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Abstract

Most of the medical and nonmedical research labs, all around the world, are
racing against time to produce an effective vaccine or an antiviral medicine
for coronavirus disease 2019 (COVID-19). Conventional medicines and novel
nano-materials including chemical and herbal-based compounds are all into
positive trials toward coronaviruses and other pandemic infections. Among
them, natural immune boosters have attracted physicians because of their
longevity and reliability for fewer side effects. This is a review article with a
detailed picture of an unexplored antiviral source with maximum potency in
curing viral infections. Cyanobacteriae have been known for centuries and
are rich in secondary metabolites of proteins, biopeptides, and poly-
saccharides for prominent antiviral action against chest infections. But de-
tailed exploratory research is required to purify, scale-up, and commercialize
the pharmacologically active agents from these drug reserves.
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1 | INTRODUCTION

Coronavirus belongs to the family of Coronaviridae and
the subfamily of Coronavirinae." It constitutes the lar-
gest viral family, which affect the respiratory and di-
gestive systems of animals and humans.>™* At first,
due to transmission within avian and mammalian hosts,
the viruses were referred to as epizoonotic.” Nearly,
six strains of coronaviruses have been identified
by previous research findings.®” Among the six strains,
four strains of coronaviruses are circulating with com-
mon mucous on humans and the other two strains are
popular, such as Severe Acute Respiratory Syndrome
(SARS-CoV) and Middle Eastern Respiratory Syndrome
(MERS-CoV). In the last two decades, the SARS-CoV and
MERS-CoV have infected more than 251 million people
around the globe, reaching a mortality ratio of 34.4%

and 9.6%, respectively.>® SARS-CoV infection can also
cause severe pneumonia.

In this scenario, the novel coronavirus 2019
(COVID-19) is circulating as a pandemic disease
around the world. This disease is caused by the novel
coronavirus: SARS-CoV-2. This virus outbreak threa-
tens the population with its high mortality rate. Those
affected initially suffered from the symptoms of fever,
dry cough, and tiredness (initial stage). In the inter-
mediate stage, those affected suffered from the symp-
toms of pain, sore throat, diarrhea, conjunctivitis,
headache, loss of taste or smell, rashes, and dis-
coloration of the skin on the fingers or toes. Eventually,
those who were in the terminal stages were noted with
symptoms of shortness of breath or shortness of breath
and chest pain.'® The signs of this virus are precisely
depicted in Figure 1. Hence, the antiviral drugs are
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FIGURE 1

urgently needed for the treatment of affected in-
dividuals, which can reduce or block the mortality ratio
of human races. At present, World Health Organization
(WHO) reported that there is no significant vaccine or
antiviral drug available to alleviate and prevent the
novel virus COVID-19 especially delta variant. People
were typically infected with the delta variant cor-
onavirus, even after vaccinations. Therefore, an ex-
ploration is being experimented to identify novel
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Transmission and symptoms of SARS-CoV-2 (Source gathered from Adobe stock). SARS-CoV, severe acute respiratory syndrome

antiviral candidates supported by the statements of
existing research articles.'' As cyanobacteria exhibit
antiviral effects, this review proposes that cyano-
bacterial phytochemicals have a greater potential for
treating viral diseases. Previous studies have clearly
revealed that cyanobacteria and their metabolites are a
possible medication for a wide range of human health
issues including cancer, diabetes, central nervous sys-
tem (CNS), viral infections, and so on.
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2 | STRUCTURE AND SEQUENCES
OF CORONA VIRUSES

SARS-CoV-2 belongs to the family of corona virus, which
is wrapped with positive RNA strain within. The viral
genome of SARS-CoV-2 is embedded into a capsule as-
sembled by nucleocapsid protein and it is enclosed in an
envelope. The coronavirus consists of three structural
proteins such as membrane protein, envelope protein,
and spike protein (S): a glycoprotein that plays the key
role in the attachment of the virus to the host cell.'> The
name “Corona” (crown-like structure) originated from the
stretching of S protein on its surface. The ectodomain of
spike (S) glycoprotein exists as a trimeric organization.
Each Monomer consists of two subunits. The subunits are
categorized into S1 and S2. S1 pertains to the recognition
of host cell receptor, which constitutes a couple of major
domains namely N-terminal domain (S1-NTD) and C-
terminal domain (S1-CTD) (Figure 2 as created in bior-
ender.com). S2 pertains to the mechanism of membrane
fusion.'” To identify the sequence similarity of reported
virus strains, some sequences of SARS-CoV-2 were com-
pared with the developing countries including China, the
United States, and India, and are shown in Figure S1. As
shown in the phylogenetic tree, the proteins were sub-
jected to a network pharmacological approach by Cytos-
cape, which offers a possible target for the mutated strains
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of SARS-CoV-2. It reveals 104 target nodes and 1020 edges
with a clustering coefficient of 0.715. The Pprotein-
Pprotein linteraction (PPI) enrichment obtained p-value
is < 1.0e-16 (Figure S2). Based on the observation that the
mutated viruses have become more prevalent in the po-
pulation, a SARS-CoV-2 mutation has been detected that
was thought to have created a more “aggressive” strain of
the virus.”® Limited numbers of viruses will migrate to
new environments during a pandemic and cause new
localized epidemics, which would then intensify ex-
ponentially. Among them, the biggest protein encoded by
the coronavirus (CoV) genome is Nsp3. Multidomain
nonstructural protein 3 (Nsp3) is a key component of the
complex for replication/transcription. In the viral life
cycle, Nsp3 plays several roles."* Hence, the sequence of
Nsp3 was subjected to PPI by using a string database. This
approach is represented by 61 target nodes and 497 edges
with a clustering coefficient of 0.656. The PPI enrichment
produced a p-value of < 1.0e-16 (Figure 3).

