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ABSTRACT: The Indian red scorpion (Mesobuthus tamulus),

ith its li i i i . I . ——t g = = In el trypain
with its life-threatening sting, is the world's most dangerous species G

ton hlpe

of scorpion. The toxinome composition of M. tamulus venom was s - T S LCMS-MS analysis

: - - ") Masobuifau: Ve
d{:ll:'l’l:ll].l‘ll:d by tandem mass sl:il:dfmrnlr:(ry (MS) analysis of venom punnaiion = ".I'OBTII;:;\" 15 GE of Delabase
protein bands separated by SDS-PAGE. A total of 110 venom [ M tamulus venem search
toxing were identified from sl:a:c]'u':ls the MS data against the :':rr::cn;al T:; "'"r‘u'::_‘“:m::; .
Buthidae family l:tz.xid: 6855) of toxin entries in nonredundant m,_,m,i::m,. ) w.in,'l Carrelation of _ ==
protein databases. The Na* and K" ion channel toxins taken antivenom ::':“Tm __
Iugl:ﬂ'u:r are the most abundant toxins (76.'.-"%:] g:'vin.g rise to the | clinilcal —
neurotoxic nature of this venom. The other minor toxin classes in ‘ il manifestations
the M. tamulus venom proteome are serine protease-like protein | & _f~ I MeSabIhGS lmius

VENHT proleome

(2.9%), serine protease inhibitor (2.2%), antimicrobial peptide Westem blot ELISA
(2.3%), hyaluronidase (2.2%), makatoxin (2.1%), lipolysis

potentiating peptides (1.2%), neurotoxin affecting CI™ channel (1%), parabutoporin (0.6%), Ca®™ channel toxins (0.8%),
bradykinin potentiating peptides (0.2%), HMG CoA reductase inhibitor (0.1%), and other toxins with unknown pharmacological
activity (7.7%). Several of these toxins have been shown to be promising drug candidates. M. tamulus venom does not show
enzymatic activity (phospholipase A;, L-amino acid exidase, adenosine tri-, di-, and monophosphatase, hyaluronidase,
metalloproteinase, and fibrinogenolytic), in vitro hemolytic activity, interference with blood coagulation, or platelet modulation
properties. The clinical manifestations post M. tamulus sting have been described in the literature and are well correlated with its
venom proteome composition. An abundance of low molecular mass toxins (3—15 ItDz) are rcspu'nsibll: for urrti.ns the major
pharmacological effects of M. tamulus venom, though they are poorly immune-recognized by commercdial scorpion antivenom. This
is a major concern for the development of effective antivenom therapy against scorpion stings.

KEYWORDS: red scorpion vemom, ESI-LC-MS/MS, Buthidae, ion-channel toxins, neurotoxins, awtonomic storm, toxinomics

1. INTRODUCTION qualitative and quantitative distribution of toxins in the venom,
Scorpion slin.gs can present a li.ﬁ:—thrcatcning acute medical status of the telson, venom d].lct, number of slings, and the
victim's age and health status.™*

emergency and are a neglected public health problem in
ey 8 e P Scorpion venom is a complex mixture of enzymatic and

tropical and subtropical nations, particularly in North Africa,
the Middle East, Latin America, and India.' Annually,
scorpions cause 1.2 million stings resulting in 3250 deaths.”
The statistical data on scorpion stings in India is lLimited,

predominantly nonenzymatic toxins, On the basis of their
chain length, scorpion toxins are dassified into two broad
categories: (i) short toxins cumprisd:d of 30—40 amino acids,

though it seems to be similar to the snakebite problem, and and (ii) long toxins comprised of 60—70 amino acids.” Despite
scorpion stings should also be included with the group of

m:gll:ch:d tropical diseases. Children under the age of seven Received: February 27, 2020

years whose immune systems are developing and eldery Published: March 3, 2020

individuals whe may be immuno-compromised are categories
of vulnerable pmp]c who are most affected post scorpion
sting’ After a scorpion sting, clinical manifestations will
depend on some crucial factors like the size of the scorpion,

© 2020 American Chemical Society hetps:i/ds.dol arg/101021 /acs joratecme. 0c001I0
4 Proteome

V ACS Pl]hllf_atlﬂnﬁ 1847 Hies. 2000, 19, 1847~ 1856

Publications Page 189



i‘ frontiers
in Pharmacoclogy

OPEN ACCESS

Edited by:

Choo Hock Tan,

University of Malays, Malsysia
Reviewed by:

Juan J Cabvets,

Consgio Supanior os Investigeciones
Cienifficas (CSIC), Spain

Sakthivel Vailgpun,

Univarsity of Reading, Linted Kingdom

“Cormespondence:

Ashis K. Mukhages
akmi@tez. smst.in

This artick was submitted fo
Transiations! Fharmacology,

a section of the jounal

Frontisrs in Phamacolgy
Received: 17 May 2021

Accepted: 16 August 2027
Published: 28 Septamber 2021
Citation:

DOas B, Savioka Ad and Mukherise AR
(20271) Biochamical and Proteomic
Characterization, and Fhamacological
Insights of indian Red Scompion
Wenom Toxins.

Front. Pharmacol. 12:710680.

dot 10,3389 phar 2027. 7 10680

Biochemical and Proteomic
Characterization, and
Pharmacological Insights of Indian
Red Scorpion Venom Toxins

Bhabana Das’, Anthony J. Saviola® and Ashis K. Mukherjee ™*

'Dapartment of Molecuiar Bialogy and Biotschnology, School of Scisnces, Tezpur University, Tezpur, India, “Departmeant of
Biochemistry and Molscuiar Ganatics, University of Colorado Anschutz Medica! Campus, Auror, CO, Unitsd States, Jinstituta af
Advanced Siudy in Science and Techinology, Guwahat), inda

The Indian red scorpion (Mesobuthus tamulus) is one of the world's deadliest
scorpions, with stings representing a life-threatening medical emergency. This
species is distributed throughout the Indian sub-continent, including eastern
Pakistan, eastern Nepal, and Sri Lanka. In India, Indian red scorpions are broadly
distributed in western Maharashtra, Saurashtra, Kerala, Andhra Pradesh, Tamil Nadu,
and Karnataka; however, fatal envenomations have been recorded primarily in the
Kaonkan region of Maharashtra. The Indian red scorpion venom proteome comprises
110 proteins belonging to 13 venom protein families. The significant pharmacological
activity is predominantly caused by the low molecular mass non-enzymatic Na® and
K* ion channel toxins. Other minor toxins comprise 15.6% of the total venom
proteome. Indian red scorpion stings induce the release of catecholamine, which
leads to pathophysiological abnormalities in the victim. A strong correlation has been
observed between venom proteome composition and local (swelling, redness, heat,
and regional lymph node involvement) and systemic (tachycardia, mydriasis,
hyperglycemia, hypertension. toxic myoccarditis, cardiac failure, and pulmonary
edema) manifestations. Immediate administration of antivenom is the preferred
treatment for Indian red scorpion stings. However, scorpion-specific antivenoms
have exhibited poor immunaracognition and neutralization of the low molecular mass
toxins. The proteomic analysis also suggests that Indian red scorpion venom is arich
source of pharmacologically active molecules that may be envisaged as drug
prototypes. The following review summarizes the progress made towards
understanding the venom proteome of the Indian red scorpion and addresses the
current understanding of the pathophysiclogy associated with its sting.

