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A family of 14-20 kDa, disulfide-rich, calcium-dependent secreted phospholipases A2 (sPLA2s) that release fatty acids from the sn-2 position of glycerophospholipids can be found in mammals.

They have a diverse array of tissue distribution and biological functions. In this chapter we provide detailed protocols for production of nearly all of the mouse and human sPLA2s mainly by expression in bacteria and in vitro refolding or by expression in insect cells. High resolution mass spectrometry and enzymatic assays were respectively used to show that all disulfides are formed and that the enzymes are active, strongly suggesting that each sPLA2 was prepared in the structurally native form. The availability of these proteins has allowed kinetic studies to be carried out, to prepare highly selective antisera, to screen for selective inhibitors, to study receptor binding, and to study the action of each enzyme on mammalian cell membranes and their in vivo biological roles.

Introduction

Secreted phospholipases A2, sPLA2s, like all PLA2s hydrolyze the sn-2 ester bond of glycerophospholipids to produce a free fatty acid and a lysophospholipid. sPLA2s contain an Nterminal signal peptide for secretion from cells via the classical secretory pathway. In addition, some sPLA2s have a propeptide that needs to be cleaved intracellularly or extracellularly to get the fully active enzyme. All sPLA2s use a single Ca 2+ ion as a catalytic cofactor along with a conserved histidine-aspartate catalytic diad [START_REF] Lambeau | Biochemistry and Physiology of Mammalian Secreted Phospholipases A2[END_REF].

The primary structures of mammalian sPLA2s are summarized in Figure 1 (Valentin & Lambeau, 2000). The naming of sPLA2s is based on the order of discovery as well as the pattern of disulfide bond number and location (group numbering system of PLA2s, [START_REF] Dennis | Phospholipase A2 enzymes: physical structure, biological function, disease implication, chemical inhibition, and therapeutic intervention[END_REF]). We abbreviate each sPLA2 starting with m or h for mouse and human, respectively, followed by the group name (i.e. mGIIC for mouse group IIC, hGIIE for human group IIE etc.). The first mammalian sPLA2 to be discovered was the pancreatic sPLA2 group IB (group IA is reserved for a structurally similar sPLA2 found in some snake venoms).

The next mammalian sPLA2 discovered is sometimes called non-pancreatic, platelet or synovial fluid sPLA2 (group IIA) because it was originally found in intestine, platelets, macrophages, and synovial fluid from the joints of patients with arthritis [START_REF] Kramer | Structure and Properites of a Human Non-Pancreactic Phospholipase A2[END_REF]. Other mammalian group II sPLA2s are the groups IIC, IID, IIE, and IIF enzymes. The group IIC sPLA2 occurs as a non-functional pseudogene in humans but as a functional gene in mice [START_REF] Chen | Cloning, expression and partial characterization of a novel rat phospholipase A2[END_REF]. Group IID, IIE and IIF enzymes are expected to be expressed and functional in both mouse and humans (Valentin et al., 1999b), yet the tissue expression of hGIIE in human tissues is unclear, and likely very unique. Group IIF sPLA2 contains a ~20 amino acid C-terminal extension of unknown function (Valentin, Singer, Ghomashchi, Lazdunski, Gelb, & Lambeau, 2000b). The extension contains a single cysteine that is not involved in an intramolecular disulfide (all other cysteines in all mammalian sPLA2s are involved in disulfides). It is thus possible that group IIF forms a disulfide with itself (homodimer) or with a different protein, or is post-translationally modified on the cysteine, but evidence for this is lacking. Group V sPLA2 lacks the structural features of both group I and II sPLA2s, i.e. it lacks the group II specific Cterminal extension and the group I and II specific disulfide. Opposedly, group X sPLA2 has most of the structural features of both group I and II sPLA2s, with a propeptide, the group II specific C-terminal extension and the group I and II specific disulfides [START_REF] Cupillard | Cloning, chromosomal mapping, and expression of a novel human secretory phospholipase A2[END_REF]. Group IB and X sPLA2s have short N-terminal propeptides and are thus produced as enzymatically inactive zymogens that require proteolysis for generation of the active sPLA2 enzyme [START_REF] Murakami | A new era of secreted phospholipase A₂[END_REF]. In the case of group IB pancreatic sPLA2, trypsin is the physiologically relevant activator for enzyme generation in the digestive tract and plasmin may be relevant in some other tissues like lung [START_REF] Abita | Zymogenenzyme transformations. On the mechanism of activation of prophospholipase A[END_REF]; the protease(s) responsible for group X activation is not known with certainty, but proprotein convertases like furin are candidates [START_REF] Jemel | Group X secreted phospholipase A2 proenzyme is matured by a furin-like proprotein convertase and releases arachidonic acid inside of human HEK293 cells[END_REF]. Group III sPLA2 contains long N-and C-terminal extensions of unknown function (Valentin, Ghomashchi, Gelb, Lazdunski, & Lambeau, 2000a). These extensions may correspond to prodomains removed by proteases from the proprotein convertase family, but direct evidence is lacking. The central sPLA2 domain is similar to the group III enzyme from honeybee venom. Groups XIIA and XIIB sPLA2 are structurally similar to each other but have very limited sequence similarity to other mammalian sPLA2s (Gelb, Valentin, Ghomashchi, Lazdunski, & Lambeau, 2000). Interestingly, group XIIB is naturally enzymatically inactive owing to the replacement of the active site histidine of the His-Asp catalytic diad with a leucine.

Other phospholipase-inactive proteins with similar primary structure to sPLA2s include the otoconins which are exclusively expressed in inner ears, are devoid of enzymatic activity and are major protein components of otoliths [START_REF] Wang | Otoconin-90, the mammalian otoconial matrix protein, contains two domains of homology to secretory phospholipase A2[END_REF].

The functions of each of the mammalian sPLA2s is under active investigation. It is clear that they are differentially expressed in mammalian cells and thus do not have redundant functions. Reviews covering the functions of the sPLA2s have been recently published [START_REF] Murakami | A new era of secreted phospholipase A₂[END_REF][START_REF] Murakami | Secreted phospholipase A2 revisited[END_REF]. [START_REF] Eerola | Analysis of expression of secreted phospholipases A2 in mouse tissues at protein and mRNA levels[END_REF][START_REF] Nevalainen | Roles of secretory phospholipases A(2) in inflammatory diseases and trauma[END_REF] .

The protocols described in the current chapter allow for the production of recombinant, fully folded mouse and human sPLA2s, which have been useful in the preparation of polyclonal antisera for each species (for example [START_REF] Degousee | Groups IV, V and X Phospholipases A2in Human Neutrophils[END_REF]), as well as the study of their enzymatic properties (for example, (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a)), their receptor binding properties [START_REF] Rouault | Recombinant production and properties of binding of the full set of mouse secreted phospholipases A2 to the mouse M-type receptor[END_REF], the search for selective inhibitors [START_REF] Oslund | Highly specific and pan-specific inhibitors of mammalian secreted phospholipases A2[END_REF][START_REF] Smart | Inhibition of the Complete Set of Mammalian Secreted Phospholipases A2 by Indole Analogs: A Structure-Guided Study[END_REF] and the discovery of their biological functions (chapter by Murakami and coworkers in this volume). Of importance, these protocols describe the preparation of fully folded and mature sPLA2s, with their wild-type sequence (except for hGIIA with the N1A mutation which has been proved to be without effect on enzymatic activity), and devoid of any additional tags at the N-terminus or C-terminus, which are known to modify the enzymatic properties (especially at the N-terminus of sPLA2s I/II/V/X) and other biological activities. Of note, some sPLA2s exist as natural SNP variants. For example, hGIID exists as two natural SNP variants S60 or G60 [START_REF] Takabatake | A novel polymorphism in secretory phospholipase A2-IID is associated with body weight loss in chronic obstructive pulmonary disease[END_REF].

Strategies for production of recombinant sPLA2s

Most of the sPLA2s were produced by expression of unfolded protein (inclusion bodies) in E. coli using two types of bacterial expression plasmids. In many cases, the sPLA2 was produced as a fusion protein with a truncated glutathione-S-transferase protein (8.7 kDa, pAB3 plasmid) (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a;Valentin, Ghomashchi, Gelb, Lazdunski, & Lambeau, 1999a) and with insertion of a factor Xa cleavage site (IEGR) right before the mature sPLA2.

This cleavage site allows the use of either factor Xa or trypsin to cleave the fusion protein. In most cases, the sPLA2 is quite resistant to trypsin digestion (i.e. under mild conditions like cleavage at room temperature and at a ratio of 1/300 to 1/1000 (trypsin/sPLA2)) and this latter is used to cleave the fusion protein and release the native-length sPLA2. Trypsin also has two additional advantages over factor Xa. It allows the removal of misfolded sPLA2 conformers which are more sensitive to trypsin than the fully folded sPLA2 and trypsin can be used in the presence of urea but not guanidine as denaturant to help cleavage when the IEGR clevage site is buried. On the other hand, factor Xa can be used when the sPLA2 is very sensitive to trypsin (like for hGXIIA sPLA2). The use of this pAB3 plasmid virtually guarantees high level protein expression in bacteria. In some cases, when the natural N-terminal amino acid of the sPLA2 is a glycine (hGIID, mGIID, hGV, mGV, hGX, mGX) [START_REF] Jemel | Group X secreted phospholipase A2 proenzyme is matured by a furin-like proprotein convertase and releases arachidonic acid inside of human HEK293 cells[END_REF][START_REF] Rouault | Recombinant production and properties of binding of the full set of mouse secreted phospholipases A2 to the mouse M-type receptor[END_REF][START_REF] Singer | Interfacial Kinetic and Binding Properties of Complete Set of Human and Mouse Groups I, II, V, X, and XII Secreted Phospholipases A2[END_REF] or when this N-terminal amino acid can be mutated into alanine without a significant loss of enzymatic activity (one example is the hGIIA mutant N1A) (Snitko et al., 1997a), the sPLA2 can be produced using the pET21a plasmid where the Met initiator is directly followed by the mature sPLA2. In this case, the strategy relies on the effective removal of the methionine initiator by the bacterial Met-aminopeptidase right after translation of the sPLA2 and before the protein starts to precipitate as an inclusion body. This removal is tightly controlled by the nature of the amino acid following the Met initiator and glycine is the preferred amino acid [START_REF] Hirel | Extent of N-terminal methionine excision from Escherichia coli proteins is governed by the side-chain length of the penultimate amino acid[END_REF]. Here, mass spectrometry analysis of the dissolved inclusion body is critical to verify the effective cleavage of the Met initiator before attempting to refold the sPLA2, as it will not be possible to remove the Met initiator later on. For some sPLA2s, we found the two forms of the sPLA2, with and without the Met initiator, depending on the sPLA2, the bacterial strain used and the level of overexpression.