3 | MORTALITY AND SPREAD OF
SARS-CoV-2

In Asia, the first SARS Coronavirus was noticed in Feb-
ruary 2003 and it's outspread very expeditiously affected
the populations. World widely, more than 21.9 million
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FIGURE 2 Transmission and attachment of SARS-CoV-2 onto host cell receptors, created in biorender.com. SARS-CoV, severe acute

respiratory syndrome
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FIGURE 3 Pharmacology network that represents the putative target against Nsp3 coronavirus

people were affected and 45.5 million people have lost
their lives.'® Similar to SARS, the novel coronavirus:
SARS-CoV-2 was manifested firstly in China in the
month of December 2019. The COVID-19 is chasing
relentlessly the human race at the global level, which
affects drastically the world public health, economic
progress, and social stability. As per the recent scenario,
it becomes a major challenge for human races uni-
versally."®'” In October 2021, trillions of people were
infected with the novel coronavirus (COVID-19) and
more than 0.57 million people died. Especially, In India,
more than 3.39 million people were infected and 0.45
million people died from this viral infection. Globally,
India is positioned second in the infection cases of novel
viruses. SARS-CoV-1, SARS-CoV-2, and MERS-CoV have
been linked with widespread epidemic SARS in
2002-2003, MERS in 2012-2020, and an ongoing
2019-2021 COVID-19 pandemic.”'® SARS-CoV-2 and
other coronaviruses have not yet been evaluated with
regard to infectivity and dosage in the event of a human
infestation."” A dose-response model proposed for
SARS-CoV-1 reported that 50% of people exposed would
develop the disease if exposed to 280 plaque-forming
units of the virus."

4 | PHARMACEUTICAL SECTORS
AND THEIR CONTRIBUTIONS IN
VACCINE DEVELOPMENT

SARS-CoV-2 has been outspread in over 200 countries
and regions around the globe, which causes a severe
threat to public health.?® Woefully, it is quite circulating
with no proper drugs clinically authorized. In India, the
vaccines such as Covaxin (Bharat Biotech) and

COVISHIELD™ (manufactured by Serum Institute of In-
dia Pvt Ltd) are injected to improve immunity against
the novel virus. However, specific vaccine research
against the Delta variant coronavirus is also being un-
derway in many laboratories around the world. At pre-
sent, Curevac's mRNA-based vaccine is remaining in the
preclinical phase. The University of Queensland, Bayer
College of Medicine, ExpresS2ion and Scicual Clover
Biopharmaceutical are working together for vaccine
development by utilizing S-glycoprotein as an antigen.
Likewise, Applied DNA Sciences and Inovio are trying to
develop DNA vaccine. Whereas, the Serum Institute of
India is attempting to discover a live alleviate vaccine
candidate against SARS-CoV-2.2! At recent times, the
drugs ritonavir, lopinavir, azvudine, ribavirin, favipir-
avir, and remdesivir are even being used as an alternate
treatment for the affected individuals of SARS viru-
ses.””?2"*! These drugs were previously approved by the
US Food and Drug Administration (FDA) for other dis-
eases, but these are currently also used to alleviate the
novel virus. The drugs chloroquine (CQ) and hydroxy-
chloroquine (HCQ) are initially recommended for the
treatment of rheumatoid arthritis, lupus, and porphyria
cutanea tarda (PCT); but later it was also recommended
for the viral disease malaria. Similarly, Auranofin is re-
commended for the treatment of rheumatoid arthritis
but is currently recommended for this novel cor-
onavirus. Treatment of CQ and HCQ medication has
resulted in better relief for people with COVID-19.2%%526
Nevertheless, the role of CQ and HCQ in COVID-19 is
still unclear while inventing new drugs or evaluating
obsolete drugs would be a most expensive and time-
consuming clinical process. Consequently, the need for
computer-aided investigations has become inevitable
both in the development of new therapeutic drugs and



176 C&D Chronic Diseases®

PRABHU Ert AL.

TM and Translational Medicine

in the investigation of the possible use of discovered
drugs. By using computer-aided investigations, we can
save ourselves the expense of cost-effectiveness and
time. It can be seen that this technique is in sharp
contrast to the earlier work of Ghaleb et al.*’

5 | CURRENT STATE ANTIVIRAL
DRUGS AND THE URGENT NEED
FOR CYANOBACTERIAL
METABOLITES AS ANTIVIRAL
AGENTS

Around the world, the crude extracts and secondary
metabolites of cyanobacteria have been identified as re-
medies for many human health complications, which are
used as anticancer, antiviral, antimicrobial, and so on.
These pharmacological properties have been identified by
a variety of approaches including in silico, in vitro, and
in vivo methods. Over the past half-century, the lack of
vaccines and drugs against some viral infections, including
the human immunodeficiency virus (HIV) and hepatitis C
virus (HCV), has put a huge strain on the world's popu-
lation. Until now, there is no specific drug candidate for
certain viral infections especially respiratory tract in-
fectious viruses such as Herpes Simplex Viruses (HSV-1
and HSV-2), SARS-CoV, and MERS-CoV. For this, the
United Nations Millennium Development (UNMD) has
been supporting financially for the past 16 years to
decrease the pathogenic diseases infection ratios in low-
income countries.”® Furthermore, marketed antiviral drug
candidates are inducing adverse effects when used to treat
persons infected by such viruses. This circumstance pu-
shes researchers to look for new antiviral possibilities from
natural sources.”” Hence, researchers adopt a wide range
of strategies to directly collect compounds from cyano-
bacteria and find novel antiviral candidates. The second-
ary metabolites of cyanobacteria are being extracted by
using various solvents viz water, methanol, and ethanol for
the past two decades to identify novel antiviral candidates.
Previous explorations have revealed the different propor-
tions of antivirals in the aspects of pharmacology, de-
pending on the fields of research and applications.***
Consistent with this statement, Lau et al.>° reported that
cyanobacteria strains exhibit potential viral inhibitory ac-
tivities for HIV and the avian myeloblastosis virus through
their reverse transcriptase activity.