Keywords: Indian red scorpion, venom composition, pathophysiology of
against Mesobuthus tamulus scorpion sting

sting, nines, therapy
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ARTICLE INFO

ABSTRACT

Handling Editor. Dr. Jose Maria Gutierrez

Mesobuthus tamulus (Indian Red Scorpion) sting is a severe but neglected health issue in India. The accom-
lish of in-patient scorpion sting is highly d on the safety, efficacy, and homogeneity

Keywords:

Antiscorpion antivenom
Antivenom quality assessment
LC-MS/MS analysis
Anti-scorpion immunoglobulin
Adverse reaction

of pi ti p ion. Therefi in this study, the above qualities of commercial anti-scorpion
antivenoms manufactured in India were d by in virro lab Y lyses. Biophysical characterization
of venom by sodium dodecy] sulfate-polyacrylamide gel electroph size exclusion chromatography, and

p analysis d d that anti-scorpion antivenoms (ASAs) mostly contain F(ab'), molecules with a
trace of undi d i gl (Ig) G. The physicochemical characterization, electron microscopy,
and d ic light ing studies led that ASAs were prepared according to the guidelines of World

Heallh Organization (WHO), and were devoid of aggrega[e mn(em and vims pamcles. ASAs did not show IgE
contamination and bacterial end in but d c properties, which
may have adverse effects in treated patients. Spectrofluorometric and atomic fon:e microscopy analyses showed
poor binding of venom with commercial ASAs. The percent of antibodies raised against the venom toxins in

ial ASAs was d d at the range ofS 3-6.3%, which is a reason for their poor efficacy. This study

advocates the importance of in vitro lab for « 1 antivenom's quality and safety

parameters before their pre-clinical research and dmlcal use to treat Indian red scorpion sting.

1. Introduction

Scorpion sting is a severe but neglected public health issue in tropical
and sub-tropical countries, causing 1.23 million stings globally, which
results in 3250 deaths annually (Bawaskar, 1984; Chippaux and Goyl-
fon, 2008). Notably, scorpions are the second most noxious animal after
the snake, causing significant problems to children and adolescents. The
Mesobuthus tamulus (Indian red scorplon) is reported as one of the lethal
scorpions of the ecosph and iological data show that this
species is distributed in India, Sri lanka, ecastern Nepal, and eastern
Pakistan (Badhe et al., 2007; Bhadani et al., 2006; Kovarik, 2007;
Kularamne et al, 2015). In India, maximum mortalities due to scorpion
sting is reported in Kerala, Tamil Nadu, Andhra Pradesh, western
Maharashtra, Saurashtra, and Karnataka states (Agrawal et al, 2015;

Bawaskar and Bawaskar, 1996, 1998; Yuvaraja et al., 2019).

* G ding author. I
I:‘rmﬂaddrmd. ikm@tezu.emet.in, ashmukh@yahoo.co.uk (AK. Mukherjee).
https://dol.org/10. 1016/}, toxicon. 20.

M. [us venom is pred d (76.7%) by low molecular mass
toxins bind to ion-channels, for example, Na® and K" channels affecting
toxins (Das et al., 2020), which are mainly responsible for inducing
pharmacological activity and clinical manifestations. Further, stimula-
tion of a-adrenergic receptor resulted in myocardial dysfunction, pul-
monary edema, tachycardia, hypertension, and cool extremities, and
these pathophysiological conditions play a significant role in the phar-
macology of Indian red scorpion sting (Bawaskar and Bawaskar, 1992;
Dutta and Deshpande, 2011; Kumar et al., 2012; Rowan et al., 1992;
SinghDeshpande, 2005; Strong et al., 2015). Treatment of M.tamulus
sting is a medical gency, and ad ration of specific
anti-scorpion antivenom (ASA) is an inevitable choice for treatment in
case of severe envenomation (Chippaux, 2012; Das et al., 2021). To date
nineteen ASAs arc manufactun:d worldwnde including India for their
i ded use in h and scorpion sting (Laustsen
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Abstract: Indian Red Scorpion (Mesobuthus tamulus) stings are a neglected public health problem
in tropical and sub-tropical countries, including India. The drawbacks of conventional therapies
using commercial anti-scorpion antivenom (ASA) and al-adrenoreceptor antagonists (AAA) have
prompted us to search for an adequate formulation to improve treatment against M. tamulus stings.
Novel therapeutic drug formulations (TDF) of low doses of commercial ASA, AAA, and ascorbic
acid have remarkably improved in neutralising the in vivo toxic effects of M. tamulus venom (MTV)
tested in Caenorhabditis elegans and Wistar strain albino rats in vivo models. The neutralisation of
MTV-induced production of free radicals, alteration of the mitochondrial transmembrane potential,
and upregulated expression of genes involved in apoptosis, detoxification, and stress response in
C. elegans by TDF surpassed the same effect shown by individual components of the TDF. Further,
TDF efficiently neutralized the MTV-induced increase in blood glucose level within 30 to 60 min
post-treatment, organ tissue damage, necrosis, and pulmonary oedema in Wistar rats, indicating its
clinical application for effecting treating M. tamulus envenomation. This study demonstrates for the
first time that C. elegans can be a model organism for screening the neutralization potency of the drug
molecules against a neurotoxic scorpion venom.

Keywords: M. tamulus venom; neutralisation potency; formulated drug

Key Contribution: A novel drug formulation showed higher efficiency in neutralizing MTV-induced
toxicity; free radical generation; alteration of mitochondrial trar
in the Caenorhabiditis elegans model. Further, MTV-induced hyperglycaemia; biochemical changes
of serum; toxicity in Wistar albino rats were better neutralized by the novel formulation than the

brane potential; gene expression

individual components.

1. Introduction

Scorpion sting, an under-researched prevalence, is responsible for many mortalities
in most countries. The Indian red scorpion (Mesobuthus tamulus), with its life-threatening
sting, is one of the world’s most dangerous scorpions [1]. The qualitative and quantitative
occurrence of different venom toxins influences the pharmacological properties and toxicity
of venom. Proteomic analysis has demonstrated the relative proportion of various toxins in
the M. tamulus venom (MTV) [2]. Notably, the potent toxicity of MTV is attributed to the

Toxins 2023, 15, 504. https:/ /doi.org/ 103390/ toxins 15080504
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment
of MTV neutralization potency of a formulated drug
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment
of MTV neutralization potency of a formulated drug

Appendix fig. Al. Alignment of tryptic and semi-tryptic peptide sequences derived from LC-
MS/MS analysis. The protein alignment was done using Clustal Omega programme
(https://www.ebi.ac.uk/Tools/msa/clustalo/). The distinct peptides obtained for each of the
following proteins has been highlighted in green or blue or purple (three colours have been
used in case of adjacent distinct/unique peptides). The amino acid substitutions within the
unique/distinct peptides obtained from MS/MS are highlighted in red colour.

1. Venom peptide having unknown target:

>sp|D2CFI7.1|

Signal peptide[1-21] mature chain[22-123]
MSIKISAIALFMLSFTVFVNGIPFFLTKGRIDICKINTGETIR I GESWHDPNSCSVYYCEVNSLGAML I GKECATVE Y PSNCR
EEPGTGLYPDCCNKVVCGEEEMVVY PYEERSHRRYVEOK F

2. Parabutoporin:

>sp|P83312.1]

Mature chain [1-45]

FKLGSFLKKAWKSKLAKKI 2/ < GKEMLKDYAKGLLEGGSEEVEGQ

3. Toxin plt:

>sp | POC5J8.1|
Mature chain[1-17]
LCEKFKVQRLVELNCVD

4. OPRD1 receptor:

>sp|Q9Y0X6.2 |
Signal+ propeptide[1-34]
MIFHQFYSILILCLIFPNQVVQSDKERQDWIPSDYGGYMNPAGRSDEERQDWIPSDYGGHMNPAGRSDEERQDWIPSDYGGHM

NPAGRSNEERQDWIPSDYGGYMNPAGREDEERODWLPSDY CCHMNPACRSNEERODWI PSDYGGYMNPAGRSDEERQDWIPSD

YGGHMNPAGRSDEERQDWIPSDYGGYMNPAGRSD

5. Seine protease like protein:

>sp|POC8M2.1 |
Mature chain[1-40]

