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Abstract

The scorpion of Hemiscorpius lepturus is the deadliest scorpion in Iran, so it is very important from a
medical point of view. Clinical symptoms caused by H. lepturus scorpion envenoming such as neurotoxic
effects, skin burns, and some inflammatory reactions have been attributed to its phospholipase A2
activity. The aim of this study is to identify and categorize the genes encoding phospholipase A2 in H.
lepturus scorpion venom gland. For this purpose, in this study, a cDNA library was produced from the
venom glands of this scorpion using the lllumina RNA sequencing technique. The coding sequences of
PLA2 were identified and extracted using the basic local alignment search tool (BLAST) and similarity
searches between raw venom gland data with sequences recorded from other arthropods, especially the
scorpion Centruroides sculpturatus. These searches led to the discovery of several homologs of PLA2 in
the venom glands of this scorpion with sequence similarity to platelet acetylhydrolase-activating factor
(PAFA), calcium-dependent PLA2s (cPLA2), secreted PLA2s (sPLA2), calcium-independent PLA2s
(IPLA2) and, group 11 heterodimeric phospholipase A2 (hgPLAZ2). Most of the found sequences showed
the most similarity with the PLA2 sequences from scorpions of C. sculpturatus and Androctonus
crassicauda. This report is one of the few transcriptome sequencing efforts to identify, classify and
analyze the physicochemical properties of PLA2 sequences form venom gland of H. lepturus, in which
the phylogenetic relationships between different arthropods were investigated using the identified
sequences of the genus Hemiscorpius.

Keywords: Scorpion, Hemiscorpius lepturus, Venom gland, Phospholipase A2, cDNA library,
Phylogenetic relationships
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Figure 1. Protein sequences of platelet acetylhydrolase activating factor gene derived from H. lepturus scorpion venom gland. The sequence
alignment of 9 PAFA proteins from different arthropods (A), phylogeny tree (B) and their corresponding sequence profiles (C) are shown.
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GFQ74587.1 FISKTSLHQRSRFLVSSLAEASSSGSQLLRLEEVCKHLLLYPEQKTINCKAGLVKTALLLKSNYSDX
KAG0441218.1 VLSQSEMDQKTRHLLK ATSAPSQLARLTELNDHILSCPRSQCILVKERAIAHLLRLRQYSSNA LALLGHVDPPKGR LAIDGGGTKGMLA.
XP 037554692.1 ALSQVEIDRTSR ASSPASQVARLEELNNHILSYPSSLCIL' MREYSNNS! LALLGYVDPPRGRGLRILSIDGGGTRGI
XP 037530153.1 AMSQVEIDRTAR ASSPASQVARLEELNNHVLNYPSSLCVL LRHREYSNNS: LALLGYVDPPSGRGLRILSIDGGGTR
KAH6921777.1 AMSQVEIDRTSR ASSPASQUARLEELNNHIVNYPSSLCIL 1REYSDNS: ARETLALLGYVDPPRGRGLAILSIDGGGTR
B C

iPLA2 H. lepturus
iPLA2 A. crassicauda
XP_023211072.1
XP_023211074.1
KAG0441218.1
XP_037554692.1
XP_037530153.1
KAH6921777.1
XP_015920066.1
XP_035231518.1

[: GIY62190.1
GFQ74587.1

Description Scientific Name Query Cover Per. ident
iPLA2 H. lepturus H. lepturus 100% 100
iPLA2 A. crassicauda A. crassicauda 98% 59.49
XP_023211072.1 C. sculpturatus 99% 58.41
XP_023211074.1 C. sculpturatus 99% 58.25
GIY62190.1 Caerostris extrusa 74% 49.78
XP_037530153.1 Rhipicephalus sanguineus 67% 53.48
KAG0441218.1 Ixodes persulcatus 67% 52.27
GFQ74587.1 Trichonephila clavata 76% 50.1
XP_037554692.1 Dermacentor silvarum 69% 51.75
XP_015920066.1 Parasteatoda tepidariorum 75% 50.85
XP_035231518.1 Stegodyphus dumicola 75% 50.11
KAH6921777.1 Hyalomma asiaticum 66% 52.9
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el 0 63l 0Lz (C) Lol w0 bgo e b JI 5 Sliaseie 5 (B) S35k cst s (A) Cilos

