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Abstract

Viral infections are linked to a variety of human diseases. Despite the achievements made in drug and vaccine development,
several viruses still lack preventive vaccines and efficient antiviral compounds. Thus, developing novel antiviral agents is
of great concern, particularly the natural products that are promising candidates for such discoveries. In this study, we have
purified an approximately 15 kDa basic phospholipase A2 (PLA2) enzyme from the Egyptian cobra Naja haje haje venom.
The purified N. haje PLA2 showed a specific activity of 22 units/mg protein against 6 units/mg protein for the whole crude
venom with 3.67-fold purification. The antiviral activity of purified N. haje PLA2 has been investigated in vitro against bovine
coronavirus (BCoV) and simian rotavirus (RV SA-11). Our results showed that the CCs, of PLA2 were 33.6 and 29 pg/ml
against MDBK and MA104 cell lines, respectively. Antiviral analysis of N. haje PLA2 showed an inhibition of BCoV and
RV SA-11 infections with a therapeutic index equal to 33.6 and 16, respectively. Moreover, N. haje PLA2 decreased the
BCoV and RV SA-11 titers by 4.25 log,, TCIDs;, and 2.5 log,, TCIDs, respectively. Thus, this research suggests the potential

antiviral activity of purified N. haje PLA2 against BCoV and RV SA-11 infections in vitro.
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Introduction

Rotaviruses (RV) and bovine coronaviruses (BCoV) are
identified globally as the most important enteropathogens
responsible for acute viral gastroenteritis leading to diarrhea
in infants, young children and animal species. Both types
of viruses are important in global health and also in animal
industries. At present, no approved antiviral medications are
effective in treating infections caused by the two viruses.
Therefore, the recovery is primarily dependent on fluid
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and electrolyte replacement until the infection is resolved
(Leung et al. 2005). The newly emerged COVID-19 disease
caused by the SARS-CoV-2 virus, a virus belonging to the
coronavirus family, first appeared in Wuhan and in a few
months became a pandemic and disrupted the entire world
(Zhou et al. 2020; Wu et al. 2020). Therefore, the utmost
efforts have been made to overcome this pandemic, and new
therapeutic and vaccination approaches have been approved
by the WHO for emergency use. Despite this, COVID-19
pneumonia treatment remains challenging, as new variants
are able to escape from the available vaccines. In addition,
many non-specific antiviral drugs are prescribed to reduce
the severity of COVID-19 symptoms, despite their insuf-
ficiently effective use in elderly patients. Various antiviral
drugs as well as natural products are currently being inves-
tigated for COVID-19 treatment (Kim 2021). In addition,
several evaluated viral inhibitors against the SARS-CoV-2
virus in vitro are being screened for their potential effects in
animal models and patients, such as main protease inhibitors
(Dampalla et al. 2021; Gunst et al. 2021).

Animal venoms are considered as a treasure of numer-
ous active pharmacological proteins and peptides (El-Aziz
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et al. 2019). In particular, snake venom contains different
enzymes and polypeptide toxins exhibiting various biologi-
cal and pharmacological activities against bacteria, fungi,
viruses and tumors (El-Hakim et al. 2011; Salama et al.
2018; Roy and Bharadvaja 2021). Nowadays, several drugs
are ascribed to patients derived from snake venom such as
Captopril, a strong hypotensive drug approved by the FDA,
and was discovered from bradykinin potentiating peptide
(BPP) purified from Brazilian Bothrops jararaca pit viper
venom (Costa et al. 2018). Tirofiban (Aggrastat) and Eptifi-
batide (Integrilin) are two antithrombotic drugs synthesized
from snake venom disintegrins and prescribed for the treat-
ment of acute coronary disease and angina (Rashidi et al.
2020). In that way, many trails have been done to express
snake venom proteins that exhibit therapeutic activities by
different biotechnological strategies to increase the yield of
these components. Russo et al. (2019) expressed two recom-
binant PLA2 isoforms of Crotalus durissus terrificus in a
prokaryote system and the purified recombinants showed
similar antiviral properties against enveloped viruses such
as Zika virus (ZIKV), Chikungunya virus (CHIKV), Dengue
virus (DENV-2) and Yellow fever virus (YFV) compared to
native PLA2. Thus, the necessity of exploring venom and
its components as potential alternative therapeutics against
viral infections (Rivero et al. 2011; Koh and Kini 2012; da
Mata et al. 2017; Abidin et al. 2019; Ghosh et al. 2019),
particularly Rota and Corona viruses, is increasing.

