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Abbreviations

Sm-PLGV  : PhospholipasexAdurified fromScorpio maurus venom glands.

rPLA2(+5) : recombinant phospholipase; Aontaining the whole gene transcript either

Long and short chains linked by the penta-peptide.
rPLA,(-5) : recombinant phospholipase & which the penta-peptide insert is deleted.

Long chain  : recombinant phospholipasecanstructed only by one chain, truncated at the
beginning of the penta-peptide insert.

hbPLA, : honey bee phospholipase A

sPLA, : secreted phospholipase A

p-BPB : p-bromophenacyl bromide

FTIR : Fourier Transform Infrared Spectroscopy
Egg-PC : Egg Phosphatidyl-choline

diC.-PC . 1,2-dilauroyl-sn-Glycero-3-phosphocholine
diC,-PE . 1,2-dilauroyl-sn-Glycero-3-phosphoethanolamin
PS . diacyl-La-phosphatidyl-L-serine

PG . diacyl-Lea-phosphatidyl-DL-glycerol



Abstract

Background: Heterodimeric phospholipase, Arom venom glands of Tunisian scorpion
Scorpio maurus (Sm-PLGV) had been purified. It contains long ahdrt chains linked by a
disulfide bridge. Sm-PLGV exhibits hemolytic activitowards human erythrocytes and
interacts with phospholipid monolayers at high ascef pressure. The investigation of

structure-function relationships should provide rewes to understand its activity.

Methods: Molecular cloning of Sm-PLGV and heterologous espien inEscherichia coli of
three recombinant forms was used to determine dlee of the short chain on enzymatic
activity. Infrared spectroscopy assisted 3D moddding of the three recombinant constructs
(phospholipases with and without the penta-pep#idd Long chain only) allowed us to
propose an explanation of the differences in sjecittivities and their interaction with
various phospholipids.

Results: Nucleotide sequence of Sm-PLGV encodes 129 resicluessponding to the Long
chain, the penta-peptide and the short chain. Aljhorecombinant phospholipases without
specificity on various phospholipid monolayers aidilar bell-shaped activity profiles with
maxima at high surface pressure. The absence ofshioet chain reduces significantly
enzymatic and hemolytic activities. The 3D modealsfed to an interaction of the short chain
with the catalytic residues, what might explain diféerence in activities of our constructs.

Conclusion: Infrared spectroscopy data and 3D modeling contiemexperimental findings

that highlight the importance of the short chaintfee Sm-PLGV activity.

General significance:New informations are given to further establish streicture-function
relationships of the Sm-PLGV.



1. Introduction

Phospholipases A(PLA,) catalyze the hydrolysis of the ester functiontred sn-2
position of glycerophospholipids, to produce fratyf acids and lysophospholipids [1]. They
are widely distributed in pancreatic juices and ynéssues [2, 3] as well as in the venom

produced by many animals[4].

The PLA, superfamily comprises four main types of enzyms&screted (sSPL#,
cytosolic (cPLA), calcium independent (iPLA and platelet activating factor acetyl
hydrolase (PAF-AH). sPLA are the most common type found in both vertebraied
invertebrates and are subdivided into twelve grdugesed on primary sequences alignments,
disulfide bond pattern and their biochemical prtipsr[5, 6]. SPLA have a low molecular
weight (13—-15 kDa), usually contain 6-8 disulfidentls [7], share a His/Asp dyad with a

conserved histidine and require the presence oiuralfor their catalytic activity.

Snake venoms contain high amounts of sttt belong either to group | (Elapidae
and Hydrophidae snakes) or to group Il (Crotalidad Viperidae snakes). They are among
the best characterized components of these venomesms of structure and function. sPLA
play an important role in the digestion of prey aedhibit a wide spectrum of
pharmacological activities like myotoxicity, neuwgicity, inflammatory, hemolytic, and
anticoagulant effects [8], anti-bactericidal prdper [9, 10] as well as anti-tumoral activity
[11, 12].

Group Il PLA; have been identified in many other species [13HkB]scorpion [16-
19], gila monster [20], lizards [21] and human [2Bhey are involved in inflammation [23,
24], apoptosis [25] and cancer [26, 27]. Group SRLA; contain ten cysteines and are
composed of one or two chains. They are only dilstaalated to group | and Il, but have a
highly similar C&" binding loop and active site region [22)].

Scorpion venom sPLAbelongs to group Il and is composed of a longyeratic
chain and a short covalently fixed C-terminal chge@merated after the release of five residues
(penta-peptide) during the maturation processep 2iferent members of group Il sPLA
from scorpion venoms have been purified such ag MN$Hrom Heterometrus fulvipes [29],
MtPLA, from Mesobuthus tumulus [19] Imperatoxin (IpTxi) [16] and Phospholipin from
Pandinus imperator [30], Phaiodactylipin from Anuroctonus phaiodactylus [17],
Heteromtoxin (HMTx) fromHeterometrus laoticus [18], Hemilipin from Hemiscorpius
lepturus [27] and Sm-PLVG fronscorpio maurus [31].
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Structural models of the long chain of group L8R have been built based on the
available crystal structure of bee venom sRPich has a high sequence identity in this
major part of the fold but not in the smaller Cat@ral extensionin all models, the overall
fold comprises three-helices, an antiparalldl-sheet of two strands and a calcium binding
loop. Even if biochemical characteristics of scompsPLA have been studied intensively,
few modeled structures have been publishékke in other sPLA, the scorpion transcript
codes for a long enzymatic N-terminal chain, a emting penta-peptide followed by a short
C-terminal extension. The long chain is stabilibgdfour disulfide bonds and is responsible
for the enzyme activity. The short one containgea tysteine after the scissile penta-peptide
which is suggested to form a disulfide bond withyateine at the end of the long chain to
covalently connect both parts even after excisibnthe connecting penta-peptide. The
function of this small chain is less clear andsé&gjuence may vary in composition and in
length between different species. In some caséssita high content in hydrophobic residues

and may fold into an anti-parallgisheet, making it ideal for specific tissue tanggi32].

Scorpio maurus belongs to the Scorpionidae family found in the dilerranean,
Middle East, Saudi Arabia and Jordan regions [BEports on pharmacological properties of
the venom of this scorpion identified various t&xi33, 34]. Recently, a phospholipasg A
named Sm-PLGV has been purified from its venomdgaiit has a specific activity of 5500
U/mg on phosphatidylcholingubstrate at 47°C and pH 8.5, in the presenceno#8NaTDC
and 12 mM CaGl Moreover, Sm-PLVG exhibits an hemolytic activibyvards human, rabbit
and rat erythrocytes. This hemolytic activity islated to its ability to interact with
phospholipid monolayers at high surface pressutg [3

In this study, we report the molecular cloning ah-BLGV and its sequence
comparison with other known group 1ll sPLATo determine the impact of the penta-peptide
insert and the importance of the short chain onymatic activity, we produced in
Escherichia coli three recombinant forms: rPL&5) containing the whole gene transcript
with long and short chains linked by the penta-igeptrPLA(-5) in which the penta-peptide
insert is deleted but long and short chains hawn fesed to a single covalent chain, and
Long chain which is composed only by the long Nviimal chain, truncated at the beginning
of the penta-peptide insert. We compared the bioated and interfacial properties of these
recombinant forms with those of native Sm-PLGV pgitadipase purified fromScorpio
maurus venom. Structural models of these three variangsewbuilt based on the X-ray



structure of bee venom PLAnd their individual FTIR spectra to find struetuexplanations

for the observed enzyme properties.

