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Introduction

Secreted phospholipases A2 (sPLA2; EC 3.1.1.4) form a diverse class of enzymes that catalyze the hydrolysis of the sn-2 ester bond of phospholipid substrates to release free fatty acids and lysophospholipids [START_REF] Murakam | Review, Lipoquality control by phospholipase A[END_REF][START_REF] Six | The expanding superfamily of phospholipase A(2) enzymes[END_REF]. sPLA2 enzymes were first identified in mammalian pancreatic juice, then widely depicted in insects, reptiles, and plants [START_REF] Six | The expanding superfamily of phospholipase A(2) enzymes[END_REF][START_REF] Lambeau | Biochemistry and physiology of mammalian secreted phospholipases A2[END_REF]. sPLA2 have low molecular mass [START_REF] Schewe | Secreted Phospholipases A2 Are Intestinal Stem Cell Niche Factors with Distinct Roles in Homeostasis, Inflammation, and Cancer[END_REF][START_REF] Abousalham | Egg yolk lipoproteins as substrates for lipases[END_REF][START_REF] Pattus | Regulation of phospholipase A2 activity by the lipid-water interface: a monolayer approach[END_REF][START_REF] Laemmli | Cleavage of structural proteins during the assembly of the head of bacteriophage T4[END_REF][START_REF] Corpet | Multiple sequence alignment with hierarchical clustering[END_REF][START_REF] Webb | Protein Structure Modeling with MODELLER[END_REF][START_REF] Korb | Empirical scoring functions for advanced protein-ligand docking with PLANTS[END_REF] and they are calcium dependent enzymes possessing a highly conserved region that contains His/Asp catalytic dyad [START_REF] Schaloske | The phospholipase A2 superfamily and its group numbering system[END_REF][START_REF] Dennis | Phospholipase A2 enzymes: physical structure, biological function, disease implication, chemical inhibition, and therapeutic intervention[END_REF]. sPLA2 have been classified into six groups (I, II, III, V, IX, and XIII) on the basis of their structural and functional properties [START_REF] Yamamoto | Chapter Five -Secreted Phospholipase A2 Specificity on Natural Membrane Phospholipids[END_REF]. They have 6 disulfide-bonded Cys residues which are required for the enzyme stability [START_REF] Dennis | Phospholipase A2 enzymes: physical structure, biological function, disease implication, chemical inhibition, and therapeutic intervention[END_REF][START_REF] Zhu | Phospholipase A2 engineering. The roles of disulfide bonds in structure, conformational stability, and catalytic function[END_REF]. The function of sPLA2 varies according to their cellular and tissue localization. sPLA2 are involved in several processes such as host defense and inflammation and they can serve as digestive enzymes in different organisms including bacteria, fungi, and animals [START_REF] Yamamoto | Chapter Five -Secreted Phospholipase A2 Specificity on Natural Membrane Phospholipids[END_REF]. The first identified sPLA2 enzyme was the sPLA2GIB expressed abundantly in the pancreas [START_REF] Schaloske | The phospholipase A2 superfamily and its group numbering system[END_REF][START_REF] Dennis | Phospholipase A2 enzymes: physical structure, biological function, disease implication, chemical inhibition, and therapeutic intervention[END_REF]; Known as the pancreatic sPLA2. This type is highly conserved with a 70-80% sequence similarity across all mammalian species [START_REF] Dennis | Phospholipase A2 enzymes: physical structure, biological function, disease implication, chemical inhibition, and therapeutic intervention[END_REF]. The PLA2GIB are secreted in the acinar cells of the pancreas as zymogens with a pro-peptide extension at the amino terminus, and are found within zymogen granules with other digestive enzymes [START_REF] Dennis | Phospholipase A2 enzymes: physical structure, biological function, disease implication, chemical inhibition, and therapeutic intervention[END_REF][START_REF] Murakami | Thematic Review Series: Phospholipases: Central Role in Lipid Signaling and Disease A new era of secreted phospholipase A2[END_REF]. The pancreatic juice is transported to the intestinal lumen where the sPLA2 is cleaved to release the active form that mediates phospholipid digestion metabolism in mammals [START_REF] Murakami | Thematic Review Series: Phospholipases: Central Role in Lipid Signaling and Disease A new era of secreted phospholipase A2[END_REF].

Previously, we tried to extend the spectrum of lipid digestion by studying the PLA2 enzymes from the annular seabream (Sparidae fish). This species showed similar gastrointestinal organs as mammals with a pyloric caeca that substituted the classical pancreas [START_REF] Smichi | Lipolytic activity levels and colipase presence in digestive glands of some marine animals[END_REF][START_REF] Smichi | A newly thermoactive and detergent-stable lipase from annular sea bream (Diplodus annularis): Biochemical properties[END_REF]. From the pyloric ceca of the annular seabream, we purified and cloned a digestive lipase (AsDL) that differs biochemically from pancreatic lipases [START_REF] Smichi | A newly thermoactive and detergent-stable lipase from annular sea bream (Diplodus annularis): Biochemical properties[END_REF] and characterized two sPLA2GIB named AsPLA2 and DaPLA2 [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF]. Both enzymes were overexpressed in E. coli and were shown to be thermostable since they maintained their activities at higher temperatures. These enzymes are involved in phospholipids digestion since they are active on all phospholipid monolayers and did not reveal a lytic activity toward human erythrocytes [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF].

It is well demonstrated that sPLA2GIB was also found in lower levels in other tissues including the lung, gastric mucosa and epithelial cells of the intestine [START_REF] Schewe | Secreted Phospholipases A2 Are Intestinal Stem Cell Niche Factors with Distinct Roles in Homeostasis, Inflammation, and Cancer[END_REF]. There is a little information about intestinal fish phospholipid metabolism.

Here, we present for the first time a new PLA2 that is isolated from the intestine of annular seabream, which is hereafter referred to as IDaPLA2. This work describes the IDaPLA2 characterization with respect to its unexpected cytotoxic activity. Interestingly, similar to other isolated sPLA2 from the annular seabream, IDaPLA2 presents a significant enzymatic activity on phospholipid monolayers. In addition, a 3D structure prediction is performed to provide more insights on the biochemical analysis of IDaPLA2 in comparison to the two recently isolated PLA2 from the annular seabream (AsPLA2 and DaPLA2) and to shed light on the unusual properties observed for this new sPLA2.