Snake venom contains a variety of enzymes such as ser-
ine proteases, metalloproteases, acetylcholine esterases,
L-amino acid oxidases, hyaluronidases and phospholipases
A2 (PLA2). Currently, several studies have demonstrated
the potential therapeutic properties of venom enzymes puri-
fied from various species of snakes, which are progressively
acquiring an attractive interest in their use in the biomedical
field (Cedro et al. 2018). Phospholipases A2 (PLA2) (EC:
3.1.1.4) are Ca*2-dependent enzymes with low molecular
masses (14-18 kDa) that catalyze the hydrolysis of phos-
pholipids at sn-2 position producing lysophospholipids and
free fatty acids, particularly arachidonic polyunsaturated
fatty acid. According to the classification of phospholipases
based on their structure, catalytic action and localization,
the elapids (tropical and subtropical snakes) and hydrophids
(sea snakes) PLA2s belong to secreted PLA2 group IA. On
the other hand, vipers and cortalids PLA2s belong to group
ITA, except many sPLA2s in Bitis sp. are listed in group [IB
(Six and Dennis 2000; Filkin et al. 2020).

Phospholipases A2 are mostly abundant in elapids,
particularly Naja sp., and display varied functional phar-
macological effects such as hemolysis, edema, neurotox-
icity, myotoxicity, cytotoxicity, anticoagulation, immune
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modulating, antibacterial and antitumor effects (Kang et al.
2011; Trento et al. 2019). Venom composition is relatively
varied among species and within the same species. Age, diet
and geographical distribution are factors that affect the abun-
dance and presence of venom enzymes (Modahl et al. 2020).
PLAZ2 content varies within the same subgenus (Uraeus);
Moroccan cobra (Naja haje legionis) has lower PLA2 con-
tent (3—4%) compared to Nigerian Naja haje (26%) (Malih
et al. 2014; Hempel et al. 2022; Adamude et al. 2021). The
Senegal cobra, Naja senegalens, found in western Africa,
on the other hand, lacks PLA?2 activity (Wong et al. 2021).
Furthermore, the proteomics of Malaysian and Thailand
N. kaouthia cobras demonstrated a significant variation in
PLA2 activity (Modahl et al. 2020). However, the proteome
of the Egyptian cobra (Naja haje haje) is still unpublished.

The Egyptian cobra (Naja haje haje) belongs to Elapidae
family and is located in the cultivated areas around the Nile,
Delta and Western Mediterranean Coastal Desert. It is one
of the most medically important snakes, and its envenoma-
tion causes severe neurotoxic and myotoxic symptoms and
may lead to death. In a previous study, the crude N. haje
venom and its fractions showed moderate virucidal proper-
ties against herpes simplex viruses type I and type IT (HSV-I
and HSV-II) (Elsayed et al. 2014). Thus, the aim of the cur-
rent work is to investigate the antiviral effect of phospholi-
pase A2 purified from the Egyptian Cobra, Naja haje haje
(N. haje) on rotavirus gastroenteritis and mammalian coro-
navirus in vitro.

Material and methods
Snake venom and materials

Naja haje venom was milked from snakes obtained from
the farm of the Egyptian company for production of vac-
cines, sera and drugs (VACSERA). The pooled venom was
centrifuged at 10,000xg for 10 min at 4 °C to remove debris
prior to lyophilization and storage at — 20 °C until use. The
chromatographic resins and substrates for the biochemical
and enzymatic assays were purchased from GE Healthcare,
Thermo Scientific and Sigma-Aldrich companies. The rea-
gents were of analytical grade.