6 | ANTIVIRAL POTENTIAL OF
CYANOBACTERIA AND ITS
METABOLITES

Algae can be found in fresh and marine water, which are
categorized into macro and microalgae. The majority of
the macroalgae are found in marine environments and
few are in freshwater. Among them, cyanobacteria are

recognized as a prominent natural manufacturer of
primary and secondary metabolites such as proteins,
lipids, alkaloids, flavonoids, and so on. These constitute
a therapeutic role against diseases in human beings.*®
The strains of cyanobacteria have been studied since
ancient times because of their secondary metabolites
with therapeutic potential.**° In Figure S3, we have
displayed some bioactive secondary metabolites of cy-
anobacteria as stated in the previous research reports.
For the past two decades, all the focus has been on
cyanobacteria to find the new antiviral drug candidates
for a wide variety of viral infections, including the cor-
onavirus.*”*! For instance, the algae and cyanobacteria
produce the natural proteins known as lectin, which
hold promising antiviral potential for HIV, SARS cor-
onavirus, and Zaire Ebola virus.** To prove this, the
antiviral activity has experimented with HIV and HSV;
the lectin has revealed significant inhibitory capacity
against both of these viral organisms.**** Mimouni
et al.” have reported on algae and their corresponding
generic properties on immuno-stimulatory, antioxidant,
and antiviral nature. Furthermore, cyanobacterial me-
tabolites such as cyanovirin-N, phycobiliprotein, cal-
cium spirulan, allophycocyanin, nostoflan, dolastatin3,
ichthyopeptins A/B, microvirin, allophycocyanin, and
lipoproteins have a broad potential to prevent the pe-
netration of viruses into the body epithelial urogenital or
virustatic, virucidal, prevent virus adhesion to host cells,
virus replication inhibitor, anti-RT, protease inhibition,
anti-syncytia formation, antiapoptosis, reduced histo-
pathology, up-regulation of interleukin-1 (IL-1p), tu-
mor necrosis factor-o. (TNF-o), (IL)-8, MCP-1, MIP-1,
MIP-1, IP-10, and COX-2.15%° Table 1 reveals that the
metabolites were isolated from the different cyano-
bacterial species.

6.1 | Polysaccharides of cyanobacteria as
antiviral agents

To acquire the antiviral active ingredients, the cyano-
bacteria are the decisive repository. Consistent with the
above statement, Reichert et al.*® used the poly-
saccharides of Arthrospira platensis as a supernatant to
investigate the antiviral potential for the Koi Herpes
Virus (KHV). It has actively inhibited the viral replica-
tion at concentrations of fractions between 18 and
36 pg/ml; where, the operation mode of the cyano-
bacterial molecules tends to impede the attachment of
KHV. This also contains the compound calcium spirulan
(Ca-SP), known as polysaccharides.’® It has been re-
vealed that cyanobacterial polysaccharides contain ef-
ficient antiviral activities on both enveloped and
nonenveloped viruses such as HIV-1, HSV-1, Human
CytoMegalo Virus (HCMYV), influenza A, coxsackie virus,
measles, polio, and mumps. It probably occurs by in-
hibiting the viral entry into host cells.***° Certain
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findings have not revealed the proof for virucidal action,
but have confirmed that the viral infection has been
blocked by the avoidance of virion adsorption and pe-
netration of host cells. In accordance with the preceding
report, the polysaccharides of Spirulina maxima were
subjected to hot water extract treatment to determine
the antiviral activity against HSV-2 and HSV-1 infec-
tions; where the concentrations of 69 and 333 pg/ml
have revealed moderate IC50 values on it. According to
Hernandez-Corona et al.®! the hot water extraction of s.
maxima has revealed effective inhibitory potential in the
tested viruses, including HSV-2 infection, pseudorabies
virus (PRV), HCMV, and HSV-1; whereas, it was regis-
tered that the 50% effective inhibitory doses (ED50) for
each virus were found to be 0.069, 0.103, 0.142, and
0.333 pg/ml, respectively.

Worldwide, the Influenza viruses are circulating as
seasonal epidemics which mainly affect respiratory tracts.
Sometimes, they cause serious health complications such
as pneumonia, pulmonary disease, and cardiac disease.
However, only a few cyanobacterial exopolysaccharides
have shown prophylactic and therapeutic effects against
infections with influenza and pneumonia viruses; there-
fore, such cyanobacterial polysaccharides should be
subjected to clinical trials for further pharmacological
research to find a new drug for these viral diseases.
Nostoflan is an acidic polysaccharide extracted from the
Nostoc flagelliforms and it has antiviral capability against
viruses that employ carbohydrates as cellular receptors.®
A study published in 1997 reported that calcium spirulina
was collected from the hot water extracts of Spirulina
platensis and it also had antiviral effects against HSV-1,
HIV-1, and HSP-1. It prevents viral entry into host cells
and the development of syncytium even while adminis-
tered at lower doses.®’ It has also been shown to have
antiviral activity against enveloped viruses, most notably to
influenza A virus (IAV).>** Similarly, the cyanobacterium
Aphanothece halophytica consisted of a large amount of
sulfated exopolysaccharide, which is made up of arabi-
nose, rhamnose, fucose, mannose, glucose, galactose,
glucuronic, and sulfuric acids. Zheng et al.*® studied the
effect of this exopolysaccharide on the influenza virus A
FM (H1N1)-induced mice. It was an effective therapeutic
candidate in pneumonia-induced mice, and it also in-
hibited the decline of immunocompetence in mice. Ac-
cording to previous findings, this review proposes that it
has potent antiviral ability against HSV-1, HSV-2, human
cytomegalovirus, and IAV; moreover, it also inhibits the
initial stage of viral infection, particularly the virus binding
and internalization developments.**

6.2 | Proteins of cyanobacteria as
antiviral agents

Similar to polysaccharides, proteins also have the ability
to inhibit the replication of viruses (Figure S4). The

lectins have been identified and are isolated from the
diverse cyanobacterial species as shown in Table 1.
Lectins are proteins that bind to carbohydrates or gly-
coproteins that are capable of attaching directly to glycol
conjugate carbohydrates or carbohydrate moieties.””
They also have powerful viral replication suppression
potential when used topically as microbicides.

6.3 | Virucidal and virustatic potentials
of proteins

Virion particles in their free state are attacked by vir-
ucidal substances, which destabilize their surface in-
tegrity or invade the capsid to damage their genome.**%°
Virustatic substances attach to the cell surface of virions
and keep them in slack, preventing them from attaching
with cell receptors and infecting cells. Some cyano-
bacterial metabolites have revealed virucidal or viru-
static effects when they pass through the body's
vasculature as shown in Table 1. These substances,
which do not enter the body's cells as toxic material and
slow down the replication of viral progression, are used
as an ideal drug for viruses.®® According to a recent
review, cyanobacterial metabolites may be consumed
orally, thus, reducing the necessity for physicians
to treat viral diseases.®® According to a recent review,
cyanobacterial metabolites can be taken orally and
reduce the need for doctors to treat viral diseases.