Material and methods

Material

1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC), 1,2-dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE), phosphatidylcholine (PC), 1,2-dilauroyl-sn-glycero-3-phosphoglycerol (DLPG), and sodium deoxycholate (NaDOC) were purchased from Sigma-Aldrich (Saint-Quentin Fallavier, France). Nickel gel affinity was purchased from Biorad (France). All other chemicals and DMEM (Dulbecco's modified Eagle's medium), L-glutamine and gentamicin were purchased from Sigma-Aldrich (Saint-Quentin Fallavier, France). PCR products purification Kit, primers and restriction enzymes, and T4 DNA ligase were purchased from New England Biolabs (Evry, France). Kanamycin, pET-28b(+) vector, Isopropyl β-D-1thiogalactopyranoside (IPTG), E. coli XL1 Blue, and BL21-DE3 strains were purchased from Life technologies (France). Bacterial cultures were peformed on Luria-Bertani (LB) medium (Life technologies, France). The commercial LDH kit was from Promega (France) and the 96 well plates were from (Thermo Fisher Scientific, France).

Fish intestines preparation and RNA extraction

The annular seabream (D. annularis) were bought from a local fish market (Sfax, Tunisia) and transported directly to the laboratory in ice (4 °C). The intestines were dissected from the fish species and were immediately used for total RNA extraction according to the Mini RNA Isolation Kit (GE Healthcare, UK) instructions. The total RNA quality and quantity were checked using 1.5% agarose gel electrophoresis and Nanodrop 2000 spectrophotometer (Thermo-Scientific, USA), respectively.

2.3.Molecular cloning and expression of IDaPLA2

For reverse transcription, total RNA (1 µg) was converted to cDNA using the superscript II (Invitrogen) as a reverse transcriptase according to the manufacturer's protocol. cDNA was synthesized using oligonucleotide GACTCGAGTCGACATCGA-dT [START_REF] Webb | Protein Structure Modeling with MODELLER[END_REF], as a primer for reverse transcriptase, therefore 3'RACE was subsequently carried out using the adaptor oligonucleotide GACTCGAGTCGACATCGA and the forward primer (P-Fw/P-Rev, Table S1) deduced from the peptide signal of a precursor of intestinal PLA2 from the red seabream (Pagrus major, AB050633.1). The first strand was amplified by Phusion high fidelity DNA polymerase (New England Biolabs, France). PCR was run under the following cycling conditions: 98°C for 30 s, followed by 30 cycles of 98°C for 30 s; 54°C for 30 s; 72°C for 2 min, and a final extension at 72°C for 10 min. We amplified a DNA fragment of the expected size (380 bp). The obtained cDNA was used as a template to amplify the gene coding for IDaPLA2 with new primers containing the restriction sites (NcoI/NotI). Primers are indicated in Table S1. The new PCR product was digested and ligated to the digested pET-28B(+) by the same enzymes. This vector was used to produce active IDaPLA2 as previously reported [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF]. Plasmid DNA extracted from transformants was digested with restriction endonucleases NcoI and NotI and was sequenced to confirm the insert integration. The PCR products were analyzed by DNA sequencing (Finizyme, Germany). The recombinant vector pET-28B(+)-IDaPLA2 carried the gene and a C-terminal His6-tag was transformed on chemically competent BL21 (DE3) cells, after which transformants were selected on LB agar plates containing 100 µg/mL Kanamycin (LBK) and then confirmed by colony PCR. A positive colony was inoculated into tube containing 5 mL LBK and cultivated overnight at 37°C with shaking (220 rpm). One liter of LBK medium was inoculated with 1 mL of the obtained culture and incubated at 37°C with shaking at 250 rpm until OD of the culture reached 0.8. Protein expression was induced by adding IPTG (1 mM, final concentration) to the cell culture. Cell growth was allowed to proceed for an additional 4 hours. Cells were harvested by centrifugation at 6000 x g for 20 minutes and the pellets were stored at -80 °C.

IDaPLA2 refolding and purification

A frozen pellet was suspended in 30 mL of the lysis buffer (10 mM Tris-HCl, pH 8, 20 mM NaCl, 20 mM EDTA and 1 g/L lysozyme) and incubated with gentle stirring for 30 min. Cells were disrupted using a sonicator and centrifuged at 10000 x g for 15 min. Pellet was then incubated overnight in the denaturing buffer (10 mM Tris-HCl, pH 8, 5 mM L-cysteine, 8 M Urea, and 2 mM β mercaptoethanol at 4 °C with gently stirring. After centrifugation, the supernatant was dialyzed three times until completely removing the Urea. In the final step, the obtained fraction was investigated for the PLA2 activity by pH-stat method [START_REF] Abousalham | Egg yolk lipoproteins as substrates for lipases[END_REF]. The active fractions containing the IDaPLA2 were loaded onto a nickel affinity chromatography column (10 mL) equilibrated with 10 mM Tris-HCl pH 8, 10 M NaCl and 10 mM imidazole. After washing, the IDaPLA2 proteins were eluted with a linear gradient ranging from 10 to 300 mM imidazole at 30 mL/min. Eluted fractions were analyzed by SDS-PAGE (15%) and the pure fractions were gathered, dialyzed and used for subsequent IDaPLA2 characterization.

IDaPLA2 activity measurements

The IDaPLA2 activity was performed by the pH-stat method (Metrohm 718 Stat Titrino, Switzerland) using 0.1 M NaOH as titrant at pH 8.5 [START_REF] Abousalham | Egg yolk lipoproteins as substrates for lipases[END_REF]. The pure IDaPLA2 was added to 0.5% of egg-yolk (egg-PC) substrate and 25 mL of 150 mM NaCl, 6 mM NaDOC , and 8 mM CaCl2 [START_REF] Abousalham | Egg yolk lipoproteins as substrates for lipases[END_REF]. One unit of the PLA2 activity corresponds to 1 µmol of fatty acids liberated per minute under standard conditions. Alternatively, IDaPLA2 activity was performed using Teflon troughs and the KSV-2200 Baro-stat equipment (KSV-Helsinki, Finland) [START_REF] Pattus | Regulation of phospholipase A2 activity by the lipid-water interface: a monolayer approach[END_REF]. A zero-order trough with a reservoir compartment and a reaction compartment, connected to each other by a small surface channel, was used for the kinetic measurements. IDaPLA2 activity was performed after 20 min of enzyme injection. All experiments were performed at room temperature. The interfacial IDaPLA2 activity was expressed in mol cm -2 min -1 M -1 , where M is the overall molarity of the PLA2 injected in the subphase.