Figure 2. Protein sequences of calcium-independent phospholipase A2 gene derived from H. lepturus scorpion venom gland. The sequence
alignment of 12 iPLA2 proteins from different arthropods (A), the phylogeny tree (B) and their corresponding sequence profiles (C) are

shown.
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A

(%FR20740‘1 RLNSTVIDLSNMLSYTTHRNPLDFLNYGNWCG LGGSGYTLDTIDRCCKMHDLCYEDAS CDGKFSSCVAAYKHDYNPGLKKVRPPL
KAG8190537.1 RRRRDLLDL LLTGLDPTEYIPYGNLCGYGGKGNAYDRIDECCQVHDSCYGVSE - - CDREVVECIVQHNHTYNEDYR
gjhlos:;’p:s.1874l RRQARDLLDL! TLTGLDPTDYIPYGNICG YGGQ! HIDSCCQIHDECYGQSE--K COKEVVECIAQHSHTYSEHYR!

20392 g RQQRDLLDL TLTGLDPTDYIPYGNHCGYGGOGKPYDHIDSCCQIHDECYGQSE - KK NATIICSD- --EAN CDKEVVECTAQHSHTYSEYYR
grm?ygos‘olil RRRRDLLDL MLTGLDPTDYIPYGNWCG YGGQ! ILIDDCCRVHDNCYGLSE--KE NKTVICED---
Gm;:9§9.6.1 RRRRODLLDL. TLTGLDPTDYIPYGNWCG YGGQ! DECCKVHDHCYGTTE--S NETVICED
XP 055954234.1 RRRRDLLDLADMFDVLTGLDPTDYIPYGNIWCG YGGQGKP: DECCKVHDHCYGVSE-- NETVLCED---
CPL_:\Z l'[leptunls RPR:\DLLDL;D" ./_TGLD?IDYIPYGNlJCG‘(GGQG- 3 DE,CCK\’HDHCVG‘.’?E- -Ki VQYAWKMNNETILCED---
et VKLTTGRKATDFVPYGHICG TGGSGKAVDP TOKCCQTHDNCYIKARDQGKCKAT AKYNUKSEKDTIVCSTPEDGNECD R T ,
XP‘023231606‘1 ITTGRNGTDFVPYGNWCG IGGSGK » DNCCRRHDICYLDKI-GKECNSIFSLYVANYKWSSEGGKVFCSHM-EDRNSCGR, \COREWICL, NIGEYREEHR

A

KITTGRNGTDFVPYGNIWCGMGGSGK

— GFR20740.1
cPLA2H.lepturus
l—'{_: cPLA2 A.crassicauda
XP_023231606.1
KAG8190537.1
—— KFMS56793.1
b XP 035233874.1
—— GBM19796.1
b XP 055954234.1

GFQ99811.1
GIX74050.1

[

PIDDCCRRHDLCYIDKL -GKECNSIFNLYVANYKWINAGGKISCSI-EDTNPCNRATCACDREVVFCLAKMIKFVKEEHRVIRSAL T -

Description Description Query Cover Per. ident
GFR20740.1 Trichonephila clavata 95 38.94
KAGS8190537.1 Oedothorax gibbosus 95 39.82
KFM56793.1 Stegodyphus mimosarum 95 40.71
XP_035233874.1 Stegodyphus dumicola 95 40.71
GFQ99811.1 Trichonephila clavata 95 39.82
GIX74050.1 Caerostris darwini 95 38.05
GBM19796.1 Araneus ventricosus 95 37.17
XP_055954234.1 Argiope bruennichi 95 38.05
cPLA2 H.lepturus H.lepturus 100 100
cPLA2 A.crassicanda A.crassicauda 926 57.02
XP_023231606.1 C. sculpturatus 96 56.14

Ly & by e CPLAZ 5550 VY Mg (3l Holepturus o ie a5 ois 5ol Giie clis b Las 0 A2 5LJ5a0d 05 oS5, s Jly -V K3
el 0 03l L2 (C) ol 4 b gy sla JI 5 Sliasiiie 5 (B) sk oot s (A) Ciless

