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ABSTRACT

Cyanobacteria are a diverse group of photosynthetic microorganisms known for their production of bioactive compounds with
various biological activities. This review explores cyanobacterial bioactive compounds’ current and future prospects and their
roles in different fields. These compounds have great potential for pharmaceuticals, agriculture, and environmental remediation
applications. Cyanobacterial bioactive compounds, such as cyanotoxins, peptides, polyketides, alkaloids, and terpenoids, exhibit
remarkable properties, including antimicrobial, antifungal, antiviral, antioxidant, anti-inflammatory, and anticancer activities. Ad-
vances in genomics, metabolomics, synthetic biology, screening techniques, and bioinformatics have facilitated the identification,
characterization, and manipulation of cyanobacterial compounds. The future prospects involve exploring untapped cyanobacterial
diversity, integrating advanced technologies like machine learning and high-throughput screening, and sustainable production
through biotechnological approaches. These efforts hold promise for discovering new bioactive compounds with unique proper-
ties and applications, contributing to the development of innovative pharmaceuticals, agricultural solutions, and environmental
remedies.
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INTRODUCTION cancer treatment. Microcystins, a common cyanotoxin, have ex-
hibited promising anticancer activity and are being investigated

Cyanobacteria, also known as blue-green algae, are a diverse ¢ potential leads for novel therapies.*~

group of photosynthetic microorganisms that have gained sig-
nificant attention for their ability to produce bioactive com-
pounds with a wide range of biological activities.!> These
compounds hold great potential for various applications, in-
cluding pharmaceuticals, agriculture, and environmental reme-
diation. This review explores the current and future prospects
of bioactive compounds derived from cyanobacteria, highlight-
ing their promising roles in different fields. Cyanobacterial
bioactive compounds exhibit remarkable properties, making
them attractive candidates for drug discovery and develop-

Furthermore, cyanobacteria produce a wide array of sec-
ondary metabolites, including peptides, polyketides, alka-
loids, and terpenoids, which possess diverse bioactivities.’
Cyanobacterial peptides have shown antimicrobial and anti-
cancer activities, while cyanobacterial polyketides have demon-
strated antifungal and antiviral properties. Cyanobacterial al-
kaloids and terpenoids have also shown potential as pharma-
ceutical leads and have garnered attention in drug discovery
efforts.3-10

ment. They have demonstrated activities such as antimicro-
bial, antifungal, antiviral, antioxidant, anti-inflammatory, and
anticancer properties.> These activities arise from cyanobac-
terial compounds’ diverse chemical structures and functions.
For example, cyanotoxins, a group of cyanobacterial bioactive
compounds, have shown potential therapeutic applications in

The current prospects of cyanobacterial bioactive compounds
are promising due to advancements in various scientific disci-
plines. Genomics and metabolomics have facilitated the identi-
fication and characterizing of novel cyanobacterial compounds,
providing valuable insights into their biosynthetic pathways and
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regulatory mechanisms.!! Synthetic biology approaches enable
the manipulation of biosynthetic pathways, producing bioactive
compounds with improved properties and yields. Additionally,
innovative screening techniques and bioinformatics tools have
enabled the efficient identification and isolation of novel com-
pounds from cyanobacteria.'>!3

Looking ahead, the future prospects of cyanobacterial
bioactive compounds are exciting. Continued exploration of
untapped cyanobacterial diversity holds promise for dis-
covering new bioactive compounds with unique properties
and applications.'* Moreover, the sustainable production and
scaling-up of cyanobacterial bioactive compounds through the
integration of advanced technologies, such as machine learn-
ing and high-throughput screening, can accelerate the discovery
and characterization of cyanobacterial compounds. Biotechno-
logical approaches offer tremendous potential for meeting the
increasing demand for natural products.'>

In conclusion, cyanobacteria are valuable sources of bioac-
tive compounds with diverse properties and applications.'®
The current advancements in genomics, metabolomics, syn-
thetic biology, and screening techniques have paved the way for
discovering and developing novel bioactive compounds from
cyanobacteria.!” The prospects involve the continued explo-
ration of cyanobacterial diversity, the application of advanced
technologies, and the sustainable production of bioactive com-
pounds. These efforts will undoubtedly contribute to devel-
oping innovative pharmaceuticals, agricultural solutions, and
environmental remedies.