EEGETFARNGE Y PWMVVIDLPEFACGGVLI SKKEVETARH
Appendix Page 193
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of MTV neutralization potency of a formulated drug
|

6. Serine protease inhibitor:

sp|PODJ47.1|

—————————————————————— 70

————————————————————————————————————————— 59

7. Makatoxin:

Sp|Q86BWI.1|
MNYLIVISFALLLMTVESGRDAYIADSENCTYFCGSNPYCNDLCTENGAKSGY COWAGRYGNACWCIDLPDKVPIRIPGECR
GR 85

sp|P59853.1]

MR I SFATTEMTEVESER DA Y IAKKENCT Y FCALNPYCNDLCTKNGAKSGY CQWAGRYGNACWC T DL PDKVPIREPGPCN
B e

*kkkk Kk Kk * Kk Kk kK *

hhkrhkhkhkkhhkk ek hkhkhhkhkrhkhkhhhkhkhkrhkhkrhkhkrhkkhkhkhkhkhkrxhkx * *

8. Lipolysis activating peptide 1l-beta chain:

sp|P84809.1]

SO A S A S e GV B RE NG Y GOR G Y GNAFC Rl CKHEAMGEH o= 21vF v iACEC T DI DEDNGYFL
NALEKQOBNERE- - 95

sp|B8XGZ8.1|
MANVQVIFVAYIAVIAFSMVYGDDYKPFGEHNSYYGCKKQTDEFCNKJCREHEARNGCFCHOPAPFVELCKCLDIDYDNTYFL

KAMEKQCPRLKGNVN 98

* khkhkkhkkoekoke ohkkhkkhkrk K o * * * K x Kk . hk ook o kk o kkKk oo **x  x ok k.

K ekekhkkk Kk Khkkoekokhkkkhkkhkk k%K

9. Lipolysis activating peptide l-alpha chain:
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Sp|Q6WJIFS. 3|

MMKEFVLEGMIVILFSLMGSIRGDDDPGNYPTNAYGNKYYCTILGENEYCRKICKLHGVTYGYCYNSRCWCEKLEDKDVTIWNA
VKNHCTNTILYPNGK 98

Khokakxokkokkkkkk o okkk ok K * Kk ok kK koo ok kok ok ok Khkkkhkk o ok o kkkk o kXK

KAk Kkehkkhk kA khkk kkekhkhhk *koekhkkhkk *k *,hkkhkkhkhkok%k

10. Bradykinin potentiating peptide:

splQ9TWD3.1| ST

LEDYANEVINGGRVERRGRPA—~ 2

splQ9Y0X4.1|
MNKKTLLVIFEFVTMLIVDEVNSFRFGSFLKKVWKSKLAKKLRSKGROUUNDYANE LNGPEEEAAAPAERRR 72

Kk e kkkk o ko kK *x Kk X

11. Insecticidal toxin with unknown toxin target:

sp|P60268.1| MCMPCFTTDHQTARRERDCCEERGRKCFGQCLCGYD 36
sp|P15220.1]| MCMPCETTRPDMACBCRMCCRGRGKCFGPQCLCGYD 36
sp|P15222.2] MCMPCFTTDPNMAKKCRIJECECHBRCFGPOCLCNR- 35
splP60270.1]| MCMPCFTTDPNMANKCRDCCCCBRKCEGPOCLCNR - 35

*kk kK Kk Kk kK . * e kk XKk Kk . * Kk Kk Kk

12. Antimicrobial peptide:

sp | B8XH50 MKSQAFFLLFLVVLLLATTQSEAFI---
MDLLGKIFGRRSJREMPTMK Y LY DPSLSAADLKTLQKLMENY

sp | E4VP07MKSOTFELLELVVELLATHOSEARNGANACL LK NIEERRSIRPYDTVK v LY DPSLSAADLKTLQKLMENY

sp | Q9GOW4AMKSOTFELLFLVVLLATHOSEARNGANABL LS FGRR SMRBMPEMK Y LY DPSLSAADLKTLQKLMENY
sp|Q6JON2
MKSQTFFLLFLVVLLLAISQSEAFIGAANLLSKIFGKRSMRDMDIMKYLYDPSLSAADLKTLQKLMENY

khkkhkkoekkkhkhkkhkhkhkk o« kkhk e kk Kk Kk oo * *

ehkkk ek ke ke kb hhkrhhkhkhhkrhkhkhkhkhkhhkrhkhkxkhkxkxk
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of MTV neutralization potency of a formulated drug

13. Hyaluronidase:

>sp|P86100.2 |
Signal[l1-25] Mature chain[26-409]
MTONIQMTEMYQIILFASILAAISATSADFKVVWEVPSIMCSKKFKINVIDLLTSHKILVNQOEETENGDRIVIEYESQLGKYP
HIESHGDINGGMLOVSDLANHLKTARDNISKF I PDPNFNGVIIDWEAWRPLWKYNWGRMSEYRDRESKDEVANNEEDNSEAOE
RVAIEEWENSAKEWMLKTLKLVEDMRPNAAWCYYLFPDCYNYGGKDOPSEYECRNDIOEANDR L SWLWKQSTALCPSI YMQES
HITKYNTSORAWWI YARLRETIRUSHPNI LIV PY INY I NPGIRRTVPSMDFKRVLGOIGSLGLDGAI IWGSSYHVNTEEMCKE
MKTYVKDVIAPVASTVIQONVNRCSQQICKGREGNCVIWPEEPYTSWKY NI DPRNPIFRH T NISCRCKGGYTGRYCQIAP

14. Neurotoxin with cl channel blocker:

sp|Q9BIW4 . 1| MKFLYGIVFIALFLTVMFATQTDGCGPCFTTDANMARKCRECCGENEGRCFGPQCLCNRE 59
sp|Q9UADO. 1| MKFLYGIVFIALFLTVMFATQTDGCGPCFTTDANMARKCRECCGGHGKCFGPOCLCNRI 59

ok rkhkkhk kA hk A hhkrhkhkrhhkhkhhkhkhkhkhkhkrhkkhkrhkhkhkhhkrhkhhkkhkrhkhkx *hkkhkrkkxkhkkhkxkx*k

15. Neurotoxin having unknown target:

SPIQMMA6I. 1| mmmmmmmmmmmmoomooooo LeveyNCK EEEOVNECTGTICKINTNON- - 2
splQ7Z0H4. 1| MKIFFAVLVILVLFSMLIWTAYGTPYPVNCKTDRDCVMCGLGISCKI¥HONCER 55

kA hkkhkhkkhkoe oekhkhkhkkhkiAkkk Kkko K K

16. Ca channel blocker:

>sp|Q8I6X9.2|
Signal[1-18] Mature chain[28-64]

MNTFVVVFLLLTAILCHAEHALDETARGCNRUNKKCNSDEDCCRYGERC I STGVNYYCRPDEFGP

17. Na channel blocker:

spluicxe7.1|  ---FRAADEEVESENIMETCYETRRSEYSBEORSHIEER 1CyF N -HFCENTCET GG~
SGvCyF -~ GACHCDNANAVBTHSRIN=R Crak 63

Sp|QINBW2. 1| - - - MR T DTG VETR K SGY - PTD--HEGCKNWCVL-N-HSCGILCEGYGG-———--—-
SGYCYE -~~~ WKLACWCDFIHNWVPTHSR-HTN-KCRAK-83

sp|Q9UACS. 1| ---MKIIIFLIVCSFVLIGVKASMDNGYEENK-YTGCKIWCVI-NNESCNSECKLRRGN--———---—-
YGyCYr- - EECYCEGAPRESETNAYSETNSRONGEY o5
sp|P86406.2] --MMKIIIFLIVSSLVLIGVK-TDNGYLLDK—YTGCKVWCVI-NNESCNSECKIRRGN--——~----

vGyCyr- - ACHCHGAPRESETENEENNEKoNCE ¢ ¢
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sp|Q8IO0K7.1]| ---MKLFLLLVFFASMLIDGLVN-ADGY - IRG--SNGCKESCHN CNECONKECKGFGAY ————— -~