In this case, refolding can still be performed starting from the two variants, but they will need to be separated by high resolution HPLC to get the final pure mature sPLA2 (see example for hGX [START_REF] Jemel | Group X secreted phospholipase A2 proenzyme is matured by a furin-like proprotein convertase and releases arachidonic acid inside of human HEK293 cells[END_REF]). In a few cases, bacterial expression was problematic and we resorted to expression in insect cells (S2 cells) or mammalian cells (HEK293 cells). Table 1 gives the expression plasmid and expression cell type for each sPLA2 produced using the detailed protocols given below.

In the cases where bacterial inclusion bodies were produced, the latter were solubilized in denaturant and all cysteines were reduced and sulfonated by treatment with the Thannhauser reagent (see protocols below). The protein was allowed to refold in vitro at lower concentrations of denaturant and in the presence of sulfhydryl reagents and oxidants (dissolved O2) allowing removal of the sulfonate groups and intramolecular disulfide bond formation. Of importance, the refolding buffer and all subsequently used buffers and HPLC solvents also contained 5 mM Lmethionine to prevent oxidation of sPLA2 methionines. A substantial amount of protein remained unfolded and typically remained insoluble (removed by centrifugation) or was misfolded, either insoluble or soluble; however, milligram quantities of pure sPLA2s are obtained in the end owing to a large amount of inclusion body protein available from bacterial expression, optimized refolding procedures for each sPLA2 and HPLC purification with shallow gradients to separate fully folded and misfolded enzymes.

Growth of bacteria

Bacteria (BL21(DE3)pLysS, Novagen) were transformed with the appropriate sPLA2 expression plasmid (pAB3 or pET21a) and the ampicillin resistant bacteria were grown in Luria Broth (1 L culture in 2 L Erlenmeyer flask) with orbital shaking at ~250 rpm at 37 °C. Note that we routinely observed that pAB3 vectors produced more sPLA2 protein (as inclusion body) than pET21a vectors. Accordingly, we usually scaled up the culture volume for pET21a. When the OD600 of an aliquot reached ~0.7, IPTG was added to 1 mM, and culturing was continued for 3-4 h. Cells were pelleted by centrifugation at 6,500 rpm in a Beckman GSA rotor for 15-20 min at 4 °C. Culture medium was decanted, and bacteria cell pellets were stored at -80 °C until processed. To make sure that the sPLA2 protein was induced and is present in the cell pellet, a small spatula tip of the cell pellet can be dissolved in Laemmli loading buffer and analyzed by SDS-PAGE, along with a control lane using bacteria not induced with IPTG.

Isolation of inclusion body

The frozen cell pellet was thawed and resuspended in cold resuspension buffer (50 mM Tris-HCl, pH 8.0, 50 mM NaCl, 1 mM EDTA, 0.5 mM freshly added PMSF (from a stock in ethanol)) containing 0.4% (v/v) Triton X-100 and 0.4% (w/v) sodium deoxycholate. For the pellet from 1 L of bacterial culture, 50 mL of the resuspension buffer was used. Depending on the type of bacteria used, cells can be resuspended in resuspension buffer containing 10 mM MgCl2, lysozyme (0.1 mg/ml) and DNase I (0.1 mg/ml). The suspension was stirred on ice for 20 min in a beaker. With cooling on ice, the suspension was sonicated for 15 cycles (15 sec on/15 sec off) at power setting 8 using a Heat Systems Ultrasonics Inc. Model W-225 sonicator with a 1.25 cm diameter probe. Alternatively, lysis can be made with a French press. The mixture was then centrifuged at 4 °C for 10 min at 10,000 rpm in a Beckman GSA rotor. Tared centrifuge bottles were used so that the final weight of inclusion body pellet could be determined. The supernatant was decanted, and 50 mL of cold resuspension buffer with 0.8% (v/v) Triton X-100 and 0.8% (w/v) sodium deoxycholate was added to the pellet. The suspension was stirred on ice for 20 min and then sonicated and centrifuged as above. The pellet was stirred at room temperature for 20 min in 50 mL of resuspension buffer containing 1% (v/v) Triton X-100. After centrifugation as above, the pellet was stirred for 20 min at room temperature in 50 mL of resuspension buffer without detergent and then centrifuged as above. After decantation, the bottles were weighed to determine the weight of wet inclusion body pellet. The pellets were stored at -80 °C until processed. Typically 200 mg of sPLA2 protein as inclusion body was obtained with the pAB3 plasmid per liter of bacterial culture and about 50 mg with the pET21a plasmid, but yields depend on the sPLA2 species produced.

Preparation of sulfonated protein

The inclusion body pellet (typically 50-100 mg of sPLA2 protein) was dissolved in 35 ml of 6 M Guanidine-HCl, 0.3 M Na2SO3, 50 mM Tris-HCl, pH 8.0 and was stirred in a beaker using a magnetic stir bar at room temperature for 30-45 min. In the case of difficult to solubilize pellets, the sPLA2 protein can be further dissolved by sonication and dounce. The solution should appear slightly brown. Thannhauser reagent [START_REF] Thannhauser | Sensitive quantitative analysis of disulfide bonds in polypeptides and proteins[END_REF]was added to a final concentration of 15 mM (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a) and the solution was stirred at room temperature for at least 1 h to overnight, or until the solution turned from dark orange to faint yellow.

Sulfonated protein was clarified from the remaining insoluble impurities by centrifugation at 10,000 rpm in a Beckman GSA rotor at 4 °C for 20 min. The supernatant containing the soluble sulfonated protein was extensively dialyzed against 8 L of 0.1% acetic acid at 4 °C (6-8 kDa dialysis tubing) for 2-3 h, then overnight with fresh acetic acid. The solution turns from yellow to white and the protein precipitates as a dense flocculated white powder. The precipitate was collected by centrifugation at 10,000 rpm in a Beckman GSA rotor at 4 °C for 20 min. The pellet of sulfonated protein can be placed in a dessiccator hooked up to a vacuum pump (lyophilizer can be used instead as a vacuum source), dried overnight at room temperature, then stored at -80 °C until further processed.

Preparation of hGIB

Inclusion body protein was prepared and sulfonated as described above from a hGIB/pAB3 vector. The sulfonated protein (80-100 mg) was dissolved in 200-250 mL of 6 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0 at room temperature by stirring. Any remaining insoluble protein was removed by centrifugation at 14,000 g for 15 min at 4 °C and the supernatant was used for refolding. Dialysis tubing (6-8 kDa MW cutoff, SpectraPor) was filled with the protein solution and dialyzed against 7 L of pre-chilled 0.9 M guanidine-HCL, 50 mM Tris-HCl, pH 8.0, 5 mM freshly added L-cysteine, 5 mM EDTA, 5 mM L-methionine (to avoid oxidation of the sPLA2 methionines) and 5 mM SB12 detergent (N-Dodecyl-N,N-dimethyl-3-ammonio-1propanesulfonate, Sigma 40232) at 4 °C with magnetic stirring. The next day, the enzymatic activity of a small aliquot was checked with the pyrene-PG assay, and it was checked again in the afternoon. If the activity was increasing, the dialysis was continued until the pyrene-PG activity stopped increasing (~1-2 days). The dialysis bag was transferred into 6.5 L of trypsin buffer (50 mM Tris-HCl, pH 8.0, 100 mM NaCl, 1 mM CaCl2 with 5 mM SB12 detergent), and dialysis was continued at 4 °C overnight. The bag contents were transferred to a centrifuge bottle, which was spun at 15,000 g for 20 min at 4 °C to pellet any insoluble material.

The supernatant was tested for trypsinization by placing 0.1-0.2 mL of solution into each of 5 tubes. To each of the 5 tubes, trypsin (Sigma Cat. T-1426 or T1005) was added in 1-2 µL of water to give 0.0, 0.25, 0.5, 1, and 1.5 µg/mL. The tubes were incubated at room temperature for 1.5 h, and the enzymatic activity was checked every 20 min with the pyrene-PG assay. The trypsin concentration that gave the highest activity was chosen for large scale trypsinization.

Trypsin solution (1-2 µg/µL in water) was added dropwise to a large volume of refolded protein solution over 1-2 min with magnetic stirring. The sample was incubated for 60-90 min, and activity was checked with pyrene-PG every 20-30 min until it stopped increasing. PMSF (Sigma Cat. p7626) in ethanol was added to give 0.5 mM, and the pH was lowered to 2-3 with dilute acetic acid. The solution was kept at 4 °C prior to HPLC. The protein solution was centrifuged at 15,000 g for 20 min at 4 °C to pellet any insoluble material. The supernatant was filtered through a 0.45 micron syringe cartridge filter unit, and the filtrate corresponding to 20-25 mg sulfonated protein was loaded (using the pump directly) onto the HPLC column (Vydac 218TP1010, C18, 1

x 25 cm, 10 micron, 300 Å) preequilibrated in solvent A (water, 0.08% trifluoroacetic acid). The column was washed with ~1 column volume of solvent A before starting a linear gradient from 0 to 25% solvent B (acetonitrile, 0.08% trifluoroacetic acid) over 40 min and from 25% B to 60% B over the next 110 min at a flow rate of 1.5 mL/min. The sPLA2 elutes as a sharp peak at about 49 min. Combined HPLC fractions were diluted with water to reduce the acetonitrile to 15-20%, and the protein was lyophilized to give a white powder. In more recent refolding assays, hGIB was also produced from the pET21a vector with similar yield and no need for trypsin treatment.

