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Present review article describes venom derived toxins from various arthropods and their therapeutic uses against various virus

pathogens of human diseases. Arthropods mainly bees, wasps, hornets, scorpions, spiders, ticks and marine arthropods synthesize

toxins which possess unique functional groups and display target specific receptor binding on pathogen surface. These toxins exhibit

cytolytic activity against moat of microbial pathogens and kill them by penetrating their cell membrane and inhibit major cellular

functions through channel binding and receptor interactions. They inhibit virus entry into host cells, and obstruct HIV virus repli-

cation. These highly selective, powerful short toxin peptides show multiple biological activities and are of great therapeutic value.

These could be used for creation of new target-specific novel antiviral medications of great therapeutic value. This is possible by

utilizing the structural and functional diversity of toxin peptides through the application of bio-informatics tools, methodologies, and

approaches. These low cost novel toxin-antibiotics can be used to manage various viral infections.
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MeV: Measles Virus; NDBP: Non-disulfidebridged Peptide; SARS-
CoV: Severe Acute Respiratory Syndrome/Coronavirus; VSV: Ve-
sicular Stomatitis Virus; WHO: World Health Organization; YFV:
Yellow Fever Virus; RFP: Red Fluorescent Protein

Introduction

HIV infection is very serious health problem throughout globe.
Its cases are increasing day by day in spite of the fact that so many
medications are applied for combating the disease. Both incidence
rate and infection rate is on acceleration path. Human immunode-

ficiency viruses (HIV) are terrible viruses that compromise an in-

dividual’s immune system. HIV is a retrovirus that causes a slowly
progressing disease. It belongs to the Lentivirus genus and has two
species. HIV spreads through bodily fluids such as blood, breast
milk, semen, and vaginal secretions from an infected individual
[1]. It cannot be transmitted by sharing meals, hugs, or kisses. Ad-
ditionally, it can pass from a mother to her child. Acquired immune
deficiency syndrome (AIDS) is the most advanced stage of HIV in-
fection, which lowers the immune system and causes various can-

cers and other opportunistic diseases.

HIV primarily targets immunological surveillance cells found in
the white blood cells of the body. The virus prevents receptor bind-
ing and distorts cells’ ability to distinguish between their own and
non-self powers. HIV targets CD4 cells, which are white blood cells.
HIV virus replicates once it enters the CD4 cell. After HIV destroys
the CD4 cell, fresh HIV copies seek out more CD4 cells to infiltrate
and recommence the cycle. It causes an acute infection; the virus

mutates and avoids the immune system’s production of cytotoxic
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T cells (CTL). It spreads quickly among the population of infected
cells as a result of its fast reproduction within the host cell. Viral
mutations have the potential to mediate viral escape from the CTL

response, which results in the immune system gradually failing [2].

Consequently, the weakened immune system of the diseased
patient makes them more susceptible to infections, malignancies,
and other illnesses including tuberculosis. A virus can infiltrate
cells and spread throughout the body very quickly. AIDS patients
exhibit flu-like symptoms at this point, including fever, sore throats,
and exhaustion. Patients face weight loss, fever, diarrhea, head-
ache, sore throat, coughing, and swollen lymph nodes, exhaustion,
and recurrent infections. HIV-positive individuals risk developing
tuberculosis (TB), cryptococcal meningitis, serious bacterial infec-
tions, and malignancies such lymphomas and Kaposi’s sarcoma if
they do not receive appropriate therapy. HIV exacerbates other ill-
nesses, including mpox, hepatitis B, and hepatitis C. HIV infection
becomes asymptomatic after a few weeks and quickly advances to
full bloom AIDS disease.

Antiretroviral medications have been shown to be effective in
preventing complications and secondary infections; however, the
fast replication of HIV viruses and their increasing quantity do not
aid in the resolution of the infection [3]. Hence, there is a heavy
demand of new novel anti-HIV drugs all around the world. Animal
venoms are a rich source of bioactive molecules which could be
used as alternative medicine to treat a variety of human diseases
including virus generated [4]. Arthropod venoms possess diverse
group of toxin molecules with different structure and function.
Hence, toxins from bees, wasps, scorpions and spider venom de-
rived peptides could be used as therapeutic agents. These toxins
block the HIV replication cycle by selectively binding to the chemo-
kine receptor CXCR4 and promote cell-mediated antiviral defense
and prevent HIV-1 replication [5]. Although there are a number of
HIV treatment options available based on toxin templates and their
fusion products, analogues which can restrict HIV growth and re-
production inside host cells. They have been shown high efficacy
against several enveloped and non enveloped viruses. People are
still waiting for a vaccine, which still remains unattainable due to
the HIV virus’s rapid changes in genome. HIV vaccines are being
tested, however as of yet, no reliable vaccine has been created so

far.
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Antiviral potential
Tick saliva toxins