CYANOBACTERIA

Cyanobacteria, a group of prokaryotic microorganisms also
known as blue-green algae, are characterized by their abil-
ity to carry out oxygenic photosynthesis.'® They play crucial
ecological roles in various environments, including freshwa-
ter, marine ecosystems, and terrestrial habitats. Cyanobacteria
have distinctive cellular structures, such as thylakoids, where
photosynthetic pigments like chlorophyll-a, phycocyanin, and
phycoerythrin are localized.'”

The morphological diversity of cyanobacteria encompasses
unicellular, filamentous, and colonial forms, which exhibit a
range of adaptations to different ecological niches.”’ Some
cyanobacteria can fix atmospheric nitrogen through special-
ized structures called heterocysts, allowing them to contribute
to nitrogen availability in ecosystems.?!

Cyanobacteria have gained significant attention for their pro-
duction of bioactive compounds, which have diverse chemical
structures and biological activities. These compounds exhibit
antimicrobial, antiviral, antitumor, and antioxidant properties.
For instance, cyanopeptides derived from cyanobacteria have
shown promising antimicrobial and cytotoxic activities.?>~2
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Ongoing research on cyanobacteria focuses on understand-
ing the genetic and metabolic mechanisms underlying their
unique characteristics and bioactive compound production.?®
This knowledge holds potential for various applications in
biotechnology, environmental remediation, and pharmaceutical
development.?” Cyanobacteria are photosynthetic prokaryotes
that occupy diverse ecological niches and contribute signif-
icantly to global primary production. Their intricate cellular
structures and metabolic capabilities enable them to thrive in
various environments. Furthermore, their ability to produce
bioactive compounds with valuable biological activities makes
them a subject of interest for both ecological and biotechnolog-
ical research (Figure 1).28

Secondary Metabolites of Cyanobacteria

Secondary metabolites produced by cyanobacteria are a di-
verse group of compounds that possess a wide range of prop-
erties and biological activities. These metabolites include pep-
tides, polyketides, alkaloids, terpenoids, and other specialized
molecules.?®

Cyanobacterial Peptides

Cyanobacterial peptides are a diverse group of secondary
metabolites produced by cyanobacteria. They exhibit various
properties and activities, including antimicrobial, antiviral, and
anticancer effects.?° For example, microcystins, a class of
cyanobacterial peptides, have been found to possess potent hep-
atotoxic and anticancer properties.>%-3!

Another example is cyanopeptolin, a peptide isolated from
cyanobacteria, which has shown significant antimicrobial ac-
tivity against various pathogens.>’

Cyanobacterial Polyketides

Cyanobacterial polyketides are complex organic com-
pounds produced through polyketide synthase pathways in
cyanobacteria.® These metabolites exhibit diverse biological
activities, including antimicrobial, antiviral, and cytotoxic ef-
fects. An example is jamaicamide, a polyketide produced by
Lyngbya majuscula, which has displayed potent cytotoxic-
ity against cancer cells.>> Another noteworthy cyanobacterial
polyketide is cryptophycin, which exhibits full antiproliferative
activity against various cancer cell lines.>

Cyanobacterial Alkaloids

Cyanobacterial alkaloids are nitrogen-containing secondary
metabolites produced by cyanobacteria.’* They possess diverse
biological properties, including cytotoxic, neurotoxic, and an-
tifungal activities. Anatoxin-a, an alkaloid produced by sev-
eral cyanobacterial species, is a potent neurotoxin.>>-3¢ Another
well-known cyanobacterial alkaloid is saxitoxin, which exhibits
full neurotoxic and paralytic effects.’
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Figure 1. Bioactive compounds, future potential and diverse applications of Cyanobacteria.

Cyanobacterial Terpenoids

Cyanobacterial terpenoids are a diverse group of secondary
metabolites with a terpenoid backbone produced by cyanobac-
teria. These compounds exhibit various biological activities,
including antimicrobial, antiviral, and antifungal effects. For
instance, nostocyclin, a terpenoid produced by Nostoc species,
has demonstrated potent antimicrobial activity against various
pathogens.3® Another example is cryptosporioptide, a terpenoid
derived from the cyanobacterium Cryptosporiopsis sp., which
exhibits antifungal activity.

