.

S. Zheng, N. Zhu, C. Shi, H. Zheng, “Genomic data mining approaches
for the discovery of anticancer peptides from Ganoderma sinense,”
Phytochemistry, vol. 179, p. 112466, 2020,
https://doi.org/10.1016/j.phytochem.2020.112466.

G. Aguero-Chapin et al., “Emerging computational approaches for
antimicrobial peptide discovery,” Antibiotics, vol. 11, no. 7, p. 936,
2022, https://doi.org/10.3390/antibiotics11070936.

Z. K. Bagewadi, T. Y. Khan, B. Gangadharappa, A. Kamalapurkar, S.
M. Shamsudeen, D. A. Yaraguppi, “Molecular dynamics and
simulation analysis against superoxide dismutase (SOD) target of
Micrococcus luteus with secondary metabolites from Bacillus
licheniformis recognized by genome mining approach,” Saudi Journal
of Biological Sciences, vol. 30, no. 9, p. 103753, 2023,
https://doi.org/10.1016/j.sjbs.2023.103753.

Most. Sharmin Khatun, Bioinformatics Analysis of Toxicity and Functional Properties of Plant-Derived Bioactive Proteins


https://www.eresearchco.com/articles/therapeutic-potential-of--medicinal-plants-a-review.pdf
https://www.eresearchco.com/articles/therapeutic-potential-of--medicinal-plants-a-review.pdf
https://doi.org/10.1007/978-981-13-7154-7
https://doi.org/10.1057/s41287-021-00502-0
https://doi.org/10.1057/s41287-021-00502-0
https://doi.org/10.3390/molecules26041142
https://doi.org/10.1080/10408398.2022.2067120
https://doi.org/10.1016/j.tifs.2019.12.031
https://doi.org/10.1016/B978-0-12-817778-5.00001-4
https://doi.org/10.1016/B978-0-12-815251-5.00017-7
https://doi.org/10.1002/mco2.161
https://doi.org/10.1080/27697061.2023.2169208
https://doi.org/10.1016/j.jff.2021.104760
https://doi.org/10.1016/B978-0-08-100722-8.00013-9
https://ijrar.com/upload_issue/ijrar_issue_1677.pdf
https://doi.org/10.3390/dairy1030016
https://www.davidpublisher.com/Public/uploads/Contribute/568202c8b94f7.pdf
https://www.davidpublisher.com/Public/uploads/Contribute/568202c8b94f7.pdf
https://doi.org/10.1002/cpbi.108
https://doi.org/10.3390/biology9090295
https://doi.org/10.1016/j.heliyon.2020.e05867
https://doi.org/10.2903/j.efsa.2022.7044
https://doi.org/10.1039/D0BM01672A
https://doi.org/10.1016/j.comtox.2022.100248
https://doi.org/10.1093/bib/bbz103
https://doi.org/10.1177/25151355221100218
https://doi.org/10.1111/cbdd.13701
https://doi.org/10.1016/j.procs.2023.01.130
https://doi.org/10.3389/fgene.2021.690049
https://doi.org/10.3389/fgene.2011.00021
http://dx.doi.org/10.2174/1574893615999200813192148
https://doi.org/10.1177/1177932220952739
https://doi.org/10.1021/acssynbio.3c00234
https://doi.org/10.5812/jjcmb-132400
https://doi.org/10.5812/jjcmb-132400
https://doi.org/10.1080/10408398.2020.1768047
https://doi.org/10.1016/j.phytochem.2020.112466
https://doi.org/10.3390/antibiotics11070936
https://doi.org/10.1016/j.sjbs.2023.103753

Control Systems and Optimization Letters, VVol. 2, No 2, 2024 247

[42] P. Gollapalli, H. Manjunatha, P. Shetty, “Network topology analysis of [43] R. Dale et al., “Overcoming the challenges to enhancing experimental

essential genes interactome of Helicobacter pylori to explore novel plant biology with computational modeling,” Frontiers in Plant
therapeutic targets,” Microbial Pathogenesis, vol. 158, p. 105059, Science, vol. 12, p. 687652, 2021,
2021, https://doi.org/10.1016/j.micpath.2021.105059. https://doi.org/10.3389/fpls.2021.687652.

Most. Sharmin Khatun, Bioinformatics Analysis of Toxicity and Functional Properties of Plant-Derived Bioactive Proteins


https://doi.org/10.1016/j.micpath.2021.105059
https://doi.org/10.3389/fpls.2021.687652