YGYCWT---WGLACWCEGLPD-DKTWKE-EFN-TCCEBKK-85

SPIPOCSFO.1|  ===—=——————m—mmmm—m KEDEY=PVD==iilNCKR 1 C1Y - NNKYCYDLCKGLKAD------——~
SGYCWG---WTLSCYCEGLPD-NARIKR-G-G-RCN—-62
sp|P58910.1]  ———---——---——---——---—— KDY= VD= iNiCKR 1 C17Y - NNKYCNDLCKGLKAD-————-—-~

Sp|P01485.2]  —-----mm----oo- EVMACVESIRDEY VDD S RNCIVECEESR A Y CNEECTKLKGE -~~~ — -~~~
SGYCQWASPYGNACYCYKVPDEHVRIK T SGPGR - CN--72

sp|P01486.1] BRDEY T VDD =RNCTYFCG--TNAYCNEECVKLJGE=========
SCEEBINCRYGNAGWCYR L PD-HVRTV--QAGR-CRS-655p | P01490.1| === —=-————————mmmmommm o
VRDGY1ADD---KDCAYFCG- - AN CD KR A c SO 1 0= M K OKICK - '
~6559109MICT. 1| -~ MNYMVSITSLALLVMTGVESVKDGY TADD===RNClYFCG~ - RNAYCONECKRNEAE -~ -~ -
E=SCHECEHANE ycNAcwe YK IEDEBER Il - —BBCR=CNGEs 55p | P82815.1| 0 —mmm—mmmmm oo
ROy AP = RNCAYFCG==RNAYCDEECI INGAE----——=--— SGYCQQAGVYGNACWCY KPP RNIR==VScH"
EBB-65sp1P86408.2| ---MNSLV-MISLALLVMTGVESVRDGYIADD---KNC¥ECCT=RNAVCDERCKKKGAE====
ES===SCYOOWACHYCNACHOYREBDER P 1K - -VSGK~CNGRAS

splG4V3T9o.1|
SGYCQWAGVYGNACWCYKLPD-KVPIR--VBCRTCNG- 65

spl0o6vx2. 1| ---[NVEEESHATeVSVRDCY TADDSSSKNCRYEOGRSR N /CDDECKKNGAS -~~~ -

SGYCQWAGVYGNACWCYKLPD-KVPIR--VPGK-CNGG85

splQoGNGE.1|  ---HNYEVEEFSEATHNIGVSVRDGYTADDESER)CAY FOG--RNAYCODECK NGBS
SGYCONAGHYGNACHCYKLPD=K VP TR -~vPC-CNGGSS

sp|Q4TUA4.1|  ---MNYLV-FFSLALLLMTGVESVRDGYIADD---KNCAYFCG--RNAYCDDECKKKGAESS==m——=

SGYCQWAGVYGNACWCYKLPD-KVPIR-~VPGR-CNGGES5

splQ9GUA7.1|  ---MNYLV-FFSLALLLMTGVESVRDGYIADD---KNCAYFCG--RNAYCDDECKKKGA =

serconliioNACHCRRLED-KVPTR-~/DEK-05GES

5p|P86403.2]  —--MNYLV-MISLALLINTGVESERDANEAND NGV CASSINEYCDSEORANCA s ===s
SevConNCHNCNACHORNTEDERVETR - - *G-FCRGRES

splP09982.1|  —-——--—--——-moom——oo—oo ARDAYTARD=="FNCvYTCA--LNPYCDSECKKNGAD-----———-
GSYCQWLGRFGNACWCKNEPD BVPIRKI-PGEECR--66
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sp|P13488.1| ————--————————————————— GRDGYIAQP---ENCVYHCFP-GSSGCDTLCKEKGAT-----—-——-—

SGHCGFLPGSGVACWCDNLPN-KVPINV-—BCHRCH -6 6
sp10960w3. 1| --- VSRRV DAY TAONSSS OV HORESH D~ /N . CTRNGAK -~ -

SGSCPYLGEHKFACYCKDLPD-NVPIRV--PGK-CHRR85

sp|P60256.1] —=——-————m———m—— VRDAYIAQN---YNCVYDCA--RDAYCNELCTKNGAK-—-—-—-—----—

SGHCEWFGPHGDACWCIDLPN-NVPIKVESHCH-CHRK 6 6

sp|E7CAU3.1| -—=——==————————————————— GRDAYIAQN---YNCVYHCF--RDDYCNGLCTENGAD-—----—-——-—

SGYCYLAGKYCHACWCINGPDTDRPIRI--PGK-CHRR66

SPIPOCF76.1| =-mmmmmmmmmmmmmmmmooo e R e
————————————————————————————————————— 15
sp|PODMHO.1 | —-—-MNYLI-VISFALLLMTGVQSGRDAYIADS---ENCTYTCA--LNPYCNDLCTKNGAK---—-——==-——

SGYCQWAGRYGNACWCIDLPD-KVPIRIT=SCH=CRERS 5

SpIP59854.1| ———————m————m—m—mmmm o VRDGYIALP---HNCAYGCL--NNEYCNNLCTKDGAK——-—=-——-—-
IGYCNIVGKYGNACWCIQLPD-NVPIRJF=PCR=CHBA- 6
sp|P86404.2| ---MNYLI-LISFALLVITGVESARDAYIAKP---HNCVYECFDAFSSYCNGVCTKNGAK—--—=-—=--

SGYCQILGTYGNGCWCIVLPD-NVPIRIT=PCH=CHr—86

spl061705.1| —--MNYEV MISEANNIMKGVESVRDAY IAKP-—--ENCVYECG--ITQDCNKLCTENGAE——-————-—
SGYCQWGGKYGNACWC IKLPD=SVPIRVE=PCK=ClR - 8 4

splQI9NJC5.1|  ---MNYLV-MVSFALLLMTGVESVRDGY IALP-—--HNCAYGCL--LNEFCNDLCTKNGAK-~---——--—
ECYCNIECE v GNACWC IELPD-NVPIRV--PGR-CHPS85

SPIQONG82.11  ---MNYLV-MISFALLINTGVESYR BN ENCV N HOAS SN ECCNKECDNCARSS s

BCYCEIECE v GNACWC IKLPD-DVPIRV--PGK-CHR-84

sp|P45698.1| ——————-——- MISFALLLMTGVESVRDAYIAKP---ENCVYHCA--TNEGCNKLCTDNGAE---—-—-————

SGYCOWGGRYGNACWCIRUPD VP IRV--PGK-CHR-79

sp|P58328.1| ————--———-——mm—m VRDAYIAKP---ENCVYHCA--GNEGCNKLCTDNGAE-—-—-—-—-—-—-—-—

SGYCQWGGRYGNACWC IKHPD - JVPIRVE=PCK-CH 64
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splQ9GQV6.1|  ---MNYLV-MISFALLLMTGVESVRDAYIAKP---HNCVYECA--RNEYCNDLCTKNGAK—-—-------
SGYCQWVGKYGNGCWCKENPDENVPIRI==HCK - Ccrr-84
Sp|P58488.1| —-----————-m---—————o- VRDAYIAKP---HNCVYECA--RNEYCNNLCTKNGAK---------
BEYCONECH Y GNGCWC IELPD-NVPIRV--PGK-CH—-64
sp|P01483.1| ————-———————m—————— - GRDAYIAQP---ENCVYECA--KNSYCNDLCTKNGAK—-——-----—