Preparation of mGIB

mGIB sPLA2 can likely be produced in E. coli as above for hGIB, but this enzyme was originally produced in insect cells as follows (Cupillard, Mulherkar, Gomez, Kadam, Valentin, Lazdunski, & Lambeau, 1999a). The full-length cDNA including the prepropeptide sequence was subcloned into the baculovirus transfer vector pVL 1392 and transfected into Spodoptera frugiperda cells (Sf9; ATCC CRL 1711) using the BaculoGoldTM transfection kit (Pharmingen). After two rounds of virus amplification into Sf9 cells, Trichoplusia ni High Five insect cells (Tn5) were used for the production of a recombinant sPLA2, since preliminary experiments have shown a 3fold higher yield of sPLA2 production compared with Sf9 cells. Furthermore, preliminary experiments indicated that infection of cells with mGIB baculovirus in growth medium containing fetal bovine serum resulted in the secretion of a mixture of proenzyme and mature forms of mGIB, since the sPLA2 activity of cell supernatant can be increased by the addition of trypsin, while fully activated mGIB was recovered from supernatant of cells that were cultivated in protein-free Insect-Xpress medium (BioWhittaker). Large scale sPLA2 productions were thus performed with Tn5-infected cells (2.106 cells/ml) grown in spinner culture bottles in proteinfree Insect-Xpress medium for 5 days. Cell-free supernatants of infected cells (1 L) were diluted twice in 1% (v/v) acetic acid and incubated batchwise for 2 h, at 4 °C, and under continuous agitation with 150 mL of SP Sephadex C-25 gel (Amersham Pharmacia Biotech), which had been preequilibrated with 1% acetic acid. The gel was washed with 1% acetic acid and 1% acetic acid containing 100 mM ammonium acetate. Bound proteins were then eluted stepwise with 1% acetic acid containing 350 mM ammonium acetate. sPLA2 containing fractions were lyophilized and applied to a C18 reverse phase HPLC column (Beckman, 10 x 250 mm, 19.6 mL, 5 µm, 100 Å). Elution was performed using an acetonitrile linear gradient in 0.1% trifluoroacetic acid, 10-60% acetonitrile for 40 min at a flow rate of 4.5 mL/min. The peak containing sPLA2 activity was lyophilized and applied to the Spherogel TSK SP-5PW HPLC column (TosoHaas, 10 µm, 75 x 7.5 mm, 3.3 mL) equilibrated in acetic acid 1% (v/v) and eluted using a linear gradient of ammonium acetate (0-2 M, pH 6.8 in 70 min). The sPLA2 peak was finally applied on a C18 Nucleosil reverse phase HPLC column (Macherey-Nagel, 4.6 x 250 mm, 4.2 mL, 5 µm, 300 Å) that was eluted using an acetonitrile linear gradient in 0.1% trifluoroacetic acid, 15-25% acetonitrile for 10 min followed by 25-45% acetonitrile for 100 min at 1 mL/min. Combined fractions were diluted with water to reduce the acetonitrile concentration to about 15-20%, and the solution was lyophilized to give a white powder.

Preparation of hGIIA

hGIIA was prepared in the pET21a vector as a N-terminal mutant, N1A, allowing the removal of the N-terminal methionine (see above) (Snitko, Yoon, & Cho, 1997b). In one protocol, inclusion body protein was prepared and sulfonated as above. However, the protein can also be refolded as a non sulfonated protein with similar yield as follows. Inclusion body protein from 1 L of bacterial culture was stirred for 3 h at room temperature in 25 mL of 50 mM Tris, pH 8.0, 50 mM NaCl, 1 mM EDTA, 0.5 mM PMSF (freshly added), 6 M guanidine-HCl, 5% bmercaptoethanol. The mixture was centrifuged at 14,000 g for 15 min at 4 °C. The clarified supernatant was dialyzed against 2 L of 25 mM Tris, pH 8.0, 5 mM CaCl2, 5 mM L-cysteine, 0.9 M guanidine-HCl, 5 mM L-methionine over 2-3 days at 4 °C with 3 changes of buffer. sPLA2 activity was monitored with the pyrene-PG assay. The solution was centrifuged as above, and the supernatant was dialyzed against 2.5 L of 20% acetonitrile, 0.08% trifluoroacetic acid for 3-4 h at 4 °C and then against 2.5 L of the same solvent overnight at 4 °C. The dialyzed protein was centrifuged as above, and the clear supernatant was diluted with an equal volume of solvent A (water, 0.08% trifluoroacetic acid). The solution was filtered through a 0.45 micron syringe cartridge filter, and the filtrate was loaded onto the C18 Vydac HPLC column (see above for hGIB). The solvent program was 0% solvent B (acetonitrile, 0.08% trifluoroacetic acid) to 60% B over 60 min with a flow rate of 1.5 mL/min. The sPLA2 elutes as a sharp peak at 40 min.

Combined fractions were lyophilized to give a white powder. hGIIA was also produced as a wild type protein (N-terminal is asparagine) in insect cells using either the Sf9/baculovirus system (Cupillard, Mulherkar, Gomez, Kadam, Valentin, Lazdunski, & Lambeau, 1999a) or Drosophila S2 cells (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a).

Preparation of mGIIA

The sulfonated protein (80-100 mg, prepared from a pAB3 vector), was dissolved in 200-250 mL of 6 M guanidine-HCL, 50 mM Tris-HCl, pH 8.0 at room temperature by stirring for at least 1 hour. The protein was refolded and trypsinized as described for hGIB (see above).

The protein solution was filtered through a 0.45 micron syringe filter unit, and the filtrate loaded onto the C18 Vydac HPLC column (see above for hGIB) preequilibrated in solvent A (water, 0.08% trifluoroacetic acid). The column was washed with ~1 column volume of solvent A, before starting a linear gradient from 0 to 30% solvent B (acetonitrile, 0.08% trifluoroacetic acid) over 40 min at a flow rate of 1.5 mL/min. Over the next 90 min, the solvent increased from 30% to 60% B. The sPLA2 elutes as a sharp peak at about 45 min. Combined HPLC fractions were lyophilized to give a white powder. mGIIA was also produced in Sf9/baculovirus and Drosophila S2 cells as an alternative to the E. coli expression system described above with similar yields (Cupillard, Mulherkar, Gomez, Kadam, Valentin, Lazdunski, & Lambeau, 1999a;[START_REF] Rouault | Recombinant production and properties of binding of the full set of mouse secreted phospholipases A2 to the mouse M-type receptor[END_REF].

Preparation of mGIIC

hGIIC is a non-functional pseudogene, but the mouse genome contains a functional group IIC sPLA2 gene. Recombinant mGIIC was produced in Drosophila S2 cells. The cells were grown at 24-27 °C in HyClone SFX-insect cell culture medium supplemented with 1% fetal bovine serum and antibiotic-antimycotic cocktail from ThermoFisher Scientific (Gibco #15240062). Cells were transfected using the calcium phosphate method. The calciumphosphate-DNA precipitate was incubated with cells for 4 h, after which the cells were washed by centrifugation and incubated in fresh medium. Two days after transfection, 2 mg/ml G418 sulfate was added to the cell culture medium to select for stably transfected cells. Fresh selection medium was added every 4-5 days and selection lasted for at least 3 weeks. mGIIC expression was examined by measuring membrane-bound and soluble sPLA2 activity present in cell medium, as described previously for hGIIA produced in Sf9 insect cells (Cupillard, Mulherkar, Gomez, Kadam, Valentin, Lazdunski, & Lambeau, 1999b). sPLA2 activity was measured using labeled E. coli membranes as substrate. For these assays, cells were plated at 3x10 6 cells/ml in 24-well plates and induced the day after with 500 µM CuSO4 for 3-7 days. For large-scale production, stably transfected cells were seeded into 500 mL of complete medium in 2 L spinner culture flasks. Cells were induced at a density of 3-4x10 6 cells/mL with 500 µM CuSO4 for up to 7 days, after which cells were pelleted and the medium containing sPLA2 activity was collected.

Unlike mGIIA and mGIID, no cell-associated sPLA2 activity was found for mGIIC. To purify mGIIC, 2 L batches of cell medium were diluted to 4 L with 1% acetic acid and loaded onto 500 mL of Sephadex SPC-25 gel (Amersham Biosciences) which had been equilibrated with 1% acetic acid and poured into a 500 mL glass-sintered funnel. The gel was washed with 1 L of 1% acetic acid and 1 L of 1% acetic acid containing 400 mM ammonium acetate. Bound proteins were eluted with 4 L of 1% acetic acid containing 1.5 M ammonium acetate. Fractions of 500 mL were collected and assayed for sPLA2 activity using the E. coli assay. sPLA2-containing fractions were concentrated to 30 mL by ultrafiltration using an Amicon stirred cell concentrator with a YM-10 membrane, and the buffer was exchanged with 1% acetic acid containing 10% acetonitrile. The resulting fraction was filtered on 0.45 µm hydrophilic PVDF membrane filters (Millipore #SLHVBZ5NZ) and loaded onto a Spherogel TSK SP-5PW column (see above for mGIB) equilibrated in 1% acetic acid with 200 mM ammonium acetate and 10% acetonitrile.

