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Supplementary Methods
Lipidomics HPLC/MS High-Throughput Assay

Assaying PLA; activity. Group specific assays were employed to determine the activity of human
recombinant Group IVA cytosolic (cPLA2), Group VIA calcium-independent (iPLA2) and Group V
secreted (sPLA2) phospholipases A, in a mixed micelle 96 well-plate assay. The substrate for
each enzyme consisted of 100 uM of phospholipid, 400 uM of C12E8 surfactant in a 1:4 ratio
(see Figure S3), and 2.5 uM of 17:0 LPC as an internal standard. For cPLA,, the total
phospholipid concentration (100 uM) consisted of 97 uM phospholipid substrate and 3 uM of
PI(4,5)P2 which enhances the activity of the enzyme. A specific buffer was prepared to achieve
optimum conditions for each enzyme’s activity. The buffer for cPLA, contained 100 mM HEPES
pH 7.5, 90 uM CaCl,, and 2 mM DTT. For iPLA;, the buffer consisted of a 100 mM HEPES pH 7.5,
2 mM ATP, and 4 mM DTT. Finally, the buffer for sPLA; contained 50 mM Tris-HC| pH 8.0 and 5
mM CaCl,. The enzymatic reaction was performed in a 96 well-plate using a Benchmark
Scientific H5000-H MultiTherm heating shaker for 30 min at 40 °C. Each reaction was quenched
with a 120 ulL of methanol/acetonitrile (80/20, v/v), and the samples were analyzed using the
HPLC-MS system. A blank experiment, which did not contain enzyme, was also included for
each substrate to determine the non-enzymatic hydrolysis product and to detect any changes in
the intensity of the 17:0 LPC internal standard. All experiments were performed in triplicate and
the calculated standard deviation is included in each graph with error bars.

HPLC-MS/MS. A Shimadzu HPLC system consisting of a system controller (SCL-10Avp) with two
HPLC pumps (LC-10ADvp), a CTC Analytics PAL autosampler platform (Leap Technologies), and a
column controller instrument (Analytical Sales & Products, Inc) were employed for liquid
chromatographic analysis. Mass spectrometric analysis was performed using an AB Sciex 4000
QTRAP triple quadrupole/linear ion trap hybrid mass spectrometer equipped with a Turbo V ion
source.

Hydrophilic interaction chromatography (HILIC). A Phenomenex Kinetex® 2.6 um HILIC 100 A
column of 30x2.1 mm size was used for HPLC separation. The binary gradient consisted of (A)
ACN/water (95/5, v/v, pH=8.0) containing 25 mM AcNHs and (B) ACN/water (50/50, v/v,
pH=7.5) containing 25 mM AcNH4. Gradient elution was carried out for 1.6 min at a flow rate of
0.8 mL/min. Gradient conditions were as follows: 0% B for 0.8 min; 0-100% B for 0.4 min; 100%
B for 0.3 min; and 100%B for 0.1 min. A 10 pL aliqguot of each sample was injected into the
column. The column temperature was kept at 40 °C. All samples were maintained at 4 °C
throughout the analysis.

Mass Spectrometry. Lysophospholipids (primary and internal standards), phospholipids and
surfactant (C12E8) were detected in positive electrospray ionization (ESI) mode, while
arachidonic acid (AA) in negative ESI mode. Molecular species were detected as [M+H]* ions in
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positive ion mode and as [M-H] ions in negative ion mode. Curtain gas (CUR), nebulizer gas
(GS1), and turbo-gas (GS2) were set to 10 psi, 50 psi and 20 psi, respectively. The electrospray
voltage was set to +4.5 kV or -4.5 kV, and the turbo ion spray source temperature was set to
500 °C. Lysophospholipids were analyzed using scheduled multiple reaction monitoring (MRM).
Declustering potentials and collision energies were optimized for each analyte to achieve
optimal mass spectrometric detection. Nitrogen was employed as the collision gas. Data
acquisitions were performed using Analyst software. MultiQuant software was used to quantify
all metabolites.

Preparation of standard curves. Standard curves were generated for lysophospholipid analytes
(also known as primary standards) including 16:0 and 18:0 LPA, 16:0 and 18:0 LPC, 16:0 and
18:0 LPE, 16:0 and 18:0 LPG, 16:0 and 18:0 LPS (Figure S2). 17:0 LPC was used as an internal
standard for each primary standard. Several concentrations in methanol/acetonitrile (80/20,
v/v) of each primary standard were used to generate each standard curve. 200 uL of each
concentration was transferred in a DP vial and the internal standard (17:0 LPC) was added at a
final concentration of 2.5 uM.