SGHEORNENcv2CyC10LeD- e RS SRECHE - 65

SplP01488.2| —————-—mm—mmmmmmmmm o GRDAYIAQP---ENCVYECA--QNSYCNDLCTKNGART ===

SEHEOREEH v CviCK BEED - NVBIRT==JK -CiF - 65

SpIP59354.1] —————m—mm——mmmmmmmm o GRDAYIAQP---ENCVYECA--KNSYCNDLCTKNGAR o=
BEYCOWIEK Y GNACWCEDLPD-NVPIRI - - PGK-CHF—-65

18. K channel blocker:

SP I P86402. 1 | ——————mmm oo oo MeMBPCET--——--—--
~~TREDMAQOCRD~CC~~GGNGKC [ (-~~~ Y-QCLCNR---=-=- 35

0 109NIC6 . 1 | - KOO DAV IVHTSSVIEACRCKEN PN E K MRRR 1\ < 75115 Y ACPY - -~

—-—-IEKWCEDHCAA--K--KAIGKCED-—-—-————— T-ECKCLKLRK---- 90

sp|POCH57. 1| -MMKQQFFLFLAVIVMISSVIEAGRGREFVENERERLEEVE - BRMKNSHNRL T SMSEYACPV-—————-——-

—-—IEKWCEDHCQA--K--NAIGRCEN-—-—-—-—-—-— T-ECKCLSK-—-—-—-—- 88

5B VP04 . T | ~~MKNYCGITTLFLA= ===~ ====n === ==~~~ ~I -~ [SATGVFCVDF -~

sp|Q95P89.1| --MNRL-TTIILMLIVIN=-—=—=-——-———————————————— vIMDDISESKV NN CR
FECKITCG -~~~ MEQE= SRR VN ICKz - PIKCKCKKG—————60
5P |QONIP7 . 1| ~~MSRL-FTLVLIVLAM-~ -~~~ NyMMAT TS DI -~~~
E=CPMHCKGKNAK---—--—- PTCDD-—--——--- G-VCNCNV---—=-— 56
sp|COHJQ5.1 | --MSRL-YAIILIALVF———=————=————=———————————— NVIMTIMPDMKVEAVSCED--————---—

——cppHCATH DRSS RROENSESEERRDRg ' CE P57

Sp|AIXE59. 1| --MORN-LVVLLFLGMVALSSCGFREKHFOREVRYAVPESTERTMLOTHVERVGK TQFGCSA-———————-

--YQOGYCDDHCQD-IE--KKEGFCHG-—------— F-KCKCGIPMGF---91
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sp B840 .11 -0~ NS EVVEEEHGHVAUSSOGHRER - < INKEAVEESTERTREQIVAKEGK T0rGoPh- - -
-v0eYCDDHCOD- Tx - K ECHORGREREE RS RO CC T PF 91

sp|AOAO59UI30.1|--MQRN-LVVLLFLGMVALSSCGLREKHFQKLVKYAVPEGTLRTIIQTAVHKLGKTQFGCPA-——-——~—

————— ¥0G¥CDDHCOD- 1% - K EEEOH R RROR G 1 PGE 91

SPICOHIQ2 .1 | ———mm o m e AAC—————

--vs5pCr VKCRASMGS SRS RO K O Y -3

SPIP83407 .1 | ———mm e AAC—— e

--vsspC G ASMESSRSSOROTE SR E R X ———31

Ssp|E4VP41.1|--MSRL-LIFILTAVVL-=S—==———————————————————— VIIDILNNSKVEGQYCCYT-————————

--CIPDCSKSCQD-SG--LRERNCIET s == ¥RSCLCOY ——--—-— 63

Sp|ATKJIJT7.1|--MSRL-FVFILIALFL-=S-—=--——-——-———-————————— ATIIDVMSNFKECATSS=smmsmmmamy
ESCRNORR v 10 « SEEARMENCTN S EGER CriC Yy - 57
Sp|PODL65.1 | -MMSRL-SVFILIALVL-=S-—=-—=-——==—=—————————- VIIDVLNNSKECAT S =smmsmmmmms
- CHCR¥YCOD~KG~~ARNGKC T~~~ S S — 58

o 1081 .2 | -~ B A G T TP -

--TQSICEESCKRONKS S S"NGRCVIEAEGSLIYH-LCKCY-——--—-— 62

sp|B8XH30. 1| —-MoK BRIV B CT SR DAR S DGR sHe -

- - NOBECOERCKKKNK-- - -NGRCITEFEMNYVYN-RCRCN-———--—~— 62

cp | B6xH45 . 1| - BB IV E DGR D T
< OICOEICRRENKEREENGH C'/ DX FDNNFS YN - ICRCY - o
EEIEEREE | -~ ~~~~~~~~~~~~~~~T7~~~TT-TTTeesssoeeoeseseooee- AGSMDSCS========1

sp|B5KF99.1 | --MNKVYLV--AVLV-LFLALTI-—————-—————————————————— NESNEAVPTGG-C———————————

PrSDFFCAKRCH DHREEEONIGROTGENES === KIRVOKEST - - o4

sp|Q5F1N4.1|MKLKISFLILVLFSV-FFAIEGI————-——————————————————— I---
KWEPASVNGKGHSSCTNGLEMTEEDFCKMICGIDER S BRESKCVD- - —————- H-WCYCSQILFP---78

SP | PODMRO . I | —m——m—mm o oo oo~ QROCER[F=S===s
—-—-BBCYKYCMS—--—---PKRCTY---———-— G-TCYCEPSP----- 31

SP | PODMRS . L | === == —mmm oo oo QROCONH----—----
- -—- Bl CY R CMS PR K CEY —— - ————— G-TCYCEPSP----- 31
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5p |0967F9 . 1| ~-HKIFFATLLILAV-CSMATHT ~~-—==--===-~==-=~==--=~V---NGTPFAIKCATf}-~~---~

-~ ADCSRKCRG======-NPJJCRN========G=FCACT - ------- 54
Sp|Q9BKB4.1|--MKIFFAILLILAV-CSMAIWT-——=-——————————————————— V---NGTPFAIKCATN ==
EEEEADESRKCPG——-——-- NPPCRN----—-—- G-FCACT---—--—- 54
sp|Q9BJIX2.1|--MKIFFAILLILAV-CSMAIWT -——=-—=-—=—-—=-—=————-—- V---NGTPFEVRCATR=======4
~-~-ADCRKCEG - ------NEJORN------~- G-FCACT-------- 54
sp | AOASKO. 1 | —~MKIFFATLLILAV-CSMATWT = ===ssnmmmmmn s Ve - - NGTRFEVRCATD == ===
EE==APCERKCPG-—--—-- NPPCRN--———-—-- G-FCACT------—- 54
Sp|B8XH38.1|--MKISALVMITLLI-CSMMILC——==-——==-———=————-—-——- Q---GQKILSNRCNNS-—------