6.4 | Cyanovirin-N

Cyanovirin-N is a 101 amino acid protein with a mole-
cular weight of 11 kDa that binds to HIV glycoprotein
120 (gp120) with high affinity. Also, in in vitro research,
it has suppressed several HIV laboratory strains and
primary isolates with LC50 values < 5nmol/L. Most
importantly, it binds to viral glycoprotein120 in an ir-
reversible way, preventing viral adherence to target
cells. Significant denaturing agents were unable to
breakdown the complex of cyanovirin-N gp120, thus,
they have a strong virustatic impact on HIV virions.*®
Another study discovered that cyanovirin-N from Nostoc
ellipsosporum has effectively reduced HIV infection in
rhesus macaques by 63%-85%. It has consistently
inactivated HIV virions with minimal cytotoxicity in
in vitro research.””

6.5 | Scytovirin

Scytovirin is a 95-amino acid compound that acts as a
possible inhibitor of HIV, Zaire ebolavirus, Marburg
virus, and SARS-CoV viruses.*®%” When administered to
ebola virus-infected mice (30 mg/kg per day) every 6 h,
it led to the survival of 9 mice out of 10. It binds with
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great affinity to the envelope with glycoprotein's
mannose-rich oligosaccharides, also inhibiting pene-
tration into target cells.’® It has been isolated from the
Scytonema varium using aqueous solvent.®” Also, Sato
et al.%® reported that the protein agglutinin was found in
the cyanobacterium Oscillatoria agardhii. Also, a patent
by O'keefe et al.®” stated that scytovirin is a novel drug
to treat high mannose-enveloped viruses infection,
especially HCV.

6.6 | Phycobilinproteins

Phycobiliproteins are water-soluble proteins that are
essential photosynthetic accessory pigments in cyano-
bacteria. In 2019, researchers carried out an in vitro
experiment to explore the antiviral activity of
Arthrospira platensis extract against two bacter-
iophages, MS-2 and ®X-174. MS-2 is a single-stranded
RNA virus that is widely used as a model for human
poliovirus, hepatitis A virus, and enterovirus. The
®X-174 is a single-stranded DNA virus used as a model
for hepatitis B virus, HCV, and HIV. According to their
findings, Arthrospira platensis extracts containing Phy-
cobiliproteins have revealed a significant virucidal im-
pact on both phages by altering the shape of viral
capsids and inhibiting integration into Escherichia
coli.** As with many other viruses investigated pre-
viously, neither of the phages examined in this experi-
ment has a lipid envelope. As a result, it appears that
the phycobiliproteins are directly interacting with the
protein capsid to produce virucidal action. This vir-
ucidal action suppressed viral development and de-
creased viral titer. Thus, according to a recent review,
phycobiliproteins may have therapeutic assurance for
nonenveloped viruses such as rhinoviruses, polio-
viruses, and noroviruses.”

6.7 | Microvirin

It has a molecular mass of 14.3 kDa and is 33% identical
to cyanovirin.”' A recent research reported that the
lectin microvirin (MVN) isolated from the Microcystis
aeruginosa prevented syncytia formation between HIV-
1-infected T-cells and virus-free CD4 + T-cells in in vitro.
Although chronic infection leads to the development of
a viral mutation, its mutation is suppressed by other
lectins. Notably, the cytotoxicity of microvirin was
>50-fold lower than that of cyanovirin-N.*’

6.8 | Lipids of cyanobacteria and its
antiviral potential

Similar to polysaccharides and lipids, the lipids of cya-
nobacteria also possess antiviral properties. Structurally,
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the lipids are classified as sulfoquinovosyl diacylglycerides
(SQDGs), monogalactosyl diacylglycerides (MGDGs), di-
galactosyl diacylglycerides (DGDGs), but they resemble
the sulfolipids and glycolipids. Gustafson et al.”* reported
that the lipids SQDGs of Lyngbya lagerheimii and Phor-
midium tenue have higher HIV inhibitory potential. In
1993, Shirahashi et al.”® have documented that the lipids
MGDGs and DGDGs of Phormidium tenue revealed
stronger inhibitory activities for Epstein-Barr virus than
the lipids SQDGs. It has exhibited its potential during the
tumor-promoting stage of the Epstein-Barr virus. In 1998,
Loya et al.”* has reported that anti-HIV properties have
been expressed by Scytonema sp due to the lipophilic
extract containing SQDGs. In 2009, Chirasuwan et al.”®
reported that the methanolic extracts of spirulina ex-
pressed inhibitory activities on HSV-1 with IC50 values
25.1 pg/ml. Kamat et al.”® suggested that the antiviral
potential was due to the presence of SQDG containing
fatty acids such as palmitic and linoleic acid. The present
review proposes that certain cyanobacterial fatty acids
also have some antiviral effects.

7 | COMPUTER-AIDED DRUG
DESIGN (CADD)

In the midst of the current epidemic, pharmaceutical
firms are battling to develop novel antiviral treatments
for SARS-CoV-2. The CADD is useful for discovering
potential viral blockers for such virus-related issues
without wasting time and money.”” CADD is considered
as a solitary rational drug design method, which con-
tributes a key role in the development of drug discovery.
This is a hopeful branch of bioinformatics where a
computer system with the ability to reflect human rea-
soning is used to identify precise drug efficiency. To
improve the quality of patient care, electronic medical
records which are incorporated with patient-specific
genomic information are used. Despite all the data,
there is no precise drug recommended for COVID-19,
yet. This dry lab approach helps to search for new
therapeutic methods during the emergency of the cur-
rent pandemic situation, which will offer suitable care
and treatment of affected individuals.

7.1 | Sitemap generation

Before grid generation and molecular docking, the drug-
binding pocket (sitemap) is required for molecular
docking. The active drug-binding pocket is en-
compassed by many residues, which leads to the contact
between the ligand and the target molecule. The active
site in the protein cannot be found without this step. At
the end of this phase, it would display the active ligand-
binding cavities along with the site scores and binding
cavity volume. Ultimately, the site with a larger volume
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was taken for grid generation.”® The current review
proposes that binding pocket analysis is important in
the molecular docking approach.