2. Material and methods

2.1 Reagents

All restriction endonucleases and DNA modifying ymes were from Promega
(France) and were used according to the manufactpretocols. Chemicals were obtained
from commercial sources. Guanidine hydrochloriden{ésco, catalogue E424); I-cysteine
(ACROS organics), chromatography materials (Q-seqs®g, Sodium dodecyl sulfate (SDS),
acrylamide, ammonium persulfate, N,N,N’,N’-tetramgt ethylenediamine (TEMED)f-
mercaptoethanol and Coomassie brilliant blue R-2&0e obtained from Bio-Rad. NaCl,
CaCb, Tris—HCI, Bovine serum albumin (BSA), sodium tadeoxycholate (NaTDC),
ethylenediaminetetraacetic acid (EDTA), Triton X1@¥g phosphatidylcholine (egg-PC),
1,2-dilauroyl-sn-glycero-3-phosphocholine (ei®C), 1,2-dilauroyl-sn-glycero-3-
phosphoethanolamine (di€PE), diacyl-La-phosphatidyl-L-serine (PS), diacyld-
phosphatidyl-D,L-glycerol (PG), proteins markers foolecular masses, isopropyl-tHiebD-
galactopyranoside (IPTGJ;cyclodextrin, p-bromophenacyl bromide (p-BPB)," ®)&hiobis
2-nitrobenzoic acid and ampicillin were purchadesimn Sigma Aldrich (St. Quentin-

Fallavier, France).

2.2 Animals

Scorpions $corpio maurus) were collected alive from the area of Agareb xSfa

Tunisia). Only the last segments of metasoma (elswere used as starting material.

2.3 Bacterial strains, plasmids and media

E. coli strain XL1Blue was used for cloning the gene emmpdSm-PLGV
phospholipaseE. coli strain BL21(DE3) served as the expression hostHerrPLA(+5),
rPLA2(-5) and Long chairgene constructsk. coli strains were grown in LB medium,
supplemented with 10Qg.mL™ ampicillin whenever a plasmid was present. The RGE
Easy and pET21a(+) plasmids were used as clonidg@oression vectors, respectively. PCR

products were purified using Wizard PCR Preps DNifigation System (Promega).



2.4 cDNA synthesis

Total RNA was extracted from 10 telsons Smbrpio maurus using the Total RNA
isolation system KIT (Promega). For reverse trapton (RT), total RNA (5 pg) was
converted to cDNA by M-MuLV Reverse Transcriptaseng polydT as primer. RT-PCR
conditions were 25°C for 10 min, 37°C for 60 mirda&f©°C for 10 min.

2.5 Cloning of Sm-PLGV cDNA

Polymerase chain reaction (PCR) of 35 cDNA ends pesiformed on the obtaineil
maurus cDNA using the specific primers PSPLGYATGGTAGATTTGGCAAGAAGATG®
and CtPLGV:° CTAGTCTTTGTAGCTCTTTTTCC. These primers were designed according
to the nucleotide sequence of phospholipin fr®andinus imperator venom [30] and
phaiodactylipin fromAnuroctonus phaiodactylus [17]. The PCR protocol consisted of 35
cycles at 94°C (60 s), 52°C (60 s), 72°C (60 speesvely and a final extension at 72°C for
10 min. PCR products were analyzed on agaroselgélsThe appropriate DNA band was
purified using the gel extraction kit and clonetbicoRI-cut and dephosphorylated PGEM-
T Easy vector, using the PGEM-T Easy Vector systaotording to the manufacturer’s
protocol (Promega)E. coli strain XL1 Blue cells were then transformed wikie tligated
vectors. Recombinant colonies were selected on mpicllin (100 pug.mLY) plates
supplemented with IPTG and X-Gal. The presenché@fppropriate insert was monitored by
restriction analysis. DNA products were analyzedaostandard 1% agarose gel ahdir
sequences determined with the dideoxynucleotidéendeamination method according to a

cycle sequencing protocol using thermosequenasegtram Pharmacia Biotech).

2.6 Construction of expression plasmids

The DNA sequence of the complé&emaurus PLA, gene allowed the design of new
forward primer > GGAATTCCATATGTTTCTTATATGGGGAGGGACC corresponding to the N-
terminus of the mature protein and reverse primer
®CCGCTCGAGCTAGTCTTTGTAGCTCTTTTTCE corresponding to the C-terminus of the protein.
They were synthesized to amplify the gene constmiitA,(+5) coding for whole
unprocessed peptide chain of the Sm-PLGV phospdsip The primef GGAATTCCAT
ATGTTTCTTATATGGGGAGGGACC and a reverse primer
®CCGCTCGAGCTAACTGTTACATGTCACAACATAGCE were used to obtain the Long chain

construct. An overlap PCR was used to obtain thee gnstruct rPLA-5) in which the



connecting penta-peptide is  deleted. Four  primers erew synthesized:
®GGAATTCCATATGTTTCTTATATGGGGAGGGACC and
®CCATTTTCACATCCTGCATCACTGTTACATGTCACAAC to amplify the sequence coding for the
long chain up to the location of the penta-peptide and
®GTTGTGACATGTAACAGTGATGCAGGATGTGAAAATG and
®CCGCTCGAGCTAGTCTTTGTAGCTCTTTTTCE to amplify the sequence coding for the short
chain after the penta-peptide. The PCR productaimdd with each pair of primers were
purified and used as matrices to amplify the rRE3) construct with the primers
corresponding to the 5’ and 3’ ends of the entineFL.GV cDNA. The purified constructs
and the expression vector pET21(a)+ were digestdd Wdel and Xhol restriction enzymes.
After dephosphorylating the expression vector wih intestinal alkaline phosphatase for 30
min at 37°C and 20 min at 60°C, each insert waatdd) into pET21a(+) to obtain the
expression vectors pET21a-rPyA5), pET21a-rPLA(-5) and pET2la-Long chain which
were used in the transformation Bf coli BL21(DE3) cells and protein expression. The
presence of the appropriate inserts was verifiedrdstriction analysis and their DNA

sequences determined as mentioned above.

2.7 Expression and purification of rPLA,(+5), rPLA(-5) and Long chain

Transformed cells were grown in LB medium containil00 pg.mt: ampicillin at
37°C to an absorbance at 600 nm of about 0.6 tartdi@hen protein expression was induced
with IPTG which was added to a final concentratadnl mM. After induction, cells were
incubated for an additional 5 h at 37°C and haegkbly centrifugation for 15 min at 12000
rpm. Recombinant proteins were obtained as inclusionidsodnd were renaturated and
purified following a protocol adapted from Bhat aald 1991[35] and Karray and al, 2014
[36].

Harvested cells were resuspended in 50 mL of resisspn buffer R (50 mM Tris—HCI pH
8.0, 50 mM NacCl, 1 mM EDTA, 0.5 mM PMSF) to obtanfinal cell suspension of 20%
(w/v). Triton X-100 and sodium deoxycholate wer@ed to 0.4% (w/v) final concentration
and the mixture was stirred for 20 min at 4°C. Gdruption was performed by sonication
using an MSE Sonyprep 150 at full power; 15 secamdand 15 seconds off for 15 cycles.
After centrifugation at 10000 rpm for 10 min at 41 sonication process was repeated with
increased concentrations of both Triton X-100 andilem deoxycholate at 0.8% (w/v). The
solid pellet obtained after centrifugation (100@dnrfor 10 min) was first washed with the
buffer R containing 1% Triton X-100, then subsedlyerinsed with buffer without Triton X-
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100. Finally, the pellet was solubilized in buffercontaining 6 M guanidine hydrochloride
and 5%@p-mercaptoethanol (25 mL) and stirred overnight &E.4The solubilized proteins

(~0.8 mg/mL) were obtained by centrifugation at 106&® for 10 min at 4°C.