Tick saliva also contains defensins against microbes, mainly vi-
ruses. It plays an important role in tick innate immunity [6]. These
also possess Serine Protease inhibitors (PIs)which are important
vaccine targets. Tick saliva serine protease inhibitors (serpins)
facilitate tick blood meal feeding through inhibition of protease
mediators of host defense pathways. Ticks possess immunosup-
pressant peptide, and, immunoreactive proteins and antimicrobial
peptides. Serpin from the saliva of the tick Ixodes ricinus displays
high affinity for human leukocyte elastase of act as immunosup-
pressor (Iris). Iris also displays pleotropic effects because it in-
terferes with both the immune response and hemostasis of the
host [7]. T22 [Tyr5,12, Lys7] polyphemusin II) inhibits the activ-
ity of human immunodeficiency virus (HIV). T22 inhibits HIV-
1 replication through specific binding to the chemokine receptor
CXCR4, which acts as a co-receptor for entry of T-tropic HIV-1
strains. Prodigiosin showed in vitro antiviral activity in cells infect-
ed with Bombyx mori nucleopolyhedrovirus (BmNPV) with specific
modes of action [8]. The hemolymph of Lonomia oblique larvae con-
tains an antiviral protein. This antiviral protein requires for expres-

sion in the baculovirus/Sf9 cell system [9].

Both mucosa and serosa membranes found in midgut act as
natural barrier of pathogens, these secrete mucus and that assist
in making innate immune defense. Red fluorescent protein (RFP)
isolated from the midgut of the silkworm larvae secret an antiviral
red fluorescent protein that was found effective against the BmNPV.
It was also found active against against, Klebsiella pneumonia, Bacil-
lus subtilis and, Phytophthora meadii [10]. PEF (protein-enriched
fraction) isolated from the larvae of the housefly similar protein-
enriched fraction with strong antiviral activity against influenza

virus was isolated from midgut of housefly larvae.

This prevents the virus from entering the cells. PEF has great
potential as a resource for health products [11] (Table 1). BmSP-2
is an insect digestive enzyme that functions as an antiviral factor
against BmNPV at the site of virus infection [11]. Rbv protein is
isolated from the hemolymph of Lonomia oblique; it shows pow-
erful antiviral activity against measles, influenza, and poliovi-
ruses [12]. This protein acts as a constitutive agent, creating in-
nate immune defenses. These effects may be mediated by changes

in the GTP pool of treated cells [13]. Seroins are proteins isolated
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from Bombyx mori with strong antiviral activity. Seroins could be
used as effective candidates for transgene-based disease-resistant
silkworms [14]. Melittin and phospholipase A2 (PLA2) are the
main components of bee venom. Bee and wasp venom also con-
tain anticancer peptides (ACP), most of which are small cationic
and hydrophobic peptides with antioxidant, antimicrobial, neuro-

protective or antitumor effects [15].

Scorpion venom

Arachnids mainly scorpions use their venom as defensive and
offensive tool to kill or immobilize their prey. Venom infliction
defends them from potential competitors and predators. Scorpi-
on venoms are highly poisonous and display multiple clinical ef-
fects after envenomation and results in death of patients in lack
of proper treatment. Scorpions show rich molecular diversity of
venom proteins and peptides enzymes such as hyaluronidase,
phospholipase, serotonin, histamine, enzyme inhibitors and mu-
copolysaccharides [16]. Scorpion venom also contains metals, and
biogenic amines and so many unknown substances of great thera-
peutic value. Scorpion venom also contains a-toxins which, rapidly
deactivate the receptor affinity of sodium channels [17] and bind
to receptor site 3 of vertebrate voltage-gated Na+ channels in a

membrane-dependent manner [18].

Scorpion venom consists of many peptides that can disrupt ion
channels and modulate their functional properties. These peptides
have different physiological and pharmacological effects. Scorpi-
on also posses B-Toxins which are disulfide-bridged peptides, these
specifically bind to receptor site 4 on vertebrate Na* channels
and create a more negative membrane potential [19]. Most in-
terestingly, small molecules and peptides found in scorpion ven-
om had very high therapeutic potential [20]. The family Buthidae
is famous for the most venomous and medically important scor-
pion species. Important members are Androctonus bicolor, An-
droctonus crassicauda and Leiurus quinquestriatus. They are very
toxic because their venom consists of small molecule peptides,
nucleotides, amino acids, ions, neurotransmitters and
[21].

pharmacological effects on the victim.