7.2 | Grid generation

It has been used to lock the ligand docking site in the
protein molecule. The prepared ligands are docked with
a target molecule to get docking parameters with the
help of grid-based ligand docking tools. The binding
cavity was shown in crystal structure around the ligand.
The default grid volume was generated by the glide grid
module. At the centroid of the target site, the docking
study revealed the grid generation. The grid box is
generated with the coordination of X: Y: Z. At this stage,
the crude score values and geometrical filters were
weeded out unlikely.”

7.3 | Molecular docking

It is frequently used to estimate the recognized geo-
metry complex of a protein and ligand.?® In virtual
screening analysis, the docking method is often cast-
off in combination with energy and scoring functions
for visualizing the interaction of ligand. The ultimate
goal of fine docking is to find the discrepancy between
lot sorts of accurate and false solutions. However, the
docking method entails determining the optimal ki-
netic performance of the enzymes as well as maximal
ligand binding. Both the empirical and theoretical
boundaries are to be considered for the free energy of
ligand binding. This review reveals that the empirical
fact also shows a significant trend of slighter assis-
tance per atom as the ligand's virtual molecular mass
raises. Furthermore, the docking predictions are as-
sisted to find the drug potential of ligand molecules.
This strategy is to demonstrate convenient routes
when there is not much information on specific
interactions between both the ligand atoms and the
protein concerned.

7.4 | Ligand-based CADD

It is being used to find the contacts of ligand meth-
oxyl, hydroxyl, and other contacts with the target re-
sidues. The computer-based drug design endorsed
product binding affinities, physicochemical char-
acteristics, glide energy, score, and so on. In this
phase, the process is extremely more successful than
the structure-based approaches.®’ The procedure is
focused on the biological properties of ligand mole-
cules. In addition, the ligand-based drug design is an
important strategy to find an accurate inhibitor
(ligand) against the target.®?

7.5 | Absorption, description,
metabolism, and excretion analysis (ADME)

A physicochemical indicator is used for the early phase
of drug development to seek the essential variables that
affect the biological processes. There have been some
important physicochemical properties that are being
computed such as permeability, solubility, lipophilicity,
integrity, and stability by the process of ADME. The
multiple endpoints regarding the potentially harmful
effects that had an impact on drug reliability and
adverse drug reactions were not predicted at the initial
stage of drug development. Since the beginning of
the drug discovery through the in-silico approach, the
ADME has been used for the prediction of accurate
pharmacokinetic properties of a molecule.*

8 | CONCLUSIONS

Effective antiviral candidates for SARS-CoV-2 are es-
sential to reduce disease severity, viral load, and
transmission, so they can also be used to prevent the
coronavirus epidemic outbreak. To reduce the com-
plications and break the chain of SARS-CoV and
MERS-CoV, several studies are being conducted to
find new drugs and vaccines. So far, the number of
infected cases and mortality has been increasing ra-
pidly. In this context, the potential secondary meta-
bolites obtained from different cyanobacterial species
would serve to refine a therapeutic model against the
common viral infections and novel mutant pandemics
of today and tomorrow. CADD is becoming very im-
portant to determine the virion's physical properties
and affinities of drug molecules, which could also help
experimental/clinical scientists identify successful
inhibitors using in vitro approaches. A multitude of
possible enzymes and signaling pathways that are
specific for SARS-CoV-2 are established with the help
of advanced technology. However, there are only a few
hurdles in the development of drugs for the SARS-
CoV-2 Delta variant. The main hurdles are the avail-
ability of effective drug candidates and funds to
conduct research as well. Nowadays, the important
drug discovery strategy in pharmacy, particularly virus
research, has come under pressure. Even then, there
is still no specific treatment. Currently, FDA-
approved, repurposed drugs such as CQ and HCQ are
being used as an alternative therapy for SARS-CoV-2-
infected people. However, much more pharmacolo-
gical studies of the proposed cyanobacterial mole-
cules are needed against the coronavirus.

AUTHOR CONTRIBUTIONS

S. Prabhu (SP) has collected the algal materials, for viral
diseases. S. Vijayakumar (SV) has designed the work,
monitored the overall setup including writing the paper,



CYANOBACTERIAL METABOLITES IN CORONA VIRAL THERAPIES

C&D Chronic Diseases®

all authors have helped to complete the paper. P.K
Praseetha (PKP) has drawn the diagrams.

ACKNOWLEDGMENT

We sincerely express our thanks to the management of
A.V.V.M. Sri Pushpam College (Autonomous), Poondi,
for providing us necessary facilities and support to carry
out this work.

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Peeri NC, Shrestha N, Rahman MS, et al. The SARS, MERS and
novel coronavirus (COVID-19) epidemics, the newest and biggest
global health threats: what lessons have we learned? Int
J Epidemiol. 2020;49:717-726.

Cavanagh D. Coronavirus avian infectious bronchitis virus. Vet
Res. 2007;38:281-297.

Weiss SR, Leibowitz JL. Coronavirus pathogenesis. Adv Virus Res.
2011;81:85-164.

Lim YX, Ng YL, Tam JP, Liu DX. Human coronaviruses: a review
of virus-host interactions. Diseases. 2016;4:26.

Sahin AR, Erdogan A, Mutlu Agaoglu P, Dineri Y, Cakirci AY.
Novel coronavirus (COVID-19) outbreak: a review of the current
literature. Eur J] Med Oncol. 2019;4:1-7.

Dhama K, Pawaiya RVS, Chakraborty S, Tiwari R, Saminathan M,
Verma AK. Coronavirus infection in Eequines: a review. Asia J Ani
Veter Advan. 2014;9:164-176.

Cui J, Li F, Shi ZL. Origin and evolution of pathogenic Corona
viruses. Nat Rev Microbiol. 2019;17:181-192.

WHO. Summary of Probable SARS Cases With Onset of Iliness
From 1 November 2002 to 31 July 2003. WHO; 2015.
WHOMiddle East respiratory syndrome Coronavirus (MERS-
CoV). 2021. Accessed on October 08, 2021. https://www.who.int/
emergencies/mers-cov/en/

Singhal T. A review of coronavirus disease-2019 (COVID-19).
Indian ] Pediatr. 2020;87:281-286.