The column was eluted at 8 mL/min using a linear gradient of ammonium acetate (from 0.2 to 2 M, at pH 6.8, over 90 min) in 10% acetonitrile. Fractions containing sPLA2 activity were pooled, lyophilized, resuspended in 10% acetonitrile and 0.1% trifluoroacetic acid, and applied to C18 Beckman HPLC column (see above for mGIB). Elution was performed at 4 mL/min using a water/acetonitrile gradient in 0.1% trifluoroacetic acid (from 10 to 20% over 10 min and from 20 to 40% over 60 min). mGIIC eluted at 39% acetonitrile and was recovered as a pure protein after lyophilization. As previously found for hGIID (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a), mGIIC sPLA2 was found to be glycosylated and was produced as a homogeneously glycosylated protein with a molecular mass of 15,700 Da corresponding to a sugar moiety of 1,038 Da. N-terminal sequencing and analysis of sPLA2 trypsin digests by MALDI-TOF mass spectrometry showed that the glycosylation occurred only on Asn-72 in mGIIC. To determine the molecular mass of the protein moiety (Table 1), deglycosylation experiments were performed by overnight treatment of 3 µg of purified sPLA2 at 20 °C with 0.5 unit of N-glycosidase F (Sigma Aldrich, original Roche #1365169) in 40 µL of 20 mM NaH2PO4 pH 6.5 and complete mini protease inhibitor cocktail (Sigma Aldrich, original Roche #1836153). The purified sPLA2 was lyophilized to give a white powder.

Preparation of hGIID

The sulfonated protein (80-100 mg, prepared from a pAB3 vector) was dissolved in 80-100 mL of 8 M urea, 50 mM Tris-HCl, pH 8.0, 0.1 M NH4Cl, 5 mM calcium chloride, 0.5 M L-arginine, 2.5 M glycerol, 5 mM L-methionine at room temperature by stirring. Dialysis tubing (6-8 kDa MWCO, SpectraPor) was filled with protein solution and dialyzed against 2-2.5 L of pre-chilled 1.6 M urea, 50 mM Tris-HCl pH 8.0, 0.1 M NH4Cl, 5 mM CaCl2, 8 mM L-cysteine, 0.5 M Larginine and 2.5 M glycerol at 4 °C without changing the buffer. The next day the enzymatic activity of a small aliquot was checked with the pyrene-PG assay, and it was checked again in the afternoon. If the activity was increasing, the dialysis was continued until the Pyrene-PG activity stopped increasing (~2 days). The bag contents were transferred to a centrifuge bottle, which was spun at 15,000 g for 20 min at 4 °C to pellet any insoluble material. The supernatant was dialyzed against modified trypsin buffer, 50 mM Tris-HCl, pH 8.0, 1 mM CaCl2, 0.1 M NaCl, 0.25 M L-arginine, 1.25 M glycerol and 0.1 M NDSB-201 (Fluka 82804), at 4 °C for overnight. The protein solution was cleared at 15,000 g for 20 min at 4 °C to remove any insoluble material. The sPLA2 was trypsinized as described for hGIB with the exception of allowing the protein to be digested for 4-5 h with up to 3 µg trypsin/mL refolded protein. The enzymatic activity of small aliquot was checked with pyrene-PG assay at various time points.

The amount of trypsin giving the highest enzymatic activity was chosen for large scale digestion.

The protein solution was spun at 15,000 g for 20 min at 4 °C to pellet any insoluble material. The supernatant was filtered through a 0.45 micron syringe filter unit, and the filtrate corresponding to about 20-30 mg of originally sulfonated protein was loaded onto the C18 Vydac HPLC column (see above for hGIB), preequilibrated in solvent A (water, 0.08% trifluoroacetic acid). The column was washed with ~1 column volume of solvent A, before starting the linear gradient from 0 to 20% B (acetonitrile, 0.08% trifluoroacetic acid) over 10 min and from 20% B to 80% B over the next 80 min at 1.5 mL/min. Protein elutes at ~40 min. The peak of sPLA2 was repurified with the same gradient program to obtain fully pure sPLA2. The combined purified protein was lyophilized as white powder.

hGIID exists as two natural SNP variants at the amino acid position 60 (S60 or G60). The G60 variant was produced in E. coli (above) while the S60 variant was produced in S2 cells (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a).

Preparation of mGIID

The sulfonated protein (80-100 mg, prepared from a pAB3 vector) was dissolved in 200-250 mL of 6 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0 at room temperature by stirring. The protein was refolded and trypsinized as described for hGIB.

After trypsinization, the solution was centrifuged at 15,000 g for 20 min at 4 °C to remove insoluble material. The supernatant was filtered through a 0.45 micron syringe filter unit, and the filtrate corresponding to 20-30 mg sulfonated protein was directly pumped onto the C18 Vydac HPLC column (see above for hGIB) pre-equilibrated in solvent A (water, 0.08% trifluoroacetic acid). The column was washed with ~1 column volume of solvent A, before starting a linear gradient from 0 to 20% solvent B (acetonitrile, 0.08% trifluoroacetic acid) over 20 min at a flow rate of 1.5 mL/min. Elution continued with a linear gradient from 30 to 60% B over 110 min. The sPLA2 elutes as a sharp peak at ~28 min. Combined HPLC fractions were pooled and lyophilized to give a white powder.

Because of a putative N-glycosylation site previously found on Asn-80 of mGIID [START_REF] Valentinis | Growth and differentiation signals by the insulin-like growth factor 1 receptor in hemopoietic cells are mediated through different pathways[END_REF], we also expressed mGIID in Drosophila S2 cells and found that this sPLA2 is not glycosylated in this expression system [START_REF] Rouault | Recombinant production and properties of binding of the full set of mouse secreted phospholipases A2 to the mouse M-type receptor[END_REF].

Preparation of hGIIE

The sulfonated protein (80-100 mg, prepared from a pAB3 vector) was dissolved in 200-250 mL of 6 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0 at room temperature by stirring. The protein was refolded and trypsinized as described for hGIB. The protein solution was spun at 15,000 g for 20 min at 4 °C to pellet any insoluble material. The supernatant was filtered through a 0.45 micron syringe cartridge filter unit, and the filtrate corresponding to 20-30 mg sulfonated protein was loaded (using the pump directly) onto the C18 Vydac HPLC column (see above for hGIB) preequilibrated in 10% B (acetonitrile, 0.08% trifluoroacetic acid). The column was washed with ~1 column volume of solvent A (water, 0.08% trifluoroacetic acid), before starting a linear gradient from 10% B to 30% B in 20 min and 30% B to 45% B over the next 110 min.

The sPLA2 elutes at ~45 min. The combined sPLA2 peak was lyophilized as white powder.

Preparation of mGIIE

The sulfonated protein (80-100 mg, prepared from a pAB3 vector) was dissolved in 200-250 mL of 6 M guanidine-HCl, 50 mM Tris-HCL, pH 8.0 at room temperature by stirring. The protein was refolded and trypsinized as described for hGIB. The protein solution was centrifuged at 15,000 g for 20 min at 4 °C to pellet any insoluble material. The supernatant was filtered through a 0.45 micron syringe filter unit, and the filtrate corresponding to 20-30 mg sulfonated protein was loaded (using the pump directly) onto the C18 Vydac HPLC column (see above for hGIB) preequilibrated in solvent A (water, 0.08% trifluoroacetic acid). The column was washed with ~1 column volume of solvent A before starting a linear gradient from 10 to 30% solvent B (acetonitrile, 0.08% trifluoroacetic acid) over 20 min at a flow rate of 1.5 mL/min, then 30% B to 45% B over the next 110 min. The sPLA2 elutes as a sharp peak at about 49 min. Combined HPLC fractions were pooled and lyophilized to give a white powder.

Preparation of hGIIF

A particular feature of hGIIF and mGIIF sPLA2 is the presence of a 23 amino acid Cterminal extension containing an extra cysteine, in addition to the typical group II-specific Cterminal extension of 7 residues (Fig. 1). The presence of this odd cysteine raises the possibility that endogenous hGIIF and mGIIF sPLA2 occurs as a covalent homodimer or a heterodimer with an unknown protein partner or has a special post-translational modification on this cysteine. The C-terminal extension also contains several proline and acidic residues which may participate in its enzymatic properties [START_REF] Wijewickrama | Unique Membrane Interaction Mode of Group IIF Phospholipase A2[END_REF]. We have thus produced recombinant hGIIF sPLA2 with (WT) and without the C-terminal extension (hGIIF ∆Cter). Sulfonated hGIIF fusion protein (80-100 mg, prepared from a pAB3 vector) was dissolved to 10 mg/mL in 6 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0 (this and all subsequently used buffers and HPLC solvents also contained 5 mM L-methionine to prevent oxidation of protein methionines), by stirring for 2 h at room temperature or overnight at 4 °C.

The sample was centrifuged at 4 °C at 12,000 rpm for 20 min to remove undissolved protein.

Four mL of protein solution was added dropwise (~1 drop/s) to 2 L of refolding buffer (50 mM Tris-HCl, pH 8.0, 0.9 M guanidine-HCl, 10 mM CaCl2, 8 mM freshly added cysteine, 5 mM Lmethionine, 30% acetonitrile (by volume), acetonitrile added last to buffer preadjusted to pH 8.0)

