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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 (cPLAZ2), secreted PLA2s (sPLA2), calcium-independent PLA2s
(iPLA2) and, group 111 heterodimeric phospholipase A2 (hgPLA2). 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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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
GFR20740.1 RLNSTVIDLSNMLSYTTHRNPLDFLNYGNICG L GGSGYTLDTIDRCCKMHDLCYEDAS - AACRCDGKFSSCVAAYKHDYNPGLKKVRPPL
KAG8190537.1 RRRRDLLDL. LLTGLDPTEYIPYGNICGYGGKGNAVDRIDECCQVHDSCYGYSE-— CDREVVECIVQHNHTYNEDYRF IR -
KFM56793.1 RRQRDLLDL. TLTGLDPTDYIPYGNIWCG YGGQGKPVDHIDSCCQIHDECYGQSE - -
XP_035233874.1 RQORDLLDLS TLTGLDPTDYIPYGNHCGYGGO HIDSCCQIHDECYGQSE- KK NATIICSD---
GF?99811.1 RRRARDLLDL. MLTGLDPTDYIPYGNWCG YGGQ DDCCRVHDNCYGLSE--KECL-DEQV KTVICED---
(G;gM-hl‘gigﬁll RRRRDLLDL. TLTGLDPTDYIPYGNIWCG YGGQGK DECCKVHDHCYGTTE- '5LC%'HE3‘ NETVICED
XP 055954234.1 WVLTGLDPTDYIPYGNICG YGGQ! DECCKVHDHCYGVSE--KECS-N NETVLCED---ESICEF CDXEVVECIAQHNHTYSEHYR! P
PA? Hlepturus VL TGLDPTDYIPYGNHCG YGGQGH DECCKVHDHCYGVSE - -KECS-N WKHNNET TLCED- - - ES TCEF SVCXCDKEVVECTAQHNHTYSEHYRF IR - - - - - -
PTAD K Ciael it VKLTTGRKAIDFVPYGNICG IGGSGKA DKCCQTHDNCYHMKARDQGK CKATLSLYLAKYNWXSEXDTIVCSIPEDGN ECDLASCYCDREVAL CLGKNIDSYRKDHKFARSFGS* -

RTKRSLIDL
RKERSLIDL.

ITTGRNGTDFVPYGNIWCG IGGSGKA
KITTGRNGTDFVPYGNIWCGMGGSGKA

XP_023231606.1

GFR20740.1
cPLA2H.lepturus
CcPLA2 A.crassicauda
XP_023231606.1
KAG8190537.1
——— KFMS56793.1
l——— XP 035233874.1
———— GBM19796.1
L XP 055954234.1
GFQ99811.1
GIX74050.1

C

DNCCRRHDICYLDKI-GKECNSIFSLYVANYKIWSSEGGKVFCSHM-EDRNSCGRATCACDREVVICLAXNIGEYREEHRYV:
DDCCRRHDLCYIDKL -GKECNSIFNLYVANYKIWINAGGKISCST - EDTNPCNRATCACDREVVFCLAKMIKFVEEEHR,

Description Description Query Cover Per. ident
GFR20740.1 Trichonephila clavata 95 38.94
KAGS8190537.1 Oedothorax gibbosus 95 30.82
KFM56793.1 Stegodyphus mimosarum 95 40.71
XP_035233874.1 Stegodyphus dumicola 95 40.71
GFQ99811.1 Trichonephila clavata 95 30.82
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.crassicauda A.crassicauda 96 57.02
XP_023231606.1 C. sculpturatus 96 56.14

Obbas & by e CPLAZ s 0 V) I (o5l men Holepturus o jie a5 oae 5ledd Gis clis U hasw A2 5llsind 0F oty gl Jis ¥ S
d 0 03l 0L (C) Wil 4 g e sls s laaseine 5 B) S3skd ot s o(A) Cilzses

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
AATO2118.1
XP_050050549.1
XP_037521797.1
XP_037269690.1
sPLA2GXIIA H. lepturus
sPLA2GXIIA A. crassicauda
XP_023229534.1

--MLISWPGGHYRLI
--MIFPSFHGWYRLIPY
FPSFRGHYRLIPY

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

/SGQTIFDFARHVTHKAEGFLDELKLGLKTLRYGLNTVEGVLKESK!
/SGQTIFDFARHVTHKAEGFLDELKLGLKTLRYGLNTVEGYLKESK
FDFARHVTHKAEGFLDELKLGLKTLRYGLNTVEGVLKESK
VSGQTIFDYARHLTHQAERYLDDLKFGIKAIRNGLNTVEDYVLKDSKEP
VSGQTIFDYARHLTHQAERYLDDIKFGIKAIRNGLNTVEDVL
VSGQTIFDYARHLTHQAERYLDDIKFGIKAIRNGLNTVED!
/SNIIDDISFGIKQIRHGLDAVDD:!

