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Many studies have been carried out on peptides and genes encoding scorpion toxins from the venom of the
scorpion Mesobuthus eupeu$he scorpion venom contains a diversity of bioactive peptides, which could cause toxic
effects and can be candidates for drug design and development. The antimicrobia lysozymes among them are of great
value. Lysozymes are hydrolytic enzymes characterized by the ability to cleave the p-(1,4)-glycosidic bond between N-
acetylmuramic acid and N-acetyl-D-glucosamine in a peptidoglycan layer, the mgjor bacteria cell wall polymer. The
total RNA was extracted from venom glands of Mesobuthus eupetspecies of Kuzestan, Iran. cDNA was synthesized
with extracted total RNA as template and modified oligo-(dT) as primer. In order to amplify cDNA encoding a Lys-C
peptide, semi-nested RT-PCR was performed with the specific primers followed by sequencing of the amplified
fragment. The full-length cDNA sequence contains a 438 nucleotide open reading frame, which encodes a peptide of
144 amino acids with molecular weight of 16.702 kDa. A putative 22-residue signal peptide was identified. Based on
the phylogenetic tree of MesoLys-C and C-type lysozyme of East Mediterranean M. eupeust is concluded that M.
eupeusof Khuzestan and East Mediterranean M. eupeudelong to different subspecies.

Phylogenetic analysis — antimicrobial protein —dggme C — scorpion venom

Puquuphy htnwgnunmpnibibp o hpwwiwgyty Mesobuthus eupeus Ywuphdh pnibwhbnnijh wnpuhutbpp
Ynnunjnpnn uibujnhnikph b ghubph Jkpwpbpjuy: Guphsh poiwhbnnijp wupniwlnud E puquuqub jEuuwwljnhy]
uyhinwlnigubp, npnup niukt pnitwynp wqptignipenil, htyybu twb juwy phljuwsniubp b ninudhengutph dowldwi b
quipquguut hudwp: Mpuig pynud ks wpdbp niukt huwljudwipbught (hqnghuubpp: Lhgnghdubpp hhnpojhnply $tp-
dkuwnubp ki, npntp pumipugpynud Eu puljntphw) yuwwnh yhwywnhnpngihuwbwh okpinh N-wgbnhpdnipudwppyh b N-
wgbwny-D-quniynquuhuh dhol f-(1,4)-qihynghnuyhtt juwp £knplint ntbwnipjudp: uniqtunnwh (Ppul) mwpwspnid
hwjwpyws Mesobuthus eupeus jwnhgutinh pniimgbndbphg wgwwnyt) £ wdpnnowljui }LE-1, nphg uhipkqyb L crub,
Yhpwnking wdpnnowljul FLE-u npuyku tidniy b dhwthnjudws ojhqn-(dT) npytu wypuydtp: Lys-C whupnhnp Ynnuynpnn
cYu-h wdyhbhjughwt hpwlwiwgyk] k semi-nested RT-PCR-h vhgngny’ Yhpwrbkiny uytghdhl wpuwydkputp, nphg
htinn wdwhhjugdus hwnguwsp Eupupyyl) b ubyyiiwdnpdw: Udpnnoulwt Ul huwndwsdp Juquws k438 uniy-
Enwnhnubphg punlugus ORF, npp npunpnud b 144 undhiwppeniibphg juquqws 16.702 2w Unjklniyuht ohn
nibikignn uuthwnuljnig: Npnoyky k 22 dhwgnpn wupniulnn Eipunpbih wqpubpwtughlt whwhnhnp: Uptkunthobplipu-
Ywu M eupeus wwkuwlh MesoLys-C . C-nhwh (hqnghuutph $hinghubnhjului dweh hhdwb Jpu fuwmwpdl k
Eqpuljugnipinil, np umqbuwnwih M. eupeus b wpbbjw-dhobpypuui M. eupeus mtuwljutipp phinghutinhynpkt nuu-
Ynud kb inwpplp Eupunbuwlubph:

