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ABSTRACT

Snake venom phospholipase Azs (svPLA2s) has been known as the most abundant
component and predominant cause of Russell’s viper envenomation. Limitation to
serum therapy and considerable pharmacological interest led the researcher to syn-
thesized multi-toxic PLA2 inhibitors, 62-isoxazolines derivate. Although 62-
isoxazolines derivate already proved inhibitor activity in Group II svPLA2 with
known ICso, their mechanism of action remains unveiled. Our recent study investi-
gated their inhibitory activity via molecular docking. The virtual screening re-
vealed that the ligand with diverse structures tied to the relatively same active site
region. The result sheds light on the significance of His48 and Asp49 as part of the
pro-inflammatory eliciting region. ADME analysis was also performed to filter and
identify the best potential inhibitor acceptable for human use. This moiety leads to
finding a better therapeutic strategy of svPLA2 inhibitors both as an alternative to
serum anti-venom treatment.

Keywords: &82-isoxazolines, Binding site, Daboia russelli, Molecular docking,
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Introduction

Snakebite envenomation is categorized as one
of the less concerned major medical problems in
Asia [1]. Venomous snakebites can occur in
around 1.8 million people each year worldwide,
of which the death rate can reach 125,000 people
[2]. There were approximately 1.2 — 2 million
envenoming’s in Asia and 57,000 — 100,000
deaths due to snakebite [3]. A venomous snake
species with widespread distribution and a high
degree of envenomation and morbidity is Rus-
sell’s viper. The bite rate can reach up to 70 per
100.000 people each year, with fatality 2.4 per
100.000 [4].

Phospholipases A2 (PLA2) plays pivotal
roles in biological properties in the venom secre-
tory and snakebite envenomation's primary cause
[7]. PLA2 constitutes 24% of the whole Daboia
russelli venom. In vivo assay found neurotoxicity
and vital organ damages in lung, liver, and kid-
ney with an LD50 value of 0.44 mgkg body
weight of mice [10, 11].

PLA2 encompasses a wide range of pharma-
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cological effects, such as neurotoxicity, hemotox-
icity, cytotoxicity, cardiotoxicity, nephrotoxicity,
edema, coagulopathy, anti-cancer, and anti-coa-
gulant [6-8]. This enzyme catalyzes the fatty acid
hydrolysis from the sn-2 ester bond of membrane
glycerolphospholipids. PLA2 also involves in
arachidonic acid production from membrane-
derived phospholipids. Arachidonic acid is re-
sponsible for a few eicosanoid’s biosynthesis,
such as thromboxane, prostaglandins, and leuko-
trienes [11]. The increasing level of PLAZ2 is also
related to local and systemic disorders in humans,
such as cancer, asthma, cardiovascular, cerebral,
and neurodegenerative illnesses [6].

Scientists had discovered many svPLA,s in-
hibitors ranging from antibodies and compounds
[8], within synthetic and natural products [6].
Due to the limitations of anti-serum therapy and
diverse pharmacological effects toxicity in snake
envenomation, many scientists have been forcing
their efforts to find a novel inhibitor of multi-
toxic svPLA3s [6, 12]. One of them was the §2-
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isoxazolines derivative. Although §2-isoxazolines
derivative had been proved inhibitory activity in
vitro and in vivo as known as ICso in Group II
svPLA, [13], only a few studies in medicinal
chemistry and structural biology evolved. Fur-
thermore, since the characteristics of the interac-
tion modes responsible for svPLA, inhibition
have not been investigated so far, we used the
molecular docking approach to detect their inter-
action with VRV-PL-VIIIa toxin.

Material and Methods

The in silico study was done using the
Window 10 platform of AMD A4-9125 RADE-
ON processor with 4 GB RAM.

Protein target preparation

Protein target D. russelli’s PLA, VRV-PL-
VIIla obtained from Protein Data Bank (PDB;
https://www.rcsb.org/) with accession number
P59071 [14]. Since there were several crystal
structures, further multiple alignments between
experiment published crystal structures 1SV3,
3H1X, 1FV0, 1KPM, 10XL, 2QVD, and 2B17
protein target was executed using “blastp”
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The pre-
ferable sequence for the protein target based on
the most preserved binding site sequences and
mimics wild-type 3D crystal structure of D. rus-
selli’s. The alignment displayed using ESPript
v.3.0 [15]. The conserved site also validated us-
ing CASTp (sts.bioe.uic.edu/castp/) [16]. Before
docking, the water and known ligands of the 3D
structure removed using PyMol [17].