Protein refolding was performed following the prdoee previously described by
Karray and al., [36]. Denatured recombinant phoBpases were refolded by dialyzing 4-
times 25 mL of the protein solutionQ.8 mg/mL) against 2 L of buffer A (20 mM Tris—HCI
pH 8.0, 5 mM CaGl 5 mM L-cysteine, 0.6 M guanidine hydrochloride¥}aC for 48 h. Then
precipitate was removed by centrifugation at 100@@n for 10 min and guanidine
hydrochloride was removed from the protein solutigndialysis against 2 L of buffer B (20
mM Tris—HCI pH 8.0, 20 mM NaCl, 5 mM Caglat 4°C overnight. The solution was
filtered (0.45 pum) and loaded on a Q-Sepharosenaeithange column equipped with an
absorbance monitoring at 280 nm and previouslyliégaied with buffer B. The column was
washed using the same buffer until the absorbameppédd to zero. Then, proteins were
eluted with a linear gradient of 20 mM to 400 mMQ\lan buffer B. All three recombinant
proteins were eluted between 200 mM and 300 mM Na@é¢ fractions (1.5 ml) were
collected and analyzed for the presence of phogmsd activity. The fractions with
phospholipase activity showing a single band in $I2&E analysis were pooled and
concentrated to about 1 mL using an Amicon conegmti(YM 5 membrane).

2.8 MALDI-TOF mass spectrometry analysis

Global molecular mass dmPLVG, rPLAx(-5), rPLA(+5) and Long chain was
determined by by matrix-assisted laser desorptoization time-of-flight (MALDI ToF)
mass spectrometry using a Microflex Il instrumeBruker Daltonics,Bremen, Germany) in a
positive linear mode. Range was set from 3600 t6@@MDa and pulse ion extraction was set
to 160 ns. External mass calibration was done hesbre the acquisition of samples using
protein calibration standard | (Bruker Daltonicgr@any). A saturated solution @fCyano-
4-hydroxycinnamic acid (HCCA) in 70% acetonitrile?8 water 0.1% TFA was used as
matrix. Deposits were made onto a MALDI Target @latcording to a dried droplet method
and each dried spot was then desalted three tignadding, and removing immediately after,
1.5 pl of 0.1% TFA/water followed by a supplementaddition of matrix.



2.9 Sm-PLGV deglycosylation

Enzymatic deglycosylation of Sm-PLGV was perforna¢®7 °C for 3 h using 20 pg
of purified Sm-PLGV and 1000 units of PNGase Fr{frBromega). After the reaction, the

molecular mass of the treated enzyme was analyz&tidhDI-ToF.

2.10 Hydrolysis of phospholipid monolayers

The monolayer study was performed as describedqudy by Pattus et al., [37].
Prior to each experiment the Teflon trough usedoton the phospholipid monomolecular
films was cleaned with water before being gentlyshed with distilled ethanol and washed
again with tap water. The aqueous subphase codtdibenM Tris—HCI pH 8.0, 150 mM
NaCl, 20 mM CaGl 1 mM EDTA and 0.5 mMs-cyclodextrin. The buffer was prepared with
double distilled water and filtered through a 0128 Millipore filter. Any residual surface-
active impurities were removed before each assagwseping and suction of the surface.
Experiments were performed at room temperature avilEV-2200 barostat (KSV Helsinki)
using a “zero order” Teflon trough equipped witlmabile Teflon barrier, which was used to
compensate for the substrate molecules removed tnenfilm by enzyme hydrolysis, thus
maintaining the surface pressure constant. Therlaths measured using a Wilhelmy plate
(perimeter 3.94cm) attached to an electro-balandeich was connected in turn to a
microprocessor controlling the movements of the itediarrier. The subphase of the reaction
compartment was continuously agitated with a 2-cagmetic stirrer moving at 250 rpm. The
enzyme solution was injected through the film otrer stirrer with a Hamilton syringe. The
surface area of the reaction compartment was 120armd its volume was 120 ml. The
reservoir compartment was 148 mm wide and 249 mmg.l¢lydrolysis of phospholipid
monolayers by phospholipases results in the foonaif lysophospholipid and free fatty acid.
With medium (C12) chain phospholipid substrategséh products are water-soluble and
desorb rapidly from the monolayer, which resultsaisurface pressure decrease. With lon
chain substrates, the presencg-afyclodextrin in the bulk phase allows the solwation of
lipolysis products. In both cases, phospholipaseigcwas deduced from the mobile barrier
displacement to keep the surface pressure congthatsurface covered by the barrier was
converted into substrate molecules based on cosipresisotherms of phospholipid
monolayers at the air-water interface. Activitiesray expressed as the number of moles of
substrate hydrolyzed by unit time and unit surfatéhe reaction compartment of the “zero-

order” trough for appropriate sPkAoncentration.
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2.11 Covalent inactivation of phospholipases

Chemical modification of Sm-PLGV, rPL&5) and rPLA(-5) enzymes was
performed by incubating each protein with 1 mM prhophenacyl bromide (p-BPB)
dissolved in 0.5% dimethylsulfoxide. Incubation wasried out at 4°C for 1 h and then the
excess of the reagent was removed by dialysis sigdins-buffer pH 8. The absence of
enzyme activity was checked by pH-stat method aratlified enzymes were used in
hemolysis test. In parallel, controls were run withinhibitor under the same conditions.

2.12 Reaction of DTNB (5,3-Dithiobis(2-nitrobenzoic acid) with native and

recombinant phospholipases

We check disulfude bond formation in the native aii@ three recombinant
phospholipases by probing free thiols using 5,5tdibis-(2-nitrobenzoic acid) (DTNB), as
described previously by Gargouri et al., 1988 [38). mM of DTNB was useful for
spectrophotometric determination of sulfhydryl greun different phospholipases. A 1 mL
cuvette was filled with 600 pL of 0,1M Tris-HCI Baf pH 8.0 containing 0.1 mg/mL of Sm-
PLGV, rPLAy(-5), rPLAy(+5) or Long chain and a 40-60 molar excess of DTNBe value
of the absorbance of the mixtures as compared avithlank containing no enzymes was
recorded versus time. The number of sulfhydryl geowas calculated from the maximal
absorbance, using molar extinction coefficient geadfi 13600 at 412 nm for thiopyridone. At

the same time, residual phospholipase activity wwaasured on samples.

2.13 Hemolysis assay

Hemolytic activity of the pure recombinant proteimgas tested using human
erythrocytes [31]. Freshly collected blood samplegre immediately mixed with
anticoagulant, to prevent blood coagulation. Toawbt pure suspension of erythrocytes, 1
mL of whole blood was made up to 20 mL in phosptmtiered saline (PBS pH 7.4) and
centrifuged at 1500 rpm for 5 min at 4°C. The soptant and buffy coats were removed by
gentle aspiration, and the above process was epéap more times. Erythrocytes were
finally suspended in PBS to make 1% solution fa tilemolytic assay. Various amounts of
pure rPLA(+5), rPLA(-5) and Long chain were added to red blood celgpsnsion which
were gently mixed, incubated at 37°C for 30 mirg #men centrifuged at 1500 rpm for 5 min
at 4°C. The absorbance of the supernatants wasrdetzl at 545 nm to measure the extent
of red blood cell lysis and hemoglobin release.itR@s control (100% hemolysis) and
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negative control (0% hemolysis) were also run lmubating erythrocytes in PBS containing

1% Triton X-100 and PBS alone, respectively.