Reagents. Phospholipids, primary standards, and internal standards were purchased from
Avanti® Polar Lipids, Inc. Optima® LC-MS grade acetonitrile (ACN), water (H;0), and HPLC grade
ammonium acetate (AcNHi) were obtained from Fisher Scientific. Octaethylene glycol
monododecyl ether (C12E8) was obtained from Sigma-Aldrich.

Molecular Dynamics (MD) simulations

Enzyme-substrate complexes. Initial complexes of each enzyme with PAPE, PAPS, PLPC, and
PMPC were generated using the crystal structure of cPLA,,! a previously published homology
model of iPLA; based on patatin,? and a homology model of GV sPLA; based on GIIA sPLA,. GV
sPLA; has 47% identities and 61% homology with GIIA sPLA; for which a crystal structure is
available. The homology model of GV sPLA, was built using the Prime software implemented in
Schrédinger suite 2017 (see Figure S11A).3 Phospholipids were docked in the active site of each
enzyme using the Glide software implemented in Schrodinger suite 2017 using a previously
published docking protocol.*®

Enzyme-membrane systems. The Membrane Builder implemented in CHARMM-GUI was
employed to generate enzyme-membrane models for the MD simulations.”® The membrane
patch consisted of POPC, SAPC, POPE, POPA, POPG, POPS, SAPI(4,5)P2, and cholesterol. The
average ratios of the lipids were chosen to be 0.48 for PC, 0.27 for PE, 0.10 for PI(4,5)P2, 0.06
for PS, and 0.09 for PA and PG. The average cholesterol/lipid ratio was chosen to be 0.40. These
ratios are the average ratio of the nuclear, mitochondrial, and plasma membranes where cPLA;,
iPLA, and sPLA; are localized, respectively.’ The membrane composition was selected based on
the localization of each enzyme on cellular membranes according to previously published
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studies.'%1? Each system was solvated with TIP3P water molecules and neutralized with 150
mM sodium chloride (NaCl) using the Visual Molecular Dynamics (VMD) package (see Figure
511B).13

Equilibration and production runs. Molecular dynamics simulations were carried out using
NAMD 2.12.** The following minimization and equilibration protocol was performed: a
minimization of 80,000 steps was initially performed by applying harmonic constraints on the
enzyme-ligand-membrane that were gradually turned off using a constraint scaling factor,
followed by a second 120,000 steps minimization without constraints. An initial equilibration of
10,000 steps was performed by also applying harmonic constraints on the enzyme-ligand-
membrane that were gradually turned off using the same constraint scaling factor, followed by
a second 10,000 steps equilibration without constraints. During the equilibration, each system
was slowly heated and held to 310 K using temperature reassignment with a reassignment
frequency of 500 timesteps (1000 fs) and a reassignment increment of 1 K. The above
minimization and equilibration protocol was sufficient to induce the appropriate disorder of a
fluid-like bilayer, avoid unnatural atomistic positions, and failure of the simulations by atoms
moving at very high velocities. Each system was finally subjected to a 1 us production run. For
each production run, the temperature was maintained at 310 K using the Langevin thermostat
with Langevin coupling coefficient of 1/ps.’> The NPT ensemble was employed and the pressure
was kept constant at 1.01325 kPa using the Langevin piston method with the
“useGroupPressure”, “useFlexibleCell”, and “useConstantArea” parameters turned on.'® A time
step of 2 fs was used in combination with the SHAKE algorithm to hold the bonds of hydrogen
atoms similarly constrained.!” Nonbonded interactions and full electrostatics were calculated
every 1 and 2 time steps, respectively. Switching functions are used to smoothly take
electrostatic and van der Waals interactions to zero with a switching distance of 10 A and a
cutoff of 12 A. Long-range electrostatic forces in the periodic system were evaluated using the
Particle Mesh Ewald (PME) Sum method with grid spacing 1/A.18 The CHARMM General Force
Field (CGenFF) and the CHARMMS36 all-atom additive force field and parameters were used for
the simulations.t*-20

II'