Prasad A, Muthamilarasan M, Prasad M. Synergistic antiviral
effects against SARS-CoV-2 by plant-based molecules. Plant Cell
Rep. 2020;39:1109-1114.

Li F. Structure, function, and evolution of coronavirus spike
proteins. Annu Rev Virol. 2016;29:237-261.

Rabi FA, Al Zoubi MS, Kasasbeh GA, Salameh DM, Al-Nasser AD.
SARS-CoV-2 and coronavirus disease 2019: what we know so far.
Pathogens. 2020;9:9.

Lei J, Kusov Y, Hilgenfeld R. Nsp3 of coronaviruses: structures
and functions of a large multi-domain protein. Antiviral Res.
2018;149:58-74.

Tsang KW, Ho PL, Ooi GC, Yee WK, Wang T. A cluster of cases of
severe acute respiratory syndrome in Hong Kong. N Engl ] Med.
2003;20:1977-1985.

Zhu N, Zhang D, Wang W, et al. China novel coronavirus
investigating and research team. A novel coronavirus from
patients with pneumonia in China. N Engl J Med. 2019;20:
727-733.

Lu H, Stratton CW, Tang YW. Outbreak of pneumonia of un-
known etiology in Wuhan, China: the mystery and the miracle.
J Med Virol. 2020;90:401-402.

Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. Review of the
clinical characteristics of coronavirus disease 2019 (COVID-19).
J Ge Intern Med. 2020;35:1545-1549.

Watanabe T, Bartrand TA, Weir MH, Omura T, Haas CN. De-
velopment of a dose-response model for SARS coronavirus. Risk
Anal. 2010;30:1129-1138.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

TM and Translational Medicine

Chen N, Zhou M, Dong X, et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia
in Wuhan, China: a descriptive study. Lancet. 2020;15:507-513.
Amanat F, Krammer F. SARS-CoV-2 vaccines: status report.
Immu. 2020;52:583-589.

Li G, De Clercq E. Therapeutic options for the 2019 novel cor-
onavirus (2019-nCoV). Nat Rev Drug Discov. 2020;19:149-150.
Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019-
nCoV) in vitro. Cell Res. 2020;30:269-271.

Harrison C. Coronavirus puts drug repurposing on the fast track.
Nat Biotechnol. 2020;38:379-381.

Babayeva M, Loewy Z. Repurposing drugs for COVID-19: phar-
macokinetics and pharmacogenomics of chloroquine and hy-
droxychloroquine. Pharmgenomics Pers Med. 2020;13:531-542.
Rothan HA, Stone S, Natekar J, Kumari P, Arora K, Kumar M. The
FDA-approved gold drug auranofin inhibits novel coronavirus
(SARS-COV-2) replication and attenuates inflammation in hu-
man cells. Virol. 2020;547:7-11.

Ghaleb A, Aouidate A, Bouachrine M, Lakhlifi T, Sbai A. In silico
exploration of aryl halides analogues as checkpoint kinase 1 in-
hibitors by using 3D QSAR, molecular docking study, and AD-
MET screening. Adv Pharm Bull. 2019;9:84-92. doi:10.15171/apb.
2019.011

Dy C, O'Garra A. The science of infectious diseases. Phil Trans
R Soc B. 2014;369:20140055.

Ahmadi A, Moghadamtousi SZ, Abubakar S, Zandi K. Antiviral
potential of algae polysaccharides isolated from marine sources:
a review. BioMed Res Inter. 2015;2015:825203.

Lau AF, Siedlecki J, Anleitner J, Patterson GML, Caplan FL,
Moore RE. Inhibition of reverse transcriptase activity by extracts
of cultured blue green algae (cyanophyta). Planta Med. 1993;59:
148-151. doi:10.1055/s-2006-959631

Ohta S, Ono F, Shiomi Y, et al. Anti-Herpes Simplex Virus sub-
stances produced by the marine green alga, Dunaliella primo-
lecta. ] Appl Phycol. 1998;10:349-356.

Fabregas J, Garcia D, Fernandez-Alonso M, et al. In vitro in-
hibition of the replication of haemorrhagicsepticaemia virus
(VHSV) and African swine fever virus (ASFV) by extracts from
marine microalgae. Antiviral Res. 1999;44:67-73.

Bergé JP, Bourgougnon N, Alban S, et al. Antiviral and antic-
oagulant activities of a water-soluble fraction of the marine dia-
tom Hasleaostrearia. Planta Med. 1999;65:604-609.

Abdo SM, Mona HH, Waleed ME, Rawheya ASED, Gamila HA.
Antiviral activity of freshwater algae. J Appl Pharm Sci. 2012;2:21-25.
Sanmukh S, Bruno B, Ramakrishnan U, Khairnar K,
Swaminathan S, Paunikar W. Bioactive compounds derived from
microalgae showing antimicrobial activities. / Aquac Res Devel.
2014;5:224.

Reichert M, Bergmann SM, Hwang ], Buchholz R, Lindenberger C.
Antiviral activity of exopolysaccharides from Arthrospira platensis
against koi herpesvirus. J Fish Dis. 2017;40:1441-1450.

Neilan BA, Dittmann E, Rouhiainen L, et al. Nonribosomal
peptide synthesis and toxigenicity of cyanobacteria. J Bacteriol.
1999;13:4089-4097.

Kreitlow S, Mundt S, Lindequist U. Cyanobacteria-a potential
source of new biologically active substances. J Biotechnol. 1999;
30:61-63.

Vijayakumar S, Menakha M. Pharmaceutical applications of
cyanobacteria-s review. J Ac. Med. 2015;5:15-23.

Zainuddin EN, Mentel R, Wray V, et al. Cyclic depsipeptides,
ichthyopeptins A and B, from Microcystisichthyoblabe. J Nat
Prod. 2007;7:1084-1088.

Shalaby EA, Dubey NK. Polysaccharides from cyanobacteria: re-
sponse to biotic and abiotic stress and their antiviral activity.
Indian J Mar Sci. 2018;47:21-33.