----sBCTPRCTRIFG-- 1 ERCENESEE R Y CYP -~ 60

SP|P59936.2 | ————————————m——————— WC——————m———mmm oo STCLDLACGAS----—---

——-recypece« i CEEN A ROV SSSNER =Y T 10

Sp|B8XH42.1|--MKILSVLLIALII-CSINICS--—————————————————————— E---A-GLIDVRCYAS-——-—-—-
----RECWEPCREJIC==BABAR COoN—--—---- N-QCRCY---—---— 58
P 1 BODLAG. 1| === GLIDVRCRAS-=-====
F===RECWEPCRKVTG--SGQAKCQN---——--- N-QCRCY---—---- 36
SP | PODLAS 1 | — === m = oo o o o GLIDVKCYAS-—-—=--—~-
----RECWEPCREVIGCT“SCORKCON-------- N-QCRCY---—-—-- 36
sp|Q8MQLO.1|--MKIFSILLVALII-CSISICT-—-——-——=———————————————— E---AFGLIDVKCEAS--—------
--—-BECWIACRK VTG--SVOGKCON—--——--— N-QCRCY-=-—-——-— 59
sp|B3EWY1.2|--MKILSILLIALVI-CSISICT--—————————————————————— E---AFGLIDVKCSAS--—-—-—-
----recvacH SIS KCONS S EgOR - - - - - - -- 59
SPIQI9BKB7.1|--MKISFVLLLTLFI-CS--IGW-——-———————————————————— S---EARPTDIKCSES---—--—-
--—-vocrpvCKEREE - MlCRCVN---—---- G-FCDCF---—--—- 57
sp|COHJQ8.1 | --MKISFLLLLALVI-CS-=IGW—-——-—-—-———————————————— S—---EAQFTDVKEIGCI =
R OOEYCK M G-~JJENGKCMN ~~=====~G-KCRCY P58
SP I COHTQT7 . L | mmmmmm o mm oo oo OFTRVRCcTVT---——---
--—-KQCWPVCKKMFG--RPNGKCMN—--——-=-— G-KCRCYS---—--- 37
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Sp|H2ETQ6.1| -MKKISFLLLLAIVI-CS—-IGW-——=-—=——————=—————————— T---DGQFTDVRCSAS--——--—-
--—-SKCWPVCKRIC = TYRGKCKN---—---- S-KCRCYS------- 59
sp|Q8I0L5.1|--MKESSIILLTLLI=CoMSFG-——--—--——-————————————- N---CQVETNVKCQG---—-—-—-

- --cscasvcr I GEEANGROTN S /P 59

5p10862x0. 1| -SRI B - M- - -~~~ -~~~ ~=--~[|-~~COVOTNVKCQG--------~

----GQCLQPCKDA-G--MRFGKCMN----———— G-KCNCTPK--—-—---— 60
Sp|COHJQ4 .1 | --MKMFEFTVLVTLEV-CSMIIGI———-————————m—m—mmm—m—— — .

EEEERoCr0s Cx - GO SR ONGHER -~ m———
S | PB3L12 . 1| = e _GEEEECRES
----KecLvkck ARG IINCRCIN SR - KCKCYPR--—-—- 37

SPIPAGLLA . 1| mmmmmmm o VEINAKCRGS
-7~ PECLPKCK --leRCMN - - ——-——- G-KCKCYP-————-— 37

* *  x

sp|P86402.1] ——=—= 35

splQ9NJC6.1| —--—- 90

sp|POCH57.1| —--—- 88

splE4VPO4.1| ————- 60

splQ95p89.1|  —---—- 60

spl|Q9NJP7.1| ————- 56

sp|COHJQ5.1| —--—- 57

sp|P86400.2| ————— 57

Sp|A9XE59.1| ————— 91

sp|B8XH40.1| ——=-—- 91

sp|AOAO59UTI30.1] ——--- 91

sp|AOAO59UEE4 .1 | KNN-— 73

sp|COHJQ2.1] —=———- 31

sp|P83407.1| ————o- 31

sp|E4VP41.1|  ————— 63
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spl|A7TKJIIT7.1| ————- 57
sp|PODL65.1] ————— 58
sp|Q8MUBl.2|  ————- 62
sp|B8XH30.1]  —-——- 62
sp|B8XH45.1]  ————- 62
sp|PODL62.1] ————— 39
sp|B5KF99.1] ————- 64
Ssp|Q5FIN4.1| ————- 78
sp|PODMRY.1| ————- 31
sp|PODMR8.1|  ————- 31
splQ967F9.1|  ————- 54
sp|Q9BKB4.1|  ————- 54
sp|Q9BJIX2.1]  ————- 54
sp|AOASKO.1| ——=——- 54
sp|B8XH38.1] ————- 60
sp|POCH12.1| ————- 60
sp|P59936.2] ————- 40
sp|B8XH42.1| ——-=——- 58
sp|PODL46.1| ————- 36
sp|PODL45.1| ————- 36
sp|Q8MQLO.1| ————- 59
sp|B3EWYl.2| ————- 59
sp|Q9BKB7.1|  ————- 57
sp|COHJQ8.1| —---- 58
sp|COHJQ7.1| ————- 37
splQ9NII5S.1|  ————— 58
sp|H2ETQ6.1] —---- 59
splQ8IOL5.1|  ————- 59
splQ86BX0.1]  ————- 60
Sp|K7XFK5.1]  ————- 60
sp|COHJQ4.1|  ————- 61
sp|P83112.1|  ————- 37
splP46114.1| —-——- 37

19. HMG COA REDUCTASE:

>sp|Q95P90.2]

Signal [1-22] mature chain[23-94]
MVKMQVIFIAFIAVIACSMVYGDSLSPWNEGDTYYGCQRQTDEFCNKICKEHNASCESCOOPAPEVRLCTCOGIDYDNSFFFG
ALEKQCPKLRG

20. Mucin-25:
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— — ————— —— ——— — — — —

>sp | POCH58.1 |
Signal[1-31]

v SN BEERN P S T OWHMSSVRITONE 11101V TVLONFSMKTKO

21. Meucin-49
>sp|P86407.2]
MNKKILLVIFIVTMLIVDEVNSFKFGSFIKRMWRSKLAKKLRAKGKELLRDYANRVLSPEEEAAAPAPVP

AKRRR

sp|E4VPO7 |

MKSOTFFLLFLVVELLATHOSEANNCANACT LK NIEERRSIRDYDTMK v L Y DPSLSAADLKTLOQKLMENY 70

Protein-ligand interactions:

Generation of the 3D structure of Prazosin Hydrochloride [PMCID: 68546]:

Canonical SMILES:
COC1=C(C=C2C(=C1)C(=NC(=N2)N3CCN(CC3)C(=0)C4=CC=C0O4)N)OC.CI

Molecular Formula:
C19H22CIN504
3D structure was generated using Corina Classic software.
Generation of the 3D structure of Terazosin hydrochloride [PMCID: 44383]:

Canonical SMILES:
COC1=C(C=C2C(=C1)C(=NC(=N2)N3CCN(CC3)C(=0)C4CCCO4)N)OC.ClI

Molecular Formula:

C19H26CIN504

3D structure was generated using Corina Classic software.
Generation of the 3D structure of Silodosin [PMCID: 5312125]:

Canonical SMILES:
CC(CC1=CC2=C(C(=C1)C(=O)N)N(CC2)CCCO)NCCOC3=CC=CC=C30CC(F)(F)F
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Molecular Formula:

C25H32F3N304

Interactions

[] ven der waals
I conventional Hydrogen Bond

B Fi-sigma

3D structure was generated using Corina Classic software.

THR TYR
A:61 A:134
HIS
A:62
2 ° RS
Q
¢
H
H
GLU.
A:332 |EU HIS
65) WP

Pi-Pi T-shaped
[ Pi-Alkyl

1.a AAAR (human) + Prazosin-HCL [AlphaFold identifier of AAAR: AF-P35348-F1, SwissProt
Accession No.: P35348]

Appendix

Page 205



Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment
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Interactions

2] van der waals

[] carbon Hydrogen Bond
[] proonor Hydrogen Bond

VAL
A:226

LYS
A:294

LYs
TYR :
A:227 &

ALA
A:293 CYS
A:224

LEU
A:220

A:300

0
E
2 z

1.b ABAR (human)+ Prazosin-HCL [AlphaFold identifier of ABAR: AF-P35368-F1, SwissProt

Accession No.: P35368]

Interactions
van der Waals

I conventional Hydrogen Bond
[] carbon Hydrogen Bond

HI
A:74 LYS
3\ A:290
GLU EU
: .75
ILE
& A83
/‘5 THR
A:294 TY
SER A:347
A351
5 0 ]
ARG
. A:291
THR “JASN
A:77 A:80 PHE LEU