Binding pocket volume calculations. POVME algorithm was employed for calculating the volume
of the binding pocket of each enzyme over the time of each simulation.?! A total number of
6,252 frames from each simulation trajectory was used for the calculations. The frames were
aligned on the initial complex that was used to carry out the simulation using VMD and were
saved in multi-frame PDB format. To define the “inclusion sphere” that entirely encloses the
binding pocket of each enzyme, the center of mass of the residues within 5 A around the bound
phospholipid molecule was used as the x, y, z coordinates of the sphere. An “inclusion sphere”
radius of 11 A was used. Equidistant points were generated in POVME using a grid spacing of 1
A and a distance cutoff of 1.09 A.
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Supplementary Figures
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Figure S1. Chromatographic separation by HILIC HPLC and peak monitoring by MRM. (A)
Chromatographically separated peaks of the PLA, mixed micelle assay components: CiEs,
PAPC, 16:0 LPC, and 17:0 LPC were measured in positive ion mode while AA was measured in
negative ion mode, and (B) chromatographically separated MRM peaks for all lysophospholipid
analytes.
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Figure S2. Standard curves for lysophospholipid analytes including 16:0 and 18:0 LPA, 16:0 and
18:0 LPC, 16:0 and 18:0 LPE, 16:0 and 18:0 LPG, and 16:0 and 18:0 LPS as a ratio to the internal

standard 17:0 LPC.

S5



Optimum Concentration of C12E8

A GIVA cPLA, B GVIAiPLA, c GV sPLA,
__.5.00 2.00 8.00
2
[=]
£
£ 250 1.00 4.00
9
1 i
=1
Qo0 ™ W o0 — - M 0.00
50 100 200 300 400 500 600 700 800 50 100 200 300 400 500 600 700 800 50 100 200 300 400 500 600 700 800

C12E8 Concentration (uM)

Figure S3. Enzyme activity toward 100 uM PAPC in mixed micelles with varying concentrations
of C12E8 surfactant for (A) cPLA>, (B) iPLA,, and (C) sPLA,.
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Figure S4. Product formed as a function of the amount of enzyme for (A) cPLA;, (B) iPLA;, and
(C) sPLA,. Product formed as a function of time for (D) cPLA,, (E) iPLA;, and (F) sPLA;.
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Figure S5. Interactions of phosphatidylethanolamine (PE) with the catalytic residues of (A)
cPLA; (Movie 1), (B) iPLA; (Movie 5), and (C) sPLA; (Movie 9). Interactions of phosphatidylserine
(PS) with the active site residues of (D) cPLA, (Movie 2), (E) iPLA; (Movie 6), and (F) interactions

of phosphatidylglycerol (PG) with the active site residues of sPLA; (Movie 10).
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Figure S6. Active site volume during the time of the simulation in the presence of PAPE (blue),
PAPS or PAPG (orange), PLPC (gray), and PMPC (yellow) for (A) cPLA;, (B) iPLA, and (C) sPLA,.
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Figure S7. The root-mean-square deviation (RMSD) of the enzyme backbone atoms during the
time of the simulation in the presence of PAPE (blue), PAPS or PAPG (orange), PLPC (gray), and
PMPC (yellow) for (A) cPLA,, (B) iPLA;, and (C) sPLA;.
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Figure S8. Flexibility of cPLA; during the simulation in the presence of PAPE (blue), PAPS
(orange), PLPC (gray), and PMPC (yellow) based on root-mean-square fluctuation (RMSF) data.
(A) RMSF for all residues of cPLA,, (B) RMSF for residues on regions 4 A around the phospholipid
molecule, and (C) visual representation of the regions in section B.
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Figure S9. Flexibility of iPLA; during the simulation in the presence of PAPE (blue), PAPS
(orange), PLPC (gray), and PMPC (yellow) based on root-mean-square fluctuation (RMSF) data.
(A) RMSF for all residues of cPLA,, (B) RMSF for residues on regions 4 A around the phospholipid
molecule, and (C) visual representation of the regions in section B.
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(A) RMSF for all residues of cPLA,, (B) RMSF for residues on regions 4 A around the phospholipid
molecule, and (C) visual representation of the regions in section B.
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membrane according to previously published H/D exchange data.??
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Supplementary Tables

Table S1. Fatty acid distribution in isolated natural phospholipids as a percentage area under
the curve determined by GC analysis on derived fatty methyl esters. These results were
provided by Avanti® Polar Lipids, Inc. (personal communication).

Name 16:0 18:0 18:1 18:2 20:4 22:6

Egg PA 34.2 11.5 315 18.5 2.7 0.7

Egg PC 32.7 12.3 32.0 17.1 2.7 0.0

Egg PE 17.3 24.2 18.1 14.0 16.0 4.2

Egg PG 32.9 12.2 30.2 18.7 3.5 0.0

Brain PS 0.0 42.0 30.0 0.0 2.0 11.0
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