Huskens D, Schols D. Algal lectins as potential HIV microbicide
candidates. Mar Drug. 2012;10:1476-1497.


https://www.who.int/emergencies/mers-cov/en/
https://www.who.int/emergencies/mers-cov/en/
https://doi.org/10.15171/apb.2019.011
https://doi.org/10.15171/apb.2019.011
https://doi.org/10.1055/s-2006-959631

182

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

C&D Chronic Diseases®

PRABHU Ert AL.

TM and Translational Medicine

Patterson GML, Baker KK, Baldwin CL, et al. Antiviral activity of
cultured blue-green algae (Cyanophyta). J Phycol. 1993;29:
125-130.

Schaeffer D], Krylov V. Anti-HIV activity of extracts and com-
pounds from algae and cyanobacteria. Ecotoxicol Environ Saf.
2000;45:208-227.

Mimouni V, Ulmann L, Pasquet V, et al. The potential of mi-
croalgae for the production of bioactive molecules of pharma-
ceutical interest. Curr Pharm Biotechnol. 2012;15:2733-2750.

Li Y, Zhang X, Chen G, Wei D, Chen F. Algal lectins for potential
prevention of HIV transmission. Curr Med Chem. 2008;15:
1096-1104.

Levendosky K, Mizenina O, Martinelli E, et al. Griffithsin and
carrageenan combination to target herpes simplex virus 2 and
human papillomavirus. Antimicrob Agents Chemother. 2015;59:
7290-7298. doi:10.1128/aac.01816-15

Boyd MR, Gustafson KR, McMahon JB, et al. Discovery of
cyanovirin-N, a novel human immunodeficiency virus-
inactivating protein that binds viral surface envelope glycopro-
tein gp120: potential applications to microbicide development.
Antimicrob Agent Chemother. 1997;41:1521-1530.

El Hamid MIA, El Fatah WMA, El Morsi AA, et al. Anti-HIV/HCV
activity of cyanobacterial phycobiliproteins by a new standar-
dized method using bacteriophage surrogates. Rev Chim. 2019;70:
3115-3122.

Hayashi T, Hayashi K, Maeda M, Kojima I. Calcium spirulan, an
inhibitor of enveloped virus replication, from a blue-green alga
Spirulina platensis. ] Nat Prod. 1996;59:83-87.

Lee JB, Srisomporn P, Hayashi K, Tanaka T, Sankawa U, Hayashi T.
Effects of structural modification of calcium spirulan, a sulfated
polysaccharide from Spirulina platensis, on antiviral activity. Chem
Pharm Bull. 2001;49:108-110. doi:10.1248/cpb.49.108

Shih SR, Tsai KN, Li YS, Chueh CC, Chan EC. Inhibition of en-
terovirus 71-induced apoptosis by allophycocyanin isolated from
a blue-green alga spirulina platensis. ] Med Virol. 2003;70:
119-125. doi:10.1002/jmv.10363

Sharaf AAM, Aboul-Enein A, Helmi S, Ballot A, Astani A,
Schnitzler P. Molecular authentication and characterization of
the antiherpetic activityof the cyanobacterium Arthrospira fusi-
formis. Pharmazie. 2009;65:132-136. doi:10.1691/ph.2010.9724
Kanekiyo K, Hayashi K, Takenaka H, Lee JB, Hayashi T. Anti-
herpes simplex virus target of an acidic polysaccharide, nosto-
flan, from the edible blue-green alga Nostoc flagelliforme. Biol
Pharm Bull. 2007;30:1573-1575.

Buffa V, Stieh D, Mamhood N, Hu Q, Fletcher P, Shattock R]J.
Cyanovirin-N potently inhibits human immunodeficiency virus
type 1 infection in cellular and cervical explant models. J Gen
Virol. 2009;90:234-243. d0i:10.1099/vir.0.004358-0

Garrison AR, Giomarelli BG, Lear-Rooney CM, et al. The cyano-
bacterial lectin scytovirin displays potent in vitro and in vivo
activity against Zaire Ebola virus. Antivir Res. 2014;112:1-7.
Huskens D, Férir G, Vermeire K, et al. Microvirin, a novel a(1,2)-
mannose-specific lectin isolated from Microcystis aeruginosa, has
anti-HIV-1 activity comparable with that of cyanovirin-N but a
much higher safety profile. J Biol Chem. 2010;285:24845-24854.
d0i:10.1074/jbc.M110.128546

Pugh ND, Edwall D, Lindmark L, Kousoulas KG, Iyer Haron MH,
Pasco DS. Oral administration of a Spirulina extract enriched for
Braun-type lipoproteins protects mice against influenza A
(HIN1) virus infection. Phytomedicine. 2015;22:271-276. doi:10.
1016/j.phymed.2014.12.006

Pugh N, Ross SA, El Sohly HN, ElSohly MA, Pasco DS. Isolation of
three high molecular weight polysaccharide preparations with
potent immunostimulatory activity from Spirulina platensis,
Aphanizomenon flosaquae and Chlorella pyrenoidosa. Planta
Med. 2001;67:737-742.

Grzanna R, Polotsky R, Phan PV, Pugh N, Pasco D,
Frondoza CGImmolina. a high-molecular-weight polysaccharide

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

fraction of spirulina, enhances chemokine expression in human
monocytic THP-1 cells. J Altern Complement Med. 2006;12:
429-435. doi:10.1089/acm.2006.12.429

Hernandez-Corona A, Nieves I, Meckes M, Chamorro G,
Barron BL. Antiviral activity of Spirulina maxima against herpes
simplex virus type 2. Antiviral Res. 2002;56:279-285.

Whitton BA, Potts M. The Ecology of Cyanobacteria: Their
Diversity in Time and Space. 1st ed. Springer; 2007.