2.14 Phospholipase A assay

Phospholipase activity was measured titrimetricalith a pH-stat under the standard
conditions: at pH 8.5 and 50°C, in the presencg miM NaTDC and 12 mM Caglsing 1%
w/v egg phosphatidylcholine (egg-PC) as substr@ree PLA unit corresponds to the
liberation of one umole of fatty acids (FFA) pemue.

2.15 Determination of protein concentration

Protein concentration was determined accordinthéoBradford method [39] using

BSA as a reference.

2.16 FTIR spectroscopy

The FTIR absorption spectra of the purified pho$iphses (50 pg) were recorded
between 400 and 4000 chusing an Analect Instruments fx-6 160 spectrome$pectral
analysis of the amide | band was performed withcBpemanager (Jasco) after a baseline
correction from 1500 to 1800 ¢émA Fourier self-deconvolution considering a FWHiitial

estimation of 18 cmwas applied.

2.17 Molecular modeling

Construction of 3D-models of the phospholipaseards was performed using the
Swissmodel web server for the N-terminal catalydmmain (Long chain up) to its last
disulfide bond (Cys100) [40] and manually, using WinCoot (v. 7.2.1) protein model
building and verification program for the C-ternliextensions [41]. N- and C-terminal parts
were fused and additionally refined by several dsunf a combination of i) simple energy
minimization (3 to 5 cycles) under default parametend predefined disulfide bridges added
as constrains using the Refmac program (v. 5.8)0t6fn the CCP4 program package [42,
43], ii) the ModRefiner program from the I-Tassengr which allowed to obtain more native
fold characteristics [44, 45] and iii) manual catren of the Ramachandran plot using the
structure regularization functions of Wincoot wRamachandran constraints turned on. The
quality of the models was assessed with the Wingmatgram, which checked for

Ramachandran plot and geometry outliers. lllusiretiof the structures were produced using
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the PyMol program [46]. The electrostatic surfacasvgenerated using the APBS program
[47]. Dipole moments and vectors were calculatadguthe dipole.py script of the Chimera
molecular modeling system[48].

3. Results

3.1 Sequencing ofScorpio maurus PLA, gene and recombinant proteins purification

The Scorpio maurus PLA; gene presentend in Fig.1, that encodes both ghtamsong
and the short chain separated by a penta-peptideAty-Ser-Ser-Arg, is transcribed into a
single mRNA, which is processed during maturation,quite the same way as initially
demonstrated for the case of IpTxi [16], phospholifstom Pandinus imperator [30] and
MtPLA, from Mesobuthus tumulus [28]. The sequence is composed of 387 nucleotides,

starting at residue Phe 1 and ending at residuel29pjust before the stop codon.

The nucleotide sequence coding the rRHA) is formed by the whole sequence
starting at nucleotide 1 to the nucleotide 387. Theg chain sequence starts at nucleotide 1
to nucleotide 321. The rPLAS) sequence is formed by the Long chain (nudalieoti to 321)
and the short one (337 to 387) without the penfaigpe sequence (figure 1). Open reading
frames of 387 bp, 372 bp and 321 bp encoding pretei 129, 124 and 107 amino acids and
theoretical molecular masses of 14637 Da,14022 D& 168 Da were obtained for
rPLA2(+5), rPLAx(-5) and Long chain, respectively. The expresseateprs in E. coli
BL21DE3, which were present in inclusion bodiestemgurified after protein refolding using
anion exchange chromatography on Q-Sepharoser{dashown).
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Figure 1. Nucleotide sequence of Sm-PLGV gene encodingnideire phospholipase and the
deduced amino acid sequence (Long chain: F1 to ;Sdiott chain: D113 to D129). The
signal peptide is double underlined). The cleavableta-peptide is shown as a grey box.

We determined the molecular masses of native SmvPladd the different

recombinant constructs using MALDI-TOF mass specgiy (Figure 2 and Table 1).

Table 1. Theoretical and experimental masses and specifivitees of native and
recombinant phospholipases. Phospholipase activdag measured using egg-PC 1% as

substrate under standard conditions.

Construct Sm-PLGV rPLA »(-5) rPLA »(+5) Long chain
Theoretical molecular mass 14637 14144.63 14759.33 12168
(Da)
MALDI-ToF data (Da) 15155 14144 14776 Not
determined
AS (U/mg) 5500 1500 450 50
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Il me Sm-PLGV i :. HIT rPLA (5

Figure 2: The MALDI-TOF mass spectrometry @) Sm-PLGV,(B) rPLA(-5),(C)
rPLA,(+5) and(D) Long chain
Enzymatic deglycosylation of Sm-PLGV was perfornaeul its molecular mass was
analyzed by MALDI-ToF. The treated Sm-PLGV have #@mme molecular mass as the
untreated enzyme. This observation can be expldiyethe small size of the carbohydrate

group or by its inaccessibility to PNGase F (daitbsthown).

3.2 Effect of temperature on phospholipase activity andstability of rPLA (-5),
rPLA ,(+5) and Long chain

Phospholipase activity was tested under standandittons at temperatures ranging
from 25 to 60°C with the pH stat technique (Fig3)A.The highest activity was observed at
50°C for all constructs. Specific activity of thellflenght rPLA(+5) was reduced to 450
U/mg which was lower than native Sm-PLGV and ri(-B), both without penta-peptide
‘KRSSR’ (specific activities 5500 U/mg and 1500 lg/mespectively). Even though the Long
chain variant contains the catalytic site, its\atstiwas only 50 U/mg, which suggests that the

short chain plays a role in catalytic efficiency.

Thermostability of rPLA(+5), rPLA(-5) and Long chain was investigated by

measuring the residual activity after 30 min ofubation at various temperatures ranging
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from 25 to 65°C (Fig. B.3). Native Sm-PLGV and theriants presented a similar behavior
towards the temperature. Phospholipase activityedsed with increasing temperature and
was lost at 65°C. We could notice that Long chdona is less stable than the other
constructs towards temperature.
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Figure 3: Effect of pH and temperature on rPi{5), rPLA(+5) and Long chain activity
and stability. Sm-PLGV was taken as a control focomparative studyThe enzymatic
activity was measured at various temperatures at8fHA) and various pHC) in the
presence of 12 mM Cafhnd 8 mM NaTDC.(B) The enzyme stability towards the
temperature was estimated from residual activityasneements performed after 30 min
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incubation of 0.1 uM of each enzyme at differemtpperatures at pH 8.8D) The pH stability

of phospholipases was checked after incubationaoh &nzyme at various pH for 30 min.
Residual phospholipase activity was measured ustdedard conditions using egg-PC 1% as
substrate corresponding approximately to 13 mM.

3.3 Effect of pH on phospholipase activity and stabily of the purified rPLA 5(-5),
rPLA »(+5) and Long chain
Phospholipase activity was measured at 50°C aerdift pH values using egg-PC
dispersion as substrate. The pH vs activity prafflpurified phospholipases is shown in Fig.
C.3. Like native Sm-PLGV, all variants are activea pH range from 7.0 to 9.0 with an
optimum at pH 8.5. This optimum pH of activity i@ similar to that oM. tamulus venom
phospholipase MtPLA[49].