Enzymatic characterization of IDaPLA2

The purified IDaPLA2 was analyzed by SDS-PAGE (15%) and stained with Coomassie brilliant blue (Bio-Rad) according to Laemmli method [START_REF] Laemmli | Cleavage of structural proteins during the assembly of the head of bacteriophage T4[END_REF]. The IDaPLA2 activity was assayed under standard assay condition described previously (55 °C, 6 mM CaCl2, 6 mM NaDOC) [START_REF] Abousalham | Egg yolk lipoproteins as substrates for lipases[END_REF]. The optimum pH was determined at 55 °C and at different pH values ranging from 6.7 to 10. To determine the pH stability, the IDaPLA2 sample was incubated at 4°C for 2 h in 50 mM of each buffer (sodium acetate, Tris-HCl, and glycine-NaOH) ranging from pH 2 to 10. Each buffer was used to investigate the effect of pH on enzyme stability. The residual IDaPLA2 activity was assayed under standard assay condition after mixture centrifugation at 10000 x g for 2 min. The optimum temperature was determined by measuring the IDaPLA2 activity at different temperatures (30-70°C) at pH 8 under standard assay conditions. To determine thermal stability, the enzyme samples were incubated at temperatures ranging from 20 to 70 °C for 15 min and the residual activity was determined under standard assay condition after centrifugation (10000 x g) for 2 min. The effect of increasing the concentration of calcium ions on IDaPLA2 activity was investigated with the same buffer containing 2 mM EDTA. The effect of increasing concentrations of NaDOC on the IDaPLA2 activity was performed under the standard conditions. All experiments were carried out three times independently.

Bioinformatic analysis and homology modeling

The nucleotide and amino acid sequences were analyzed online using the NCBI Blast server 2.0. The FASTA sequence of IDaPLA2 was submitted to BLAST analysis. Multialign alignment was generated using Multialgn software [START_REF] Corpet | Multiple sequence alignment with hierarchical clustering[END_REF]. Homology between the amino acid sequences of annular seabream sPLA2s and other known sPLA2 was analyzed by ClustalW (http://www.ebi.ac.uk/clustalw). The deduced signal peptide was identified by the SMART server. We predicted the 3D structures of IDaPLA2 and DaPLA2 using comparative modeling [START_REF] Webb | Protein Structure Modeling with MODELLER[END_REF]. The template used to build the models was selected among the available structures of the Protein Database with significant homology relationship to the target sequences. The pairwise alignment and the 3D structure building and refinement were performed with MODELLER 9.20 [START_REF] Webb | Protein Structure Modeling with MODELLER[END_REF]. Twenty models were generated and the model with the best DOPE score was selected and submitted for checking by establishing the Ramachandran plot and the ProSA local energy profile. Three types of phospholipids were used for the docking study: 1palmitoyloleoyl-sn-glycero-3-phosphocholine (POPC), 1-palmitoyl-2-oleoyl-sn-glycero-3phosphoethanolamine (POPE) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-rac-(1glycerol) (POPG). The docking was performed on two stages. First, ligands were modified in order to keep only one methyl group for each of the hydrophobic aliphatic chains. Then a first stage of molecular docking was achieved using PLANTS version 1.2 [START_REF] Korb | Empirical scoring functions for advanced protein-ligand docking with PLANTS[END_REF]. During this stage, three distance constraints were applied for the sampling of the rotational space of ligands. These were represented by the distances between Ca 2+ of the catalytic site with the phosphate oxygen and the carbonyl group of the sn-2 position of the phospholipid substrate with respective maximum distances of 2.5 Å and 2.7 Å. The third restrained distance was between the carbonyl oxygen of the sn-2 position and the carbonyl oxygen of a glycine residue at positions 31 respectively for IDaPLA2, DaPLA2 and huPLA2 and the minimal distance was set to be 3 Å. The selection of these specific atom pairs is the result of the analysis of ten experimental structures of the HuPLA2 co-crystallized with different inhibitors of the catalytic site with similar atom topologies to the three studied ligands. The molecular docking at this stage ensures the convenient positioning of the headgroup atoms at the catalytic site of each protein. The second docking stage consists of sampling the rotational space of the aliphatic tails of the sn-2 and sn-3 positions of each lipid molecule while fixing the position of the atoms of the polar headgroup. Finally the restrained complexes where refined by energy minimization using YASARA molecular modeling suite [START_REF] Kelley | Enhanced genome annotation using structural profiles in the program 3D-PSSM[END_REF].

Flexibility analysis of IDaPLA2

The fluctuation of IDaPLA2 and DaPLA2 were analyzed using CABSflex 2.0 [START_REF] Kuriata | CABS-flex 2.0: a web server for fast simulations of flexibility of protein structures[END_REF]. Each structure was submitted to the server under different increasing temperature values. The server uses a dimensionless reduced temperature that cannot be perceived as the exact temperature. However, it describes the same physical properties namely the fluctuation of atoms in the system. The simulation was undergone using automatically generated restraints to avoid the severe drifting from the starting structure [START_REF] Mcgibbon | MDTraj: A Modern Open Library for the Analysis of Molecular Dynamics Trajectories[END_REF]. The Root Mean Square Fluctuation (RMSF) profile and the conformational ensembles of each simulation were collected and analyzed.