Cyanobacteria and Its Bioactive Compounds
Microcystins

Microcystins are cyclic heptapeptides produced by various
cyanobacteria, including species from the genera Microcystis,
Anabaena, and Planktothrix. They are well-known for their
hepatotoxicity and tumor-promoting properties. Microcystins
inhibit protein phosphatases, disrupting cellular signaling path-
ways and causing liver damage.*

Cyanopeptides

Cyanopeptides are a diverse group of peptides produced by
cyanobacteria, exhibiting a wide range of biological activities.
These compounds possess antimicrobial, antiviral, cytotoxic,
and immunosuppressive properties. They are of interest for
their potential therapeutic applications.>!

Anabaenopeptins

Anabaenopeptins are cyclic peptides predominantly produced
by species of the cyanobacterial genus Anabaena. These com-
pounds display a broad spectrum of bioactivities, includ-
ing antimicrobial, antifungal, antiviral, and antitumor prop-
erties. They are considered promising candidates for drug
development.*!

Aeruginosins

Aeruginosins are a class of bioactive peptides produced by
certain cyanobacteria, such as Microcystis aeruginosa and
Planktothrix spp. These compounds exhibit diverse activities,
including neurotoxicity, antiproliferative effects, and antibacte-
rial properties.’!




Lyngbyatoxins

Lyngbyatoxins are complex secondary metabolites produced
by cyanobacteria, particularly from the genus Lyngbya. These
compounds possess cytotoxic, neurotoxic, antifungal, and an-
timicrobial activities. They are of interest for their potential
biomedical applications.*?

Nodularins

Nodularins are cyclic peptides produced by certain cyanobac-
teria, including Nodularia spumigena. These compounds are
known for their hepatotoxicity and tumor-promoting effects.
Nodularins inhibit protein phosphatases, disrupting cellular sig-
naling and leading to liver damage.*3

Phycocyanin

Phycocyanin is a blue pigment and a significant component of
the light-harvesting phycobiliprotein complex in cyanobacteria
and algae. It is an accessory pigment for photosynthesis and ex-
hibits antioxidant, anti-inflammatory, and immunomodulatory
properties. Phycocyanin is of interest for various biotechnolog-
ical and medicinal applications.>**

Scytonemin

Scytonemin is a UV-absorbing pigment synthesized by certain
cyanobacteria as a protective mechanism against high-intensity
UV radiation. It exhibits strong photoprotective and antioxidant
activities, making it of interest for applications in sunscreen
formulations and photoprotection.*3

Patellamides

Patellamides are cyclic peptides isolated from cyanobacteria,
particularly from the genus Prochloron. These compounds ex-
hibit potent cytotoxic and antimicrobial activities. They have
attracted attention as potential drug candidates and are valuable
tools for chemical biology studies.*®

Geosmin

Geosmin is a volatile organic compound produced by various
cyanobacteria and other microorganisms. It is responsible for
the characteristic earthy odor associated with some bodies of
water. Geosmin is also interested in biotechnology due to its
potential use in the flavor and fragrance industries.*’

Cylindrospermopsin
Cylindrospermopsin is a potent toxin produced by
certain cyanobacteria, including species of the genus

Cylindrospermopsis. It exhibits hepatotoxicity and has been im-
plicated in animal and human poisonings. Cylindrospermopsin
inhibits protein synthesis and affects cellular functions. 34
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General Properties of Bioactive Compounds in
Cyanobacteria

Cyanobacteria, also known as blue-green algae, are photosyn-
thetic microorganisms that produce a wide array of bioactive
compounds with diverse properties and applications. These
bioactive compounds have attracted significant attention due
to their potential therapeutic, pharmaceutical, and industrial
value. This article provides a comprehensive overview of the
general properties of bioactive compounds found in cyanobac-
teria, supported by relevant citations.