Stability at different pH was studied by incubgtitne enzymes with different buffers
at pH values ranging from 3.0 to 12.0 and at 4°foreeassessing their activity under standard
conditions. Like Sm-PLGV, all variants were fourallie stable between pH 3.0 and 12.0,
with their maximum activity between pH 8.0 and 90g. D.3). rPLA(+5) and rPLA(-5)
kept more than 70% and 60% of their activity aftecubation at basic and acid pH
respectively. Long chain was generally less stabés this pH range, but shared the same pH

profile.

3.4 Ca®* and bile salts dependence of the purified rPLA-5), rPLA(+5) and Long
chain

It is well established that &ais essential in secreted phospholipases for aativity
and binding to their substrates [50]. We measuRddAs(-5) , rPLA(+5) and Long chain
activities under standard conditions in the presemicincreasing Ca concentrations (data
not shown). As expected, all variants were inactivéhe presence of a €achelator like
EDTA and their catalytic activity increased with “Caoncentrations. But while activity of
rPLA,(-5) rose linearly with [CZ] increase right from the start, with rPL(&5) a threshold
concentration of 8 mM had to be exceeded firsallitases the highest specific activity was
observed with the highest tested concentration af @ 12 mM. Similar results were
obtained with sPLA purified from Anuroctonus phaiodactylus andM. tamulus venoms [17-
19] and two snake venom PLACC-PLA, from Cerastes cerastes and MVL-PLA, from
Macrovipera lebetina wich stain active up to 10 mM €3a[51]. Moreover, we measured

rPLA,(-5), rPLAy(+5) and Long chain phospholipase activities ursi@ndard conditions with
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increasing concentrations of NaTDC (data not shoBi¢ salts were required for rPLAS),
rPLA,(+5) and Long chain activities and their highesivity was observed at 8 mM NaTDC.
Similar to their thermal activity, rPLA-5) exhibited the highest activity in the presendée

bile salts, while Long chain was lowest.

3.5 Kinetic parameters of native and recombinant phosphlipases

The kinetic parameters (apparent Km, kcat and #talytic efficiency kcat/Km) of
each enzyme were determined. We measured the ispactivities as a function of PC
concentration for the different enzymes under seshdconditions. Then, apparent Km,
turnover kcat and catalytic efficiency (kcat/Km)reeestimated from Lineweaver—Burk plots
(data not shown) for each enzyme (Table 2).

Sm-PLGYV presents the highest kcat/Km value. Inremttthe presence or the absence
of the penta-peptide decreases significantly thalytéc efficiency. The lowest kcat/Km was
obtained when the short chain was removed fromnterze structure (Long chain). This
result undergoes the importance of the short dndine enzyme expression.

Table 2 Apparent kinetic parameters of Sm-PLGV and itomsbinant forms

V max (Umol/min/mg) | Km (mM) | kcat (s kcat/Km (s*.mM™)
Sm-PLGV 5500 2,3 1410 613
rPLA »(-5) 1500 4 352 88
rPLA »(+5) 450 55 110 20
Long chain 50 2,5 10 4

3.6 Reaction of DTNB (5,3-Dithiobis(2-nitrobenzoic acid) with native and
recombinant phospholipases
To check disulfude bond formation in the native déincke recombinant enzymes, we
measured free thiols using DTNB. We showed thatPR@V, rPLAx(-5) and rPLA(+5)
have no free SH. In contrast with Long chain, ame fSH was modified without loss of its

activity (data not shown).

3.7 Hemolytic activity of the purified rPLA ,(-5), rPLA(+5) and Long chain

As native Sm-PLGV showed direct hemolytic activitye tested if its recombinant
variants have this property despite their diffeeencspecific activity. Hemolytic activity was

tested with human erythrocytes suspension. Fig. shdws that 100 % of hemolysis was
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obtained with the same enzymatic activity (500 biresponding to 100 pg.rif.200 pg.mL
Yand 1 mg.mt} of Sm-PLGV, rPLA(-5) and rPLA(+5) respectively (Fig. B.4) after 30 min
incubation. Long chain which has a lower activitgrt rPLA(+5) and rPLA(-5), showed the

lowest hemolytic power (10%) after the same inculatime.
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Figure 4. Hemolytic activity of Sm-PLGV, rPLA-5), rPLAx(+5) and Long chain.
Freshly prepared human erythrocytes were incubaitdvarious enzyme concentratiof#s)
or activity (B) of Sm-PLGV, rPLA(-5), rPLA(+5) and Long chain, for 30 min at 37 °C. Sm-
PLGV was taken as a control. The stars represenhémolytic activity obtained with all
phospholipases inhibited by 1 mM p-bromophenaayhde (p-BPB).

In order to confirm the relation between hemolytmwer and enzyme activity, Sm-
PLGV and recombinants variants were treated wittrggnophenacyl bromide (p-BPB), a
specific inhibitor of sSPLA Fig. A.4 shows that after total inhibition, alhzymes became
unable to trigger the hemolytic effect. This restdnfirms the link between hemolysis and

enzyme activity as observed with same snake venbAy, Buch as RVVA-PLA-I from
Daboia russelli venom [52].

3.8 Variations of the rPLA,(-5), rPLA,(+5) and Long chain activity with surface
pressure: a monolayer study

We studied the activity of rPLADS), rPLAx(+5) and Long chain on phospholipid

monolayers at various surface pressures to inastithe possible correlation between the
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enzyme capacity to penetrate phospholipid layetsigit surface pressure and phospholipid
hydrolysis in erythrocytes membranes leading to dlgsms. Monolayers of zwitterionic
diC,-PE and dig-PC, and negatively charged PG and PS were tebtedrythrocytes,
phosphatidylserine (PS), phosphatidylethanolammi),( and phosphatidylinositol (PI) are

located mainly in the inner monolayer while phogghdcholine (PC) and sphingomyelin
(SM) are essentially in the outer monolayer [53].

As found for Sm-PLVG, all recombinant variants evenore active on diG-PE films
than on diG,-PC, PG and PS films.
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Figure 5: Variation with surface pressure &) rPLAy(+5), (B) rPLA,(-5) and(C) Long
chain activity on various medium chain phosphokp{diCPC , diG,-PE , PG and PS).
Phopsholipase activity is expressed as the nunmfberotes of substrates hydrolyzed by unit
time and unit surface of the reaction compartménte “zero-order”. Activity measurements

were performed after 10 min of enzymes injectiodarrsubstrate monomolecular films. The
kinetic experiments were recorded as describedatehal and methods.
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As expected from their respective enzymatic adtision egg PC in bulk, hydrolysis
of phospholipid monolayers by rPLA5S) was higher than that of rPL&5) or Long chain
which was the lowest. Remarkably, maximum hydralysf phospholipid monalayers by
rPLA2(-5) was shifted towards lower surface pressuregpemed to rPLA(+5) or Long chain.
The highest enzymatic activities for both recombtn@nzymes were recorded on ¢i®E:
0.67 mol.cnif.min™.M™ for rPLAx(+5) at 30 mN.rit and 5,48 mol.ciimin™.M™ for rPLA(-

5) at 35 mN.rit (Fig. A-B.5). Thus, the hydrolytic activity of sRk is influenced by the
chemical nature of phospholipids molecules and thieysical state. Despitbe activities of
Sm-PLVG on diG-PG and dig-PS which were very low [31], rPL&+5) and rPLA(-5)
showed a high rate of hydrolysis of negatively gedrhead group PG and PS at high surface
pressureThis kinetic property of rPLA+5) and rPLA(-5) can be correlated to their capacity
to attack biological membranes [2]. The low hemiolgctivity of Long chain can be related
to the low rate of hydrolysis of di¢PE (0.38 mol.cii.min®.M™) and PS (0.16 mol.cm
2mint.M™) at high surface pressure (40 mN)ncompared to rPLA+5) and rPLA(-5).
(Fig. 5.C)

3.9 IR-Spectroscopy of Sm-PLVG, rPLA(+5), rPLA,(-5) and Long chain

FTIR spectra of rPLA+5), rPLA(-5), Long chain and Sm-PLVG were recorded and
the amide | was deconvoluted. In all cases, itldispthree major components and several
shoulders (Fig. 6). All spectra exhibit the samabgl shape, vibrational bands and structural
components, confirming that all constructs are vieltled in the same global secondary

structure.