Cytotoxic assay

The cytotoxic effect of Sparidae intestinal sPLA2 was screened in vitro against Raw 264.7 macrophages. Cells were cultured in 96-well plates (Thermo Fisher Scientific, France) in DMEM (Sigma Aldrich, USA) supplemented with 10% fetal bovine serum, and 2 mM Lglutamine. Cultures were maintained at 37°C in 5% CO2. Different amounts of IDaPLA2 and DaPLA2 (20, 40, 80 and 150 µg) in 100 µL of assay medium (DMEM, 1% FCS) were added to the culture and incubated for 4 h at 37°C. Then, 20 µL of supernatant from cells was collected from each well and the lactate dehydrogenase (LDH) activity was quantified using a microplate reader (Tecan, Infinite M200 Pro), following the manufacturer's instructions. The LDH activity was determined using a commercial LDH assay kit (Promega). Cell-free supernatant (20 μL) was mixed with nicotinamide-adenine dinucleotide (NADH) and 2,4dinitrophenylhydrazine and incubated at 37°C for 15 min. Next, 0.4 mol L -1 NaOH was added to the samples and incubated at 37°C for 3 min. Results were expressed as absorbance units measured at 540 nm. As the negative control, cells grown in supplemented DMEM medium were used, while control for 100% cytotoxicity consisted of 0.1% Triton X-100 diluted in assay medium. Samples were assayed in triplicate for IDaPLA2 and in duplicate for DaPLA2.

Results and discussion

Intestinal IDaPLA2 identification in Sparidae fish

The primary structure of IDaPLA2 deduced from its nucleotide sequence is shown in Fig. S1 and deposited in GenBank (Under accession number 2278830). The complete cDNA sequence of IDaPLA2 consists of 375 bp and encodes 124 amino acid residues with a predicted molecular mass of 14,978.05 Da and a pI of 7.20. An analysis with the server SMART (PMID: 9847187) predicted that the IDaPLA2 has a signal peptide of 25 amino acid residues corresponding to segment (MNVSGPLLMLFLTAACTVSGEVESR) (Fig. S1).

IDaPLA2 comparative analysis and structural modeling

Remarkably, sequence length of IDaPLA2 isolated from the intestine of the D. annularis is the same as recently isolated sPLA2s from the same species: AsPLA2 and DaPLA2 [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF] or in HuPLA2GIB [START_REF] Seilhamer | Pancreatic phospholipase A2: isolation of the human gene and cDNAs from porcine pancreas and human lung[END_REF]. Multiple sequence alignment of Sparidae sPLA2s (Fig. 1A) shows that IDaPLA2 shares 57% and 46% sequence identity with DaPLA2 and AsPLA2, respectively, which may suggest that these enzymes have a common fold with high structural resemblance (Fig. 1A, Table S2). IDaPLA2 shows 73% of homology with the intestinal PLA2 isolated recently from Diplodus sargus (IDsPLA2) [START_REF] Smichi | Intestinal phospholipase A2 from Sparidae species: Functional properties and cytotoxic potential evaluation[END_REF]. Sequence alignment of IDaPLA2 with HuPLA2IB and HuPLA2IIA showed that IDaPLA2 shares the highest sequence identity (51.1%) with HuPLA2GIB and the lowest (44.2%) with HuPLA2GIIA (Fig. 1B, Table S2).

Several important signatures of the sPLA2 family were detected in IDaPLA2. Fig. 2 A shows that IDaPLA2 is consistent with those of other species sPLA2 that contain six conserved cysteine residues involved in forming the internal disulfide bonds (Fig. 1B). From primary structure, the IDaPLA2 catalytic dyad (H46D99) as well as the calcium binding site (YGCYCGL(I)GG) are fully conserved with pancreatic sPLA2 (Fig. 1B). The pancreatic loop which is the signature of pancreatic PLA2 is absent in the sequence of IDsPLA2 which suggest that this enzyme is closer to PLA2IIA than PLA2GIB [START_REF] Smichi | Intestinal phospholipase A2 from Sparidae species: Functional properties and cytotoxic potential evaluation[END_REF]. Whereas, IDaPLA2 possesses the pancreatic loop and it belongs to PLA2GIB.

Secondary structural analysis predicted that the catalytic domain of IDaPLA2 contains 5 αhelices two β-sheets (Fig. 1B). Taken together, these primary and secondary structural features suggest that IDaPLA2 belongs to the sPLA2GIB subclass and its biological activity might be similar to that of known sPLA2GIB enzymes with respect to some discrepancies involving different biochemical properties between pancreatic and fish sPLA2.

Homology modeling was also performed to further predict the typical sPLA2 structure of IDaPLA2. The PLA2IB from Sus scrofa (PDB code 1P2P) template was used to build the models of IDaPLA2 and DaPLA2. The protein showed an identity value of 52% compared to the target sequences and significant E-values below 10 -10 . For the model building, we included the catalytic and the structural calcium ions and a water molecule which appears to be in a tight interaction with the protein. Both models of IDaPLA2 and DaPLA2 revealed a high stereochemical quality with Ramachandran plot. The values were 92.6%, 6.6%, 0.8% for IDaPLA2 and 95.9%, 3.3%, 0.8% for DaPLA2, respectively. We also included the HuPLA2IIA in this study which was previously solved in different reports either in its bound or unbound forms. HuPLA2IIA and DaPLA2 showed a high structural similarity to IDaPLA2 with Cα RMSD values of 0.6 and 0.25 Å respectively. We located the membrane interfacial plane of IDaPLA2 based on the homology with DaPLA2. Previously, the residues W3, L19, F30, L66 and V69 were estimated to form the membrane target residues of DaPLA2 (Fig. 2A). The equivalent residues in DaPLA2 were shown to be W3, M19, L30, T66 and T69. The hydrophobic potential analysis proved that DaPLA2 has more extended highly hydrophobic surface patches compared to IDaPLA2 (Fig. 2B). These patches were part of the interface with the membrane where most of its residues were located in segment 61-71 of both proteins. The substrate binding site, presumed to harbor the acyl tail was identical for both proteins, except for residue L5 which replaces F5 in DaPLA2 (residues I9, C44, Y51, D98 and F105 are identical).

