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Abstract: Snake venoms are rich in phospholipase A2 (PLA2) and their hydrolysis of cell membrane phospholipids explains
the role of the enzyme in venom toxicity. Calcium is known to plays important role at the active site of PLA2 during catalysis.
In this study, molecular dynamics simulations of free PLA2 and calcium bound PLA2 were carried out using GROMACS 4.5.5
to evaluate the role of calcium in PLA2 catalysis. The results showed that calcium induced formation of helical structures
between Arg62 - Lys66, Asn107 - Tyrl11 and Aspl114 - Cys119 in PLA2 which with time disappeared through the formation
and opening of loops. Calcium induced atomistic movements and conformational changes in snake venom PLA2 which led to
the formation of a widened cleft at the active site of calcium bound PLA2 when compared with free PLA2. This could lead to a
better binding and accommodation of substrate, thus enhancing catalysis. This study confirms the role of calcium towards the
action of PLA2 in snake venom toxicity and could provide useful information for the design of small molecules that can
function as PLA2 inhibitors.
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calcium binds to His48 of PLA2 located at the catalytic site
of the enzyme activating it towards its toxic function. Also,
His48 is involved in catalysis through orientation of its N-1
group to solvent [10]. Group II PLA2s display a binding site
for Ca®", which is highly conserved (X28CGXGG33) in
addition to the highly conserved catalytic site
(D42XCCXXHD49) previously reported [11]. The Ca**
binding site is formed by the B-carboxyl group of Asp49 and
the carbonyl groups of Tyr28, Gly30 and Gly32 [12]. The
active site of snake venom PLA2 has been studied but the
role of calcium on the dynamical properties of the catalytic
site of the enzyme is limited. This study investigated the role
of calcium on dynamical properties of snake venom
phospholipase A2 by molecular dynamics simulations.

1. Introduction

Phospholipases A2 (PLA2) (EC.3.1.1.4) catalyze the
hydrolysis of the 2-acyl ester linkage of 1, 2-diacyl-3-sn-
phosphoglycerides, with calcium (Ca®") requirement [1, 2]
producing fatty acids and lysophospholipids [3]. Snake
venoms are particularly rich in PLA2s [4] and PLA2s are
able to induce several biological effects, such as pre-synaptic
or post-synaptic neurotoxicity, cardiotoxicity, myotoxicity,
platelet aggregation, oedema, haemolysis, anticoagulation,
convulsion, and hypotension [5]. Their catalytic activity upon
cell membranes of tissues suggests an important role of the
enzyme in venom toxicity [6]. It has been reported elsewhere
[3] that Asp49 is required for catalysis on artificial substrates.
Also, studies have shown that snake venoms PLA2 need
submicromolar concentrations of Ca to be catalytically active
and also increase in Ca is needed for both binding and
catalysis [7, 8]. A researcher [9] has described the calcium
binding loop in myotoxicity of PLA2 and concluded that

2. Methodology

2.1. Molecular Dynamics Simulation

GROMACS 4.5.5 was employed to carry out molecular
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dynamics simulations of free phospholipase A2 and its
complex with calcium using Gromos53a6 force-field
parameters [13]. The crystal structure coordinates of PLA2
obtained from RCSB Protein Databank (PDB ID: 3NJU) was
considered for the simulation of free PLA2 and calcium
bound PLA? after editing with UCSF chimera 1.9 [14]. Both
free and calcium bound structures of PLA2 was inserted into
a simulation box with minimum 15 A distance between the
box edge [15]. The boundaries were treated with periodic
boundary condition involving the immersion of the
simulation unit in periodic images of itself in the X, y and z
directions. The setup was subjected to 225 steps of in vacuo
energy minimization using steepest descent algorithm. Then
the systems were solvated using pre-equilibrated coordinates
of the SPC explicit water model [16]. Sodium and chloride
ions (Na" and CI') were added to neutralize the system and to
model physiological salt concentration of 154 mM. The
system was further minimized using 300 steps of steepest
descent algorithm followed by 50 ps of position restrained
dynamics where proteins were kept fixed by adding
restraining forces, but water molecules were allowed to
move. The P-LINCS [17] algorithm was used to constrain
bond lengths, allowing the use of 2 fs time steps. Short-range
non-bounded interactions were truncated at 12 A and
employed the particle-mesh Ewald method [18, 19] in
computing the long-range electrostatic interactions. Final
production simulations were performed in the isothermal
isobaric (NPT) ensemble at 300 K, using v-rescale [20] as
external bath with a coupling constant of 0.1 ps. Pressure was
kept constant (1 bar) by using the time-constant for pressure
coupling of 0.5 ps and Parrinello-rahman barostat [20] for
pressure coupling. Both free phospholipase A2 and its
complex with calcium were subjected to 5000 ps (5.0 ns)
molecular dynamics simulations and conformations
generated during the simulations were stored every 2 ps.