Figure 3. Protein sequences of membrane-associated phospholipase A2 gene derived from H. lepturus scorpion venom gland. The sequence
alignment of 11 cPLA2 proteins from different arthropods (A), the phylogeny tree (B) and their corresponding sequence profiles (C) are

shown.
A

EEC00403.1

XP 042144392.1
AAT92118.1
XP_050050549.1
XP_037521797.1

XP _037269690.1
sPLA2GXIIA H. lepturus
SPLA2GXIIA A. crassicauda
XP_023229534.1

--MLISWPGGWYRLL

-MLISWPGGWYRLTL
--MLISWPGGWYRLL
FPSFHGWYRLIPY,
FPSFRGWYRLIPV,
LPSFRGWYRLIPV,
-LYVSVFMYLVYNNFCVKSESV:
KGLVYFLFLCLISRIRSGSVLQG
ISTKGLLCILSMCLLSCLRSETVIQG!

EEC00403.1

AAT92118.1
XP_042144392.1
XP_050050549.1

XP 037521797.1

XP 037269690.1
SPLA2GXIIA H. lepturus
SPLA2GXIIA A. crassicauda
XP 023229534.1

GVQ!

KAEGFLDELKLGLKTLRYGLNTVEGYLXESK
\EGFLDELKLGLKTLRYGLNTVEGVLKESK
IKAEGFLDELKLGLKTLRYGLNTVEGYLXESK
VSGQTIFDYARHLTHQAERYLDDLKFGIKAIRNGLNTVEDYLKDSKEPGC,
VSGQTIFDYARHLTHQAERYLDDIKFGIK,
VSGQTIFDYARHLTHQAERYLDDIKFGIKAIRNGLNTVEDVL
i IIDDISFGIKQIRHGLDAVDD:
/LDGVSNIIDDLAFGVKQVRQTLDVVED!
LDGISSVINDDVSFGVKQVRQSLDAVEE

C

KPIPNGCGSYGLXFDESGLPHKDMNSCCN
PNGCGSYGLKFDESGLPHKDMNSCCN
PNGCGSYGLXFDESGLPHKDMNSCCN
CPDGTSPKPKIGYKADSNGCGAY! /EAKQLPHKEMNSCCH
RNGLNTVEDVLXDSKEP DGSLPKPKIGYKADSNGCGAYGF! RELPHKEMNSCCH
SKEP: DGSLPKPKIGYRADSNGCGAYGFQMEAXELPHKEMNSCCH
KYAQGAPCEYKCPTGQKLKKNHDHISVP VLSHPLLKDTDXCCD
KNSQGNPCEFXCPQGQVPKRNKHYX HLNLPLLKDVHKCCD
KYSQGKPCEYQCPPGKRLKRNXNYN! NLPLLKDVHXCCD

Description Scientific Name Query Cover Per. ident
EEC00403.1 Ixodes scapularis 85% 29.38
XP_042144392.1 Ixodes scapularis 85% 30
AATO2118.1 Ixodes pacificus 85% 29.38
XP_050050549.1 Dermacentor andersoni 87% 33.33
XP_037521797.1 Rhipicephalus sanguineus 87% 34.55
XP_037269690.1 Rhipicephalus microplus 87% 34.55
sPLA2GXIIA H. lepturus 100% 100
sPLA2GXIIA A. crassicauda 89% 58.93
XP_023229534.1 C. sculpturatus 81% 64.47

SPLA2GXIA 55,8 Jis o5l zen H.olepturus o ie aj ods 3l eds i XHA o5 8 o5 a2 A2 5l)sans 05 oSy, b dls -t IS
el ol ey OLES (C) L&‘)Tda.jaj.aja 6[.&‘.;\}3 QLA};&.&)(B) Jj)l.;ﬁ (WS 4(A);LLNQQQ.X¢4;.]9).’]~

Figure 4. Protein sequences of the secreted phospholipase A2 gene of group XIIA derived from the venom gland of the scorpion H. lepturus.
The sequence alignment of 9 SPLA2GXIIA proteins from different arthropods (A), the phylogeny tree (B) and their corresponding sequence