Chemical Diversity

Bioactive compounds derived from cyanobacteria exhibit re-
markable chemical diversity. They encompass a wide range
of chemical classes, including peptides, alkaloids, polyketides,
lipids, terpenoids, and pigments. This diverse array of chemical
structures contributes to the broad spectrum of biological ac-
tivities displayed by cyanobacterial bioactive compounds.”?~>3

Biological Activities

Cyanobacterial bioactive compounds possess various biologi-
cal activities, making them valuable for numerous applications.
They exhibit antimicrobial, antiviral, antifungal, anticancer, an-
tiparasitic, anti-inflammatory, antioxidant, neuroprotective, and
immunomodulatory properties.>*~7 These activities stem from
the interaction of cyanobacterial compounds with specific tar-
gets, such as enzymes, receptors, and signaling pathways, in
various biological systems.

Ecological Roles

Bioactive compounds in cyanobacteria play important ecolog-
ical roles, contributing to their survival and competitive ad-
vantage in natural environments. Some compounds function as
allelochemicals, enabling cyanobacteria to inhibit the growth
of competing microorganisms and establish dominance.”® Ad-
ditionally, cyanobacterial compounds can act as signaling
molecules, mediating cell-cell communication and physiologi-
cal responses within cyanobacterial populations.”

Biosynthetic Pathways

The biosynthesis of cyanobacterial bioactive compounds in-
volves complex enzymatic pathways. Biosynthetic gene clusters
responsible for producing these compounds have been identi-
fied in cyanobacterial genomes through genomic analysis and
comparative genomics. Understanding the biosynthetic path-
ways and regulatory mechanisms governing the production of
bioactive compounds is crucial for their manipulation and op-
timization in biotechnological applications.!?
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Structural Elucidation

Structural elucidation of cyanobacterial bioactive compounds
is critical in their characterization and understanding of their
activity. Advanced analytical techniques such as mass spec-
trometry, nuclear magnetic resonance spectroscopy, and X-
ray crystallography are employed to determine their chemical
structures.®” The elucidation of the structural features facilitates
the development of structure-activity relationships and aids in
designing analogs with improved properties.

Biotechnological Applications

Bioactive compounds from cyanobacteria have significant po-
tential for various biotechnological applications. They can
be explored for developing new drugs, pharmaceutical leads,
nutraceuticals, cosmeceuticals, and agrochemicals.61’62 Fur-
thermore, cyanobacterial compounds have shown promise as
sources of natural dyes, biofuels, and biosurfactants.®3-%% These
applications highlight the importance of cyanobacterial bioac-
tive compounds in various industries.

Bioactive compounds derived from cyanobacteria exhibit
chemical diversity and possess a wide range of biological activ-
ities. Their ecological roles, biosynthetic pathways, structural
elucidation, and potential biotechnological applications make
them subjects of significant research interest. Further explo-
ration of cyanobacterial bioactive compounds holds tremen-
dous potential for the discovery of novel therapeutics, industrial
applications, and sustainable solutions (Table 1),2%-31:41,42,65-71

CURRENT RESEARCH ON BIOACTIVE
COMPOUNDS OF CYANOBACTERIA

Cyanobacteria, commonly known as blue-green algae, are pho-
tosynthetic microorganisms that have gained significant atten-
tion for their production of bioactive compounds with diverse
therapeutic properties. Current research in this field has fo-
cused on exploring these cyanobacterial compounds’ bioactiv-
ity and potential applications. This article provides an overview
of the recent research on bioactive compounds derived from
cyanobacteria, highlighting their various biological activities,
supported by relevant citations.

Antimicrobial Activity

Cyanobacterial bioactive compounds have shown signifi-
cant antimicrobial activity against a range of pathogenic
mi(:roorganisms.72 For instance, it was demonstrated the an-
timicrobial potential of Oscillatoria sancta extracts against
multidrug-resistant bacteria, including Staphylococcus aureus
and Escherichia coli. Another study reported the antibacterial
activity of a cyanobacterium, Nostoc muscorum, against clini-
cally important human pathogens. These findings indicate the

potential of cyanobacterial compounds as natural antimicrobial
agents.”74

Anticancer Effects

The bioactive compounds derived from cyanobacteria have
exhibited promising anticancer effects. Research conducted
by Jaki et al. demonstrated the cytotoxic activity of Nostoc
commune extracts against human breast cancer cells.”> Simi-
larly, a study by Akbarizare et al. identified a cyanobacterial
metabolite, largamides, which exhibited potent anticancer ac-
tivity against colorectal cancer cells.”® These studies highlight
the potential of cyanobacterial compounds as a source of novel
anticancer agents.