Viruses and cell culture

The Madin-Darby bovine kidney (MDBK) and African
Green monkey fetal kidney (MA104) cells were purchased
from VACSERA. The Mebus strain of bovine coronavirus
(BCoV) as a surrogate model for SARS-CoV-2 was kindly
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obtained from the Department of Virology, Faculty of Veter-
inary Medicine, Cairo University. A simian rotavirus SA-11
(RV SA-11) as a surrogate model for human rotavirus was
obtained from the Department of Virology, National Insti-
tute for Cholera and Enteric Diseases (NICED), Kolkata,
India. Cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% of heat inac-
tivated fetal bovine serum (FBS), 100 units/ml penicillin,
100 pg/ml streptomycin under 5% CO, humidified incubator
(all purchased from Lonza, Belgium).

Purification of PLA2 enzyme from Naja haje venom
(Nh-PLA2)

The PLA2 enzyme was purified from N. haje venom using
two consecutive chromatographic steps on sephacryl S-200
molecular exclusion chromatography followed by CM-
sepharose ion exchange chromatography. First, N. haje
crude venom (120 mg) dissolved in 1 ml of 50 mM Tris—Hcl
buffer, pH 7, was applied to a sephacryl S-200 column
(1.6 90 cm) previously equilibrated with the dissolving
buffer. The elution was carried out with the same buffer,
collecting fractions of 3 ml/tube at a flow rate of 20 ml/h at
room temperature. All fractions were monitored at 280 nm
for protein, and phospholipolytic activity was determined
at 900 nm using egg yolk suspension as a substrate accord-
ing to the Marinetti (1965) method. The fractions showing
phospholipolytic activity were pooled, stored for further
purification and named the S-N.h.PLA2 fraction. For the
second step, the active pool (25 mg) was applied to a CM-
sepharose column (1 X 12 cm), previously equilibrated with
50 mM Tris—HCI buffer, pH 7, at room temperature. The
unbound proteins were washed with the equilibration buffer.
Next, fractions were eluted in a step-wise method using dif-
ferent molarities of KCI at 0.05, 0.1, 0.15, 0.3, 0.6 and 1 M
dissolved in the same buffer, and then 4 ml fractions were
collected at a flow rate of 1 ml/min. Protein and phospho-
lipolytic activity were determined. The fractions with high
PLAZ2 activity (named Nh-PLA2) were pooled, dialyzed
against dist. water, lyophilized and stored at— 20 ‘C until
used for further study.

Molecular mass determination

SDS-PAGE of the purified PLA2 (Nh-PLA2) was performed
according to Laemmli (1970) using 15% polyacrylamide
gels under reducing conditions. The gel was stained using
Coomassie brilliant blue R-250. The pre-stained protein
ladder with known molecular mass bands was used as a

standard marker, with 13 major protein bands resolved in
the polyacrylamide gel.

Gel zymography

The purified Nh-PLA?2 was run under non-reducing condi-
tions on either a 15% SDS-PAGE or a 7% IEF gel followed
by protein transfer onto a nitrocellulose membrane accord-
ing to the method by Towbin (1979). Blood and egg yolk
zymography according to the Moreno (1988) method was
used to determine the molecular weight and isoelectric point
(pD) of PLA2. Briefly, the membrane was incubated for 2 h
with 1% casein hydrolysate dissolved in 50 mM barbiturate
buffer, pH 8.6. For zymography on blood and egg yolk, the
nitrocellulose membrane was placed directly on a 1% aga-
rose gel containing 4% washed human erythrocytes, 4% egg
yolk and 10 mM CaCl, dissolved in 50 mM PBS, pH 7.4.
After overnight incubation at 37 “C, the clear zone indicated
the presence of PLA2.