salts Once produced, the venom causes toxic and

Mucroporin-M1, derived from scorpion venom, was

found to be active against RNA viruses (measles viruses, SARS-
CoV and H5N1, and HIV-1). Kn2-7 a scorpion venom peptide
inhibits the replication and multiplication of HIV-1 particle [22]. Kn2-
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7 could inhibit all members of HIV-1 subtype B pseudotyped virus
(PV) with CCR5-tropic and CXCR4-tropic NL4-3 PV strain. Fur-
thermore, it also inhibited a CXCR4-tropic replication-competent
strain of HIV-1 subtype B virus. It directly interacts with HIV-1 en-
velope [23]. It is a promising candidate for the development of an
anti-HIV-1 therapeutic agent [32]. Few Cationic peptides have shown
anti-infective and anti-tumor activity [24]. A short peptide T22 T-
cell-tropic (T-tropic) [Tyr5,12, Lys7] with polyphemusin II) found
highly active against human immunodeficiency virus (HIV). It
inhibits HIV-1 infection by specifically binding to the chemokine
receptor CXCR4, which acts as a co-receptor for the entry of T-tropic
HIV-1 strains. Similarly, H. lepturus venom components showed
considerable virucidal activity against HIV infection. H. lepturus
venom inhibits the growth and replication of Human Immunodefi-
ciency Virus 1 (HIV-1) [25].

Leiurus quinquestriatus hebraeus, venom contains Charybdo-
toxin (ChTx) and scyrratoxin. These possess a CS-a/ motif that
can block K+ channels [26,27]. These toxins have been success-
fully used as molecular scaffolds for gp120-CD4 interaction assays.
Because amino acid residues Phe43 and Arg59 of CD4 have been
shown to be important for CD4 binding to gp120, we added the cor-

responding amino acid residues to our new compounds [28].

ChTx a mimetic peptides possess CD4M and TXM1 scaffold,
these contain 33 and 32 amino acid residues. When CD4 CDR2 loop
sequence 40QGSF43 was inserted into the equivalent position of
the B-loop of ChTx, this important modification enhances the target
specificity of toxin peptide. Thus, Phe28 of CD4M or Phe27 of TXM1
of CD4 serves as Phe43. The remaining sequences are similar in
the two analogues except for two positions: Arg20 of TXM1 (Arg25
of ChTx) is replaced by Lys of CD4M, and TXM1 has Gly1 as the N-
terminal residue instead of Vall-Ser2 residues of CD4M. Thus, the
charged N-terminus of the Gly1 residue of TXM1 is in a similar po-
sition to the charged side chain of Arg59 of CD4 [28]. In modified
CD4M (Lys of CD4M ) was able to inhibit the binding of gp120 to
CD4 and showed a lower IC50 value of 20 uM [27]. Similarly, TXM1
competed with CD4 for gp120 binding, causing a CD4-like enhance-
ment of gp120 binding to antibody 17b [39].Subsequently, other
CD4 mimetics with gp120 affinity were successfully generated by
randomization of phage epitopes in the B-turn loop in a ChTx-based
scaffold [28].

Similarly, scyllatoxin a 27 amino acid miniprotein named as

CD4M3 showed scaffold-based mimetics. This constructed mini
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toxin potentially inhibited the binding of CD4 to gp120 with an
IC50 value of 40 uM [29]. Further, modifications in CD4M3 and
derivation of a new compound (CD4M?9), showed increased the af-
finity for gp120 with IC50 values of 0.1-1.0 uM. Furthermore, this
new toxin molecule CD4M9 was found to inhibit the infection of
CD4+ cells when exposed to other HIV-1 strains [27]. Thus CD4M9,
an effective mimetic that potentially interacts and show CD4-like

properties.

The chemokine receptor CXCR4 plays an important role as the
receptor for the normal physiological function of stromal cell-de-
rived factor lalpha (SDF-1alpha) and the coreceptor for the entry
of human immunodeficiency virus type 1 (HIV-1) into the cell [30].
However, for increasing the antiviral efficacy new family of unnatu-
ral chemokines was prepared synthetically and modularly modi-
fied (SMM). These chemokines, derived from the native sequence
of SDF-1alpha or viral macrophage inflammatory protein II (vMIP-
II) bind many residues on CXCR4 TM and extracellular domains
that are important for HIV-1 entry. It will help in generation of de-
velopment of selective HIV-1 inhibitors [30]. The beta-chemokines
MIP-1alpha, MIP-1beta and RANTES inhibit infection of CD4+ T
cells by primary, non-syncytium-inducing (NSI) HIV-1 strains at
the virus entry stage, and also block env-mediated cell-cell mem-
brane fusion. CD4+ T cells from some HIV-1-exposed uninfected
individuals cannot fuse with NSI HIV-1 strains and secrete high
levels of beta-chemokines. Expression of the beta-chemokine re-
ceptor CC-CKR-5 in CD4+, non-permissive human and non-human
cells renders them susceptible to infection by NSI strains, and al-
lows env-mediated membrane fusion. CC-CKR-5 is a second recep-

tor for NSI primary viruses [5].