Anti-inflammatory and Immunomodulatory Properties

Cyanobacterial compounds have also shown significant anti-
inflammatory and immunomodulatory properties. A study
investigated the anti-inflammatory potential of Phormidium
persicinum extracts and found them to inhibit the produc-
tion of pro-inflammatory cytokines.”” Furthermore, research
demonstrated the immunomodulatory effects of a cyanobac-
terium, Spirulina platensis, which enhanced the activity of im-
mune cells. These findings suggest the therapeutic potential of
cyanobacterial compounds in inflammation-related disorders
and immune modulation.”®

Neuroprotective Effects

Current research has focused on exploring the neuroprotective
effects of cyanobacterial bioactive compounds. A study investi-
gated the neuroprotective activity of Nostoc muscorum extracts
and demonstrated their ability to protect neuronal cells from ox-
idative stress-induced damage.”® Similarly, cyanobacterial pep-
tides, such as anabaenopeptins, have shown neuroprotective ef-
fects against amyloid-beta-induced neurotoxicity.®? These stud-
ies suggest the potential of cyanobacterial compounds in devel-
oping neuroprotective therapies.

Antioxidant and Antidiabetic Properties

Cyanobacterial compounds have been investigated for their an-
tioxidant and antidiabetic properties. Previous research by re-
vealed the antioxidant activity of cyanobacterial extracts from
Microcystis aeruginosa, which demonstrated free radical scav-
enging effects.!3! Additionally, a study by Kaushik et al. re-
ported the antidiabetic potential of cyanobacterial bioactive
compounds, as they showed inhibitory effects on critical en-
zymes involved in glucose metabolism.®! These findings sup-
port the exploration of cyanobacterial compounds as potential
antioxidants and antidiabetic agents.!-3?

Current research on bioactive compounds derived from
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Table 1. Bioactive compounds derived from cyanobacteria and their properties.

Bioactive Compound Properties References
Microcystins Hepatotoxic, tumor-promoting, protein phosphatase inhibition 65
Cyanopeptides Antimicrobial, antiviral, cytotoxic, immunosuppressive 31
Anabaenopeptins Antimicrobial, antifungal, antiviral, antitumor 41
Aeruginosins Neurotoxic, antiproliferative, antibacterial 29
Lyngbyatoxins Cytotoxic, neurotoxic, antifungal, antimicrobial 42
Nodularins Hepatotoxic, tumor-promoting, protein phosphatase inhibition 66
Phycocyanin Antioxidant, anti-inflammatory, immunomodulatory 67
Scytonemin UV-protective, antioxidant, antimicrobial 68
Patellamides Antimicrobial, antifungal, cytotoxic, antiparasitic 69
Geosmin Earthy odor, involved in cyanobacterial bloom formation 70
Cylindrospermopsin Hepatotoxic, genotoxic, carcinogenic 71

cyanobacteria has highlighted their diverse therapeutic po-
tential, including antimicrobial, anticancer, anti-inflammatory,
neuroprotective, antioxidant, and antidiabetic activities. These
findings underscore the importance of further exploration and
investigation of cyanobacterial compounds for developing novel
drugs and therapeutic interventions.

Neuroprotective Properties

Neurodegenerative diseases, such as Alzheimer’s, Parkinson’s,
and Huntington’s disease, present an increasing global health
challenge due to the aging population. Despite intensive re-
search, effective treatments for these devastating conditions re-
main elusive. In recent years, there has been growing interest in
exploring natural compounds, and cyanobacteria have emerged
as a promising source of bioactive molecules with potential
neuroprotective properties.3-34

Several bioactive compounds derived from cyanobacteria
have been investigated for their neuroprotective properties. For
example, S-N-methylamino-I-alanine (BMAA), originally iso-
lated from cyanobacteria, has been linked to neurotoxicity and
implicated in neurodegenerative diseases such as amyotrophic
lateral sclerosis and Alzheimer’s disease.3>-8¢ However, re-
search on BMAA’s precise role in neurodegeneration is on-
going, and its potential therapeutic applications are yet to be
fully elucidated. In addition to BMAA, other cyanobacterial
compounds, such as anatoxin-a, have shown a potential to mod-
ulate neural pathways and reduce neuroinflammation, factors
involved in the progression of neurodegenerative diseases.’’