Overexpression, purification and enzymatic properties of IDaPLA2

The coding sequence for IDaPLA2 was cloned into a pET-28B(+) expression vector to produce C-terminally His6-tagged proteins, suitable for one step Ni 2+ -NTA affinity chromatography purification. Eluted fractions with a linear gradient of imidazole were analyzed by SDS-PAGE (Fig. 3A, insert) and showed highly purified IDaPLA2 with an apparent molecular mass of about 15 kDa. The value was consistent with the predicted molecular mass of sPLA2. MALDI-TOF mass spectrometry analysis of IDaPLA2 revealed a major peak at 14,980.01 kDa (Fig. S2). These values are close to that calculated from the primary sequence of the mature IDaPLA2. Analysis of the N-terminal sequence [START_REF] Hewick | A gas-liquid solid phase peptide and protein sequenator[END_REF] of IDaPLA2 shows the following sequence AVWQLGYMIW. Similar N-terminal sequence was reported for AsPLA2 and DaPLA2 from annular seabream [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF], ChPLA2IB and ChPLA2IIA [START_REF] Seilhamer | Pancreatic phospholipase A2: isolation of the human gene and cDNAs from porcine pancreas and human lung[END_REF][START_REF] Murakami | Regulatory functions of phospholipase A[END_REF]. The absence of Met residue in IDaPLA2 N-terminal sequence may result from the complete cleavage of the newly translated IDaPLA2 by the E. coli Metaminopeptidase before protein aggregation. The expressed mature protein therefore does not contain an N-terminal Met residue, which is known to decrease catalytic activity by about 98% in other sPLA2s [27]. IDaPLA2 shows a specific activity of 290 U mg -1 in the presence of 8 mM Ca 2+ and 6 mM NaDOC using egg-PC as substrate. This activity was lower than the one of AsPLA2 isolated recently from the annular sea bream (400 U mg -1 ) and higher than DaPLA2 (100 U mg -1 ). It is worth noting that the specific activity of IDaPLA2 was higher than that of A. pectinifera sPLA2 (119 U mg -1 ) [START_REF] Kishimura | Isolation and characteristics of phospholipase A2 from the pyloric ceca of the starfish Asterina pectinifera[END_REF]. Comparable specific activities were reported for pancreatic sPLA2 from dromedary (326 U mg -1 ) and chicken (400 U mg -1 ) [START_REF] Ben Bacha | Purification, characterization and bactericidal activities of phospholipase A2 from the dromedary intestine[END_REF][START_REF] Karray | Biochemical and molecular characterization of purified chicken pancreatic phospholipase A2[END_REF].

Mechanistic knowledge on the structure-function of fish PLA2 should be further advanced to improve the structural features which allowed the explanation of biochemical properties of these enzymes. The IDaPLA2 was found to be active between pH 7.5 and 10, with an optimal pH around 8.5 (Fig. 4A). These results are consistent with those described for DaPLA2 [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF] and stingray sPLA2-IB, which presented an optimal pH activity at 8.5 [START_REF] Ben Bacha | Enzymatic properties of stingray Dasyatis pastinaca group V, IIA and IB phospholipases A(2): a comparative study[END_REF]. The IDaPLA2 was found to be stable at a wide pH interval ranging from 6 to 10 (Fig. 4B). This optimum was also reported for PLA2 purified from the marine snail [START_REF] Zarai | Hafedh Mejdoub, A novel hepatopancreatic phospholipase A2 from Hexaplex trunculus with digestive and toxic activities[END_REF].

The role of calcium as activator of the catalytic activity is a common signature of sPLA2 from different sources [START_REF] Yu | The divalent cation is obligatory for the binding of ligands to the catalytic site of secreted phospholipase A2[END_REF]. Ca 2+ is essential for both catalysis and enzyme penetration to the substrate [START_REF] Dennis | Phospholipase A2 enzymes: physical structure, biological function, disease implication, chemical inhibition, and therapeutic intervention[END_REF]. We measured the IDaPLA2 activity using egg-PC as a substrate in the presence of increasing Ca 2+ concentrations (Fig. 4A). The IDaPLA2 activity could not be detected in the presence of EDTA. The specific activity of the IDaPLA2 increased to reach its maximum in the presence of 8 mM Ca 2+ (Fig. 4A) which demonstrated that Ca 2+ is required for the catalytic activity. Similar results were reported for sPLA2 from marine species [START_REF] Ben Bacha | Enzymatic properties of stingray Dasyatis pastinaca group V, IIA and IB phospholipases A(2): a comparative study[END_REF][START_REF] Zarai | Hafedh Mejdoub, A novel hepatopancreatic phospholipase A2 from Hexaplex trunculus with digestive and toxic activities[END_REF][START_REF] Cherif | Crab digestive phospholipase: a new invertebrate member[END_REF].

It is well established that bile salts ensure the dispersion of the hydrolysis products increasing the activity of PLA2 [START_REF] Scott | Crystal structure of bee venom phospholipase A2 in a complex with a transition-state analogue[END_REF]. The rate of PC hydrolysis by the IDaPLA2 was recorded in the presence of increasing concentrations of NaDOC. Fig. 4B shows that NaDOC is required for the IDaPLA2 activity and the maximal sPLA2 activity was observed in the presence of 8 mM NaDOC. These findings corroborate previous observations with mammal, and marine pancreatic PLA2s [START_REF] Ben Bacha | Purification, characterization and bactericidal activities of phospholipase A2 from the dromedary intestine[END_REF][START_REF] Zarai | Hafedh Mejdoub, A novel hepatopancreatic phospholipase A2 from Hexaplex trunculus with digestive and toxic activities[END_REF]. The IDaPLA2 was found to be thermoactive, since the optimal activity was observed at 55°C and steep decreased below and above this optimal temperature (Fig. 4C). This optimal temperature was higher than that observed for annular seabream sPLA2 [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF] and for the marine snail PLA2 [START_REF] Zarai | Hafedh Mejdoub, A novel hepatopancreatic phospholipase A2 from Hexaplex trunculus with digestive and toxic activities[END_REF]. The IDaPLA2 thermostability was checked and a strong thermal inactivation has been shown above 65°C (Fig. 4D). The IDaPLA2 was stable at high temperatures and it retained 82% of its maximal activity after incubation at 60°C for 20 min. Figure 4D shows that IDaPLA2 is more stable at high temperatures than isolated DaPLA2 from annular seabream [START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF] and sPLA2 from crab [START_REF] Cherif | Crab digestive phospholipase: a new invertebrate member[END_REF] and dromedary [START_REF] Ben Bacha | Purification, characterization and bactericidal activities of phospholipase A2 from the dromedary intestine[END_REF], which were stable up to 40°C.