Similarly, a new toxin constructed molecule CD4M33 much ably
inhibited CD4-gp120 binding in various viral strains and inhibit-
ed HIV-1 cell fusion. This molecule also expressing CD4, CCR5 or
CXCR4 co-receptors at levels similar to those of CD4 in bioassays.
Its three-dimensional structure was further analyzed in complex
with gp120 [31]. Subsequently, another analogue was developed,
called F23, which differs from CD4M33 in the presence of a biphe-
nylalanine substitution at position 23 (Phe23 (Bip23)). Scorpion-
toxin mimics of CD4 in complex with human immunodeficiency
virus gp120 crystal structures, molecular mimicry, and neutraliza-
tion breadth. F23 mimics CD4 better than CD4M33. Furthermore,
F23 showed increased neutralization against phylogenetically

related primate lentivirus isolates [45]. Structural and thermody-
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namic analyses showed F23 to be a better molecular mimic of CD4
than CD4M33. F23 also showed increased neutralization breadth,
against diverse isolates of HIV-1, HIV-2, and SIVcpz [31].

AMPs from scorpion venom are NDBPs, its analogues exhibit
strong antiviral activity. Some of these compounds act by directly
disrupting the viral envelope, thereby reducing the infectivity of
the virus [32]. AMPs block the entry of virus particles into cells by
occupying cellular receptors used by viral [32]. Contrary to this few
AMPs do not compete with viral glycoproteins for binding to cel-
lular receptors. Instead, they penetrate the lipoprotein membrane
of cells and remain in the cytoplasm or organelles, preventing viral
infection by altering the profile of the host cell to improve defense
against the virus or by blocking the expression of viral genes in the
host cell. To prevent infection of others, cells may be shut down
[33].

These natural bioactive molecules derived from Scorpion venom
were found highly effective against retroviruses such as HIV/SIV.
More specifically, DBPs found in scorpion venom bind to the HIV
gp120 glycoprotein due to molecular mimicry of the host cell CD4+
receptor of lentiviruses. This protein form complexes with CD4 re-
ceptor and acts as a neutralizing human antibody. As a result, they
abolish the gp120-CD4 interaction that is essential to initiate the
conformational changes of the viral envelope that lead to the entry
of the virus into the host cell [34]. These CD4-mimicking scorpion
toxins contain approximately 30 amino acid residues with three
or four disulfide bridges characterized by a cysteine-stabilized o/
motif (CS-a/B), in which a B-turn exists between two B-strands. The
CDR2 loop of CD4 is similar to these peptides [35]. Paradoxically,
these bioactive molecules have diverse mechanisms of action and
are of very high biotechnological applications. These could be used
as drug templates for creation of new medicines for therapeutics of

so many human diseases including virus infection [36].

Honey bee venom

Bee venom toxins have biological effects, mainly antiviral activ-
ity [37]. Bee venom and its components, namely melittin (MLT),
phospholipase A2 (PLA2) and apamin, have shown inhibitory
effects against important disease-causing viruses such as influ-
enza A virus (PR8), vesicular stomatitis virus (VSV), respiratory
syncytial virus (RSV) and herpes simplex virus (HSV) in vitro and
in vivo [38]. Bee peptide melittin has been shown to be effective

against several viruses, including coxsackievirus, enterovirus, in-
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fluenza A virus, human immunodeficiency virus (HIV), herpes
simplex virus (HSV), Junin virus (JV), respiratory syncytial virus

(RSV), vesicular. stomatitis virus (VSV and tobacco mosaic virus)
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[39]. The mastoparan-derived peptide MP7-NH2 inactivates virus-

es and stimulates cell-mediated antiviral defense. MP7-NH2 pri-

marily inactivates enveloped viruses [40] (Table 1) (Figure 1).