FUTURE OF BIOACTIVE COMPOUNDS OF
CYANOBACTERIA

Bioactive compounds derived from cyanobacteria have shown
immense potential in various therapeutic applications, ranging
from antimicrobial and anticancer activities to neuroprotec-
tive and immunomodulatory effects. As research in this field
continues to advance, the future of bioactive compounds of
cyanobacteria holds great promise for drug discovery and de-
velopment.

Synthetic Biology and Genetic Engineering

Advancements in synthetic biology and genetic engineering
techniques offer exciting prospects for the future of cyanobacte-
rial bioactive compounds. By manipulating the genetic makeup
of cyanobacteria, researchers can enhance the production of
specific bioactive compounds or engineer new compounds with
improved properties. For example, genetic modifications in
cyanobacteria have successfully increased the production of
bioactive peptides and pigments.®® Such approaches hold the
potential for the sustainable and efficient production of bioac-
tive compounds with enhanced therapeutic properties.

Metabolomics and Omics Technologies

Metabolomics and omics technologies enable comprehensive
profiling and analysis of cyanobacterial metabolites, facilitat-
ing the discovery of novel bioactive compounds. Researchers
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can identify and characterize previously unknown cyanobac-
terial metabolites by employing mass spectrometry, nuclear
magnetic resonance, and other analytical techniques.?® Addi-
tionally, omics approaches, such as genomics, transcriptomics,
and proteomics, provide insights into cyanobacteria’s biosyn-
thetic pathways and regulatory mechanisms of bioactive com-
pound production.”® These technologies pave the way for dis-
covering new bioactive compounds and optimizing production
processes.!!

Bioprospecting and Biodiversity

Cyanobacteria represent a vast and diverse group of organisms,
offering untapped potential for discovering bioactive com-
pounds. Exploring various cyanobacterial strains from differ-
ent habitats can lead to identifying unique and potent bioactive
compounds. Bioprospecting expeditions targeting unexplored
environments, such as marine ecosystems and extreme environ-
ments, may yield valuable cyanobacterial species with novel
bioactive compounds.”’-*> Furthermore, integrating culture-
dependent and culture-independent approaches, along with
high-throughput screening methods, can expedite the discovery
of bioactive compounds from cyanobacteria.”>=%>

Structural Elucidation and Mechanistic Studies

To fully understand the potential of cyanobacterial bioactive
compounds, extensive structural elucidation, and mechanistic
studies are crucial. Advanced spectroscopic techniques, such
as nuclear magnetic resonance spectroscopy and X-ray crys-
tallography, enable the determination of the three-dimensional
structures of bioactive compounds, providing insights into their
interactions with targets and mechanisms of action. Elucidat-
ing the structure-activity relationships of cyanobacterial com-
pounds will guide the design and optimization of novel thera-
peutic agents.5%-%

Continued Exploration of Untapped Cyanobacterial
Diversity

As a diverse group of microorganisms, cyanobacteria offer im-
mense potential for discovering bioactive compounds. The fu-
ture prospects of bioactive compounds derived from cyanobac-
teria rely on the continued exploration of untapped cyanobac-
terial diversity. By conducting extensive sampling and char-
acterization efforts, researchers can uncover novel cyanobac-
terial species and strains that may harbor unique bioactive
compounds.®’-*® These untapped resources hold the potential
for discovering compounds with previously unknown biologi-
cal activities and therapeutic applications.”

Integration of Advanced Technologies Like Machine
Learning and High-Throughput Screening

The integration of advanced technologies such as machine
learning, artificial intelligence, and high-throughput screening

can revolutionize the discovery and development of cyanobac-
terial bioactive compounds. Machine learning algorithms can
analyze vast datasets, identify patterns, and predict potential
bioactivities.'%%1%1 This approach accelerates the screening
process, enabling researchers to prioritize compounds with the
highest likelihood of exhibiting desired biological properties.
High-throughput screening allows for the rapid testing of large
compound libraries, facilitating the identification of bioactive
molecules efficiently.”!-!92 By combining these advanced tech-
nologies, researchers can streamline the discovery and opti-
mization of cyanobacterial bioactive compounds.

