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ABSTRACT

Scorpion venom is a valuable source of biologically active components which mainly
are variable peptides and proteins with pharmacological potential. Therefore,
identification of scorpion venom glands can introduce new potent pharmacological
active components to facilitate development of new drugs. In addition, determining the
envenomation factors could help to produce specific antivenoms for scorpion sting
treatment. Applying new methods to identify scorpion venom compounds can increase
accuracy, efficiency, and productivity. Transcriptomics and proteomics have provided
a good opportunity to identification of these compounds in recent years.
Transcriptomics offers detailed information about venom peptides and toxins by
analyzing gene expression in the venom gland, while proteomics provides
complementary and complementary data by directly identifying proteins and examining
post-translational modifications (PTM). The combination of these two methods, which
is known as venomics, provides an integrated view of the molecular structure and
function of scorpion venom and has led to the discovery of novel bioactive molecules
that can be used in the design of new drugs against a wide range of diseases such as
cancers, resistant bacterial infections, and neurological disorders. This review article
examines the key role of these technologies in the identification of scorpion venom
compounds and discusses future prospects for pharmaceutical and biotechnological

applications.
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Extended Abstract

Introduction

corpion venom is a valuable source of

biologically active components, mainly

consisting of various peptides and proteins,

some of which have been shown to have

pharmacological properties. The diversity of
effects of these peptides and proteins have been approved
as novel drugs for the treatment of various diseases,
including metabolic diseases, autoimmune diseases such as
multiple sclerosis and diabetes, neurodegenerative
diseases, cardiovascular diseases, different types of cancer,
and microbial diseases including bacterial, viral, fungal
and parasitic diseases. Therefore, identification and
characterization of scorpion venom components can
introduce new potent pharmacologically active compounds
to facilitate the development of new drugs. In addition,
identifying venom components enables determination of
factors responsible for the clinical symptoms of scorpion
sting, thereby facilitating the development of specific
antibodies for effective treatment and neutralization of
envenomation. Since different scorpion species produce
distinct venom compounds influenced by genetic,
ecological, nutritional, and climatic factors, the
characterization of these species-specific venoms can
reveal a wide array of diverse peptides and proteins with
potential therapeutic value, thereby enabling the selection
of the most promising bioactive compounds with optimal
efficacy.

Venom gland components of scorpion

The end of a scorpion’s tail (the telson) contains the
venom glands. Over millions of years, the scorpion venom
gland has evolved into a specialized organ that serves a dual
purpose: defense and predation, using its components. The
epithelial cells, which make up the glandular tissue, are
responsible for the production and secretion of venom
components. This venom comprises a cocktail of molecules,
each contributing uniquely to its owverall toxicological
profile. The venomous mixture is predominantly composed
of peptides and proteins, encompassing neurotoxic peptides,
various enzymes, non-neurotoxic peptides and small
molecules, as well as non-peptide small molecular
compounds. Each of venom components playing a specific
role in the venom’s effects. Some of which have shown
pharmacological potential.

Proteomics and Transcriptomics Methods in
Identifying Venom Gland Compounds

In the past, methods such as HPLC and fractionation of
the scorpion venom were used to identify the venom
compounds of scorpions. However, the use of these
methods in most cases led to the identification of a set of
peptides (rather than a specific peptide), which made it
impossible to assign a specific function to a unique peptide.
Afterward, by expanding molecular methods and using
methods such as cDNA library construction and Sanger
sequencing, a number of protein compounds were
identified in some scorpion species. Finally, by developing
and applying new transcriptomics and proteomics
methods, the identification of scorpion venom compounds

with breadth, accuracy, efficiency and productivity has
become possible.

In recent years, transcriptomics and proteomics have
provided a good opportunity to identify compounds with
medicinal potential in the venom gland of scorpions.
Transcriptomics, using the RNA-Sequencing method,
identifies the set of genes that are expressed in the venom
gland of scorpions and lead to the production of proteins.
In this way, by analyzing gene expression in the venom
gland, detailed information about the peptides and toxins
present in scorpion venom is obtained. This method also
allows the identification of toxin gene families, isoforms,
structural motifs, and sometimes expression regulators in
different biological conditions. In the proteomics, which is
a complementary and valuable method, by using LC—
MS/MS, MALDI-TOF, and chromatography-spectrometry
strategies, the actual presence of proteins and peptides in
the venom is identified and their characteristics, including
molecular weight, peptide sequence, and post-translational
modifications (PTMs), are determined. The application of
transcriptomics thus supports the discovery of toxins and
peptides, enhances understanding of venom’s molecular
diversity, and facilitates the identification of novel
compounds with therapeutic potential. Meanwhile,
proteomic analysis extends these insights by improving
antivenom development and elucidating the biological
roles of venom proteins.

In contemporary toxinology, the integrative application
of proteomic and transcriptomic methodologies for the
comprehensive analysis of peptides and proteins derived
from the venom glands of venomous organisms is referred
to as venomics. Venomics provides an integrated view of
the molecular structure and function of scorpion venom
peptides and proteins and has led to the discovery of new
bioactive molecules that can be used in the design and
development of new drugs against a wide range of diseases
such as cancers, resistant bacterial infections, and
neurological disorders. It should be noted that studies
conducted in laboratory settings have shown that in some
cases, the effectiveness of pharmaceutical peptides derived
from scorpion venom glands has been greater than that of
routine drugs, which increases the importance of
identifying scorpion venom gland compounds. This review
article describes the basics of proteomics and
transcriptomics technologies in studying scorpion venom
gland compounds and discusses the importance of these
methods in identifying venom gland compounds. It also
examines evidence from transcriptomics and proteomics
studies conducted in Iran and around the world that show
how the integration of these two approaches leads to the
discovery of emerging drug candidates. Finally,
challenges, knowledge gaps, and future perspectives,
including the integration of multi-omics and the use of
bioinformatics for the identification, characterization, and
rational prioritization of venom gland compounds, are
discussed.

Scorpion venom is a mixture of bioactive peptides and
proteins, including neurotoxins and hemotoxins as well as
active enzymes. These components are cause of clinical
symptoms in scorpion stings; however, these components
may also possess therapeutic potential. Therefore,
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identifying these compounds can not only facilitate the
design and production of specific antivenoms, but also
contribute to drug development.

Raising use of modern transcriptomic and proteomic
approaches for identifying compounds in scorpion venom
glands has led to characterization of these components and
has made available to researchers a large amount of peptide
and protein data from scorpions across the world. These data
enable the creation of a specific profile of protein
components specific to each scorpion species. Since
commercial antivenoms usually cover a broad range of
species, yet in many regions—such as the Middle East and
North Africa—particular species are responsible for most
fatalities, the production of more specific and effective
antivenoms is essential.

By integrating transcriptomic and proteomic data, it is
possible not only to identify venom peptides and proteins
with pharmacological potential in scorpion venom, but also
to identify toxic peptides responsible for envenomation
symptoms and using them to immunize animals during
antiserum production. The outcome of this approach will be
the development of novel drugs, improved therapeutic
efficacy, reduced side effects, and better outcomes for
patients suffering from scorpion stings.
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