Category Scientific name Toxin Active against Mode of action
Insect Vespula lewisii MP7-NH, HSV Viral envelope disruption
Insect Apis mellifera Melittin HIV CXCR4 and CCRS5 tropic inhibition
HIV-1 infectivity
Insect | Synthetic (from melittin) Hecate HSV Cellular target
Insect Bee venom bvPLA, HIV Virion entry blocking into host cell
Insect Synthetic (from bvPLA,) p3bv HIV HIV glycoprotein fusion inhibition to CXCR4
cell receptor
Insect Calliphora vicina Alloferons 1 and 2 [AV/HSV Immunomodulatory activity
Insect Hyalophora cecropia Cecropin A-magainin 2 HIV Virion entry blocking into host cell
Insect Vespula lewisii MP7-NH, HSV Viral envelope disruption
Insect Vespula sp Melittin I\% Melittin hampered multiplication of Junin
virus in Vero cells infected
Insect Bee venom Apamin Bovine viral diarrhea apamin potentiated its anti-viral activity.
virus (NADL)
Insect Bee venom Mastoparan broad-spectrum antiviral Dislodging the membrane
activity
Apis mellifera
Insect Bee venom Melittin HSV-1 (MP, syn20, Strong anti-viral activity.
FFV3, tsB5, and amb 1511-
Apis mellifera 7)
Insect Bee venom Mixture of melittin, apa- | coxsackievirus, enterovi- | triggered molecular fusion and stops virus
min, and mastoparans rus, influenza A viruses, spread
Apis mellifera (HIV), (HSV-1), Junin virus
Jv), (RSV), (VSV), and
T™MV,
Scorpion venoms Hyaluronidase H5N1, and HIV-1 bind to receptor site 3 of vertebrate volt-
age-gated Na+ channels in a membrane-
phospholipase A2 dependent manner
Scorpion venom Mucroporin-M1, derived | measles viruses, SARS- | inhibits the replication and multiplication
from CoV and H5N1, and HIV-1 of HIV-1 particle
Scorpion | Leiurus quinquestriatus |Charybdotoxin (ChTx) and| Measles viruses, SARS- | CS-a/p motif that can block K+ channels
hebraeus venom scyrratoxin CoV and H5N1, and HIV-1| ChTx a mimetic peptides possess CD4M
and TXM1 scaffold
Scorpion | Leiurus quinquestriatus Scyllatoxin CD4M3 HIV-1 Binding in various viral strains and in-
hebraeus venom hibited HIV-1 cell fusion showed scaffold-
based mimetics.
Scorpion H. lepturus venom CD4M33 Anti - HIV AMPs from scorpion venom are NDBPs, its
analogues exhibit strong antiviral activity.
Tick Ixodes ricinus Salivary toxin iris Anti-virus high affinity for human leukocyte elastase
of act as immunosuppressor (Iris).
Spider | Alopecosa nagpag (Anla) Anla Restricts zika virus (ZIKV)| showed antiviral activity against anti-den-
venom gue serotype-2 virus (DENV2 virus) and

ZIKV contamination via way of means of
inhibiting the NS2B-NS3 protease.
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Spider Selenocosmia huwena | huwentoxin-IV 4.1-kDa | measles viruses, SARS- Membrane disruption
venom toxin, CoV and H5N1, and HIV-1
Spider Lachesana tarabaevi) Latarcin (LATA, HIV-1 Membrane disruption
venom
Insect insect Podisus maculiv- fusion of LATA-PAP1- CHIKV protein inhibited CHIKV replication inside
entris) THAN THAN, a loop-struc- the Vero cells
ture peptide
Insect Phytolacca americana) ribosome-inactivating CHIKV protein inhibited CHIKV replication
protein (RIP) from is an inside the Vero cells
antiviral protein
Horseshoe | Tachypleus tridentatus Polyphemusin HIV Chemokine receptor, CXCR4 /viral co-
crab receptor attachment

Table 1: Anti-HIV activity of arthropods toxins.

Been venom melittin

{MLT), phospholipase
A2 [PLA2) and apamin

mastoparans
Bradykinin

Anti-Human
immunodeficiency viruses
(HIV) arthropod toxins

Antiviral-
Lycotoxin-An1la)

Mucroporin-M1
Charybdotoxin {ChTx}
and scyrratoxin from
scorplons

huwentoxin-1V
Anla, Latarcin
Spider

Serine Protease

inhibitors and
serpins from ticks

AMPs , Myticin C

<

Figure 1: Major arthropod toxins which show anti-HIV activity.

Honey bee venom also showed antiviral activity, both Melittin
and phospholipase A2 a aluminum hydroxide as an adjuvant utilized
in immune therapy in COVID-19 were found highly effective against
HIV 1 virus. It was found effective against SARS-CoV-2 infection. It
also shows effectiveness against invasion of the host cells by the
SARS-CoV-2 virus [41]. Melittin had no satisfactory anti-viral ac-
tivity against BVDV but apamin potentiates anti-BVDV efficacy of
melittin [41]. Mellitin is also found in melittin is able to obstruct
HSV-1 attachment onto Vero cells in a dose-dependent manner and
to hinder HSV-1 penetration into cells [42]. Melittin has been dem-
onstrated to exert marked anti-herpetic activity against HSV-1 M
and HSV-2 G [43]. Melittin is able to mitigate infectivity of influenza

A virus infection [44].