Zheng W, Chen C, Cheng Q, Wang Y, Chu C. Oral administration
of exopolysaccharide from Aphanothece halophytica (Chroo-
coccales) significantly inhibits influenza virus (H1N1)-induced
pneumonia in mice. Int Immunopharmacol. 2006;6:1093-1099.
Abdul Ahmad SA, Palanisamy UD, Tejo BA, Chew MF, Tham HW,
Syed Hassan S. Geraniin extracted from the rind of Nephelium
lappaceum binds to dengue virus type-2 envelope protein and
inhibits early stage of virus replication. Virol J. 2017;14:1-13.
do0i:10.1186/512985-017-0895-1

Cagno V, Andreozzi P, D'alicarnasso M, et al. Broad-spectrum
non-toxic antiviral nanoparticles with a virucidal inhibition me-
chanism. Nat Mater. 2018;17:195-203. doi:10.1038/NMAT5053
Reynolds D, Huesemann M, Edmundson §, et al. Viral inhibitors
derived from macroalgae, microalgae, and cyanobacteria: a re-
view of antiviral potential throughout pathogenesis. Algal Res.
2021;57:102331.

Bokesch HR, O'Keefe BR, McKee TC, et al. A potent novel anti-
HIV protein from the cultured cyanobacterium Scytonema var-
ium. Biochemistry. 2003;42:2578-2584.

Sato Y, Okuyama S, Hori K. Primary structure and carbohydrate
binding specificity of a potent anti-HIV lectin isolated from the
filamentous cyanobacterium Oscillatoriaagardhii. J Biol Chem.
2007;15:11021-11029.

O'Keefe BR, Murad AM, Vianna GR, et al. Engineering soya bean
seeds as a scalable platform to produce cyanovirin-N, a non-ARV
microbicide against HIV. Plant Biotechnol J. 2015;13:884-892.
Sami N, Ahmad R, Fatma T. Exploring algae and cyanobacteria as
a promising natural source of antiviral drug against SARS-CoV-2.
Biomed J. 2021;44:54-62.

Lima AM, Siqueira AS, Moller MLS, et al. In silico improvement of
the cyanobacterial lectin microvirin and mannose interaction.
J Biomol Struct Dyn. 2020;29:1-10. doi:10.1080/07391102.2020.
1821782

Gustafson KR, Cardellina JH, Fuller RW, et al. AIDS-antiviral
sulfolipids from cyanobacteria (blue-green algae). J Natl Cancer
Inst. 1989;16:1254-1258.

Shirahashi H, Murakami N, Watanabe M, et al. Isolation and
identification of anti-tumor-promoting principles from the fresh-
water cyanobacterium Phormidium tenue. Chem Pharm Bull.
1993;41:1664-1666.

Loya S, Reshef V, Mizrachi E, et al. The inhibition of the reverse
transcriptase of HIV-1 by the natural sulfoglycolipids from cya-
nobacteria: contribution of different moieties to their high po-
tency. J Nat Prod. 1998;67:891-895.

Chirasuwan N, Chaiklahan R, Kittakoop P, et al. Anti HSV-1 ac-
tivity of sulphoquinovosyldiacylglycerol isolated from Spir-
ulinaplatensis. Science asia. 2009;35:137-141.

Kamat SY, Wahidullah S, D'Souza L, Naik CG. Bioactivity of
marine organisms. VI. Antiviral evaluation of marine algal ex-
tracts from the Indian Coast. Botan Marin. 1992;35:161-164.
LiY, Zhang ], Wang N, et al. Therapeutic drugs targeting 2019-
nCoV main protease by high-throughput screening. Signal
Transduct Target Ther. 2020:356. do0i:10.1101/2020.01.28.
922922

Vijayakumar S, Manogar P, Prabhu S. Potential therapeutic tar-
gets and the role of technology in developing novel cannabinoid
drugs from cyanobacteria. Biomed Pharmacother. 2016;83:
362-371.

Vijayakumar S, Prabhu S, Rajalakshmi S, Manogar P. Review on
potential phytocompounds in drug development for Parkinson


https://doi.org/10.1128/aac.01816-15
https://doi.org/10.1248/cpb.49.108
https://doi.org/10.1002/jmv.10363
https://doi.org/10.1691/ph.2010.9724
https://doi.org/10.1099/vir.0.004358-0
https://doi.org/10.1074/jbc.M110.128546
https://doi.org/10.1016/j.phymed.2014.12.006
https://doi.org/10.1016/j.phymed.2014.12.006
https://doi.org/10.1089/acm.2006.12.429
https://doi.org/10.1186/s12985-017-0895-1
https://doi.org/10.1038/NMAT5053
https://doi.org/10.1080/07391102.2020.1821782
https://doi.org/10.1080/07391102.2020.1821782
https://doi.org/10.1101/2020.01.28.922922
https://doi.org/10.1101/2020.01.28.922922

CYANOBACTERIAL METABOLITES IN CORONA VIRAL THERAPIES

C&D Chronic Diseases® 183

80.

81.

82.

83.

disease: a pharmacoinformatic approach. Inform Med Unlock.
2016;5:15-25.

Vijayakumar S, Sathya M, Arulmozhi A, et al. Molecular docking
and ADME properties of bioactive molecules against human
acid-beta-glucosidase enzyme cause of Gaucher's disease. In
Silico Pharmacol. 2018;6:3.

Prabhu S, Vijayakumar S, Kothandaraman S, Manogar P. Anti-
diabetic activity of quercetin extracted from Phyllanthus emblica
L. fruit: in silico and in vivo approaches. ] Pharm Anal. 2018;8:
109-118.

Kalaimathi K, Thiyagarajan G, Vijayakumar S, et al. Molecular
docking and network pharmacology-based approaches to explore
the potential of terpenoids for Mycobacterium tuberculosis.
Pharmacolog Resea-Moder Chin Medic. 2021;1:100002. doi:10.
1016/j.prmcm.2021.100002

Vijayakumar S, Manogar P, Prabhu S, Pugazhenthi M,
Praseetha PK. A pharmacoinformatic approach on Cannabinoid
receptor 2 (CB2) and different small molecules: homology

TM and Translational Medicine

modelling, molecular docking, MD simulations, drug designing
and ADME analysis. Comp Biol Chem. 2020;78:95-107.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Prabhu S, Vijayakumar S,
Praseetha P. Cyanobacterial metabolites as novel
drug candidates in corona viral therapies: a
review. Chronic Dis Transl Med. 2022;8:172-183.
doi:10.1002/cdt3.11


https://doi.org/10.1016/j.prmcm.2021.100002
https://doi.org/10.1016/j.prmcm.2021.100002
https://doi.org/10.1002/cdt3.11