with stirring in an Erlenmeyer flask at room temperature. Stirring was continued for a few min, and the solution was kept at room temperature without stirring until the sPLA2 activity reached a maximum (~2-3 days). The volume of the solution was reduced to 1.4 L by rotary evaporation at 30 °C. Lauryl sulfobetaine was added to a concentration of 5 mM followed by the addition of 14 mL of 100 mM L-methionine (previously filtered through a 0.45-µm syringe filter). The solution was concentrated to 40-50 mL in an ultrafiltration cell (Amicon, YM-10 membrane) with stirring under 30-40 psi of N2 pressure. The solution was dialyzed against trypsin buffer (50 mM Tris-HCl, pH 8.0, 100 mM NaCl, 1 mM CaCl2, 5 mM L-methionine) at 4 °C, three cycles, each with 40 volumes of buffer. Trypsin was added to a final concentration of 0.2 µg/mL, and the sample was left at room temperature overnight. PMSF was added to a final concentration of 0.5 mM, and the solution was filtered through a 0.45-µm nylon HPLC solvent filter. An aliquot (12.5 mL) was pumped onto the Vydac reverse phase HPLC column (see above for hGIB, preequilibrated with 20% acetonitrile, 0.1% trifluoroacetic acid) at 3 mL/min. The column was washed with 15 mL of solvent A (water, 0.1% trifluoroacetic acid) followed by a gradient of 0-6.3% B (acetonitrile, 0.1% trifluoroacetic acid) in 2 min, then to 27.5% B in 42 min, then to 100% B in 4 min. hGIIF (i.e. recombinant hGIIF with its C-terminal cysteine disulfide linked to the cysteine amino acid from the refolding buffer) elutes at ~36 min. The purified protein solution was neutralized by adding Tris to a final concentration of 20 mM (10 µl of 2 M Tris/mL of HPLC fraction), and lauryl sulfobetaine was added to a concentration of 5 mM. The sample was concentrated in a Centriprep-10 (Amicon) and then dialyzed against 40 volumes of 10 mM Tris, 0.1 mM DTT, pH 8.0, at 4 °C for one cycle and then 40 volumes of 10 mM Tris-HCl, pH 8.0, for two cycles. The protein solution was stored at -20 °C. To ensure complete removal of buffer L-cysteine that may be disulfide-linked to the hGIIF cysteine residue in its C-terminal extension, 0.64 mg of hGIIF in 1 mL of 20 mM Tris, pH 8.0, was treated with 1 mM DTT for 1 h at room temperature. The sample was diluted to 1.5 mL with 20% B and loaded onto an analytical HPLC column (Supelco Discovery BIO wide pore C5, 5 µm, 4.6 x 250 mm). The column was developed for 5 min in 20% B followed by a gradient to 50% B over 120 min. hGIIF eluted at 69.4 min, and the fraction was diluted with water and lyophilized. The protein was resuspended in 31.5% B, and the solution was loaded onto the same HPLC column. After 5 min at 31.5% B, a gradient to 36.5% acetonitrile and 0.1% trifluoroacetic acid was started. hGIIF eluted at 46.3 min and was lyophilized.

hGIIF∆Cter was refolded as follows. Sulfonated hGIIF∆Cter protein (80-100 mg, prepared from a pAB3 vector) was dissolved at 0.2 mg of protein/mL in 500 mL of 6 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0, and refolded by dialysis against 8 L of 0.7 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0, 5 mM EDTA, 5 mM L-methionine, and 5 mM L-cysteine for 48 h at 4 °C. The refolded protein was dialyzed twice against 8 L of 2 M urea, 0.1 M NH4Cl, 5 mM CaCl2, 50 mM Tris-HCl, pH 8.0. The protein solution was filtered through Sephadex G-50 and subjected to digestion with trypsin (0.025 µg of trypsin/µg of protein) at room temperature. The cleavage of the fusion protein was followed by measuring the increase of sPLA2 activity using E. coli membranes as a substrate. After about 2 h of incubation with trypsin, the reaction was stopped by acidification with 0.1% trifluoroacetic acid, and the mixture was concentrated to 40 mL using an Amicon stirred cell concentrator with a YM-10 membrane. The solution was filtered and loaded directly onto a Beckman C18 HPLC column (see above for mGIB). Elution was performed at 4 mL/min using a linear gradient of solvent B (20-35% over 150 min). Fractions containing sPLA2 activity were lyophilized, dissolved in 23% B, and loaded on a Waters Symmetry Shield C8 column (4.6 x 250, 4.6 mL, 100 Å, 5 µm) equilibrated with the same buffer. hGIIF∆Cter was eluted with a shallow gradient of solvent B (23-35% over 120 min). The hGIIF∆Cter protein was eluted at 92.7 min. Combined fractions were pooled and lyophilized to give a white powder.

Preparation of mGIIF

Sulfonated protein (80-100 mg, prepared from a pAB3 vector) was resuspended in 500 mL of 8 M urea, 50 mM Tris-HCl pH 8.0, 5 mM CaCl2, 0.1 M NH4Cl, and 5 mM L-methionine and refolded by dialysis at 4 °C for 3 days using a 8 kDa membrane tubing (SpectraPor, diameter of 76 mm) against 8 L of 1.6 M urea, 50 mM Tris-HCl pH 8.0, 0.1 M NH4Cl, 5 mM CaCl2, 5 mM L-methionine, and 8 mM L-cysteine. The dialyzed solution (560 mL) was centrifuged at 10,000 g for 30 min to remove aggregates and subjected to digestion by trypsin (1/300 ratio by weight, Sigma T-1005) for 90 min at room temperature. The cleaved mGIIF protein was concentrated by ultrafiltration using an Amicon YM-10 cell membrane, buffer exchanged against 10% solvent B (acetonitrile, 0.1% trifluoroacetic acid), filtered, and then directly loaded onto a C5 semipreparative HPLC column (see above for hGIIF). The elution was performed at 3 mL/min using a gradient of solvent B (10% for 5 min, from 10 to 30% over 20 min, and then from 30 to 35% over 100 min). The mGIIF Cys monomer (i.e. recombinant mGIIF with its C-terminal cysteine disulfide linked to the cysteine amino acid from the refolding buffer) eluted at 32% B and was recovered as a pure protein after lyophilization. If desired, the mGIIF monomer without the additional cysteine from the refolding buffer can be prepared as above for hGIIF.

Preparation of hGIII sPLA2 domain

Both hGIII and mGIII full-length proteins are much larger than the other sPLA2s (Fig. 1, about 55 kDa, (Valentin, Ghomashchi, Gelb, Lazdunski, & Lambeau, 2000a)), and their mRNA predicts a protein consisting of three individual domains, each containing several disulfides (Valentin, Ghomashchi, Gelb, Lazdunski, & Lambeau, 2000a). The central acidic sPLA2 domain is flanked by two N-and C-terminal basic domains which contain putative cleavage sites by proprotein convertases such as furin (Valentin, Ghomashchi, Gelb, Lazdunski, & Lambeau, 2000a). It is unclear whether the GIII sPLA2 is produced as a proenzyme with the N-and Cterminal domains acting as prodomains that need to be cleaved to control and release the catalytically active domain or whether these additional domains play a role in its biological role, for instance by directing the enzyme to target cells and specific substrates after secretion [START_REF] Murakami | Cellular distribution, post-translational modification, and tumorigenic potential of human group III secreted phospholipase A2[END_REF].

Our initial attempts to prepare full-length (~55 kDa) hGIII or mGIII in E. coli and other expression systems including baculovirus/Sf9 and S2 cells were unsuccessful. We then tried to express the isolated hGIII and mGIII sPLA2 domains in E. coli as a ∆GST fusion protein using the pAB3 vector and as a non-fusion Met-sPLA2 protein using the pET21a vector. In all cases, we could not refold in significant yield the sulfonated or the non-sulfonated hGIII and mGIII proteins prepared from inclusion body and using the various above refolding buffers which were successful for the other sPLA2s. This led us to produce both hGIII and mGIII sPLA2 domains in Drosophila S2 cells as secreted proteins (the protocol indicated below for mGIII was also used for hGIII), after fusion of the catalytic domain with the hGIIA signal peptide [START_REF] Rouault | Recombinant production and properties of binding of the full set of mouse secreted phospholipases A2 to the mouse M-type receptor[END_REF]. Both hGIII and mGIII proteins purified from S2 cells were found to be glycosylated at two positions, and as active as many other recombinant sPLA2s. However, the overall yield of production in S2 cells for both hGIII and mGIII was consistently low (about 0.05 mg/L), prompting us to reinvestigate several refolding conditions from inclusion bodies obtained in the E. coli expression system. After several trials, we ended up with the following protocol starting from the sulfonated hGIII sPLA2 domain. Sulfonated hGIII sPLA2 domain (10 mg, from the pET21a vector) was dissolved in 6 mL of 6 M guanidine-HCl, 5 mM L-methionine and refolded by rapid dilution in a refolding buffer (1 L) consisting of 0.9 M guanidine-HCl, 50 mM Tris pH 7.0, 0.8 M L-arginine, 8 mM Lcysteine, 5 mM L-methionine, 1 mM EDTA, and 0.1 M sulfobetaine SB-12 (Sigma-Aldrich, St.

Louis, MO). After 1-3 days of refolding at room temperature, the mixture was concentrated by ultracentrifugation using a YM-10 membrane (EMD Millipore, Billerica, MA). The concentrate was dialyzed against 20% acetonitrile/0.1% trifluoroacetic acid/5 mM L-methionine to remove SB-12. The resulting fraction was filtered on 0.45 µm hydrophilic PVDF membrane filters (Millipore #SLHVBZ5NZ) and submitted to HPLC purification on a C18 Symmetry Shield column (Waters Corp., Milford, MA) using a gradient of 20% to 30% solvent B (acetonitrile, 0.1% trifluoroacetic acid) in 60 min. The sPLA2 eluted at ~40 min. Combined fractions were lyophilized to give a white powder.