Three honey bee peptides melittin, apamin, and mastoparans
in mixture confirmed effectiveness towards diverse viruses. Its
analogues inhibits herpes simplex virus-1 (HSV-1)-triggered mo-
bileular fusion and virus spread [44]. The melittin itself on HIV-
1-inflamed lymphoma cells [45], wherein melittin is carried in a
nanoparticle assemble designed for use as a topical vaginal viru-
cide. Melittin was found effective against group of viruses which
include coxsackievirus, enterovirus, influenza A viruses, human
immunodeficiency virus (HIV), herpes simplex virus (HSV), Junin
virus (JV), breathing syncytial virus (RSV), vesicular stomatitis vi-
rus (VSV), and tobacco mosaic virus (TMV) [46].
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Bee venom also contains so many biologically active molecules
which show anti-proliferative, anti-bacterial, and anti-inflammato-
ry effects. Bee venom possesses two primary constituents, melittin
(MEL) and phospholipase A2 (PLA2), which inhibit the replication
of variety of enveloped and non-enveloped viruses [5]. Secreted
phospholipases A(2), a new class of HIV inhibitors found to block
virus entry into host cells. Inhibition by sPLA(2)s is not a virucidal
effect nor a cytotoxic effect on host cells, but it prevents the intra-
cellular release of the viral capsid protein, and successfully block
viral entry into cells before virion uncoating and independently of
the coreceptor usage [47]. Similarly, secreted phospholipases A2
(sPLA2) from snake venoms have potent anti-human immunode-
ficiency virus (HIV) activity. These sPLA2s block HIV-1 entry into
host cells through a mechanism linked to sPLA2 binding to cells
[47].

Wasp venom

Mastoparan is a tetradecapeptide found in the venom of the
wasp Vespula lewisii [48], which forms an amphipathic helical
structure that inserts into the lipid bilayer of bacteria, erythro-
cytes, mast cells and other cells, forming pores [49]. A mastoparan
analog, mastoparan-7, shows broad-spectrum antiviral activity
against enveloped viruses from five different families (Rhabdoviri-
dae, Poxviridae, Flaviridae, Paramyxoviridae and Herpesviridae)
in vitro (Table 1). Structural studies show that the amphipathic
a-helix of mastoporan inserts into the viral lipid envelope, forming
pores that lead to its disruption. Similarly, melittin, isolated from
venom of Apis mellifera obstruct the replication of murine retrovi-
ruses, tobacco mosaic virus and herpes simplex virus [50]. Melit-
tin remedy of T cells reduces degrees of intracellular Gag and viral
mRNAs, and reduces HIV lengthy terminal repeat (LTR) interest.
Hecate, an analog of melittin, selectively reduces the biosynthesis
of virus-specific proteins. Besides, HIV LTR interest is likewise de-
creased in human cells stably transfected with melittin and cecro-

pin genes.

HIV virions generally infect host cells in the genital mucosa
by infecting macrophages and are called M-tropic viruses. After
migrating to lymph nodes, they infect T lymphocytes and trans-
form into T-tropic viruses. Based on HIV tropism, phospholipase
A2 from honeybee venom bvPLA2 blocked the replication of both
M-tropic and T-tropic HIV virions, whereas a small peptide p3bv
derived from bvPLA2 blocked only the replication of T-tropic vi-
ruses and acted as a ligand for the HIV-1 coreceptor CXCR4, [52]
(Table 1). AMPs isolated from invertebrates have shown increased
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antiviral activity in human diseases. Such peptides include the
molecules melittin, cecropin, and alloferon [53] (Table 1). Melittin,
isolated from the venom of the honeybee (Apis mellifera), is an am-
phipathic peptide consisting of 26 amino acid residues arranged
in two a-helical segments. Melittin incorporated into nanoparticles
showed virucidal activity against HIV-1 in the cell line VK2, an epi-
thelial vaginal cell line, and also inhibited HIV infection in TZM-bl
reporter cells (a HeLa cell line expressing the HIV receptor). Among
other antiretroviral mechanisms, melittin complemented the inhi-

bition of reverse transcription by azidovudine [54].

Mastoparans

Mastoparan derivative shows broad-spectrum antiviral ac-
tivity in vitro against five families of enveloped viruses directly via
disruption of their lipid envelope structure [30]. Mastoparans are low
molecular weight a-helical polycationic amphiphilic linear tetra-
decapeptide amides present in the venom of the wasp Vespula lewi-
sii [55] (Table 1). They are rich in hydrophobic leucine, isoleucine,
and alanine, as well as basic residues that maintain electrostatic
interactions with the negatively charged phospholipid head groups
of biological membranes [68]. Wasp venoms are represented by
mastoparans. They are based on the histamine-releasing principle.
Wasp venoms are represented by mastoparans. They are based on
the histamine-releasing principle. Mastoparan is antibacterial in
nature, induces mast cell degranulation, and exhibits hemolytic ac-
tivity [56]. These peptides are amphipathic and therefore interact
with different types of cell membranes through different mecha-
nisms depending on their primary sequence. Nonlytic mastoparan
interacts with a variety of cell lineages and may cause minimal
membrane rearrangements, but does interact with cell membrane
receptors, especially those coupled to G proteins. The high affin-
ity of these receptors makes the mastoparan molecule a highly at-
tractive lead compound for the development of a new generation of
drugs that modulate the activity of G protein-coupled cell signaling
systems. Mastoparan stimulates insulin secretion from BTC3 and
INS-1 cells [49] (Table 1).