2.2. Data Analysis

All the analyses were carried out using the available
trajectory analysis tools of GROMACS packages.
Visualization of molecular coordinates and rendering was
achieved with VMD version 1.9.1 [21] and graphs were
plotted with xmgrace on Linux platform.

3. Results and Discussion

To explore the role of calcium on the structure and
function of PLA2, dynamic structural properties such as root
mean square deviation (RMSD) and radius of gyration (Rg)
of both calcium free and calcium bound PLA2 were obtained
from molecular dynamics (MD) simulations analysis and
presented in Figure 1.

The RMSD of atoms of the simulated protein over time is
a reliable parameter to analyze the stability of the system. As
evident from Figure 1, the first 0.2 ns of both simulations
were considered to be the equilibration phase where slight
structural re-organization takes place and properties were
averaged over the last 5.0 ns of the simulations. RMSD and

Rg are two important parameters that provide quantitative
descriptions of changes in the tertiary structure of the
simulated protein. Similar RMSD were observed for free and
calcium bound PLA2, which were 0.2332 + 0.0212 nm and
0.2389 + 0.02080nm respectively. The calculated Rg value
for free PLA2 was 1.4526 + 0.0139 nm, while that of calcium
bound PLA2 was 1.4469 + 0.0125 nm. Essentially
unchanged values of RMSD and Rg of free and ligand bound
PLA2 signify no significant structural change of the venom
protein PLA2 in the presence of calcium. Although there
were no significant structural changes of PLA2 in the
presence and absence of calcium when averaged over the last
5 ns of the simulations but deviations at 0.562, 1.258 and
4916 ns (Figure 1) were of interest to mention. Therefore,
snapshots of atomistic details as well as key interactions
occurring in free and calcium bound PLA2 at 0.562, 1.258
and 4.916 ns were obtained and presented in Figure 2.
Between 0.4 — 1.0 ns of the simulation, calcium bound PLA2
was more stable than free PLA2 whereas between 1.1 — 1.5
ns and 4.8 — 5.0 ns free PLA2 was more stable than calcium
bound PLA2 (Figure 1A). Figure 1B showed that Rg of
calcium bound PLA2 between 0.4 — 1.0 ns was lower than
that of free PLA2 whereas between 1.1 — 1.5 and 4.8 — 5.0 ns
free PLA2 showed lower radius of gyration.
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Figure 1. Variation of (A) RMSD and (B) Radius of gyration with simulation
time for free PLA2 (black) and calcium bound PLA2 (red) obtained from
molecular dynamics simulation.
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At 0.562 ns, calcium bound PLA2 MD retained a helical
structure (Helix 1) between Aspll4 to Cysll19 when
compared with PLA2 structure at 0.0 ns which was not
observed in the free PLA2 MD (Figure 2A). Also at 0.562 ns,
calcium bound PLA2 MD showed an additional helical
structure (Helix 2) between Arg62 to Lys66 (Figure 2A). It is
important to note that at 0.562 ns MD, the loops (Loop 1 and
2) of calcium free PLA2 deviated more than those of calcium
bound PLA2 when compared with the loops of PLA2 at 0.0
ns (Figure 2). At 1.258 and 4.916 ns, the helical structure
(Helix 1) in calcium bound PLA2 disappeared and there was
the appearance of a third helical structure (Helix 3) between
Asnl07 to Tyrlll which was not retained at 4.916 ns in
calcium free PLA2 (Figure 2 B and C). Again at 1.258 and
4.916 ns, the loops (Loop 1 and 2) of calcium bound PLA2
deviated more than that of calcium free PLA2 when
compared with the loops of PLA2 at 0.0 ns (Figure 2 B and
C). These results indicate that calcium initially induces
formation of helical structures (between Arg62 to Lys66 and
Asnl07 to Tyrlll) in snake venom PLA2 which starts to
disappear with the formation and opening of loops (Figure 2).
The observed relatively opened loop in calcium bound PLA2
indicate that calcium plays a crucial role in PLA2 loop
flexibility and function. To have an idea of the regions of free
and calcium bound PLA?2 that are more flexible, the RMSF
of free and calcium bound PLA2 were calculated and
presented in Figure 3.
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Figure 2. Snapshots of PLA2 obtained from molecular dynamics simulation
at (4) 0.562 ns, (B) 1.258 ns and (C) 4.916 ns. Blue represent PLA2 at 0.0
ns, red is free PLA2 while purple is calcium bound PLA2. Loops and helical
structures are coloured yellow. Calcium is represented as light green sphere.