Isoelectric focusing

Isoelectric focusing gel were performed as described by
Garfin (1990), using a 7% polyacrylamide gel containing
carrier ampholytes with pH ranging from 3 to 10 (Pharma-
lyte, Sigma-Aldrich). The isoelectric focusing marker with
known pls is used as a standard. The gel was silver stained.

Phospholipase activity

The phospholipolytic activity of the chromatographic
fractions was determined turbidimetrically according to
Marinetti (1965) method. Briefly, 0.1 ml of fractions was
added to 1 ml of working egg yolk suspension diluted in
saline to give a final volume of 5 ml. Saline (0.1 ml) was
added to the assay mixture and used as a control. The con-
trol was adjusted to give an absorbency of 0.7 (at 900 nm).
The reaction velocity was determined as the change in OD
per 5 min at 900 nm. Additionally, to determine the PLA2
activity of the pool active fraction (Nh-PLA?2), the diameter
of the hemolytic halo was measured in mm using an egg
yolk—erythrocytes—1% agarose plate as a substrate accord-
ing to the Gutierrez (1988) method. Briefly, assessed sam-
ples were diluted in PBS and applied to the substrate gel,
and PBS was used as a negative control. After an overnight
incubation of the samples on the plate at 37 “C, the PLA2
activity was expressed as the size (in mm) of the hemolytic
halos formed by each sample. One PLA2 unit was defined
as the protein concentration that induces a hemolytic halo
of 1 cm in diameter.
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Protein quantification

Protein content was determined according to Bradford
(1976) method, using bovine serum albumin (BSA) as a
standard.

Cytopathic effect

The BCoV and RV SA-11 stocks were diluted tenfold and
inoculated onto MDBK and MA104 cells, respectively,
and the cytopathic effect was assessed after 72 h of incu-
bation. The 50% tissue culture infectious doses/0.1 ml
(TCIDs,/0.1 ml) were estimated as described previously by
the Karber (1931) method, then stored in small aliquots at
— 80 °C until used.

Cytotoxicity assay

The cytotoxicity of the PLA2 was investigated using the
MTT assay after 4 days of cell culture according to the pre-
viously described protocol by Abid et al. (2012). Briefly,
5x 103 cells/well were seeded in 96-well plates. After 24 h,
the growth medium was removed and the cell monolayers
were incubated with various PLA?2 protein concentrations
(30, 15, 7.5, 3.75, 1.875, 0.9375, 0.469, 0.2344, 0.1172 pg/
ml). After an additional 48 h at 37 °C under a humidified
5% CO, atmosphere, the PLA2 was discarded and 100 pl
of MTT solution (5 mg/ml) was added to all wells. After
4 h at 37 °C, the MTT was carefully removed from the wells
and replaced with 50 pl of dimethyl sulfoxide (DMSO). The
plates were further incubated for 30 min at 37 'C. The optical
density was read on a multi-well ELISA reader at 540 nm.
The 50% cytotoxic concentration (CCs,) was calculated as
(A—B/A)x 100, where A and B are equal to the mean of
three ODs,, of untreated and treated cells, respectively. All
experiments were repeated three times and the results were
expressed as a percentage of cell viability in comparison to
the untreated control cells.