Mastoparan peptides are inserted into the membrane bilayer
and thus directly interact with G proteins on the cytoplasmic sur-
face, attacking transmembrane signaling induced by an increase in
cytoplasmic Ca2+ and also by an increase in the intracellular sec-
ond messenger inositol-1,4,5-triphosphate (IP3). These peptides
cause activation of G protein-mediated mechanisms, stimulation

of phospholipases A2, C, and D, and mobilization of Ca2+ from mi-
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tochondria and sarcoplasmic reticulum. They also activate ryano-
dine receptors and regulate various enzymes, including rat brain
Na+-K+-ATPase, inducing mitochondrial permeability transition
and cell death by necrosis and apoptosis [57]. Mastoparan induces
apoptosis, which is initiated by the release of Ca2+ from intracel-
lular stores via PLC and IP3. It also causes disruption of cell mem-
brane integrity [58]. Mastoparan affects intracellular free Ca++
concentration in human astrocytoma cells [59], inhibiting NMDA
receptor-mediated responses and blocking neurotransmission
[60]. In chronic hornet venom-induced hypertension, functional
activity of Ca2+-dependent K+ channels is increased in the basilar
artery [61]. Mastoparan, an activator of gastrointestinal and mast
cells, selectively stimulates PLD2 in intact cells, independently of
gastrointestinal, ADP-ribosylation factor-1 (ARF-1), protein kinase
C and calcium [62]. PLD is involved in the exocytosis of secretory
granules in mast cells and neutrophils [63]. Mastoparan, found in
wasp venom, potently stimulates exocytosis in a variety of mam-
malian cells. It causes the secretion of histamine from mast cells,
serotonin from platelets, catecholamines from chromaffin cells,

and prolactin from the anterior pituitary gland.

Wasp-Kinins

Hornet venom contains a variety of bradykinin-related pep-
tides from different species. Vespicelkinins are polypeptides (9-
18 amino acid residues) containing a bradykinin-like sequence at
the C-terminus. Hornets contain two kinins, bradykinin (BK) and
lysylbradykinin (Table 1), which are produced in human plasma
kallikrein and tissue kallikrein, respectively. They are important
mediators of inflammatory responses, potent pain generators, and
increase vascular permeability and vasodilation. The nonapeptide
bradykinin contained in vespid kinins exhibits potent pharmaco-
logical and long-lasting effects. Kinins such as threonine-bradyki-
nin (Thr6-BK) and megascoriakinin (Thr6-BK-Lys-Ala), as well as
glycosylated vespid kinins, are neurotoxic. Vespid kinins have been
experimentally implicated in muscle contraction and relaxation,
leukocyte activation with subsequent release of cytokines, prosta-
glandins, leukotrienes, and reactive oxygen species, and blockade

of cholinergic transmission in the insect central nervous system.

Bradykinin is a non-peptide that is also found in bodily secre-
tions such as urine, saliva and sweat. It is also present in various
tissues such as the heart, blood vessels, blood, kidneys, colon and
liver [65]. Bradykinin is a potent endothelium-dependent vasodila-
tor and a mild diuretic with blood pressure lowering effects. It also
causes contraction of non-vascular smooth muscle of the bronchi

and intestine, increases vascular permeability and is involved in
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pain mechanisms. In addition to vespid Kinins, vespid venom con-
tains a number of hydrophobic peptides, mastoparans and che-
motactic peptides as important peptidergic components. The first
major component of the venom is mastoparm. Mastoparan family
peptides are tetradecapeptide amides that cause degranulation of
mast cells, releasing histamine from the cells, and act on adrenal
chromaffin cells to release catecholamines and adenylate. Some
mastoparans cause hemolysis and release of serotonin from plate-
lets. The second major component, a new cytotrophic peptide, is
a tridecapeptide amide with chemotactic activity for polymorpho-
nuclear leukocytes and monocytes. Some peptides of this family
also cause histamine release from mast cells. Mastoparan adopts
a random coil conformation in aqueous solution, but changes its
conformation to an alpha helix in methanolic solutions and in the

presence of lysophosphatidylcholine (Table 1) [64].