BShinqlbbwnplumluml hkvnugnunnipinil - hwfunlwiplbughll vypunwlneg -
thangh C - uphdh pnyl
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PHYLOGENETIC ANALYSIS OF LYSOZYME C FROM THE SCORPION MESOBUTHUS EUPEUS VENOM GLAND

IIpoBeseHBI MHOTOUMCIEHHBIE UCCIEOBAHNUS Ha IENTHAAX U TeHaX, KOAUPYIOUIMX TOKCHHEI A7a CKOPIIMOHA
Mesobuthus eupeus. f1x ckopnuoHa COTEPXUT PasHOOGPa3Hble OMOAKTUBHbIE IEIITHABI, KOTOPble MOTYT BBI3bIBATH
TOKcH4ecKue 3PdeKT U CTaTh MEPCIEKTUBHBIME KaHAMJATaMU AJIS pa3paboTKM JeKapCTBeHHBIX BeulecTs. Cpenu
9TOTO PpAfa BeIeCTB AHTHUMHUKPOOMaJbHBIE JIM3OLUMBI HMEIOT HauOOJBUIyI0 IeHHOCTh. JlMsomumsr —
THIPOIUTHYECKHE DH3MMBI, XapaKTepU3YIOLIMecs CIIOCOOHOCTBIO paculeruiaTh B-(1,4)-TIMKO3UAHYIO CBA3D MEXIY
N-anerunmypamoBoii kucnoroii u N-amerun-D-TIiokozaMHHa B IENTHIOIIMKAaHOBOM CJIoe OGaKTepuaubHOM
KJIETOYHON cTeHKU. VI3 smoBUTHIX Kete3 CKOpuuoHOB Mesobuthus eupeus, ornoBreHHsx B Xysecrane (Mpawn),
Boigenena tortanbHas PHK. x/IHK cunresupoBana us toramsHoii PHK u mozmbuiuposansnoro onuro-(dT)-
mpaiimepa. C Tem wuto6sl ammauduunuposats KJHK, xomupyromyro Lys-C menruz, OBUI  HMCHOJIB30BAaH
monyrae3goBoii OT-IIIP (semi-nested RT-PCR) co cmemuduyeckuMu mpaiiMepaMH C IOCIAELYIOL[UM
CeKBeHHMpOBaHMEM aMIunduuupoBaHHOro ¢parmenTa. Ilomnopasmepusiii k/IHK cukBenc comepxur 438
nmykneorususiii ORF, xogupyromuit nemntus u3 144 aMMHOKUCIOT ¢ MOJIeKynApHOi Maccoii 16.702 x/la. B utore
nAeHTHGHUINPOBAH IPeAIIOoIaraeMblii CUTHAJIBHBIN IENTHUT, COCTOAIME u3 22 aMMHOKMCJIOTHBIX OCTaTKoB. Ha
ocHoBe duiorenernyeckoro aHanusa MesoLys-C u C-Tum nm3oIuMa BOCTOYHOCpeguseMHOMOpPcKoro M. eupeus
6BUIO CHieslaHO 3aKiaioueHue, uto M. eupeus m3 XysecTaHa M BOCTOYHO-Cpefu3eMHOMOpCKuit M. eupeus mpu-
Ha/IeXaT K Pa3HBIM IOABHAM.