Antiviral assay

One hundred microliters of BCoV at 1097
log,(TCID5y/0.1 ml or RV SA-11 at 10° log,(TCID5,/0.1 ml
were incubated separately with the same volume of three
non-toxic concentrations (1.875, 3.75, and 7.5 pg/ml) of
PLAZ2 for 1 h at 37 “C. One hundred microliters of the above
mixture was added to a sub-confluent monolayer cells. After
1 h of incubation, the mixed solution was removed. The
cell lines were washed twice with PBS, and then incubated
with 200 pl of FBS free DMEM. Cell control (test medium
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without samples) and virus control (the virus suspension)
were included. All plates were incubated for 3 days at 37 °C
in CO, incubator or until typical CPE was visible. The 50%
inhibitory concentration (ICs,) was defined as the PLA2
protein concentration that can protect 50% of viable cells
from the cytopathic effect caused by virus and it was calcu-
lated by the MTT method as stated above in the cytotoxicity
assay by multi-well ELISA reader at 450 nm as [(A—B)/
(C—B) x 100], where A, B and C indicate the mean three
absorbance of the test protein with virus infected cells,
positive virus control, and negative cell control, respec-
tively. Then the therapeutic index (TI) was estimated as the
ratio of CCsy/ICs,. For determination of the yield reduc-
tion assay, tenfold dilutions of the virus were prepared in
FBS free growth medium. One hundred microliters of viral
dilutions 10™~10~° was mixed and incubated with 100 pl
of tested PLA2 at a concentration of 3.75 pg/ml for 1 h.
Microscopic examination for CPE was performed after
3 days post-infection. The virus titer as 50% tissue culture
infection dose (TCID5,) was calculated using the method by
Karber (1931). The reduction of virus titer was estimated as
the difference between the values of virus with PLA2 against
virus without PLA2.

Statistical analysis

The results were expressed as Means +S.D. (n=3). Data
were analyzed using the Student’s ¢ test using GraphPad
Prism 8.0 software.

Results and discussion

Phospholipase A2 (PLA2) was purified from N. haje venom
using gel filtration followed by cation exchange chroma-
tography on sephacryl S-200 and CM-sepharose columns,
respectively. First, four protein peaks were resolved from
N. haje venom (120 mg) and phospholipase A2 activ-
ity was monitored in protein peak number 4 as shown in
Fig. 1A. The active pool (S-N.h.PLA2) was 25 mg protein
and total PLA2 activity of 275 U, respectively (Table 1).
The active pool was applied to an equilibrated CM-sepha-
rose column. Four major protein peaks were resolved as
one unbound and three bound peaks were eluted at 0.15,
0.3, and 0.6 M of KClI dissolved in the equilibration buffer
(Fig. 1B). The major PLA2 peak was eluted at 0.6 M KCl
with a specific activity of 22 U/mg. The protein content and
total activity of the purified PLA2 enzyme were 10 mg and
220 U, with 3.67-fold purification and 30.56% recovery
(Table 1). The purified N. haje PLA2 had a molecular mass
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Fig. 1 Purification of phospholipase A2 (PLA2) from N. haje venom
in two chromatographic steps. A Gel filtration of 120 mg of N. haje
dissolved in 1 ml of 0.05 M Tris—HCI buffer, pH 7 was applied to a
Sephacryl S-200 column (1.6 X90 cm) and, B Ion exchange chroma-
tography of 25 mg of Active PLA2 pool on CM-Sepharose column

of approximately 15 kDa as determined by SDS-PAGE gel
(Fig. 2). The molecular mass of the purified N. haje PLA2

(0.6 10 cm). The sample was equilibrated and washed with the dis-
solved buffer and eluted with different molarities of KCI (0.05, 0.1,
0.15, 0.3, 0.6, 1 M) in the same buffer. The column fractions were
collected at a flow rate of 60 ml/h. The fractions with PLA2 activity
were pooled, dialyzed, freeze-dried, and stored as Nh-PLA2

was in agreement with the range generally reported for
snake venom PLA2 (14-18 kDa) (Six and Dennis 2000).
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Table 1 Purification of PLA2

. - Sample Total protein  Total activity Specific PLA2 activity Recovery % Fold
enzyme from Egyptian N. haje (mg) L) (U/mg protein) purifica-
snake venom e

ion
N. haje venom 120 720 6 100 1
S-N.h.PLA2 25 275 11 38.19 1.83
Nh-PLA2 (0.6 M) 10 220 22 30.56 3.67
2.3
8.8
8.6
8.2
f
6.8
6.6
5.9
>.1
4.6
3.6