From the RMSF results (Figure 3), calcium free PLA2
from snake venom showed more flexibility between amino
acid residues of Vall3 — Serl5, Asp21 — Phe22, and Cys79
— Lys80 while that of calcium bound PLA2 showed more
flexibility between residue ids of Cys29 — Gly30 and Asn57
— Ser59 (Figure 3). This suggests that one of the roles of
calcium in PLA2 is to increase flexibility of some essential
amino acid residues. Another important aspect observed
from the MD simulation was the distance between calcium
and some amino acid residues at the catalytic site and most

flexible regions of PLA2. The minimum distance between
calcium and amino acids at the peaks of the flexible regions
including some amino acids (His48, Asp49) at the catalytic
site were calculated and the results presented in Figure 4.
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Figure 3. Variation of RMSF with simulation time for free PLA2 (black) and
calcium bound PLA2 (red) obtained from molecular dynamics simulation.
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Figure 4. Minimum distance between calcium and some amino acids (Prol4,
Phe22, Gly30, His48, Asp49, Ser59 and Lys80) during molecular dynamics
simulation.

The minimum distances between calcium and some
residues (Prol4, Phe22, Gly30, His48, Asp49, Ser59 and
Lys80) were calculated during MD simulation and the results
are shown in Figure 4. The results (Figure 4) showed that
Asp49 maintained average distance of 0.2601 + 0.0092 nm
from calcium during the first 2.186 ns of the simulation and
0.4906 + 0.0903 nm from 2.186 to 5.0 ns of the simulation.
During the first 0.930 ns of the simulation, Gly30 maintained
an average minimum distance of 0.2501 + 0.016 nm from
calcium which increased to 0.6344 + 0.1322 nm for the last
5.0 ns. It is also important to note that His48 had an average
distance of 0.5787 £+ 0.1001 nm from calcium during the first
3.286 ns of the simulation which increased to 0.8918 =+



Computational Biology and Bioinformatics 2016; 4(1): 10-14 13

0.1095 nm for the last 5.0 ns. During the dynamics, the
increase in the distance between calcium and the amino acids
at the catalytic site and most flexible regions of PLA2
suggests that calcium stimulates the movement of amino
acids at the catalytic site and most flexible regions of PLA2
to create a widened cleft to accommodate the
substrate/ligand. Figure 5 depicts the extent of calcium on the
widening of the active site of PLA2. This could explain the
observations made elsewhere [7, 8] that snake venom PLA2

1.258ns

need submicromolar concentrations of Ca to be catalytically
active and that increase in Ca is needed for both binding and
catalysis. Also, it was observed elsewhere [22] that snake
venom PLA2 activity was enhanced by Calcium and
inhibited by Magnesium, Cobalt and Copper. They suggested
that this could be as a result of probable modification of
enzyme protein conformation after binding differently from
the pattern calcium does, and hence causing a decrease in the
enzyme action.

Figure 5. Snapshots of active site of PLA2 obtained from molecular dynamics simulation at (4) 0.562 ns, (B) 1.258 ns and (C) 4.916 ns. Orange is fiee PLA2
while gray is calcium bound PLA2. Calciumis represented as blue sphere while the region of the active site is represented as red circle.

Wider cleft were observed in calcium bound PLA2 than
free PLA2 at 1.2582 and 4.916 (Figure 5 B and C). The
widening of the cleft was not observed at 0.562 ns of the
simulation probably due to the initial formation of a helical
structure (Helix 1) in calcium bound PLA2 but not in free
PLA2 (Figure 2). The widening of the cleft could likely lead
to better accommodation/binding of substrate, hence efficient
catalysis.

4. Conclusion

Considering the results of this study, calcium induces
atomistic movements and conformational changes in snake
venom PLA2 which leads to formation of wider cleft at the
active site of calcium bound PLA2 when compared with free
PLAZ2. The results of this work have shed more light into the
mechanism of action of calcium in snake venom toxicity and
could be helpful to design small molecules which could
function as novel inhibitors of PLA2 as none is available as
drug in the market [23]. Such molecules would likely act by
inhibiting the formation of loops or its flexibility and/or
stabilization of the generated helical structures which would
prevent the widening of the cleft at the active site of PLA2.
Any molecule with such a mechanism of action would be a
potent inhibitor of PLA2.
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