Spider venom toxins

Spider venom possesses diverse biologically active components
with high selectivity and specificity. Spider venoms are complex
mixtures of salts, small organic molecules, peptides, enzymes, pro-
teins, polyamines and acids which display multiple biological ef-
fects in animals and human beings. Venom from big spiders such
as tarantula is dangerous to humans [65]. More than 500 bioactive
peptides which possess mol weight less than 10 kDa have been iso-
lated from 60 spider species (20 families) [66]. Spider toxin con-
sists of C1 x5-19 C2 G/Px2 C3X6-19C4 sequences wherein X is any
amino acids residues and association of the di-sulphide bond is C1-
C3,C2-C4.

Most of the spider peptides incorporate six or 8 cysteine res-
idues to shape 3 to 4 disulfide bridges and also have distinct di-
sulfide bond motifs. Spiders produce venom with a predominance
disulphide containing peptides. Most of these disulfide-containing
peptides showed neurotoxic and cytolytic properties. Alopecosa
nagpag spider venom (Anla) showed antiviral activity against anti-
dengue serotype-2 virus (DENV2 virus) [67]. It acts like a NS2B-
NS3 protease inhibitor [67]. Anla also restricts zika virus (ZIKV)
contamination via way of means of inhibiting the ZIKV NS2B-NS3
protease. Spider toxins have enough potential to control flavivirus
infection [67].

Similarly, a short peptide huwentoxin-IV 4.1-kDa toxin, was iso-
lated Chinese hen spider, Selenocosmia huwena. This is composed
of 35 residues with three disulfide bridges: Cys-2-Cys-17, Cys-9-
Cys-24, and Cys-16-Cys-31 [68]. It specifically inhibits the neuronal
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tetrodotoxin-sensitive (TTX-S) voltage-gated sodium channel [69].
Similarly, 4.1-kDa toxin Latarcin (LATA, from the venom of the spi-
der Lachesana tarabaevi) peptide with the N-terminus of the PAP1
(a ribosome-inactivating protein (RIP) from Phytolacca ameri-
cana) is an antiviral protein. A fusion of LATA-PAP1-THAN THAN, a
loop-structure peptide, isolated from the insect Podisus maculiven-
tris) protein inhibited CHIKV replication inside the Vero cells [70].

Invertebrate AMPs and antiviral activity

AMPs isolated from marine invertebrate Theonella mirabilis
showed antivirus activity against herpes simplex virus, human im-
munodeficiency virus, influenza virus, hepatitis C virus (HCV), and
SARS-CoV-2 [71]. Theonella mirabilis antmicrobial peptide showed
virucidal activity against human immunodeficiency virus 1 (HIV-
1). This peptide does inhibition of formation of virus membrane,
makes disruption and does viral inactivation [72]. Similarly, tachy-
plesin from the Tachypleus tridentatus horseshoe crab exhibited a
potent antiviral activity against herpes simplex virus [73]. Myticin C,
derived from hemocytes of the Mytilus galloprovincialis mussel, has
shown an antiviral action against fish rhabdovirus, ostreid herpesvirus,
and human herpes simplex viruses 1 and 2, affecting the intracellular
phase of viral replication. Venom of the Alopecosa nagpag spider
synthesizes a defense peptide named Av-LCTX-Anla (Antiviral-Ly-
cotoxin-Anla) that possess anti-dengue serotype-2 virus (DENV2)
in vitro. Anla also restricts zika virus (ZIKV) infection by inhibiting
the ZIKV NS2B-NS3 protease.

Conclusion

Arthropod venom toxins are considered as great candidates for
drug development. But there is growing demand for new drugs
and natural therapeutic products for multi resistant viral patho-
gens. There is a shortage of novel drugs which could stop progres-
sion of HIV, dengue, chikungunya and Zika viruses - or worldwide
pandemics, such as influenza and SARS or Corona virus. Till date
no single treatment available for HIV. Virus once adhered to the
host genome it replicates very fast and makes millions of copies
which again target healthy blood cells and rapidly decrease the im-
mune resistance of the body. Venom toxin components from bees,
wasps, spiders, and scorpions were found to inhibit replication of
HIV 1 virus. More specifically, dimeric PLA2s potentially inhibit
HIV-1 replication inside host cells. PLA2s adhere on the viral mem-
brane and act as antiretroviral regimens. It destroys lipid bilayer
and causes destabilization of the virus. In addition, it shows syncy-
tium formation and viral adsorption and shows synergistic effects
with HIV NRTIs such as Lamivudine and Tenofovir. It targets virus

cells and save normal body cells which are targeted by The HIV1.
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There are other toxin based drugs which also showed improved
effects than the existing therapies. A through screening of animal
origin venoms is needed for exploration of therapeutic validation
of venom toxins, and their clinical development for novel antivirus

drugs.
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