Abs (AU}

1700 1650 1600
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Figure 6: Deconvoluted FTIR absorption spectraSsbrpio maurus phospholipases in the
Amide | region. From top to bottom: rPL&5) (black), native Sm-PLVG (darker grey),
recombinant Long chaifgrey) and rPLA(-5) (lighter grey)

The band at 1666 circan be attributed to the global vibratiorpesheet [54], while the
one at 1654 cihrepresents a combination of the vibrations.dfelix and random coil [55],
which can exhibit quite the same vibrational baind&® spectrum recorded in water [56]. The
band at 1640 cthcan be attributed tf-sheet and is related to the shoulder at 1683 cm
characteristic of ripplefl-sheet [55]. The last three shoulders at 1693, B6221601 ci in
the spectrum can be attributed to amino acid vilmat whose important contribution to
protein spectrum recorded in water is well docure@n57]. They might be attributed to
arginine involved in salt bridges, tryptophan ayrds$ine respectively [57]. Since no vibration
at 1672 crit was detectable, all arginine residues in the wiffeprotein constructs seem to be
engaged in salt bridges. The overlay of the declo®d FTIR spectra of native Sm-PLVG
and rPLA(-5) shows no remarkable difference, confirmingirtregructural similarity. All
observed differences in the deconvoluted FTIR speaftthe variant proteins are summarized
in Table 3.

Table 3 Structural interpretation of deconvoluted FTIRsjpa

. Observation in Interpretation of Impact on Remarks for model
Protein ; . o
spectrum observation structure/folding building
The short chain does not
rPLA(+5) , build up a large
. No signal at No p-sheets of All three (hydrophobic) interface
Long chain intramolecular constructs are . ) .
1620 cnit : with the catalytic domain
aggregation well folded .
rPLA,(-5) or penetrates deeply in
the fold.
The presence or]
rPLA(+5) All three proteins| absence of the | The short chain does not
: Same global have a very short chain does| add a domain with high
Long chain - .
spectral shape | similar secondary| not impact onthg  secondary structure
rPLA,(-5) structure fold of the content.
catalytic domain
iggg zg]ln%rat The two Arginine
rPLA(+5) o All Arginine present in the -
Arginine involved . . One or both Arginine
. : . . residues are penta-peptide . . i
Long chain in salt bridges; no| . . . . might be in contact with
. 1| similarly involved | insert are also .
signal at 1672 cth . . . the C-terminal Aspartate
rPLA(-5) . in salt bridges engaged in salt
corresponding to ;
2 bridges
unbound Arginine
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The short chain

More pronounced Higher adds g3-strand, | The short chain creates|a
rPLA,(-5) B-sheet shoulder at contribution off3- but only if the | B-strand after deletion of
1640 cnt sheet penta-peptide | the penta-peptide insert

insert is deleted

Deletion of the

a-helix vibration at| Overalla-helices enta-pentide Most probable candidate
1655 cnt shifted | are less H-bondedl . P peptd | is the short chain as it
rPLA,(-5) . insert reorganizes :
to higher or less exposed to the chain to cover has been reorganized
wavenumber solvent . (see above)
a-helices
Deletion of the
penta-peptide
uncovers a
. . . Overall Tyrosine Tyrosine or
Tyrosine vibration . creates a polar
) content is more | . . )
‘PLALS) at 1600 crit exoo0sed to solvertt Neraction with a
2 shifted to lower POSE Tyrosine The
or in polar

wavenumber reorganized short

chain contains a

Tyrosine which
might be the

cause

contacts

3.10 Molecular modelling of rPLA »(+5), rPLA2(-5) and Long chain

To better understand our experimental data andrdhe of the short chain at a
molecular level, we constructed structural modélsPbhA,(+5), rPLAx(-5) and Long chain.
Long chain shares a sequence identity of 39 % &edsame Cysteine pattern with the
honeybee venom PLA(pdb code: 1poc; further on called hbRLAA reasonable model of
Long chain was directly obtained from the automé@@dssmodel server. In this model, the
fold of three main helices A, B and C observed lPbA; is maintained, even though an
additional loop is inserted between helices B and\ISo, the two strandeflsheet between
helices A and B is conserved, as well as all residof the C& binding site and the key
catalytic residues His34, Asp/Glu63 and Tyr92. Thterminal extension after the disulfide
bridge C60-C100 is truncated after Ser107 in Lohgirt and is 5 to 10 residues shorter in
rPLA2(+5) and rPLA(-5) than in hbPLA. It has no significant identity with other published
PLA; structures. The prediction of its fold is therefarot obvious. A BLAST search of the
last 29 residues behind Cys100 against the pdibasgaresults in a best hit with 69% identity
only for the final half of the sequence, alignedataegion inside the yeast Copper-Zinc-
Superoxide dismutase (1SDY) which is folded asap Ifbllowed by a C-terming-strand.
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Remarkably also the C-terminus in hbRLiArms a loop structure followed byBastrand and
some of the residues in this section, includinglPGwhich occupies a hydrophobic pocket
in hbPLA,, are conserved in Sm-PLVG (Fig. A.7). It seemsédftge reasonable to model a
similar conformation of the short chain taking thee-venom as reference. Another
resemblance with hbPLAs the presence of two arginine residues at theety of the long
loop proceeding the C-terminfistrand in hbPLA, as it can be found in the scissile penta-
peptide in rPLA(+5). Supposing a structural homology, the latteghhbe similarly exposed
at the extremity of a similar but shorter loop PLAy(+5). Essential information for the
modeling of the short chain could be obtained friv deconvoluted FTIR spectra of the
variants, whose results and conclusions are surmathm Table 2. Interestingly, a highgr
strand content is only present in rPi5) suggesting that an interaction of the shosdirch
with the scissile penta-peptide in rP4A5) disorders it$-strand structure. In hbPLAhe C-
terminus is a Tyrosine buried in a hydrophobic mack is replaced by Asp129 in Sm-PLVG,
who might form salt bridges with either the Argiaimesidues in the scissile penta-peptide
present in rPLA(+5) or with an Arginine occupying the same locatio Sm-PLVG as the
hydrophobic interaction in hbPLAThe proposed models of all three constructs heen
checked for reasonable bond geometries and contaioutliers in the Ramachandran plot
(Fig. B-C. 7).
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Figure 7: 3D modeling ofScorpio maurus phospholipase.A) T-coffee alignment of the
sequence of Sm-PLVG with bee venom BL@db code: 1poc.A) which served as the
structural basis for modeling. 3D models of rB[#5) (B) and rPLA(-5) (C) with side chain
interactions are shown in pandbs and C, respectively. The C-terminal extensions after
Cys100 are colored in magenta. The catalytic di@atleé3/His34 is colored in red and the
pentapeptide insert of rPLAS) in orange. The Additiond-sheet in rPLA(-5) is colored in
magenta. H-bonds of the active site diade, arginasedues in the inserted pentapeptide and
c-terminal Asp residue are shown in cyan. Th&"@m is shown as a grey sphere.