PuiroreHeTHIeCKHE aHA/IH3 — AHTHMHKPOOHA/IEHBIF IIPOTEHH —
ausoruyM C — 47 CKOPITHOHA

All known scorpion species possess a venom apparatus, which has been an important determinant in
contributing to the successful survival of these animals for more than 400 million years. Scorpion venom is a
combinatorial library of peptides and proteins that could cause toxicological responses and can be candidates for
drug design and development [1]. Several recent studies have demonstrated that scorpion-like peptides isolated
from the venomous gland of some scorpion species have anti-bacterial and anti-malaria effects [2]. These and
other antimicrobial peptides found in scorpions may serve as a promising lead candidate in the development of
novel antibiotic molecules. In this context lysozymes are of great importance. Lysozymes are muramidases that
damage the peptidoglycan layer of the bacterial cell wall by hydrolysing p-(1,4)-glycosidic linkages between N-
acetylmuramic acid and N-acetyl-D-glucosamine residues [3]. The known lysozymes within the animal phyla are
generally classified into 3 main types: chicken-type (c-type), invertebrate-type (i-type), and goose-type (g-type)
[4]. The c-type lysozyme has been found in many organisms including vira, bacteria, plants, insects, reptiles,
birds, and mammals [5], including scorpions [6]. Generally, lysozymes play an important defense role in the
innate immunity. However, the exact biological role of lysozymes from scorpion venoms remains to be explored,
as they have a relatively high expression level.

In this work, we report the characterization and phylogenetic analysis of c-type lysozyme from the venom
glands of Mesobuthus eupeus scorpions of Buthidae family, which are widespread in Iran, especially in Khuzestan
province.

Materials and methods. Scorpion samples. The specimens of M. eupeus were collected in Khuzestan province (Iran) and
transported to the reference laboratory of the Razi Institute. They were killed two days after manual extraction of the venom to
allow the toxin producing cells of the venom glands to enter into a secretory phase. Twenty separated venom glands were used
for total RNA extraction.

Total RNA extraction. Four pg of total RNA was extracted from the venom glands of scorpions (0.5 g of tissue material) using
RNA™ (Cinagene, Iran), according to the manufacture procedure. The RNA pellets were dissolved in DEPC-ddH2O and used for
cDNA synthesis immediately.
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cDNA library Synthesis. cDNA was synthesized from the extracted total RNA as template and modT (modified oligo-dT) (5'-
gggtctagagetegagtcacttetetteetetetttt-37) as primer. ModT was added to the extracted RNA and incubated at 70°C for 5 min and
immediately transferred into ice for 2 min. The mixture of 59 buffer, dNTPs, Ribolock, Reverse transcriptase and ddH20 was
added to the samples followed by incubation at 42°C for 60 min, after which the samples were incubated at 70°C for 10 min and
immediately transferred into ice.

Semi-nested RT-PCR amplification. For the cDNA amplification semi-nested RT-PCR technique was used. The first round of
PCR was performed using modT-R (5’- cccagatctcgagetcagtg-3’), lys-F 5’- gcgeggatccaagatggctttcaagttttcatt-3° primers, and
synthesized c¢DNA as template. The second round of PCR was performed wusing lys-F and lys-R 5’-
gcgeaagctttacagttgttatcattgataaatt-3’) primers, and the PCR products of the initial amplification as templates. The PCR conditions
for both rounds were as follows: initial denaturation at 95°C (5 min), followed by 35 cycles of denaturation at 94°C (40 sec),
annealing at 56°C (90 sec) and extension at 72°C (1 min), with a final extension at 72°C (10 min). Amplicons were separated by
1% agarose gel electrophoresis and visualized by UV transilluminator.

DNA sequencing and Bioinformatics analysis. The amplified cDNA fragments were purified from the gel by QIAquick Agarose
Gel Extraction kit (www.fermentas.com) and sent to Kawsar Biotech Company for nucleotide sequencing. Sequence similarity
analysis against GenBank database entries was performed using BLAST at the NCBI website (http://www.ncbi.nlm.nih.gov). The
nucleotide sequences were translated into the corresponding amino acids, and the predicted signal peptide sequence was
identified using online tool software at the Expasy website (http://expasy.org/tools). The sequences used for alignment and
phylogenetic analysis were retrieved from SWISS-PROT database (http://www.expasy.org/sprot). The alignment was performed
using the multiple sequence alignment program ClustalW 2.03 followed by manual adjustment [7], and viewed by the Jalview
software [8]. Phylogenetic analysis was carried out with Neighbor-Joining method implemented in MEGA 3.1 [5].