profiles (C) are shown.
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A
sPLA2G3 A. crassicauda H--NRIKKVVRRQRQDLLNSDRVXRNLFLFPGTNWCGSGSSARKFNELGYNAATDRCCRDHDLCPHTVEAF THXYGFFNYRFHTISHCDCDERFRACLKLANTATANLYGK
XP_014204342.1 RIKG--------------- KNQAPGGGIMYPGTKWCGP IHGICNYSPFTRSHCDCDAKFRRCLQS
sPLA2G3-ISOX1 H. lepturus VFIYPGTK NCDRQFHLCLSK
XP 050035193.1 LFIFPGTKWCGAGNYAKNYDDLGPSRATDACC V. KGDRKFYGCLLNi
sPLA2G3-ISOX2 H. lepturus FXSLLIFPGTKWCGAGNVADDYEDLGRAEDTDKCCRT HDHCNDTT SSCACDLTFHSCLQEGEN!
sPLA2G3-ISOX3 H. lepturus ~ LVGKIRDGIFDT FXSFLIFPGTKWCGAGDIADNYDDLGIYDETDKCCRTHDHCDDST SSCSCDLPFHKC
XP 054716375.1 KGPDS I GTKWCGAGNI SDSYDDLGPEVEADMCCRT HDHCE! SHCDCDDEFHRC
GFY62302.1 WCGSGNVSEHYDDLGPEVEADHMCCRDHDHCNES SHCDCDQKFYNC ;
GFX25390.1 KWCGSGNVSEHYDDL GPEVEADMCCRDHDHCNEST SHCDCDQKFYNCLKEADTRTS!

B C

SPLA2G3 A. crassicauda
[: XP_014204342.1

SPLA2G3-ISOX1 H. lepturus

XP_054716375.1

GFY62302.1

GFX25390.1

XP_050035193.1
4(E SPLA2G3-ISOX2 H. lepturus

SPLA2G3-ISOX3 H. lepturus

Description Scientific Name Query Per. ident
Cover

sPLA2G3-1SOX1 H. lepturus 70% 33.67
XP_054716375.1 Uloborus diversus 74% 43.33
GFY62302.1 Trichonephila inaurata 83% 38.98
GFX25390.1 Trichonephila clavipes 87% 39.84
sPLA2G3-ISOX2 H. lepturus 100% 100
XP_050035193.1 Dermacentor andersoni 81% 40.79
XP_014204342.1 Copidosoma floridanum 35% 44
sPLA2G3-ISOX3 H. lepturus 98% 60.07
sPLA2G3 A. crassicauda 35% 42.86

4 by SPLA2G3 555, & JI5 5l men HolEPUUIUS o jie a5 eds 5l edd G2ie G3 o3 8 oisd i 5 A2 5l 0F 285 b JIs -0 JSo
ol 0 03l L2 (C) 0T & g je gl JI 5 liasci 5 (B) sk oot s (A) Cilies OLLAL

Figure 5. Protein sequences of G3 secreted phospholipase A2 gene derived from H. lepturus scorpion venom gland. The sequence alignment
of 9 sSPLA2G3 proteins from different arthropods (A), phylogeny tree (B) and their corresponding sequence profiles (C) are shown.
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ol sSLLIS esl gl 31 e 4 late phospholipase A2
225 55 |, (Caraboctonidae; Hadrurus gertschi)

CTTGCDPLAYKSYGCYCGYLGAGDPVDDIDRCCWEHDWCYTNTR-- - -CP---QLFLYFFRYPWQCAPPGIPQCGNMPETTLAQLCARQLCHC
DSRQCEQATCEC

IDRCCQKHDYCYDAVN-EDQCNSHF ITKYNWHFD a]
VDECCQNHDICYDLATS-GVCREHG
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A

sPLA2G10 A. crassicauda  ,1q6yESASNRPSRVRRSTVOLAG!

XP_014780833.1 ) AGSHSTHKRSLPRF

QDC23068.1 S SVTGREGSDF INYGNICGLGGSG

KFM56793.1

sPLA2G10 H. lepturus ELARMVKLTTGRKAIDFVPYGNICGIGGSG

XP_023231606.1

B

Description Scientific Name Query Cover Per. ident
sPLA2G10 A. crassicauda 70% 36.44
XP_014780833.1 Octopus bimaculoides 91% 40.56
QDC23068.1 Cupiennius salei 89% 42.47
KFM56793.1 Stegodyphus mimosarum 81% 41.27
sPLA2G10 H. lepturus 100% 100
XP_023231606.1 C. sculpturatus 93% 54.11
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Figure 6. Protein sequences of secreted phospholipase A2 gene of group G10 derived from H. lepturus scorpion venom gland. The sequence
alignment of 6 SPLA2G10 proteins from different arthropods (A) and their corresponding sequence profiles (B) are shown.