C

KPIPNGCGSYGLXFDESGLPHKDMNSCCN
PNGCGSYGLXFDESGLPHKDMNSCCN
KSGYKPIPNGCGSYGLXFDESGLPHKDMNSCCN
CPDGTSPKPKIGYXADSNGCGAYGFQVEAXQLPHKEMNSCCH
ADSNGCGAYGFQVEARELPHKEMNSCCH
SKEPSCAYKCPDGSLPKPKIGYRADSNGCGAYGFQMEAKELPHKEMNSCCH
KYAQGAPCEYXCPTGQKLKKNHDHISVPQGCGAYGYQLVLSHPLLKDTDKCCD
SQGNPCEFXCPQGQVPKRNKHYX HLNLPLLKDVYHXCCD
KYSQGKPCEYQCPPGKRLKRNXNYN NLPLLKDVHKCCD

Description Scientific Name Query Cover Per. ident
EEC00403.1 Ixodes scapularis 85% 29.38
XP_042144392.1 Ixodes scapularis 85% 30
AAT92118.1 Ixodes pacificus 85% 29.38
XP_| 49.1 Der de i 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

SPLA2GXHA 55, & Jig 5l men Holepturus o ie 5 00 5l et Grie XA o5 3 odisd i 5 A2 5Lpins 05 285, gl s -8 IS8
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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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sPLA2G3 A. crassicauda
XP_014204342.1 RIX
sPLA2G3-ISOX1 H. lepturus

XP 050035193.1 E
sPLA2G3-ISOX2 H. lepturus
sPLA2G3-ISOX3 H. lepturus
XP_054716375.1
GFY62302.1

GFX25390.1

LLIFPGTKY
FKSFLIFPGTKY

SPLA2G3 A. crassicauda
: XP 014204342.1

SPLA2G3-ISOX1 H. lepturus

XP_054716375.1

GFY62302.1

GFX25390.1

XP_050035193.1
—E SPLA2G3-ISOX2 H. lepturus

SPLA2G3-ISOX3 H. lepturus

FPGTKWCGAGNV.

FFIYPGTKWCGAGNISDSYDDLGP
FFIYPGTKWCGSGNVSEHYDDLGP
FSSFFIYPGTKWCGSGNVSEHYDDLGP

C

NWCGSGSSARKFNELGYNAATDRCCRDHDLCPHTVEAF THKYGFFNYRFHTISHCDCDERFRACLKLANTATANLYVGK
[YDDLGQHASEDACCRE HDHCPKTI.

IHGICNYSP!
KYNLTNYSP

SHCDCDAKFRRCLQSINTEVAI
SNCNCDRQFHLCLSKAGT!
THCKGDRKFYGCLLNDSS!
SSCACDLTFHSCLQEGEN
SSCSCDLPFHKCLYV!
LRNSSP SHCDCDDEFHRCLNE

‘CCRDHDHCNESTIL! LDNNSP! SHCDCDQKFYNCLKA -
ADMCCRDHDHCNESILGRESKYGLDNNSPFTXSHCDCDQKFYNCLKEADTRTSHQVGR

ADSCCREHDHCNDSI

KYGLKNKDF

Description Scientific Name Query Per. ident
Cover

sPLA2G3-ISOX1 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
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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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sPLA2G10 A. crassicauda
XP_014780833.1
QDC23068.1
KFMS56793.1

sPLA2G10 H. lepturus
XP_023231606.1

ATRGVESASNRPSRVRRSIMQLAGHM

I¥DEPSVRKSRQRRSLVDL
SGKLRRRQRDLLDI
CRTLTRKERSLAELARI

ods gSLLIS esl gl 51 sjdée 4 slaze phospholipase A2

w235 515 1, (Caraboctonidae; Hadrurus  gertschi)

TTGCDPLAYKSYGCYCGYLGAGDPVI
- - --AAGSHSIHKRSLPRFGKI LTGKNSLMFNEYGRIWCGFGGSGT!
\ KSVTGREGSDFINYGNIWCGLGGSGK
DTLTGLDPTDYIPYGNIWCGYGGQGK
KLTTGRKAIDFVPYGNIWCGIGGSGKA
-EFRSLGRKERSLIDLAEMVKITTGRNGTDFVPYGNIWCGMGGSGKAIDPIDDCC RRHDLCYIDKL -
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/DHIDSCCQIHDECY! K
VDPIDKCCQTHDNC

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

PODMIG.1

POCSLY.1

hgPLA2-isoformx2 H. lepturus

hgPLA2-isoformx1 H. lepturus

API81339.1

API81338.1

AXN72481.1

B C
hgPLA2-isoformx3 H. lepturus
PODMI6.1
POCSL9Y.1
hgPLA2-isoformx1 H. lepturus
API81338.1
{ hgPLA2-isoformx2 H. lepturus

API81339.1
AXN72481.1

4 by, NQPLAZ .55 0 A s JIs (o3l e H.lepturus o e a5

YNLTNEGMFTLLNCECEEALDNC
YGLTNEGIYTMMNCK

YGLKNEGTYTMMNCK
LGYFSNLDICCRDHDHCDNIG: YNLTNTGTFTMMA
LGYFSNLDICCRDHDHCDNIG:
LGYFSNLDICCRDHDHCDNIG:
LGYFSNLDICCRDHDHCDNIG:

EGDLGYFSNLDICCRDHDHCDNIG

YNLTNTGTFTMH

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
APIS81338.1 H. lepturus 100% 97.95
AXN72481.1 H. lepturus 61% 98.68
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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/SPI)  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
hgPLA2lsox1 0.9993 17-18
hgPLA21sox2 0.9992 17-18
hgPLA21s0x3 0.9955 18-19

PLAZ L laietis p alord s b ol —F Jodr
Table 3. Physicochemical properties of mature PLA2 proteins
Name jols ol i 55 939 ol sl K0 i

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
SPLA2G3Isox1 23681.78 206 6.10
SPLA2G3Isox2 29395.13 261 4.80
SPLA2G3Isox3 30830.77 267 8.17
SPLA2G10 15148.35 135 8.62
hgPLA2Isox1 25271.26 227 5.13
hgPLA2Isox2 25278.25 227 5.13
hgPLA21s0x3 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
SPLAZ2-isox3: secretory phospholipase A2 isoform X3
Naa: Number of amino acids
MW: Molecular weight
PI: Isoelectric point
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