[ Ay
] pramy
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1.c ADAR (human)+ Prazosin-HCL [AlphaFold identifier of ADAR: AF-P25100-F1, SwissProt
Accession No.: P25100]

O~

ARG
A:260 o
LEU
A:132
Interactions

[] van der waals

- Conventional Hydrogen Bond
[] carbon Hydrogen Bond
I unfavorable Donor-Donor

PRO
A:131

SER
A:129

LYS. GLU
-A223A:214
> A%P

I Pi-Anion
[ Akyl
[ PirAlkyl

1.d AAAR (Mouse)+ Prazosin-HCL [AlphaFold identifier of AAAR: AF-P97718-F1, SwissProt
Accession No.: P97718]
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of MTV neutralization potency of a formulated drug

ASN
A:72
ARG
A:356
HIS
A:74 LYS
o A:290
& GLU LEU
A:353 A:75
& AB3
/‘J-’ THR
A:294 TYR
SER  A:347
A:351
N
ARG
& H ALA
"y A:291
THR JASN
77 : PHE
4 & A:354 AL;ESS
THR
A:79

Interactions

[T ven der waals

B Conventional Hydrogen Bond
[] carbon Hydrogen Bond

] Aiyl

] pramy

1.e ABAR (Mouse)+ Prazosin-HCL [AlphaFold identifier of ABAR: AF-P97717-F1, SwissProt

Accession No.: P97717]

LYS
A:333
GLU
. 4 A:402
PRO
: i ARG
L c<\ . A:336 A s
A:340 L5
28 ‘
A A AN
A1%8 y i
v a8 ;. AN
: A ’ THR
b + .4 A:343
AT ‘
i J— 4
' THR ' SER
A:125 - A:400 SER
ASN A:399
A:126 LEU
PHE A:121
A:403
ILE
A:129
Interactions
[ vn der waals [ Pi-Anion
I Conventional Hydrogen Bond [ amyt
I Usfavorable Donor-Donor [ pray

B Fr-cation

1.f ADAR (Mouse)+ Prazosin-HCL [AlphaFold identifier of ADAR: AF-P97714-F1, SwissProt

Accession No.: P97714]
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of MTV neutralization potency of a formulated drug

PRO
A:149
dt ASP
A:152 GLN
A:154
"
0
hod
SER
A:157 AL
THR H A:359
A:156
VAL
y A:352
GLN
A:345 PHE
A:362
Interactions
[ ven der waals [ iyt
B conventional Hydrogen Bond [ Prayl
[T"] carbon Hydrogen Bond

1.9 SERG6 receptor (C. elegans)+ Prazosin-HCL [AlphaFold identifier: AF-Q8MXS7-F1, SwissProt
Accession No.: Q8MXS7]
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Interactions.
[ oncer s

[ Comventina Hygrogen sond

of MTV neutralization potency of a formulated drug

VAL
Ag% A:128
LYS
A:263
GLU
ﬂ A:267
6l
H A127
—0 A
LEU ¥
A:218
ARG !
A260
PRO
A:131 TYR
LEU A134
Al

At

oo

praly

1.h AAAR (human) + Terazosin-HCL [AlphaFold identifier of AAAR: AF-P35348-F1, SwissProt

Accession No.: P35348]

ALA VAL
; A:226
A:230 AT2Y§3
TYR :
A:227 VAL LEU
A:300 7
A:220
GLY ALA
GLY
A:301
0 f 0
O ILE
LYS .
A230 A:304
LYS
A:294 “CYS
A:224

1.i ABAR (human)+ Terazosin-HCL [AlphaFold identifier of ABAR: AF-P35368-F1, SwissProt

Accession No.: P35368]
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of MTV neutralization potency of a formulated drug

VAL
A:277
CYS
A:275 LYS
A:274 A:344

; ARG i

: A:282 .
VAL H R
A:354 /

THR
O A:285
ALA
A:281
GLY
A:355
LYS
ILE .
A3E2 A:348

Interactions
[] van der waals B Fi-sigma
I conventional Hydrogen Bond [ Alkyl
[] carbon Hydrogen Bond [ Pialkyl

1.j ADAR (human)+ Terazosin-HCL [AlphaFold identifier of ADAR: AF-P25100-F1, SwissProt
Accession No.: P25100]

YR
A:125
@ i)
W ph VR
LEU W ‘ o A:130
M2 N H "
SER
A:129
A220 0 0
VAL
A210

1.k AAAR (Mouse)+ Terazosin-HCL [AlphaFold identifier of AAAR: AF-P97718-F1, SwissProt
Accession No.: P97718]
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of MTV neutralization potency of a formulated drug

SER
A’350
HIS SER
S A A3t
f 1ys
A:290
- o THR
A:354
A :
A287 0 YR
e
PHE
A-283 R, A:83
) AL
T A291
THR  /ASN
A77 A:80 A:295
THR
AT9
(_E \u:: Waals j Al

B Comventional Hydrogen Bond

1.1 ABAR (Mouse)+ Terazosin-HCL [AlphaFold identifier of ABAR: AF-P97717-F1, SwissProt
Accession No.: P97717]

VAL
A:504
ARG A!%%G PHE A?SE(I}S
CYS
A:302
Interactions
D van der Waals I:l Pi-Pi Stacked
I conventional Hydrogen Bond [ Alkyl
\:l Carbon Hydrogen Bond :’ Pi-Alkyl

1.m ADAR (Mouse)+ Terazosin-HCL [AlphaFold identifier of ADAR: AF-P97714-F1, SwissProt
Accession No.: P97714]
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of MTV neutralization potency of a formulated drug

TRP
A292
MET
A:310 ¢
PRO
p- \ QA2
\ e
S \LE A:289
Yo sro, ML fTRP
SER K108 prg N&P
A313 .
ILE SER A:110
Al07 - A236
GlY
A:235

1.n SERG6 receptor (C. elegans)+ Terazosin-HCL [AlphaFold identifier: AF-Q8MXS7-F1, SwissProt
Accession No.: Q8MXS7]

P
: THR ™ -4
A:253
!
! —0
( PHE
€2 ) A:257
S sl - HIS
YS > A:256
A:239
?/ A:250
AN
' (ILE
3 A:236
HIS
: ILE
A:237 A:457
ARG L
A:235 A:234
Interactions
] ven der waals PI-P1 Stacked
Bl Conventional Hydrogen Bond [ Ay
[ Halogen (Fiuorine) [ pramyt
Bl Frsigma

1.0 AAAR (human) + Silodosin [AlphaFold identifier of AAAR: AF-P35348-F1, SwissProt Accession
No.: P35348]
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment

of MTV neutralization potency of a formulated drug
|

Ihe PRO
A214 A215 VAL
A218
LEU
Ads ATSe
CYS LEU 2
A137 A134
ILE o
A:176 | i
% »
GLY
: VAL
A210 a
LEU
AI72 .
A:83
ASP
ALA :
A6 Al38 ILE, A:142 iiE
ALA A145
A:165 JRD
1157
Interactions
[T ven der waals "
[ Halogen (Fivorine) =3

B Fsome

1.p ABAR (human)+ Silodosin [AlphaFold identifier of ABAR: AF-P35368-F1, SwissProt Accession

No.: P35368]

Interactions

|:] van der Waals

B conventional Hydrogen Bond
[] carbon Hydrogen Bond
- Unfavorable Donor-Donor

:' Pi-Sulfur
Pi-Pi T-shaped
[ Alkyl

[] pialky

1.9 ADAR (human)+ Silodosin [AlphaFold identifier of ADAR: AF-P25100-F1, SwissProt Accession

No.: P25100]
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment
of MTV neutralization potency of a formulated drug