Preparation of mGIII sPLA2 domain

Recombinant mGIII sPLA2 domain was produced in Drosophila S2 cells as above for mGIIC but with the following modifications. No cell-associated sPLA2 activity was found for the mGIII sPLA2 domain and most of the sPLA2 activity was present in the clarified cell-free culture medium. To purify the mGIII sPLA2 domain, 2 L batches of cell medium were diluted with 2 L of water, adjusted to pH 7.0, and loaded at room temperature onto 300 mL of Q Sepharose fast flow gel (GE Healthcare Life Sciences) poured into a 500 mL glass-sintered funnel and preequilibrated with 20 mM Tris-HCl pH 8.0. The gel was washed with 1 L of 20 mM Tris-HCl pH 8.0 and then with 1 L of 20 mM Tris-HCl pH 8.0 and 0.5 M NaCl. Interestingly, the mGIII protein did not elute under these conditions. Bound proteins were eluted stepwise with 1 L of 1% acetic acid, 1 L of a 1% acetic acid/20% acetonitrile/0.5 M NaCl mixture, and finally with 1 L of 1% acetic acid containing 80% acetonitrile. sPLA2-containing fractions were pooled, evaporated with a rotary evaporator to remove acetonitrile, and then concentrated to 30 mL by ultrafiltration using an Amicon stirred cell concentrator with a YM-10 membrane, and the buffer was exchanged with 20 mM Tris-HCl pH 8.0 containing 30% acetonitrile. The sPLA2 was then loaded onto a Spherogel TSK DEAE-5PW column (see above for mGIB) equilibrated in 20 mM Tris-HCl pH 8.0 and 30% acetonitrile. The protein was eluted from the column at 1 mL/min using a linear gradient of NaCl (from 0 to 1 M over 70 min) in 20 mM Tris-HCl pH 8.0 and 30% acetonitrile. Fractions containing sPLA2 activity were pooled, diluted to 20% acetonitrile and 0.1% trifluoroacetic acid, and applied to a C8 Symmetry Shield HPLC column (see above for hGIIF). Elution was performed at 1 mL/min using a water/acetonitrile gradient in 0.1% trifluoroacetic acid (from 20 to 30% over 20 min and from 30 to 40% over 100 min). The mGIII sPLA2 domain eluted as a broad peak at 37% acetonitrile and was recovered as a pure protein after lyophilization. As previously found for hGIID (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a), the recombinant mGIII sPLA2 domain was heterogeneously glycosylated with measured molecular masses of 17,989.91 (major peak),18,192.01 (minor peak),and 18,315.74 Da (minor peak). The ∆mass between the major peak and the calculated sequence of the mGIII sPLA2 domain suggests that the protein is glycosylated at two sites, each with a sugar moiety of 1038 Da. N-terminal sequencing and analysis of sPLA2 trypsin digests by MALDI-TOF mass spectrometry showed that the glycosylation occurred on both Asn-18 and Asn-131 in the mGIII sPLA2 domain. To determine the molecular mass of the protein moiety (Table 1), deglycosylation experiments were performed by overnight treatment of 3 µg of purified sPLA2 at 20 °C with 0.5 unit of Nglycosidase F (Sigma Aldrich, original Roche #1365169) in 40 µL of 20 mM NaH2PO4 pH 6.5 and complete mini protease inhibitor cocktail (Sigma Aldrich, original Roche #1836153). The purified sPLA2 was lyophilized to give a white powder.

Preparation of hGV

The sulfonated protein (40 mg, prepared from a pET21a vector) was dissolved at 10 mg/mL in 6 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0 by stirring for 2-3 h at room temperature or overnight at 4 °C. The protein solution was spun at 15,000 g for 20 min at 4 °C to pellet any insoluble material. The cleared solution was added into 2 L of refolding buffer (50 mM Tris-HCl, pH 8.0, 0.9 M guanidine-HCl, 10 mM CaCl2, 5 mM freshly added L-cysteine, 5 mM L-methionine, 30% acetonitrile (V/V)), dropwise at ~1 drop per 1-2 seconds while stirring at room temperature for a few min, then at 4 °C overnight without stirring. The pH of the buffer was adjusted before acetonitrile was added. The enzymatic activity was checked with pyrene-PG assay for 2 days until the activity stopped increasing. Detergent (N-Dodecyl-N,N-dimethyl-3ammonio-1-propanesulfonate, Sigma 40232) at 5 mM final concentration was added to the refolded protein solution and the volume was reduced by rotary evaporation at 30 °C to ~75%, and further concentrated with Amicon stirred cell with a YM-10 membrane (Millipore 13651) to a final volume of 40-50 mL at room temperature. The refolded protein was dialyzed against 2 L of solvent (20% acetonitrile, 0.1% trifluoroacetic acid) at 4 °C overnight with one buffer change after 4-6 h. The protein solution is cleared as before and half of the prep is loaded onto C18 Vydac HPLC column (see above for hGIB) preequilibrated in 20% solvent B (acetonitrile, 0.1% trifluoroacetic acid). The linear gradient program immediately started from 100% A (water, 0.1% trifluoroacetic acid) to 12.5% B in 2 min and to 22.5% B in 32 min and finally to 100% B in 6 min at 3 mL/min. The hGV elutes at ~ 25 min. Protein solution can be stored as is at -20 °C or lyophilized and stored as white powder. The hGV should be resolubilized in 30% solvent B as needed.

Preparation of mGV

Sulfonated protein (40 mg, prepared from a pET21a vector) was dissolved at 4 mg/mL in 6 M guanidine-HCl, 50 mM Tris-HCl pH 8.0 by stirring for 30 min at room temperature. The protein solution was centrifuged at 12,000 rpm (Beckmann SS-34 rotor) for 20 min at 4 °C to remove insoluble material. The supernatant was added dropwise (1 drop per 2-3 sec) to the prechilled refolding buffer (1 volume protein solution per 9 volumes refolding buffer; 0.6 M guanidine-HCl, 50 mM Tris-HCl pH 8.0, 100 mM NaCl, 10 mM CaCl2, 5 mM freshly added Lcysteine, 5 mM L-methionine, 30% acetonitrile (by volume)) at 4 °C with magnetic stirring. The pH of the buffer was adjusted before acetonitrile was added. Stirring was continued for 30 min at room temperature, then at 4 °C overnight without stirring. The next day, the enzymatic activity was checked with the pyrene-PG assay until activity stopped increasing (~30 h). The refolded protein solution was centrifuged as before, and the supernatant was dialyzed overnight at 4 °C against solvent (20 mM Hepes pH 7.5, 100 mM, NaCl, 30% acetonitrile (by volume), pH was adjusted before acetonitrile was added)). The beaker was covered with foil to prevent acetonitrile loss during dialysis. The protein solution was spun again as before to remove the insoluble material. The supernatant was filtered through a 0.45 micron PVDF syringe filter unit and the filtrate corresponding to 10 mg of initial sulfonated protein was loaded on to a cation exchange Spherogel TSK-SP-5PW column (see above for mGIB), pre-equilibrated in solvent A (20 mM Hepes pH 7.0, 30% acetonitrile). The solvent program was from 0% solvent B (20 mM Hepes pH 7.0, 1 M NaCl, 30% acetonitrile) to 33% B over 20 minutes and to 100% B over 10 min at 1 mL/min. The mGV elutes at ~17 min. The sPLA2 peak was collected and diluted with the C18 reverse phase solvent A (water, 0.1% trifluoroacetic acid) to ~10% acetonitrile before being loaded on C18 Vydac column (see above for hGIB). Solvent program was 0-30% B (acetonitrile, 0.08% trifluoroacetic acid) over 20 min and 30-40% B in the next 40 min and finally 40-100% B over 10 min at 1.5 mL/min. The sPLA2 elutes at ~40% B as two close peaks. Electrospray ionization mass spectrometry showed that the peak at 36% B lacks the N-terminal methionine, whereas the nearby peak contains protein containing the N-terminal methionine. The protein without methionine was lyophilized to give a white powder that was stored at -20 °C.

Preparation of hGX

Sulfonated fusion protein (80-100 mg, prepared from a pAB3 vector) was dissolved in 200 mL (~0.4-0.5 mg/mL) of 8 M urea, 50 mM Tris pH 8.5, 0.1 M NH4Cl, 5 mM CaCl2, 5 mM L-methionine. After 20-30 min stirring at room temperature, the solution was placed in dialysis tubing (6-8 kDa MW cutoff) and dialyzed against 7 L of 1.6 M urea, 50 mM Tris pH 8.5, 0.1 M NH4Cl, 5 mM CaCl2, 5 mM L-methionine, 8 mM L-cysteine and 5 mM detergent (N-Dodecyl-N,N-dimethyl-3-ammonio-1-propanesulfonate, Sigma 40232) at 4 °C for 2 days without changing the buffer. The content in the dialysis bag was centrifuged at 10,000 rpm in a Beckman GSA rotor at 4 °C. The supernatant containing refolded protein was trypsinized as described for hGIB. The digested protein solution was cleared by centrifugation as above and concentrated by ultrafiltration (Amicon concentrator with a YM-10 membrane, Millipore 13651) to about 30-40 mL. The protein solution was diluted with 20% acetonitrile, 1% acetic acid, 5 mM L-methionine to give 200 mL, and then concentrated back to 30-40 mL. This step was repeated once to obtain 30-40 mL concentrated protein solution, then the protein solution was centrifuged again and filtered through a 0.45 micron PVDF syringe filter unit before being loaded (one-third to onehalf of the solution) onto a Spherogel TSK-SP-5PW column (see above for mGIB), which was preequilibrated in solvent A (1% acetic acid, 50% acetonitrile, 5 mM L-methionine) at 1 mL/min. The solvent program started from 0% B (25 mM ammonium acetate, pH 6.8, 0.5 M NaCl, 50% acetonitrile, 5 mM L-methionine) to 70% B over 140 min at 1 mL/min. The hGX protein eluted as a sharp peak at ~50 min. The hGX peak was collected and diluted with solvent C18 reverse phase solvent A (water, 0.1% trifluoroacetic acid) to 20% acetonitrile, and the solution was loaded onto the C18 column (C18 Vydac, as above for hGIB) pre-equilibrated with 20% B (acetonitrile, 0.1% trifluoroacetic acid) at a flow rate of 1.5 mL/min. The solvent program was 20% B to 50% B over 120 min at 1.5mL/min. Protein hGX elutes at ~48 min as a sharp peak. The hGX fraction was lyophilized and the resultant white powder was stored at -20 °C. hGX sPLA2 and prohGX were also prepared from the pET21a expression vector with a similar protocol, avoiding the trypsin digestion step [START_REF] Jemel | Group X secreted phospholipase A2 proenzyme is matured by a furin-like proprotein convertase and releases arachidonic acid inside of human HEK293 cells[END_REF]. hGX sPLA2 was also demonstrated to be glycosylated when produced in HEK293 cells [START_REF] Hanasaki | Purified group X secretory phospholipase A(2) induced prominent release of arachidonic acid from human myeloid leukemia cells[END_REF]and S2 cells (our unpublished data).

Preparation of mGX

mGX was prepared as for hGX from pAB3 vector. The sPLA2 elutes from the Spherogel TSK-SP-5PW column (see above for hGX) at 75 min and from the C18 Vydac column (see above for hGX) at 38% solvent B. mGX and promGX sPLA2s were also prepared from the pET21a and pAB3 expression vectors, respectively [START_REF] Jemel | Group X secreted phospholipase A2 proenzyme is matured by a furin-like proprotein convertase and releases arachidonic acid inside of human HEK293 cells[END_REF].