A
hgPLA2-isoformx3 H. lepturus DSLECRMLSSIEDISRQGIPLPATR
PODMIG.1 e
POCSLY.1 KIMQGCQILES
hgPLA2-isoformx2 H. lepturus SFEGCQI
hgPLA2-isoformx1 H. lepturus SFEGCQL
API81339.1
APIS1338.1
AXN724811
B C
hgPLA2-isoformx3 H. lepturus
PODMI6.1
POCS8L9.1
hgPLA2-isoformx1 H. lepturus
API81338.1
{ hgPLA2-isoformx2 H. lepturus
API81339.1
————— AXN72481.1

IDLGYFXNLDSCCRTHDHCDNIPAGET!
SDLGYFNNVDRCCREHDHCDNIPAG!
GDLGYFSNLDICCRDHDHCDNI!
GDLGYFSNLDICCRDHDHCDNIGA

GDLGYFSNLDICCRDHDHCDNIGAGI
GDLGYFSNLDICCRDHDHCDNIGAG!

KYNLTNTGTFTMMNCDC

Description Scientific Name Query Cover Per. ident
hgPLA2-isoformx3 H. lepturus H. lepturus 88% 38.94
PODMIG.1 Heterometrus laoticus 66% 65.24
POCSLY.1 Hadrurus gertschi 98% 61.57
hgPLA2-isoformx2 H. lepturus H. lepturus 100% 94.26
hgPLA2-isoformx1 H. lepturus H. lepturus 100% 100
API81339.1 H. lepturus 100% 93.03
API81338.1 H. lepturus 100% 97.95
AXN72481.1 H. lepturus 61% 98.68

© by NGPLAZ 555, A le JIs5 g5l men HLlBPIUTUS e a5 0s 5l eid ria NG o5 S 0l i 5 A2 55 0 s gbo JIs5 -V IS
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Figure 7. Protein sequences of secreted phospholipase A2 gene of hg group derived from H. lepturus scorpion venom gland. The sequence
alignment of 8 hgPLA2 proteins from different arthropods (A), the phylogeny tree (B) and the characteristics of their respective sequences

(C) are shown.
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Table 2. Characterization of signal peptide sequence of mature PLA2 proteins

ID Signal Peptide (Sec/SP1)  Cleavage site between pos
PAFA 0 -
iPLA2 0 -
cPLA2 0 -
SPLA2G3Isox1 0.9992 22-23
SPLA2G3Isox2 0.999 16-17
SPLA2G3Isox3 0.9985 19-20
SPLA2G10 0.9974 19-20
hgPLA21sox1 0.9993 17-18
hgPLA21sox2 0.9992 17-18
hgPLA21sox3 0.9955 18-19

PLA2 L sla oy pliand 5505 ol =¥ Jgdr
Table 3. Physicochemical properties of mature PLA2 proteins
Name, ols ol Ciisis ZCN PRSP R LR WA IRV O PR VY-

MW Number of a.a. Pl
PAFA 25413.74 224 5.13
iPLA2 69685.59 615 9.50
cPLA2 13046.94 117 8.31
SPLA2GXIIA 21111.47 187 7.88
SPLA2G3lsox1 23681.78 206 6.10
SPLA2G3lsox2 29395.13 261 4.80
SPLA2G3lsox3 30830.77 267 8.17
sPLA2G10 15148.35 135 8.62
hgPLA2Isox1 25271.26 227 5.13
hgPLA21sox2 25278.25 227 5.13
hgPLA21sox3 26165.49 228 5.18

PAFA: platelet-activating factor acetylhydrolase
iPLA2: calcium-independent phospholipase A2
cPLAZ2: cytosolic phospholipase A2
SPLA2GXIIA: group XIIA secretory phospholipase A2-like
SPLA2G3: group 3 secretory phospholipase A2
SPLA2G10: group 10 secretory phospholipase A2
SPLA2-isox1: secretory phospholipase A2 isoform X1
SPLA2-isox2: secretory phospholipase A2 isoform X2
SPLA2-isox3: secretory phospholipase A2 isoform X3
Naa: Number of amino acids
MW: Molecular weight
PI: Isoelectric point
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