IDaPLA2 flexibility induces its thermostability

The structures of IDaPLA2 and DaPLA2 were analyzed with CABSflex2.0 [START_REF] Kuriata | CABS-flex 2.0: a web server for fast simulations of flexibility of protein structures[END_REF]. We simulated the proteins under three temperature values: 1.4, 2.0 and 2.5. For each amino acid, the three RMSF values were used to calculate the paired Z-scores of the fluctuations between equivalent positions of DaPLA2 and IDaPLA2. Since His122 residue in DaPLA2 corresponds to an indel in the pairwise alignment between the two sequences, this position was discarded from the analysis. Overall, as shown in Fig. 5A, positive z-score values indicate increased atomic fluctuations of IDaPLA2 amino acids compared to DaPLA2. We noticed that the segment comprising residues 65-70 shows high Z-core values of more than 4 corresponding to regions with high flexibility. As we calculated the p-value at each amino acid position, we found that the only extended segment (comprising successive significant measurements) which fall below a cutoff of 0.05 corresponds to residues 65-70 (Fig. 5A). This is broadly the 69-loop, a part of the catalytic binding sites of DaPLA2 and IDaPLA2 (Fig. 5B). For other amino acids, the p-value is large and therefore we cannot confirm a high degree of confidence if there is a difference in atomic fluctuations between equivalent residues of DaPLA2 and IDaPLA2. The simulation shows that the structure of IDaPLA2 was more resistant to the increasing temperature denaturing effect. On average, the fraction of native contacts in DaPLA2 is lesser than those of IDaPLA2 for each simulated temperature (Fig. 5C). The contact map calculated over the sampled conformations of each enzyme shows the loss of interactions between H1 and H2 helices in DaPLA2 while the same corresponding residues preserved the contacts at high temperatures for IDaPLA2 (Fig. 5D).

At a high temperature, IDaPLA2 showed high local flexibility in 65-70 which is part of the 69-loop characterized previously in different PLA2s [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF]. There is an agreement between the experimental assays and the simulations which suggest the higher stability of IDaPLA2 compared to DaPLA2. The loss of native contacts between H1 and H2 helices which harbors the residue of the catalytic triad seems to be responsible for this effect. In IDaPLA2, the strong electrostatic interaction between residues K45 and D49 seems to stabilize the structure of H1.

However, in DaPLA2, D49 was substituted with N49 and therefore decreased the inter side chain interactions of H1 helix. Taken together, the higher activity and stability at highest temperature and the alkaline pH stability of IDaPLA2, suggest this enzyme as a potential candidate in extremely condition of pH and temperature such as detergence.

Variations with surface pressure in the catalytic activity of IDaPLA2

The monolayer technique is an interfacial tensiometry method that monitors and controls the surface pressure [START_REF] Pattus | Regulation of phospholipase A2 activity by the lipid-water interface: a monolayer approach[END_REF]. Therefore, the determination of the interfacial properties of IDaPLA2 by the monolayer technique was deemed useful to further explain of the behavior of the enzyme towards different substrate specificities. IDaPLA2 activity was measured using monolayers of pure negatively charged DLPG (Fig. 6A), zwitterionic DLPC (Fig. 6B) and DLPE (Fig. 6C) at various surface pressures. For the sake of comparison, the recently isolated DaPLA2 and AsPLA2 from annular seabream were used under the same experimental conditions. Activitysurface pressure profiles are illustrated in Fig. 6. It is clear that the affinities of all sPLA2 towards all phospholipid films are significantly different. The optimum surface pressures for the measured maximal sPLA2 activities were dependent on the type of phospholipids. As shown by Fig. 6, whatever the used phospholipid substrate, the variations in the DaPLA2 and AsPLA2 activities versus surface pressure showed bellshaped curves. Under the same conditions, IDaPLA2 shows different behaviors on different phospholipids. It is also clear that IDaPLA2, such as DaPLA2 and AsPLA2, hydrolyze efficiently all phospholipids (Fig. 6).

Compared to AsPLA2, the IDaPLA2 was completely inactive at surface pressures below 5 mN m -1 , when DLPG and DLPE were used as substrates. Like, AsPLA2, IDaPLA2 was active at the same surface pressures on the DLPC (Fig. 6B). The hydrolysis rates increase continuously until the highest pressure tested of 35 mN m -1 . The maximal activity of IDAPLA2 was clearly higher on DLPG (Fig. 6A) and DLPC (Fig. 6B) than on DLPE (Fig. 6C) and both were recorded at surface pressure between 10 and to 15 mN.m -1 . Moreover, maximal activity values of 23 cm -2 min -1 mM -1 , and 12.23 mol cm -2 min -1 mM -1 were observed at 10 mN m -1 on DLPG and DLPC monolayer for IDaPLA2. Using the DLPE, the IDaPLA2 present the maximal activity between 15 and 20 mN m -1 with 10 mol cm -2 min -1 mM -1 . These results are in agreement with the fact that PG is considered as the best substrate for all known sPLA2 [START_REF] Singer | Interfacial kinetic and binding properties of the complete set of human and mouse groups I, II, V, X, and XII secreted phospholipases A2[END_REF]. Singer et al. measured the rate of the hydrolysis of vesicles of POPG and POPC and they showed that the hydrolysis reaction started immediately with POPG after the addition of sPLA2 with no discernible lag, and the specific activity measured confirms that POPG was the preferred substrate for sPLA2 [START_REF] Singer | Interfacial kinetic and binding properties of the complete set of human and mouse groups I, II, V, X, and XII secreted phospholipases A2[END_REF]. Above 25 mN m -1 , AsPLA2 and DaPLA2 activities decreased continuously on DLPG, DLPC and DLPE monolayers (Fig. 6), whereas IDaPLA2 displayed a significant activity on the three phospholipids with a shift in the maximum of activity to 20 mN m -1 on DLPG and DLPE. A significant activity for IDaPLA2 on all phospholipids was still observed at 30 mN m -1 (Fig. 6), highlighting the ability of IDaPLA2 to penetrate into phospholipid monolayers at higher surface pressures (20-30 mN m -1 ). The highest activity of IDaPLA2 was maintained higher than caecal sPLA2. In fact, IDaPLA2 activity of 21.68, 6.88 and 5.66 mol cm -2 min -1 mM -1 were obtained using monolayers of DLPG, DLPC and DLPE, respectively, at higher surface pressures from 20-30 mN m -1 (Fig. 6). Unlike intestinal HuPLA2 and porcine sPLA2-IIA, which have a negligible catalytic activity on PC films as previously reported by Verger et al. [START_REF] Verger | Action of phospholipase A at interfaces[END_REF], IDaPLA2 activity on PC film were shown to be 12.23 mol cm -2 min -1 mM -1 at 10 mN m -1 . The same behavior has been reported for the AsPLA2 [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF] and chicken PLA2 (ChPLA2-IB) which hydrolyze the PC above 30 mN m -1 [START_REF] Karray | Kinetic properties of pancreatic and intestinal sPLA2 from chicken and mammals using the monomolecular film technique[END_REF]. As can be seen from Fig. 6C, IDaPLA2 hydrolyzes DLPE monolayers and its hydrolysis rate was found higher compared to the ChPLA2-IB [START_REF] Karray | Kinetic properties of pancreatic and intestinal sPLA2 from chicken and mammals using the monomolecular film technique[END_REF], at a surface pressure of 20 mN m -1 . We have noted also the existence of an initial lag period indicative of a presteady state in case of intestinal and caecal Sparidae sPLA2 measured on DLPC and DLPE monolayers [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF]. This lag time is due to the fact that these sPLA2 binds very weakly to pure PC and PE monolayers compared to PG monolayers. This behavior has previously been reported for ChPLA2 [START_REF] Verger | Action of phospholipase A at interfaces[END_REF].