Preparation of hGXIIA

The sulfonated protein (120 mg, prepared from the pAB3 vector) was dissolved in 240 mL of 6 M guanidine-HCL, 50 mM Tris-HCl, pH 8.0 at room temperature by stirring (1-2 h). In some cases, solid remains, but this was not removed. Dialysis tubing (6-8 kDa MWCO, SpectraPor) was filled with protein solution and dialyzed against 6.5 L of 0.9 M guanidine-HCl, 50 mM Tris-HCl, pH 8.0, 5 mM freshly added L-cysteine, 5 mM L-methionine, 5 mM EDTA at 4 °C. After 5-6 h, the buffer was replaced with 6.5 L of fresh refolding buffer and dialysis continued for about 2 more days at 4 °C. The protein solution was spun at 15,000 g for 20 min at 4 °C to pellet any insoluble material. The supernatant was dialysed against trypsin buffer (50 mM Tris-HCl, pH 8.0, 100 mM NaCl, 1 mM CaCl2 containing 5 mM detergent (N-Dodecyl-N,N-dimethyl-3-ammonio-1-propanesulfonate, Sigma 40232)) for 5-6 h at 4 °C, then the buffer was replaced and dialysis continued overnight. The next day, the protein solution was spun at 15,000 g for 20 min at 4 °C to pellet any insoluble material. Supernatant was stored at 4 °C while ~50-100 mL of trypsin buffer was added to the pellet and stirred for another 2 h at 4 °C and pelleted once again as before. The supernatants were combined and concentrated with Amicon stirred cell with a YM-10 membrane to half the volume.

The concentrated protein solution was incubated with 100 U of factor Xa (GE Healthcare, 27-0849-01), then stored at 4°C until HPLC. Alternatively, cleavage can be made with trypsin (using the trypsin treatment protocols given above for other sPLA2s) but the cleavage has to be carefully monitored as hGXIIA was found to be very sensitive to trypsin. The protein solution was filtered through 0.45 micron syringe cartridge filter unit and the filtrate was pumped directly onto the C18 Vydac HPLC column (see above for hGIB) preequilibrated in 10% B (acetonitrile, 0.1% trifluoroacetic acid). The column was washed with ~10 mL of 10% B, before starting the linear gradient from 10% B to 30% B over 20 min, to 35% B over 25 min, to 60% B over the next 30 min and finally to 100% B over 10 min at 3 mL/min. The sPLA2 elutes at ~57 min. The sPLA2 peaks were combined, acetonitrile adjusted to ~30% and pH to ~5, then half of the protein solution was loaded on a second column (Spherogel TSK-SP-5PW, see above for mGIB) preequilibrated with solvent A (20 mM Na-acetate, pH 5.0, 30% acetonitrile) at 1 mL/min. The linear gradient started with 0% solvent B (solvent B is solvent A + 0.5 M NaCl) for 15 min, then to 100% B over 30 min. hGXIIA elutes at ~37 min. The combined hGXIIA fractions were diluted with water to ~10% acetonitrile and were desalted by loading half of the prep on C18 Vydac column as above. The column was washed with ~1 column volume of solvent A (water, 0.1% trifluoroacetic acid) before starting the linear acetonitrile gradient as above to obtain pure hGXIIA. The protein peaks were combined and lyophilized as a white powder.

Preparation of mGXIIA, hGXIIB and mGXIIB

Sulfonated mGXIIA, hGXIIB (variants EAC and EAAC) [START_REF] Rouault | Novel mammalian group XII secreted phospholipase A2 lacking enzymatic activity[END_REF] and mGXIIB (100 mg, prepared from the pAB3 vector) were resuspended at 0.2 mg/mL in 500 mL of 50 mM Tris-HCl, pH 8.0, 8 M urea, and 0.1 M NH4Cl.

The denatured sPLA2 was refolded by dialysis against 8 L of 50 mM Tris-HCl, pH 8.0, 2 M urea, 0.1 M NH4Cl, 5 mM CaCl2, 5 mM L-cysteine, and 5 mM L-methionine for 2-4 days at 4 °C. The refolded mixture was filtered through a layer of Sephadex G-50 to remove large aggregates and subjected to extensive digestion at room temperature with 400 units of factor Xa (GE Healthcare, 27-0849-01). The time course of cleavage (up to 3 days) was followed by sPLA2 activity on E. coli membranes (mGXIIA) or MALDI-TOF mass spectrometry (hGXIIB and mGXIIB which are devoid of enzymatic activity). The protein solution was concentrated to 20 mL by ultrafiltration using an Amicon stirred cell concentrator with a YM-10 membrane, and the buffer was then exchanged to 1% acetic acid (10% acetonitrile was added for GXIIB sPLA2s). The solution was filtered and loaded onto a Spherogel TSK SP-5PW column (see above for mGIB) equilibrated in 1% acetic acid (and 10% acetonitrile for GXIIB sPLA2s). The protein was eluted from the column at 1 mL/min using a linear gradient of ammonium acetate (0-2 M, pH 6.8, over 100 min) in 10% acetonitrile. The fractions containing cleaved sPLA2 were pooled, lyophilized, resuspended in 10% solvent B (acetonitrile, 0.1% trifluoroacetic acid), and applied to a C18 Nucleosil reverse-phase HPLC column (see above for mGIB). Elution was performed at 1 mL/min using a gradient of solvent B (10-30% over 20 min, then 30-35% over 25 min, and 35-60% over 30 min). The protein peaks were combined and lyophilized as a white powder.

25.Quality control and characterization of refolded sPLA2s by mass spectrometry

Quantity of the purified recombinant sPLA2s was assessed by measuring the OD280 value and converting the value into mg amount using their calculated specific absorption coefficients.

Purity of each sPLA2 was assessed by SDS-PAGE (14% gel, under both reducing and non reducing conditions) and mass spectrometry analysis. Mass spectrometry was used also to confirm the correct folding of the sPLA2, the absence of any unwanted modification of the recombinant proteins, such as oxidation or carbamylation (due to urea degradation), presence of the Met initiator, uncomplete oxidation of cysteines into disulfide, unwanted proteolysis by trypsin or factor Xa, etc, as well as the presence of glycosylation (GIIC, GIID and GIII enzymes).

All sPLA2s were characterized by accurate mass spectrometry with a mass resolution sufficient to confirm that all disulfides are fully formed. Some measurements were carried out on a Bruker EsquireLC ion trap mass spectrometer. The sPLA2 at a concentration of about 0.1 mg/mL in 50/50 MeOH/Water with 1% acetic acid was infused into the mass spectrometer using a syringe pump at a flow rate of 1.5 µl/min. Data was collected in positive ion mode. The observed charge state distribution of m/z peaks was deconvoluted using the Bruker Data Analysis software package to give the observed MW. The calculated MW was obtained using the amino acid sequence and subtracting 2 Da for each pair of cysteines to account for disulfide formation.

For some sPLA2s, the molecular mass determination was carried out by MALDI-TOF analysis on a Voyager DE-Pro mass spectrometer (Applied Biosystems) or a MALDI-TOF/TOF mass spectrometer (4800 plus, Applied Biosystems). The molecular mass was measured in linear mode using sinapinic acid as a matrix and with internal calibration. When needed, sPLA2s were purified on a C18 ZipTip (Millipore) to remove traces of salts prior to MALDI mass spectrometry. The tip was rinsed twice with 50% acetonitrile and 0.1% trifluoroacetic acid, then three times with water and 0.1% trifluoroacetic acid. The sPLA2 solution (10 µL) was loaded onto the tip, which was washed twice with water and 0.1% trifluoroacetic acid and then with 80% acetonitrile to elute the protein.

Enzymatic assays

Some measurements were carried out with a real-time fluorimetric sPLA2 assay. The pyrene-PG substrate, 1-hexadecanoyl-2-(1-pyrenedecanoyl)-sn-glycero-3-phosphoglycerolammonium salt (Life Technologies, H-3809) was prepared as follows: the lipid (1 mg) in the commercial vial was solubilized in ~40 µL of toluene by mixing on a vortex mixer. Ten µL were transferred into a new 1.5 mL glass vial containing 1.25 mL of absolute ethanol to give a 200 µM stock solution. The solution was mixed briefly on a vortex mixer and then placed in a 37 °C water bath for ~5 min, then in a sonicator water bath for ~10-15 sec to ensure complete dissolution of phospholipid. The above phospholipid solution was stored at -10 °C; the ethanol solution needed to be re-sonicated as above after thawing for use.

To 1 mL of assay buffer (50 mM Tris pH 8.0, 50 mM KCl, 2 mM CaCl2) in a 1 cm fluorescence cuvette was added 10 µL of 30 mg/mL bovine serum albumin (Sigma A6003) in water (filtered through a 0.45 micron syringe filter unit) and 10 µL of 200 µM pyrene-PG in ethanol. The cuvette was gently shaken by hand a few times to ensure complete mixing of components. The cuvette was placed in the sample chamber of the fluorimeter (excitation 342 nm, emission 392 nm) at room temperature. The no-enzyme baseline fluorescence was recorded for a few minutes to ensure that a stable-flat baseline was achieved. If several assays were to be done, an appropriate volume of assay cocktail could be mixed at once in a plastic tube. The cocktail was kept at room temperature during use (up to 4 hours). Before charging the cuvette with 1 mL of the cocktail, the tube of cocktail was inverted a few times (to avoid foaming). After baseline recording, the sPLA2 aliquot (typically 1-2 µL containing a few ng of sPLA2; dilutions of sPLA2 solutions should be made in bovine serum albumin-containing buffer to avoid the loss of sPLA2 by its absorption to the walls of tubes) was added, the cuvette was shaken briefly, and the fluorescence was recorded for a few minutes to obtain an adequate slope. If the calcium dependence of the reaction is sought, CaCl2 in the buffer can be replaced with 2 mM EGTA. The assay response can be converted to moles of sPLA2 product by adding known amounts of pyrene-decanoic acid product (Sigma Cat. 82660) to the assay cocktail in the absence of sPLA2 to generate a standard curve. This assay can also be carried out in 96-well plate format using a black 96-well plate appropriate for a plate reader fluorimeter. Some sPLA2 enzymatic assays were carried out using [ 3 H]-oleate-radiolabeled E. coli membranes. This assay has been found to be as sensitive as the above fluorimetric assay, and can be even more sensitive when small amounts of endogenous sPLA2s present in biological samples such as body fluids and tissues have to be detected. All sPLA2s tend to bind tightly to the vesicles made of anionic phospholipids, including pyrene-PG described above and the E. coli membranes which are rich in anionic phospholipids including phosphatidylglycerol and cardiolipin.