Ligand molecules preparation

The canonical SMILES of the small molecule
of seven 62-isoxazoline derivatives and co-
crystallized inhibitor [18] were mined from Pub-
Chem [19] and saved as a single SDF file using
ChemMine [20]. To verify whether the in silico
analysis simulated the previous experimental da-
ta, the co-crystal structure inhibitor must be re-
docked. The ligands were minimized in energy
and ready for docking using Open Babel on PyRx
[21].

Molecular docking

Molecular docking executed using AutoDock
Vina in PyRx version 0.9.8 [21] to identify the
interaction mode between VRV-PL-VIIIa and
small molecule inhibitors. The dimensions of the
search scape were defined 10 A x 10 A x10 A
and confined to the active site of VRV-PL-VIIIa
structure His48 and Asp49 [18]. The center coor-

dinate was X:52.7217, Y:36.7356, Z:2.4643.
Semi-flexible docking refinement was chosen
depending on their possible interaction to demon-
strate the ligand capability. In semi-flexible dock-
ing, the residue act as the flexible macromolecule
receptor, and the small molecules serve as the
ligand with a rigid structure. The best binding
pose was made based on the lowest binding affin-
ity. Each molecular docking output was then
saved as a.pdb file.

Determination of protein-ligand interaction

The interaction between the 3D structure of
D. russelli’s PLA, VRV-PL-VIIIa with each lig-
and visualized and unified as a single .pdb file
using PyMol [17]. Further, the binding of the
protein-ligand complex was determined by using
PoseView [22] and LigPlot" v.1.4 [23].

ADME analysis

The absorption, distribution, metabolism, ex-
cretion (ADME) properties was calculated using
SwissADME  (http://www.swissadme.ch) [24].
This website provides computer modeling to cal-
culate physicochemical descriptors, predict AD-
ME parameters, pharmacokinetic properties,
drug-likeliness (Lipinski rule of five), and chemi-
cal affability of all ligands considered in this
study.

Results and Discussions

Two classes of secretory svPLA2 were clas-
sified, Group I of family Elapidae and Hydro-
phiinae and group II of family Crotalinae and
Viperidae. Class II-A svPLA2 with a residue
length of 120125 amino acids divided into five
subgroups at 49th residues: catalytically active
Asp49, catalytically inactive or low activity
Lys49, Ser49, Asn49, Arg49. The wvari-
ous subgroups identified a broad range of physio-
logical and pathological impacts as their role in
prey digestion [6].

Figure 1. The crystal structure of 1sv3 and predicted
pockets on active site cleft
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Figure 3. Interactions protein-ligand binding involving Anisic acid (a) and 3blI of 62-isoxazoline derivate (b)
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Two-thirds of Russell’s viper venom proteins
composed by svPLA2s provide at least 7
isoforms among the subspecies of D. russellii
[25]. For this first time, the VRV-PL-VIIIa snake
venom structure used to learn the interaction and
bonding actions with already identified svPLA2
inhibitors. VRV-PL-VIIla's multiple sequence
alignment between 7 crystal structures showed
that sequence identity shares 121 residues indeed
with 100 percent query coverage. Since all 3D
crystal structures preserved the same sequences,
structure 1SV3 was preferred to be the macro-
molecule receptor, given the highest resolution
(1.35 A). Besides, CASTp confirmed the exist-
ence of highly conserved binding sites for Ca** in
residues 27-32 and active site residues for His48
and Asp99, as stated in 1SV3 Uniprot (P59071).
These conservative sequences correspond to the
pocket, the concavities on the surface of a protein
located at the active site cleft (Figure 1).

The crystal structure 1SV3 scaffolded by an
a-helix (2-13 residues), an external loop (17-22
residues), a calcium-binding loop (27-32 resi-
dues), a second o-helix (39-52 residues), -turn
(66-65 residues) and a third a-helix, a third a-
helix (80-98 residues) followed by several n-loop
regions finally terminating with the C terminal
(Figure 1). Anisic acid (ANN; 4-methoxy benzo-
ic acid) was the co-crystallized inhibitor (Figure
2) [18].

The 62-isoxazoline derivates were known to
inhibit D. russelli PLA2 activity with ICs ranged
2.5 — 208 pM. The ancestor, 62-isoxazoline
(PubChem ID: 171639), also reported interfering
D. russelli PLA2 with ICsy 86.2 pM [6]. The §2-
isoxazoline derivative features an ideal filling at
the enzyme hydrophobic active site with a butyl
substituent. The expansion of ethyl groups in-
creasing the inhibition potential. Based on in vivo
study, only compounds 3bl and 3bIV appeared
robust inhibition activity of svPLA2. These com-
pounds did not cause edema [13]. However, we
employed all seven derivatives in this study to
double-check past findings. The structures of the
62-isoxazoline derivatives are shown in Figure 2.