Clues for the interpretation of the experimentaiadean be found by analyzing the
constructed models. An important difference betwd@wPLA, and Sm-PLVG is the
replacement of the Asp in the catalytic Asp/Hisrmi a more flexible Glu63 in the latter.
The observed variation in activity of the constsuntight be related to the intensity of the
Glu63/His34 interaction in the active site. If thrgeraction is disturbed, the pKa of the
catalytic His34 will change, impacting the stadtinn of the transition state, i.e. the enzymes
activity, and also indirectly via a coordinated @ramolecule the capture of the®Cn in the
active site. The truncation of the short chainhie@ Long chain construct deletes a stabilizing
residue in the proximity of the Glu63. In hbP4,Aa leucine residue in the C-terminal part
creates a hydrophobic barrier to the surface jatirdl this catalytic Asp, favoring its
interaction with the catalytic His. In Long chathis residue is absent, what creates an access
to the solvent permitting the more flexible Glu@3disengage its interaction with His34 and
to reorient to the polar surface, largely reducitgyactivity. The same situation can be
observed in the rPLA+5) model, in which additionally a positively clgad residue (here:

Lys124) of the short chain might penetrate int thccess to stabilize Glu63 in this non-
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productive orientation. After deletion of the pepgptide insertion, the short chain is
reoriented as f-strand, what ends this non-productive interactiboan introduce Tyrl27 in
the access behind Glu63, what not only recreatbaraer to the surface, but also might
stabilize the interaction of Glu63 with His34 via &l-bond with his phenolic hydroxyl
function. A similar stabilization of the catalytacid by two tyrosine residues can be observed
in group | and Il PLA, but not in hbPLA.

The overall electrostatic charge distribution oe #urface of the models reveals a
mostly hydrophobic section around the binding ptekd the acyl chains, but a net negative
potential in the head-group binding pocket of allr @onstructs what might favor the
interaction with zwitterionic phospholipids contaig a positively charged amine or choline
group (Fig. 8). An additional positively chargedtgtaat the vicinity of the active site is
countered by a negative patch on the oppositetitee protein. The presence of two opposed
charges at each side of the molecule generatecdedipoment parallel to the orientation of
the active site access what might help to orieatethzymes active site correctly towards the
negative charges of the phospholipid layer. ThaiecBdn of the calculated dipole moment
from 452 D in rPLA(-5) and 374 D in Long chain to 317 D in rPiA5) due to the positive
charge of the short chain and the pentapeptidensde influence the overall surface
pressure/activity optimum since we observe a $iafh low to high surface pressures in our

hydrolysis experiments with phospholipid films.
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Long chain rPLA-5) rPLA+5)

Figure 8: 3D models with surface potential of Long chain @), PLAx(-5) (B, B’) and
PLA,(+5) (C, C’). Surface potentials were calculatethviPBS. Positive potential is colored
blue and negative potential red. The phospholipidsgate from the bee venom structure
1poc.pdb has been overlaid with the structure amisible in cyan (stick model). In the upper
panels A, B and C, the negatively charged Phosghating pocket is on the right side while
the mostly hydrophobic acyl chain-binding clefois the left. The lower panels A’, B’ and C’
show views of the same models after a 180-degmgepdicular rotation.
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4. Discussion

A phospholipase Anamed Sm-PLVG was purified and characterized thrdoom
the venom glands of Tunisian scorpiScorpio maurus [31]. We cloned its gene and we
produced three recombinant forms of Sm-PLVGEstherichia coli to further study the
structure-function relationships of this enzyme.

The gene that encodes full length Sm-PLGV isdrabed into a single mRNA,
coding for the long and the short chain, separbied penta-peptide Lys-Arg-Ser-Ser-Arg,
which is cleaved during maturation. The same méturgorocedure has been observed in
other scorpion venom PLAsuch as IpTxi [16] and phospholipin [30] froPandinus
imperator or MtPLA, from Mesobuthus tumulus [28]. The mRNA sequence that encodes
Sm-PLGV is composed of 387 nucleotides (includimg$top codon), starting at residue Phel
and ending at residue Aspl29, just before the stojon. There is no N-terminal pro-peptide
as observed in some other PLAA homology search indicates that Sm-PLGV hasgh hi
sequence homology of 84% wiBandinus imperator PLA, sequence Phospholipin [30] and
78% homology with Phaiodactylipin frorAnuroctonus phaiodactylus venom [17], but no
significant sequence identity with the well-studggdup | and 1l PLA (Fig. 9).

* EE Y

Sm FLIWGGTKWCGPGHVAFRNESDL.GFLE-ADRCCRTHDHC-DYIGSGETEYG 45
Ph FLMWECTEWCGPGNNARCESDLGFLE-ADRCCRTHDHC-DYIASGETREYG 48
Ix ——TMWGTEWCGSGNEATDISELGYWSNLDSCCRTHDHC-DNIPSGOTEYG 47
Am —II¥YPGTLWCGHGNES SGFNELGRFEHTDACCRTHDMCPDVMSAGESKHG 49
Mt ——TMWGTEWCGSCGNEAINYTDLGY FSNLDSCCRTHDHC-DSIPRAGETEYG 47
HI ——ITVWGTEWCGSGNEATSGIDLGY FENLDSCCRTHDHC-DNIFRAGETRYG 47
Ap FLIVEGTEWCGNNNIAANY SDLGFLE-ADRCCRDHDHC-DEIASGETEYG 48
* kg »*
Sm LTHESFFTELNCECEEAFDQCLTEAYNEEEGD——RETSTEDLRNFYFDNY %6
Ph ITNYAFFTELNCECEEAFDRCLTEAYNEEERES-RAESSTERLONFYFGTY 97
Ix LTHEGEY TMMNCECETAFEQCLENVTGGMEGE————— ARGFVRETYFDLY 92
Am LTNTASHTRLSCDCDDEFYDCLENSADTISSY ———————— FVEEMYFNLI S1
Mt LTHNEGEY TMMNCECESAFERCLEDVREGILEGE————— LERAVERETYFDLY 92
HI LTHNEGIYTMMNCECESVEFRQCLEDVIGVFEGE————— ARRAVREIYFDLY 52
Ap LENEGLFTILNCDCDEAFDHCLEEISHNNVTTDIRQEGEAENVWREYFQO-W S7
& * *
Sm RPOCYIVVICNS-EKRSSRDAG-CENGVATWE-—ESYED———————— 125
Ph SPECYVVICNS—ERSGRDAG-CENGVATHWE--ESYED-——————— 130
Ix GNGCYNVOCPSQRRLARSEE-CPDGVATYTGEAGYGAWAINELNG 136
Am DTRCYRLEHPVTGCGERTEGRCLHY TVDESEPEVYQWFDLREY—— 134
Mt GHNGCFNVECPSGARSARSEE-CTNGMATYTGETGYGAWAINELNG 136
HI GNGCYSVQCPAGGRSARTGG-CPNGVATYTGETGYGAWLLNEANG 136
Ap NANCYRLYCED-ERSARDEA-CTNOYAVVE-—ENFIVO——————— 131

Figure 9: Sm-PLGV amino acid sequence alignment with offlef, from scorpion and bee
venoms Sm: Scorpio maurus PLA;, Ph: phospholipin fromPandinus imperator, Ix:
Imperatoxin fromPandinus imperator, Am: Apis mellifera, Mt: Mesobuthus tumulus, Hl:
Heterometrus loaticus, Ap: Anuroctonus phaiodactylis.