In order to bring more insights on the substrate specificity of IDaPLA2, molecular docking was performed using three ligands (POPC, POPE and POPG). For the sake of comparison, DaPLA2 and HuPLA2IIA were used in this analysis. In all the assays the ligand acyl tail of the sn-2 position was partially included in the binding site while the sn-3 tail remained solvent exposed (Fig. 7A). In both IDaPLA2 and DaPLA2, the phosphocholine moiety of POPC does not establish any polar contact and the proteins rely mainly on steric interactions to stabilize the ligand (Fig. 7B). However, in DaPLA2, residue F30 may contribute significantly to the hydrophobic interaction with the aliphatic chain of the sn-2 acyl tail. The equivalent residue in IDaPLA2 was L30 which shows a lesser interaction surface. For the HuPLA2GIIA, the phospocholine moiety was stabilized by a hydrogen bond established between K62 and the phosphate group (Fig. 7B). In addition, E55 residue could also contribute to the favorable electrostatic energy with the choline group of the ligand as the distance between the two charged groups was 4 Å. The interaction with the PE group of POPE in both DaPLA2 and HuPLA2IIA was stabilized by ionic bonds. This consists on a K52 residue side chain which interacts with the charged oxygen of the phosphate group in DaPLA2. Meanwhile, in HuPLA2IIA, E55 interacted with the charged nitrogen of ethylamine moiety (Fig. 7B). In IDaPLA2 we only noted the hydrogen bond established between the latter group of the ligand and the D48 carbonyl group of the main chain atoms. The interaction with POPG was essentially mediated with Van der Waals contacts. However, DaPLA2 was also capable to establish a hydrogen bond interaction with ligand via the K52 side chain that occurs very close to the hydroxyl donor of the lipid head group (Fig. 7B). In vitro assays results are supported by many elements from the molecular modeling study. DaPLA2 could act more favorably in the event of the interaction with the outer membrane. For instance, all the lipidinterface interacting residues of this protein were hydrophobic. While in IDaPLA2, T66 and T69 were polar residues and might weaken the interaction with the membrane. We noted the capacity of DaPLA2 to stabilize the ligand in the interaction binding site. For POPC, F30 residue might be more favorable than L30 in IDaPLA2. However, highly favorable ionic and hydrogen bonds were established with POPE and POPG in the complexes with HuPLA2 and DaPLA2. The interaction of POPE and POPC were similar in such a way that the choline and the ethanolamine positively charged groups were close to the K56 residue side chain which could increase the electrostatic repulsion between the ligands and their binding site. Such hindrance did not occur in the case of POPG and therefore it could explain why the kinetic properties of POPC and POPE were similar and also why the interaction with POPG was more favorable.

Cytotoxic effect of IDaPLA2

Recently, we demonstrated that the DaPLA2 and AsPLA2 were involved in the digestive process of phospholipids [START_REF] Smichi | Efficient heterologous expression, functional characterization and molecular modelling of annular sea bream digestive phospholipase A2[END_REF][START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF]. It is well established that sPLA2 can also play a toxic role [START_REF] Gutierrez | Phospholipases A2: unveiling the secrets of a functionally versatile group of snake venom toxins[END_REF]. For the sake of comparison, we used DaPLA2 as a control since it has no hemolytic activity against human erythrocytes [START_REF] Smichi | Functional characterization and molecular modelling of a thermostable phospholipase A2 from Diplodus annularis[END_REF]. In fact, IDaPLA2 is able to hydrolyze PC with high specific activity of 290 U mg -1 and to penetrate a phospholipid monolayer at high surface pressure (see Fig. 6). It is worthy to check the ability of these enzymes to hydrolyze cell membrane phospholipids. Therefore, we measured the lytic activity of IDaPLA2 and DaPLA2 on macrophages at various enzyme concentrations (20 to 150 µg mL -1 ). As shown in Figure 8, DaPLA2 showed no lytic activity against macrophages even at the highest concentration. Unlike PLA2s form venoms, DaPLA2 was mainly active at surface pressures ranging from 10 to 20 mN m -1 (See Fig. 6). This kinetic property can be correlated to its low capacity of attacking biological membranes. These observations agree with earlier results reporting that HuPLA2IB had no hemolytic activity toward human cells [START_REF] Koduri | Bactericidal properties of human and murine groups I, II, V, X, and XII secreted phospholipases[END_REF]. A similar result was obtained for porcine pancreatic PLA2 and dromedary (DrPLA2) PLA2 which did not show any hemolytic activity on intact erythrocytes [START_REF] Ben Bacha | Purification, characterization and bactericidal activities of phospholipase A2 from the dromedary intestine[END_REF][START_REF] Koduri | Bactericidal properties of human and murine groups I, II, V, X, and XII secreted phospholipases[END_REF]. Under the same conditions, the analysis of cell viability of macrophages incubated with IDaPLA2 showed that this PLA2 presented cytotoxic effects at concentrations above 80 µg mL -1 (Fig. 8), 26% of cell lysis was obtained with 100-150 µg mL -1 of IDaPLA2. This behavior was observed also for IDsPLA2 which was more cytotoxic than IDaPLA2 [START_REF] Smichi | Intestinal phospholipase A2 from Sparidae species: Functional properties and cytotoxic potential evaluation[END_REF], suggesting its roles in the inflammatory process. This observation was correlated to the kinetic property of IDaPLA2 obtained with the monolayer technique indicating an activity at low surface pressure (see Fig. 6). Despite having a similar 3D structure, IDaPLA2 and DaPLA2 showed a variety of toxic activities, this behavior has been reported in the venom PLA2 case [START_REF] Gutierrez | Phospholipases A2: unveiling the secrets of a functionally versatile group of snake venom toxins[END_REF].