Molecular docking

Molecular docking demonstrated putative
binding modes and protein-ligand site interac-
tions. According to the sequence source, the ac-
tive site lies on the residue His48 and Asp99,
while in the previous study, His48 and Asp49[11,
17]. Residue His48 and Asp49 were part of the
SPLA2 domain that including the eliciting pro-
inflammatory region. Besides, the Asp99 was

part of the region that elicited anti-coagulants.
Even so, the D. russelli PLLA2 enzyme has classi-
fied the C-terminal enzyme as Group II Asp49
enzyme[13]. Thus, the molecular docking zones
must be limited to the area of Asp49 and His48,
so the procedure will be feasible and suitable for
screening any other ligands.

In the previous experimental study [18], the
carboxylate oxygen atoms of Anisic acid (ANN)
bound the water molecule of PLA2 enzyme that
interacts with the putative binding residues, Asp
49 and His 48 [18]. It also formed a hydrogen
bond with residues from the calcium-binding
loop Gly30. Several hydrophobic interactions
have been found with residues of o-helix H1
(Leu2, Pheb, Ile9), external loop residues (Alal8,
Ile19, Tyr22), and Cys45.

Docking results indicated that all of the small
molecules interact with the VRV-PL-VIIIa struc-
ture (Figure 3). Ligand ANN formed hydrogen
bonds with Asp49 (2.96 A) and hydrophobic in-
teraction with Leu2, Phe5, Tyr22, Phel06. The
contrast of the ANN docking result was the
Gly30 and His48 residues interacted as non-
hydrogen bonds (Figure 3). Additionally, there
were hydrogen bonds with Cys45 (Table 1). Even
though not accurately the same interaction, the
denoted amino acid residues precisely the same
as the previous finding, showing the results of
this research mimic the binding mode of the ex-
perimental study.

All 62-isoxazoline derivatives interacted with
the critical residues of Asp49 and His48, except
for 3bI and 3blI ligands that did not interact with
His48. Only small differences in binding affinity
between ligand were observed. 3bl displayed the
most favorable binding properties compared to
other simulated derivatives, similar to the exper-
imental result.

§2-isoxazoline derivates formed hydrogen
bonds with Asp49 residues, except 3bll interact-
ed as hydrophobic. Meanwhile, His48 active site
residue has emerged in hydrophobic bonds. The
ligand interaction with residues of Asp49 and
His48 indicates binding in the pro-inflammatory
eliciting area. Besides, several ligands formed
hydrogen and hydrophobic bonds with Gly30 to
stabilize protein-ligand interactions. Gly30, along
with Tyr28 and Gly32, were part of the calcium-
binding loop (27-32 residues) via carbonyl oxy-
gen [26]. These discoveries affirmed the capacity
of the ligand to cause inhibition activity of VRV-
PL- VIIIa. Those small molecules might interfere
with the Ca** catalytic activity, including with
PLA2's inflammatory functions [27]. Ca2+ plays
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Table 1. Molecular docking result of 62-isoxazoline derivative against svPLA2 VRV-PL-VIIla
Ligand PubChem ICs;,  Binding Hydrogen Non-Hydro-
ID (pM)  Affinity  Bond (A) gen Bond
Asp49 2.96 Leu2, Phe5,
p-Anisic Acid; 4-methoxy benzoic 7478 NA 5.1 Tyr22, Gly30,
ANN 5 cid Cysd5 3.25 Hisds,
Phe106
Leu2, Pheb,
3-(2-Butyl-5-chloro-1H- 1le9, Gly30,
3bl imidazol- 4-yl)-4,5-dihydro-1,2- 135457934 96.4  -5.5 Asp49 2.98 Cys45, Tyr22,
oxazole-5- carbonitrile; Gly53,
CHEMBL123168 Phe106
Methyl  3-(2-butyl-5-chloro- Leu2, Phe5,
3bVIl 1H- imidazol-4-yl)-4,5- 136054547 250  -5.4 Asp49 3.13 Tyr22, Gly30,
dihydro-1,2- oxazole-5- Cys45, His48,
carboxylate; Tyr52, Lys69
CHEMBL123104
Leu2, Pheb,
[3-(2-Butyl-5-chloro-1H- Tyr22, Gly30,
3bVI  imidazol- 4-yl)-4,5-dihydro-1,2- 135526987 151.5 -5.3 Asp49 3.27 Cys45, His48,
oxazol-5- yllmethanol; Tyr52,
CHEMBL121517 Phe106
Ethyl  3-(2-butyl-5-chloro-1H- Aspd9 2.67 Leu2, Phe5,
3bIV  im- idazol-4-yl)-4,5-dihydro-1,2- 136054532 862 -4.9 Tyr22, Cys29,
oxa- zole-5-carboxylate; Gly30 2.74 His48, Tyr52
CHEMBL330852
Methyl 2-[3-(2-butyl-5-chloro- Asp49 2.71 Leu2, Phe5,
3bV  1H- imidazol-4-yl)-4,5-dihydro- 136054546 208.7 -4.5 Tyr22, Cys29,
1,2- oxazol-5-yl]acetate; Gly30 2.81 His48, Tyr52,
CHEMBL122724 Lys69
3-(2-Butyl-5-chloro-1H- Leu2, Phe5,
3bll  imidazol- 4-yl)-5-phenyl-4,5- 136054545 142 -4.3 - Gly30, Asp49,
dihydro-1,2- Tyr52
oxazole; CHEMBL 123608
Phenyl 3-(2-butyl-5-chloro- Leu2, Phe5,
3bIll  1H- imidazol-4-yl)-4,5- 136054548 Tyr22, Gly30,
dihydro-1,2- oxazole-5- 195 -3.4 Asp49 2.59 Cys45, His48,
carboxylate; CHEMBL 123164 Tyr52,
Phel06