* Represents conserved cysteine resid#igadicates the main catalytic residues, Residues
showed in grey box indicate the calcium-bindingpoResidues underlined indicate putative
N-glycosylation sites. The alignment of the shdéria region is framed.
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In the Long chain of processed Sm-PLGV, the cataldistidine at position 34 is
conserved and preceded by a DXCCRX motif as inrogieup Ill PLA. Also the C&'
binding loop motif, GTXWCGXG and all eight cystemevhich are essential features in
group Il PLA, are conserved (Fig. 9). Obviously, the long chairbearing the principal
features of the phospholipase active site in soorgenom PLA.

Otherwise in the rPLA+5) or rPLA(-5), the C-terminal part of the sequence which is
processed to become the short chain has low segueeatity inside group Ill PLA
Different subgroups with similar C-terminal extesrss can be found in group Il PLAand
Sm-PLVG is part of a group including scorpion vendaiA, from P. imperator
(phospholipin; ID: PODKUZ2.1)Hadrurus spadix (PLA,; ID: JAV47952.1) orHemiscorpius
lepturus (HLIipin-2; ID: API81337.1).

Phospholipase activity was tested at temperatamging from 25 to 60°C using egg-
PC as substrate (Fig. A.3). In contrast to manyowerPLA, produced inE. coli, such as
rPLA, from Mesobuthus tumulus scorpion venom [49], Honey bee [58], snake venoms
Bothrops diporus [59] and Lapemis hardwickii [60] whose maximum activity on
phospholipids is at 25°C, the maximum activity oh-BLGV is found at 50°C [31]. All the
variants show the same temperature optimum bueaseactive. The most active recombinant
form rPLAx(-5) is 3.6 fold less active (1500 U/mg) than Sn=RL (5500 U/mg) what might
be related to the covalent connection of the lomg) short chains. The presence of the penta-
peptide KRSSR in rPLA+5) leads to a 3.3 fold decrease in enzyme agtidb0 U/mg).
Finally, enzyme activity further dropped nearly tenes in the absence of the short chain and
overall enzyme stability was reduced.

Thermostability data of our recombinant enzymesiabthat rPLA(+5) and rPLA(-

5) retained 85% of their maximal activity after ubation at 37°C. At temperatures over
50°C, the activity decreased dramatically and theymes lost all their activity over 65°C.
Thermal inactivation of rPLA-5) and rPLA(+5) follow the same profile as Sm-PLGV.
These data point to a two-step unfolding of thé&PIchains, where the short chain unfolds
first to give an intermediate fold at 45°C maintagthe catalytic domain mostly intact and
then further unfolds at higher temperatures. Ifghert chain is absent, like in the Long chain
variant, stability of the remaining catalytic domalegrades much faster to this intermediate.
These results are not completely in agreement aithdata on maximum activity of the
variants at 50°C. It is likely that under theset anditions the presence of substrate has a

thermo-protective effect, as proposed by Verger @merif [61, 62]. In the absence of
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substrate, when the enzyme is in the aqueous ptiesenzymes are rapidly inactivated at
higher temperatures.

Besides its influence on unfolding, the short chaas a large impact on the activity of
the catalytic domain. Even though the Long chairiavd contains the active site and the
calcium binding loop, its enzymatic activity is yelow (AS= 50 U/mg) compared to
rPLA2(+5) and rPLA(-5). We constructed molecular models of all thesgiants to
understand the influence of the short chain on miezgctivity. The available FTIR data gave
us additional hints for the interaction of the ghadrain with the principle catalytic domain.
FTIR data and 3D modeling suggest that a structe@irangement of the short chain after
deletion of the penta-peptide may be responsibtettie establishment of a productive
Glu63/His34 interaction. This might explain the eb&d changes of catalytic activity via a
change of pKa of His34 and can impact on the ajfiof the Calcium site via a bridging
water or substrate molecule. An additional inhityiteffect of the released penta-peptide on
the active site as has been postulated in theafddéPLA, [28] is still possible but cannot be
confirmed by our approach.

Since native Sm-PLGV showed direct hemolytic aitjwe tested if its recombinants
forms conserve this activity despite their differenn specific activity (Fig. 4). ValdezCruz
and al., [17] showed that phaiodactylipin frofnuroctonus phaiodactylus and Iptxi from
Pandinus imperator causes direct hemolytic action on human erythescwfter 10 min of
incubation. rPLA(-5) and rPLA(+5) lysed all erythtrocytes after 30 min at 200mig* and
1 mg.mL* respectively but Long chain was tenfold lessvacfil0 % lysis) after the same
incubation time in accordance with catalytic at¢yivdata. Our results showed the dependence
of the hemolytic on enzymatic activity (Fig. A. 5)Ve have no evidence for a distinct
interaction of Sm-PLVG short chain with biologicakmbranes as postulated previously.

It is well documented that the different venom BL&an display dramatically different

affinities for biomembranes, composed of differphbspholipid polar head groups and fatty
acyl chains, resulting in their differential memteadamaging activity. The differences in
overall net charge in a venom PLAnolecule may attribute to differential binding and

subsequent hydrolysis of phospholipids of a paldiconembrane [52].

We showed that rPLA+5) and rPLA(-5) are able to hydrolyze phospholipid
monolayers at high surface pressure like Sm-PLGNchvwell correlates with their ability to
hydrolyze phospholipids in erythrocyte cell memlasnas previously shown with other

phospholipases Alike the sPLA from venomNaja naja PLA; [63]. The highest enzyme
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activities on diG»PE and diG-PC were recorded at surface pressures of 30 amdN8&i*
for rPLA,(+5) (Fig. A.5) and PLA(-5) (Fig. B.5), respectively. As observed with VG,
rPLA2(+5) and rPLA(-5), activities on these zwitterionic phospholifildhs were higher than
those measured on negatively-charged phospholipi@ {PG and PS). This may result from
the negative net charge of the head-group bindotket in the enzyme. The activity of Sm-
PLVG on negatively-charged PG and PS was previo@siynd to be very low [31].
Nevertheless, rPLA+5) and rPLA(-5) showed a high rate of hydrolysis of PG andd®S
high surface pressure. This behavior is similaPt#\, from vipera berus which hydrolysis
negatively charged head group at high surface pressmore than zwitterionic
phospholipids[64]. These differences in hydrolysates can be correlated to difference in
interfacial binding to phospholipids that dependlosir polar head and physical state.
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Conclusion

We cloned the gene coding the PL#fom venom glands of Tunisian scorpiStorpio
maurus and we produced three recombinant forms of thizyme in Escherichia coli to
further study its structure-function relationshiggecombinants constructs are rR[5)
which contains the penta-peptide, rB{A) without penta-peptide and Long chain without
short chain. A comparative study between biochelnaiod interfacial properties of the native
Sm-PLGV and recombinant phospholipasesshowed the importance of the short chain in
the stability and enzymatic activity.

FTIR-based 3D modeling of three recombinant cortdrundergo the difference of
the enzymatic activities of these PLAAfter deletion of the penta-peptide, a structural
rearrangement of the short chain allows it to axtemith the principle catalytic site, which
can explain the decrease of long chain activityer@WV, the results presented here bring new
informations on the scorpion PLAroperties.
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