Results and Discussion. In this study we identified and compared the MesoLys-C amino acid sequence with
the representative C-type lysozymes of three major phyla: scorpion, invertebrate, and vertebrate. In order to
characterize and assay the mRNAs, single strand cDNAs were synthesized and the cDNA fragments were amplified
by RT-PCR technique. The length of the coding region was 438 bp, encoding a polypeptide of 144 amino acid
residues with a calculated molecular weight of 16.702 kDa and theoretical isoelectric point of 7.54. To obtain a
cDNA probe for the screening of the cDNA library we performed PCR, which yielded a predominant 450 bp
product (Fig. 1). From this fragment a cDNA probe sequence was determined.
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Fig. 1. PCR amplification of Lys-C cDNA from M. eupeus venom gland.

The precursor sequence of a 438 nucleotide open reading frame consisted of a putative 22-amino-acids length
signal peptide, and lysine at the position 23 was assumed to represent the start of the mature protein (Fig. 2).
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MAFKFSFFTVLCLCVFIENLDGKRFGRCELAKLLVFNGIPYKD P

DWVCLAYYQSRILESSFMSPVSNGHREYGIFQISSTDDNLDDDTIK

CAKLIHRRHKFDAWYAWKAHVKDKELSQFINDNNCMAFKF

Fig. 2. The full-length cDNA sequence of Lys-C.
The signal peptide is highlighted; the mature peptide is underlined.

The MesoLys-C (Mesobuthus Lys-C) amino acid sequence comparison performed against GenBank NCBI
database revealed that the amino acid sequence of MesoLys-C is highly homologous to C-type lysozymes from other
scorpions and arthropods.

To analyze the evolutionary aspects of the MesoLys-C peptide we generated a phylogenetic tree
encompassing known c-type lysozymes within the animal phyla: scorpion, invertebrate, and vertebrate (Fig. 3).
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Fig. 3. Phylogenetic tree of MesoLys-C and lysozymes C from other species.

Me(Kh): Mesobuthus eupeus of Khuzestan, Mg: Mesobuthus gibbosus, Me(M): East Mediterranean Mesobuthus
eupeus, Mcy: Mesobuthus cyprius, Dv: Dermacentor variabilis, Is: Ixodes scapularis, Ag: Anopheles gambiae, Sn:
Simulium nigrimanum, Bm: Bombyx mori, Se: Spodoptera exigua, Ms: Manduca sexta, Om: Ornithodoros moubata,
Dm: Drosophila melanogaster, Mm: Mus musculus, Chg: Chicken Gallus. Groups: I — scorpion; II — invertebrate; III
— vertebrate. Numbers indicate bootstrap support based on 100 replicates.

According to the dendrogram, all scorpion samples analyzed (M. eupeus of Khuzestan, M. gibbosus, M.
cyprius, and East Mediterranean M. eupeus) could be considered phylogenetically different subspecies by possessing
the lysozyme C peptide in their venom. Moreover, MesoLys-C isolated from M. eupeus of Khuzestan displayed the
highest and the lowest sequence similarities with M. gibbosus and M. cyprius, respectively. This result is in
accordance with other similar studies [9,10]. Further comparison of MesoLys-C with those from the Groups II and
IIT species showed marked difference between the lysozyme C amino acid sequences displaying the lowest
homology with the vertebtrate Group. The study also revealed that the residues of catalytic site in C-type lysozyme
of scorpions are different from those of chicken and other organisms. Based on the phylogenetic tree of MesoLys-C
and C-type lysozyme of East Mediterranean M. eupeus it is concluded that M. eupeus of Khuzestan and East
Mediterranean M. eupeus belong to different subspecies.
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