The following protocol was adapted from [START_REF] Franson | Phospholipid metabolism by phagocytic cells. Phospholipases A2 associated with rabbit polymorphonuclear leukocyte granules[END_REF]. One mL of an overnight culture of E. coli XL1 (Stratagene Inc) or DH10B (Invitrogen Life Technologies) strain was diluted in 50 mL of LB medium containing 500 µCi of [9,10-3 H]oleic acid (NEN Radiochemicals, NET289, Perkin Elmer) and incubated for 4 h at 37 °C. Cells were pelleted for 10 min at 3,000 g, resuspended in 50 mL of LB medium, and allowed to chase for 30 min at 37 °C to ensure complete incorporation of labelled oleic acid into phospholipids. After centrifugation (10 min at 3,000 g), the cell pellet was washed with 5 mL of washing buffer (0.1 M Tris-HCl pH 8.0, 1 mM EDTA, 1% fatty acid-free bovine serum albumin (Sigma-Aldrich A7030)), centrifuged again (10 min at 3,000 g), resuspended in 5 mL of washing buffer without BSA, and autoclaved in a Pyrex glass tube. After autoclaving, the lysed E. coli cells were dounce homogenized. The resulting radiolabeled E. coli membranes were washed 5 times by successive centrifugation at 13,000 g for 1 min and resuspension in washing buffer. The final pellet was resuspended in 5 mL of washing buffer and counted to evaluate the yield of [ 3 H]-oleic acid incorporation into E. coli membrane phospholipids. Typically, the incorporated radioactivity was more than 30-40% of the input radioactivity. The membrane suspension was diluted to 100,000 dpm/µl, aliquoted and stored at -20 °C.

To prepare the E. coli substrate pool, the required total amount of radioactivity (100,000 dpm of radiolabeled membranes/assay x the number of assays) was pipetted into an eppendorf tube and brought up to 1.5 mL with PLA 2 activity buffer (0.1 M Tris-HCl pH 8.0, 10 mM CaCl2, 0.1% BSA), then centrifuged down for 1.5 min at 14,000 rpm at room temperature. The supernatant was discarded and the pellet carefully resuspended in 150 µL of PLA 2 activity buffer. The volume was then brought up to the volume required for the total number of assays (100 µL x the number of assays). 100 µL of this substrate pool was counted to determine the total amount of radioactivity added per assay. A typical reaction was made into an eppendorf tube and consisted of a total volume of 200 µL made with 50 µL PLA 2 activity buffer, 50 µL enzyme solution and/or inhibitor solution as needed, and 100 µL of the above substrate pool (addition of a quite large volume of substrate with a multipipette results in enough mixing so that it is not necessary to vortex after substrate addition, allowing multiple very short term assays if needed). Reaction mixtures were incubated for up to 1 h at either room temperature or at 37 °C and with different amounts of enzyme. Incubation time, incubation temperature and sample volume were adjusted to ensure hydrolysis rates within the linear range of the enzymatic assay (typically 10-20% of total substrate hydrolysis over background). Control incubations in the absence of added sPLA 2 (background) were carried out in parallel (usually less than 3-5% of total added radioactivity) and used to calculate specific hydrolysis. The reaction was stopped by adding 300 µL of the stop buffer (0.1 M EDTA pH 8.0 containing 0.2% fatty acid-free BSA).

The tubes were centrifuged for 3 min at 14,000 rpm at room temperature. 400 µL of the supernatant containing released labelled oleic acid was carefully removed without disturbing the pellet, and counted. The total released radioactivity (dpm) equals 500/400 x Counts (cpm converted into dpm) given by 400 µL of the supernatant. Note that we routinely considered that the counts in the above supernatants correspond to free [ 3 H]-oleate released from membrane phospholipids. To verify that these counts are free oleic acid, a thin layer chromatography on silica gel 60 can be performed in conditions where free oleic acid and phospholipids can be separated. Note also that this protocol does not specifically detect sPLA 2 activity, but can also detect the activity of intracellular PLA 2 s.

The above assays were used not only to follow the refolding and purification of recombinant sPLA2s during the multiple steps, but they were also used to measure the specific activities of the final sPLA2 product, in line with the above mass spectrometry and SDS-PAGE gel analyses. Detailed kinetic properties of all sPLA 2 s can be found in (Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a) along with calcium requirements, substrate and inhibitor specificity, sensitivity to thiol reducing agents, and interfacial vesicle binding properties. [START_REF] Rouault | Recombinant production and properties of binding of the full set of mouse secreted phospholipases A2 to the mouse M-type receptor[END_REF]Singer, Ghomashchi, Le Calvez, Bollinger, Bezzine, Rouault, Sadilek, Nguyen, Lazdunski, Lambeau, & Gelb, 2002a) for human and mouse enzymes, respectively).

b hGIID has a polymorphism at position 60 (S60G) [START_REF] Takabatake | A novel polymorphism in secretory phospholipase A2-IID is associated with body weight loss in chronic obstructive pulmonary disease[END_REF]. Hence, natural variants S60 or G60 were produced depending on the expression vector and host. The H48 catalytic residue is replaced by a leucine in sPLA2 group XIIB, which is the only enzymatically inactive sPLA2. Group IB and X sPLA2s have a N-terminal short propeptide, which has to be cleaved for enzyme activation. Group IB sPLA2 has a unique insertion called the pancreatic loop. A short C-terminal extension is present in all group II sPLA2s (IIA, IIC, IID, IIE and IIF) and group X sPLA2. Only group IIF sPLA2 has a longer C-terminal extension with an odd cysteine likely involved in an interchain disulfide bond with an unknown subunit or in a post-translational modification. Group V sPLA2 is the smallest enzyme with no N-terminal propeptide, no insertion, no C-terminal extension, and only 6 disulfides. The unique disulfides of each sPLA2 in the group I/II/V/X collection are indicated. Group III sPLA2, the only enzyme in the group III collection, has a central catalytic domain with only 5 disulfides, and unique N-and C-terminal domains, which may act as prodomains or chaperones. The group XII collection comprises XIIA and XIIB whose the primary sequences markedly differ from other sPLA2s except for the conserved calcium-binding loop and active site.
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Figure 1 .

 1 Figure 1. Schematic of the primary structures of the mammalian sPLA2 family. The calcium-binding loop and active site with the catalytic dyad HD are conserved in all active sPLA2s belonging to the group I/II/V/X collection as well other group III and XII collections.

  

28 . Table 1 .

 .1 sPLA2 expression plasmids, expression hosts, apparent MW on denaturing SDS-PAGE (reducing conditions), mass spectrometry characterization and overall yield of sPLA2 production per liter of culture medium.

	sPLA2		Expression plasmid and	Approx.	Measured MW (mass	Overall yield
			host cells	MW (SDS-	spectrometry)		of production
				PAGE)	(Da)		(mg/L	of
				(kDa)			culture)
	hGIB		pAB3/BL21(DE3)	14	14,124.99		1.7
			pET21a/BL21(DE3)				15
	mGIB		pVL1392/baculovirus/Tn5	14	14,074.79		1.5
			insect cells			
	hGIIA(N1A)	pET21a/BL21(DE3)	14	13,859.7 (N1A)		4
	hGIIA WT	pVL1392/baculovirus/Tn5	14	13,904 (WT)		0.3-1
			pS2neo/S2 insect cells			
	mGIIA		pAB3/BL21(DE3)	16	13,958.19		2
			pVL1392/baculovirus/Tn5	16	13,957.71		0.1
	mGIIC		pS2neo/S2 insect cells	17/16 a	15,701.84	(N-	0.15
					glycosylated)/14,661.68 a
	hGIID b		pAB3/BL21(DE3) (G60)	14	14,492.6		1
			pS2neo/S2 cells (S60)		14522.9 a		0.05
	mGIID		pAB3/BL21(DE3)	14	14,252.41		2
			pS2neo/S2 insect cells		14,254.0		0.1
	hGIIE		pAB3/BL21(DE3)	14	13,952.07		3
	mGIIE		pAB3/BL21(DE3)	14	14,066.09		1
	hGIIF WT and	pAB3/BL21(DE3)	23	16,583.4 (hGIIF WT no	3/2
	∆Cter		pET21a/BL21(DE3)		extra cys)	
					14,171.2 (hGIIF∆Cter)
	mGIIF		pAB3/BL21(DE3)	23	16,805.96		2
			pET21a/ BL21(DE3)			
	hGIII	sPLA2	pET21a/ BL21(DE3)	22	16,034.2		0.5
	domain		pS2neo/S2 insect cells		16,040 a		0.05
	mGIII	sPLA2	pS2neo/S2 insect cells	~22	15,908.38 a		0.07
	domain				17,989.91 (major N-
					glycosylated form)	
	hGV		pET21a/ BL21(DE3)	13	13,578.6		3
	mGV		pET21a/ BL21(DE3)	14	13,790.8		3
	hGX		pAB3/BL21(DE3)	14	13,615.52		2.5
			pET21a/BL21(DE3)				5
	mGX		pAB3/BL21(DE3)	14	13,854.87		3
			pET21a/BL21(DE3)				3
	hGXIIA (EAC	pAB3/ BL21(DE3)	20	18,702.15		3
	variant)					
	mGXIIA		pAB3/ BL21(DE3)	18	18,724.29		1
	hGXIIB		pAB3/ BL21(DE3)	23	19,658.69		2
	mGXIIB		pAB3/ BL21(DE3)	22	19,402.93		2
	a After deglycosylation with N-glycosidase F (see