Sustainable Production through Biotechnological
Approaches

Sustainable production methods are crucial for cyanobacterial
bioactive compounds’ future viability and scalability. Biotech-
nological approaches offer promising solutions in this regard.
Techniques such as synthetic biology, metabolic engineering,
and cultivation optimization can enhance the production of de-
sired compounds.'®® By modifying cyanobacterial metabolic
pathways, researchers can increase the yield and purity of tar-
get compounds. Cultivation optimization strategies, including
nutrient optimization, light modulation, and bioreactor design,
contribute to higher productivity and efficiency while mini-
mizing environmental impacts.!%* These biotechnological ap-
proaches enable sustainable and cost-effective production of
cyanobacterial bioactive compounds, facilitating their transla-
tion into practical applications.

CURRENT AND FUTURE APPLICATIONS OF
BIOACTIVE COMPOUNDS OF CYANOBACTERIA IN
PHARMACEUTICALS, AGRICULTURE, AND
ENVIRONMENTAL REMEDIATION

Cyanobacterial bioactive compounds have diverse applications
in pharmaceuticals, agriculture, and environmental remedia-
tion. These compounds exhibit a wide range of biological ac-
tivities and have the potential to address various challenges in
these fields.

A. In the pharmaceutical industry, bioactive compounds de-
rived from cyanobacteria have shown significant potential for
drug discovery and development. They have demonstrated ac-
tivities such as antimicrobial, antifungal, antiviral, antioxidant,
anti-inflammatory, and anticancer properties.!%> Cyanotoxins,
a group of cyanobacterial bioactive compounds, have garnered
attention for their potential therapeutic applications in can-
cer treatment.!%® For example, microcystins, a common cyan-
otoxin, have exhibited promising anticancer activity and are
being investigated as potential leads for novel therapies.'?’

B. In agriculture, the bioactive compounds of cyanobac-
teria offer opportunities for sustainable crop protection and
enhancement. They have demonstrated activity against plant




pathogens and pests, making them potential alternatives to
synthetic pesticides.!%® Cyanobacterial compounds, including
cyanotoxins, have also been explored for their allelopathic ef-
fects, which can contribute to weed control and crop protection.
Furthermore, cyanobacterial biofertilizers show promise in im-
proving nutrient availability and enhancing crop growth.'®

C. Cyanobacterial bioactive compounds also play a role in
environmental remediation. They have been studied for their po-
tential in water and soil treatment. Cyanobacterial peptides, for
instance, exhibit inhibitory effects on harmful bacteria in water
sources, contributing to the control of waterborne diseases.''”
Moreover, the metal-binding and detoxification capabilities of
cyanobacterial compounds have implications for the removal
of heavy metals and pollutants from the environment.'!!

Looking ahead, the future applications of cyanobacterial
bioactive compounds are promising. Continued exploration of
cyanobacterial diversity and technological advancements will
likely expand their range of applications. Integrating advanced
techniques such as genomics, metabolomics, and synthetic bi-
ology can further enhance the discovery and development of
novel compounds with improved properties.!'? Additionally,
the sustainable production and scaling-up of cyanobacterial
bioactive compounds through biotechnological approaches of-
fer tremendous potential for meeting the increasing demand for
natural products.'!3

CONCLUSION

In conclusion, cyanobacteria are valuable sources of bioactive
compounds with diverse properties and applications. The cur-
rent advancements in genomics, metabolomics, synthetic biol-
ogy, and screening techniques have paved the way for discover-
ing and developing novel bioactive compounds from cyanobac-
teria. The future prospects involve the continued exploration of
cyanobacterial diversity, the application of advanced technolo-
gies, and the sustainable production of bioactive compounds.
These efforts will undoubtedly contribute to developing innova-
tive pharmaceuticals, agricultural solutions, and environmental
remedies. Harnessing the potential of cyanobacteria and their
bioactive compounds will offer new avenues for drug discov-
ery and provide sustainable and eco-friendly solutions to vari-
ous challenges in medicine, agriculture, and the environment.
Therefore, further research and investment in this field are cru-
cial to unlock the full potential of cyanobacterial bioactive
compounds for the benefit of society.
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