Fig.2 15% SDS-PAGE of the purified N. haje PLA2 (30 pg) under
reducing conditions. The samples were: protein ladder ranging from
14.4 to 97 kDa (M), and purified N. haje PLA2 (P). After that, the
purified PLA2 was electro-transferred onto nitrocellulose paper then
incubated with agarose-RBCs—egg yolk substrate gel. The samples
are N. haje venom (C), and N. haje PLA2 (P)

Furthermore, the molecular masses of the Egyptian Naja
nigricollis and Saudi Walterinnesia aegyptia were approxi-
mately 14 kDa (Wahby et al. 2013; Abid et al. 2020). A
hemolytic band of low molecular weight was resolved when
PLA2 was loaded in 15% SDS-PAGE under non-reducing
conditions and then placed on RBCs—egg yolk—agarose gel
activity (Fig. 2). The pI of PLA2 enzyme was about 8, which
confirmed by gel activity zymography showed a hemolytic
band at the same point (Fig. 3). The assay of Moreno et al.
(1988) was used to detect the enzymatic PLA2 activity based
on the transfer of the resolved protein to a substrate-fortified
gel. This assay was highly useful in identifying the molecu-
lar mass and the pI of the PLA2 enzymes present in biologi-
cal fluids in general and snake venoms in particular.
Currently, specific antiviral agents and vaccines are still
insufficient to prevent or control emerging and re-emerging
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Fig.3 IEF gel (5%) of 10 pg of purified PLA2 (P) and IEF marker
(M) under non-reducing conditions. After that, the purified PLA2 (P)
was electro-transferred onto nitrocellulose membrane followed by
incubation with fortified agarose gel. A hemolytic band was observed

viral illnesses (Kaufmann et al. 2014; Maslow 2018). Conse-
quently, the development of novel antiviral agents is manda-
tory. In general, drugs targeting the virus itself or interrupt-
ing viral replication are the only approaches to specifically
treat viral diseases (Mohammadi et al. 2019). Thus, a wide
range of compounds extracted from natural sources has
been used against various diseases (Brahmachari 2011). Of
these compounds, snake venom is the source of many drugs
that have been licensed by the FDA or are in preclinical or
clinical trials for a variety of medicinal purposes (Koh and
Kini 2012; Calderon et al. 2014; Abd El-Aziz et al. 2019
et al. 2019). Due to the variety of venomous snake species
as well as venom composition, several studies have been
done to evaluate the potential antiviral activity of both whole
venom and its components against different types of viruses.
sPLA2s and proteases are major enzymes present in elapids,
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vipers and crotalids. Most elapids have higher PLA2 activ-
ity than vipers. Many papers screened the effects of PLA2
isolated from the venoms of different elapids and vipers
against different viruses and illustrated the mechanisms of
their antiviral effects on different stages of virus replication
(Teixeira et al. 2020). Basic sPLA?2 purified from the venom
of the South American rattlesnake pit viper, Crotalus duris-
sus terrificus, inhibited the entry of Dengue virus (DENV),
Yellow fever virus (YFV), Hepatitis C virus (HCV), and
Chikungunya virus (CHIKV) via direct degradation of viral
envelope (Muller et al. 2014; Shimizu et al. 2017; Santos
et al. 2021). In addition, Muller et al. (2012) showed that
basic PLA2-CB and PLA2-IC from Crotalus durissus ter-
rificus had potent in vitro inhibition of YFV and DENV
replication. Both proteins displayed high selectivity indi-
ces (SI). Similarly, the Bothrops asper venom has catalyti-
cally active sPLA 2 (Mt-I) and the enzymatically inactive
sPLA 2 (Mt-1I). However, the Mt-I is markedly more potent
than Mt-II isoform (IC 50 of Mt-I and Mt-II were 1.5 and
2768 ng/mL, respectively) against DENV-2 (Brenes et al.,
2020). Further, basic sPLA, (CM-II-sPLA,) purified from
the venom of the Mozambique spitting cobra, Naja mossam-
bica mossambica, exhibited higher antiviral activity against
HCV, DENV and Japanese encephalitis virus (JEV) (IC50
in ng/ml) than against Sindbis virus (SINV), influenza A
virus (IAV), Sendai virus (SV) and Herpes simplex virus
(HSV) (IC50 in pg/ml) (Chen et al. 2017). Additionally,
potent HIV-1 inhibitors were identified from basic PLA,
purified from the venom of three elapids; Naja mossambica
mossambica, Naja nigricollis and Oxyuranus scutellatus
(Fenard et al. 1999). Another study by Farzad et al. (2020)
demonstrated that PLA, from Iranian Caspian cobra (Naja
Naja Oxiana) has virucidal activity against the rabies virus.
To our knowledge, our study is the first investigation high-
lighting the virucidal effect of basic Naja haje haje PLA2
against rotavirus (RV) and mammalian coronavirus (BCoV).