as equilibration in the hemostasis process. Ca*
binding by PLA2 was also related to the hemor-
rhagic occurrence. This study reinforced the
study of VRV PL-VIIIa that targets the pituitary
gland and injures the lung leading to hemorrhage
[28].

Several hydrophobic interactions that also
emerge were residue Leu2 and Phe5 of the o-
helix H1 and Tyr22 of the outer loop. It resem-
bled numerous other 3D structures of the sPLA2,
in which active sites are highly defined inside a
hydrophobic invariant core [29]. Only ligand 3bl
found hydrophobic interactions with the region
eliciting an anti-coagulant response residue
Gly53. The 3blV ligand, which is also reported to

have the best inhibition compared to other §2-
isoxazoline derivates with the least IC50, showed
binding affinity -4.9 or not equally with 3bl. The
predicted binding affinity could not anticipate the
ICs of a ligand against a particular enzyme [26].
Molecular docking only gives a correlation of
around 0.5 when compared to experimental data
[30]. Hence, it is worth exploring advanced lig-
and-protein interaction through more exact strat-
egies such as end- point free energy through mo-
lecular dynamics simulation.

ADME properties
Lead molecules were analyzed based on de-
scriptors that were physically significant and
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pharmacologically relevant using SwissADME
(Table 2). The analysis also includes Lipinski's
five rules for understanding the drug-likeness. All
descripttors that are biologically important and
pharmaceutically relevant are within the accepta-
ble range for human use. Therefore, 3bl ligand
was considered the most potent compound based
on water solubility, pharmacokinetics absorption,
and drug-likeness.
62-isoxazoline derivatives as in silico PLA2 val-
idator

Flooding information on svPLA2 inhibitory
activities results in a compromise on the study in
silico [8]. To conducting in-silico research on D.
russelli’s PLLA2 while unavailable anti-venom
serum chemical structure, §2-isoxazoline deriva-
tives seem suitable to be the validator. Besides,
the §2-isoxazoline also proven its inhibitory ac-
tivity on a different subgroup of Group II
svPLA2 D. russelli pulchella VRV-PL-V that
presented His47, Gly48, and Phe5 as interacting
residue [6]. These studies coincided that &2-
isoxazoline well conformed the receptor structure
on the active site. The known putative binding
site of D. russelli PLA2 will help to understand
the structure and function interaction and in de-
veloping other novel and specific inhibitors.

Conclusion

The 62-isoxazoline derivatives showed the
VRV-PL-VIIIa inhibition activity by interacting
pro-inflammatory eliciting region on residue
Asp49 via hydrogen bonding and His48 via hy-
drophobic interaction. Among the 62-isoxazoline
derivatives, 3bl possessed the most favorable
binding as well as most ideal in the ADME prop-
erties. These finding sheds light on the experi-
mental study of alternative serum anti-venom and
developing other svPLA2 inhibitors. Further in-
vestigation utilizing molecular dynamics simula-
tion is needed for better understanding.
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