Concluding remarks

IDaPLA2 was the first intestinal PLA2 isolated and kinetically characterized from Sparidae fish namely D. annularis. Unlike pancreatic sPLA2s, IDaPLA2 showed a higher thermoactivity and thermostability and showed the same order for phospholipids preference with pyloric ceca sPLA2 from the same species; it was more active on PG than PE and PC monolayers. IDaPLA2 exhibited higher specific activity (290 U mg -1 ) than DaPLA2 (100 U mg -1 ) and could penetrate on PC monolayer at a high surface pressure; which can explain its cytotoxic effect on macrophages by the degradation of the cell lipid membrane. The present study brings new insights into understanding the fish PLA2 mechanism of action and may open new prospects in the investigation of PLA2-phospholipid interactions. Further experiments are required to correlate these characteristics to the cytotoxicity property of IDaPLA2. As a follow up study, the site-directed mutagenesis on some main residues involved in the interaction with phospholipids is necessary to detail the functional analysis of fish sPLA2. [START_REF] Mcgibbon | MDTraj: A Modern Open Library for the Analysis of Molecular Dynamics Trajectories[END_REF]. (D) Contact map of IDaPLA2 and DaPLA2 calculated for the ensemble of conformations from the simulations at different temperatures. The intensity of the color represents the variation from -1 (blue) to 1 (red) where the lower limit corresponds to total disappearance of the contact in all the ensemble of the conformations while the upper limit tells that the contact is maintained across all the conformations. DaPLA2 and IDaPLA2 at 37 ºC and 5% CO2. As a negative control, cells were incubated with DMEM medium and a control for 100% cytotoxicity consisted of 0.1% Triton X-100 diluted in assay medium. Statistical analysis was performed using an ANOVA test (P <0.05).
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Experiments were performed two (**) or three (***) times independently for triplicates.
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 1 Figure 1. Identical residues in all sequences are highlighted with marine blue color and deletions are indicated by hyphen. Conserved amino acid residues in sPLA2 catalytic dyad H46 and D100 are indicated by asterix. Sequence alignment was performed using multialign online server [17] (A) Multiple sequence alignment of the isolated intestinal IDaPLA2 with the pyloric ceca isolated sPLA2-GIB (AsPLA2 and DaPLA2) from D. annularis as described recently [11,12]. (B) Multiple sequence alignment of IDaPLA2 with Sparidae sPLA2s and human sPLA2. Identical residues in all sequences are highlighted on marine blue and deletions are indicated by hyphen.
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 23 Figure 2. Potential maps of the IDaPLA2 and comparative modeling of IDaPLA2 with DaPLA2. (A) For each model of IDaPLA2 and DaPLA2, we show the interfacial residues with

Figure 4 .

 4 Figure 4. IDaPLA2 biochemical properties. (A) Effect of pH on IDaPLA2 activity. (B) pH stability of IDaPLA2. PLA2 activity was measured using PC emulsion as substrate at pH 8.5 and at 55°C in the presence of 8 mM Ca 2+ and 6 mM NaDOC. (C) Effect of Ca 2+ concentration on IDaPLA2 activity. Enzyme activity was measured at various concentrations of Ca 2+ at pH 8.5 and at 55°C in the presence of 8 mM NaDOC. (D) Effect of increasing concentration of NaDOC on IDaPLA2. PLA2 activity was measured using PC emulsion as substrate at pH 8.5 and at 55°C in the presence of 8 mM CaCl2. (E) Effect of temperature on IDaPLA2. IDaPLA2 was tested for activity at pH 8.5 at various temperatures. (F) Effect of temperature on IDaPLA2 stability. For temperature stability, the pure IDaPLA2 was preincubated at different temperatures for 1h and the relative activity was measured under standard conditions. All measurements were performed using egg-PC as substrate.
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 5 Figure 5. Analysis of the residue fluctuation profile of IDaPLA2. (A) RMSF data were transformed to the log10 before calculating a paired z-score of each position in the sequence. P-values lesser than the cutoff of 0.05 were marked in red points. (B) The 69-loop is marked in yellow in IDaPLA2 and DaPLA2. (C) Variation of the fraction of native contacts with the increase of the dimensionless temperature for IDaPLA2 and DaPLA2. The analyses were made using MDTraj script [22]. (D) Contact map of IDaPLA2 and DaPLA2 calculated for the
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 6 Figure 6. Variations in IDaPLA2 activity on phospholipid monolayers with the surface pressure. Enzymes were injected into the reaction compartment of a zero order trough as described in "Materials and Methods". IDaPLA2 activity was expressed as the number of moles of substrate hydrolyzed per time unit (min) and surface unit (cm 2 ) at the appropriate enzyme concentrations. The activity values are presented as the means of duplicates.
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 7 Figure 7. Molecular docking of POPE, POPG and POPC to IDaPLA2, DaPLA2 and HuPLA2IIA. (A) and (B) correspond, respectively, to the general binding models and the elementary interactions of the amino acid residues to the ligands.
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 8 Figure 8. The IDaPLA2 cytotoxic effects on macrophages. The cell macrophage viability was tested after incubation for 24 h with different concentrations (20 to 150 µg mL -1 ) of
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