To get an insight about the lower catalytic activity of
basic phospholipase A2 enzymes compared with acidic ones,
crystallographic, dynamic light scattering and amino acids
comparative structural studies were carried out (dos Santos
et al., 2011). The authors indicated that BthTX-II, a basic
PLA2 enzyme isolated from the snake Bothrops jararacussu,
has a distorted calcium-binding loop. This may suggest the
low or insignificant catalytic activity of these enzymes. The
calcium-binding loop of BthTX-II is composed of Y28, G30,
G32 and D49, and the catalytic network contains H48, D49,
Y52, and D99. In our Naja haje (Egyptian cobra) PLA2, we
have the same calcium loop. while the D99 of the catalytic
network is absent (data not shown). On the contrary, despite
their high catalytic activity, the acidic PLA2 enzymes have
less biological effects. Two interesting hypotheses were

considered to explain the lack of acidic PLA2 toxicity. The
first was offered by Fernandez et al. (2010) who proposed a
potential digestive function in Agkistrodon piscivorus leu-
costoma snake venom. The second describes a synergistic
action between venom proteins (Resende et al., 2017).

In this context, our aim in this study was to determine the
antiviral activities of phospholipase A2 purified from the
Egyptian Cobra, Naja haje haje, against coronavirus and
rotavirus. The cytotoxicity of purified PLA2 was tested in
MDBK and MA 104 cell lines prior to the antiviral assay
using the MTT assay. This assay is colorimetric and based
on the reduction of MTT by the mitochondrial dehydroge-
nase enzyme of living cells to form a purple formazan that
can be measured spectrophotometrically.

The values of CC50 and survival rates of N. haje PLA2
after incubation with cells were calculated. The PLA2 exhib-
ited low toxicity with high survival rates on MBDK and MA
104, with CC50 of 33.6 and 29 pg/ml, respectively (Fig. 4).
Siniavin et al. (2021) showed that the PLA?2 isolated from
various venoms has low cytotoxicity at 100 pg/ml showed
low cytotoxicity on Vero E6 cells. Additionally, the puri-
fied N. haje PLA2 showed strong antiviral effects against
BCoV with a therapeutic index of 33.6 and a reduction in
virus titers by 4.25 log,,TCID5y/0.1 ml, inhibiting 63% of
virus replication. The recent study by Siniavin et al. (2021)
showed antiviral activities of five PLA2s against SARS-
CoV-2 infections with a potent virucidal activity (100%
inhibition) of the phospholipase HDP-2P, isolated from
viper V. nikolskii venom, at 0.1 pg/ml against SARS-CoV-2
infectivity in Vero E6 cell lines. We would emphasize that
the cell types, the nature of each protein and the virus strains
may contribute to the different cytotoxic effects.

However, we found lower antiviral activity from the puri-
fied PLA2 against RV SA-11 with a TI of 16 and a reduction
in virus titers by 2.5 log;,TCIDs,/0.1 ml, inhibiting 41.7%
of virus replication (Figs. 4 and 5).

Several scientists have studied the antiviral activity
of PLA2 from the venoms of different species of snakes
against several human viruses, including Encephalomyo-
carditis virus (EMCYV), Influenza A (IAV), Coxsackie virus
B3 (CVB3), HIV, Dengue virus (DENV), Hepatitis C virus
(HCV), Herpes simplex virus (HSV), Japanese encephalitis
(JEV), Mayaro virus (MAY V), Middle East respiratory syn-
drome coronavirus (MERS), SARS-CoV-2 virus, as well as
they illustrated the mechanisms of inhibition action against
several viruses (Muller et al. 2012, 2014; Cecilio et al. 2013;
Russo et al. 2014; Shimizu et al. 2017; Rodrigues et al. 2019;
Brenes et al. 2020; Teixeira et al. 2020; Siniavin et al. 2021,
2022; Utkin et al. 2022).

Our antiviral test was based on virucidal activity. Thus,
the tested purified protein may inhibit BCoV and RV SA-11
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Fig.4 Cytotoxicity and antiviral A
effects of phospholipase A2

(N. haje PLA2) by MTT assay.
CC50 is the cytotoxic concen-
tration, IC50 is the half maxi-
mal inhibitory concentration
and TI is the therapeutic index.
Data represent the mean +SD
values (n=3). Comparison

test were performed using the
GraphPad Prism 8.0 software;
p<0.05, p<0.0land p <0.001
are expressed by *, ** and ##%*,
respectively

Phospholipase A2 (ug/ml)

* = CC50 mIC50

BCoV RV SA-11

40

TI (CC50/1C50)

* % %
mBCoV

=RV SA-11

through its interaction with the viral capsid, preventing their
attachments to host cells. Siniavin et al. (2021) revealed that
Vipera nikolskii PLA?2 inhibited the SARS-CoV-2 virus in
the post-entry stage of virus replication. Additionally, they
demonstrated that inhibition of virus was done via either
direct hydrolysis of viral phospholipids' envelope or indi-
rectly by inactivating its attachment to virus entry receptor
(Angiotensin-converting enzyme 2; ACE2), which spread
out in several tissues in the human body, leading to sys-
temic damage. Similarly, other studies demonstrated the

@ Springer

pathways where PLA?2 interferes with the various stages of
virus during replication cycle. sSPLA2s have been shown to
have the ability to interact with viral capsid (virucidal activ-
ity), interfere in viral adsorption (viral entry), interfere in
internalization (viral replication), and interfere in host cell
components (viral replication) (Muller et al. 2012, 2014;
Cecilio et al. 2013; Shimizu et al. 2017; Rodrigues et al.
2019; Russo et al. 2019; Brenes et al. 2020). A limitation of
the current study is that other mechanisms of antiviral action
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Fig.5 Antiviral effects of phos-

pholipase A2 (N. haje PLA2) 8 r
on BCoV infected MDBK
cells and RV infected MA 104 7

cells by yield reduction assay
(TCIDsy/0.1 ml). The N. haje
PLAZ2 concentration was used at
3.75 pg/ml. The significance of
differences between treated and
untreated groups was analyzed
by two-sample assuming equal
variances ? test using the Graph-
Pad Prism 8.0 software. Here,
p<0.05, p<0.0land p<0.001
are indicated by *, *¥ and ***,
respectively

Infectivity (TCIDs, / 0.1 ml)
=

® Virus Control ®mPLA2 Treated Virus

BCoV RV SA-11

(e.g., post-treatment and post-infection) with N. haje PLA2
is not included.

Conclusion

We successfully purified the phospholipase A2 (PLA2)
enzyme from the Egyptian cobra Naja haje haje venom.
The enzyme was suggested to be a basic isoform that medi-
ates toxicological effects. The enzyme showed potential
therapeutic indices for both BCoV and RV SA-11 viruses
suggesting that N. haje PLA2 could successfully demon-
strate its potential as an antiviral drug. Further investi-
gations are required to elucidate whether N. haje PLA2
inhibits BCoV and RV SA-11 through other mechanisms
in vitro and to evaluate the antiviral activity of N. haje
PLA2 in vivo.
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