PHE
: PRO
A:264 A-131
SER
A:129
YS. GL! TH
il Ayt AS3351a A:224
: “ ASP
< A:225
ARG J
R - K
H ‘
N 20
AfLS
z Q;
\ LYS
L% Azde
R
A:130
Interactions
[] van der waals I Pi-Anion
I conventional Hydrogen Bond [ Ay
[] carbon Hydrogen Bond [ PirAlkyl

I unfavorable Donor-Donor

1.r AAAR (Mouse)+ Silodosin[AlphaFold identifier of AAAR: AF-P97718-F1, SwissProt Accession
No.: P97718]

R Al s
A28  JMB
PHE THR
B S 250 K79 g
ASN
SER  A:80
A:351
PHE
) A:354
dH,’ o
GLU
LN A A:288
ARG
A:356 /@%
¢ LEU
A:75
HIS
A:74

1.s ABAR (Mouse)+ Silodosin [AlphaFold identifier of ABAR: AF-P97717-F1, SwissProt Accession
No.: P97717]
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment
of MTV neutralization potency of a formulated drug

TYR
A:386

&
g TRP.  puE
A383 a387
GLY
A:92
LEU
F/’_\Hal'f A:384
GLN ; VAL
A:89 A:380
Interactions
] van der Waals [ Pi-Pi T-shaped
I conventional Hydrogen Bond [ Amide-Pi Stacked
[T Halogen (Fluorine) [ Ayl
I Fi-pi Stacked [ piralkyl

1.t ADAR (Mouse)+ Silodosin [AlphaFold identifier of ADAR: AF-P97714-F1, SwissProt Accession
No.: P97714]

ALA
A:58
ALA
A:353 n oLy
A:362 A:359
GLN
VAL A:61
2332 asy
A:65
d, o
Q. PN
GLN.
A:345 i
THR
el

Interactions
[] van der waals Bl Fi-sigma
I conventional Hydrogen Bond B #+-7i T-shaped
[] carbon Hydrogen Bond [ Aky
[ Halogen (Fluorine) [ prakyl

Ml Unfavorable Donor-Donor

1.u SERG receptor (C. elegans)+ Silodosin [AlphaFold identifier: AF-Q8MXS7-F1, SwissProt
Accession No.: Q8MXS7]

Appendix Fig. A2 a-u. Homology modelled structures of the following proteins taken from SwissProt
[Structure through AlphaFold]. Protein-ligand interactions of a1-adrenoreceptor antagonist (AAA) with
al-adrenergic receptor.
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

) e. MTV + PSVPL (1500
a. CCCP1 b, Control c. MTV (LCsy) d. MTV + Varespladib (400 pm) (1500 pg)
- - DCFDA stained
DCFDA stained DCFDA stained DCEDA stained DCFDA stained

Bright field Bright field

Bright field Bright field

Bright field

. Merged image
Merged image Merged image Merged image Merged image
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

f. MTV + HBC (1500 pg) g. MTV + Prazosin (50 pm) h. MTV + Silodosin (25 pm) i. MTV + Terazosin (50 um) j- MTV + Ascorbic acid (1 ug)

. . DCFDA stained
DCFDA stained DCFDA stained DCFDA stained DCFDA stained

Bright field .
Bright field Bright Bright field
field

Bright field

Merged image
Merged image Merged image Merged image Merged image

Appendix fig. A3. Fluorescence image of confocal microscopy of M. tamulus venom induced ROS generation in C. elegans after 6h of M. tamulus
venom (LCso concentration) treatment and its neutralization by Prazosin, Silodosin and Terazosin. ROS level in positive control (CCCP1) C. elegans was
considered as baseline (100%) and other values were compared with that.
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

a_Control (12h) b. MTV (125) d MIV+PSVPL (12h) e MIV+ HEC (120)

c. MIV+ Varespladib (12h)
- Green fluorescence -
Green fluoresoence Gieen fluorescence
Green fluorescence

- Red fluorescence Red flusrescence

Red fluorescence
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

f. MTV+ Prazmsin (12he) g MIV+Siodosin (12w) h. MIV+Teramsin (12h) i MTV+ Ascorbic acid (121e)

Appendix fig. A4. Fluorescence image of confocal microscopy of MTV-induced alteration of mitochondrial membrane potential and its neutralization by
commercial ASAs (PSVPL and HBC), AAAs (Prazosin, Silodosin and Terazosin) and Ascorbic acid. ROS level in positive control (CCCP1) C. elegans was
considered as baseline (100%) and other values were compared with that.
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

; e. MTV + PSVPL (1500
a. CCCP1 b, Control ¢ MTV (LCy) d. MTV + Varespladib (400 ym) (1500 pg)
- - - DCFDA stained
DCFDA stained DCFDA stained DCFDA stained DCFDA stained
Bright field - -

Bright field Bright field Bright field

Merged image Merged image Merged image Merged image

Merged image
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

f. MTV + HBC (1500 pg) g. MTV + Prazosin (50 um) h. MTV + Silodosin (25 pm) i. MTV + Terazosin (50 ym) j- MTV + Ascorbic acid (1 pg)
- - - DCFDA stained .

DCFDA stained

DCFDA stained DCFDA stained

DCFDA stained

Bright field K
Bright field Bright Bright field
field

Bright field

Merged image
Merged image Merged image Merged image Merged image
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

k. Prazosin (3uM)

DCFDA stained

Bright field

Merged image

n. ASA + Ascorbic acid i
I. ASA (187.5ug) m. Ascorbic acid (0.1ug) 0. ASA + Prazosin

DCFDA stained DCFDA stained DCFDA stained DCFDA stained

Bright field Bright field Bright field Bright field

Merged image Merged image

Merged image

Merged image
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

q.ASA(93.75ug)+ Ascorbic
p. Ascorbic acid + Prazosin acid(0.05ug)+Prazosin(1.5uM)

r.ASA(187.5ug)+ Ascorbic s.ASA(375ug)+ Ascorbic
acid(0.1ug)+Prazosin(3uM) acid(0.2ug)+Prazosin(6uM)

DCFDA stained DCFDA stained DCFDA stained

DCFDA stained

Bright field . Bright field Bright field
Merged image Merged image Merged image Merged image

Appendic fig. A5 Fluorescence image of confocal microscopy of M. tamulus venom induced ROS generation in C. elegans after 6 h of M.
tamulus venom (LCso concentration) treatment and its neutralization by formulation 2, individual components of formulation and their
combinations. ROS level in positive control (CCCP1) C. elegans was considered as baseline (100%) and other values were compared with
that.
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a. CCCP1 (Positive control)

b. Control (12h) e. MTV + PSVPL (1500 ug) (12 h)
c. MTV (LCs) (12h) d. MTV + Varespladib (400uM) (12 h)
- Green ﬂuorescence -
Green fluorescence Green fluorescence

Green fluorescence Green fluorescence

Red fluorescence
Red fluorescence

Red fluorescence Red fluorescence
Red fluorescence

Merged fluorescence Merged fluorescence Merged fluorescence

Merged fluorescence

Merged fluorescence
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i MIV + Teramsin (25 pm) (12 h)

. MTV + HEC (1500 pg){12 h) g MIV + Praznsin (50 pm) (12 h) h. MTV + Siodosin 25 pm) (12 h)

| MIV + Ascorbic acid (1pg) (12 h)
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k_Ascorbic acid 0.1 pg) (12 h) L Commercial ASA (1875 pg) (12 h) m. Pramsmn, 3pM (12h) oA ac acid + ASA (12h) o VitaminC+ Pramsan (bh)
. . . - Green fluorescence
Green fluorescence Gieen fluorescence Gieen floorescence

Red fluwescence
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QASAIS. 7pg) ascorbec rASA{187_Spg)+ ascorbec acid .
A ; A s ASAQT g ascorbic
pASAP in (124) acid{ll_15pgHHPrammsm{1.5pM) (12h) {0 1pgHPramsmEph) (12h) (0 Zug)+P in{BuM) (12h)

Green fluorescence
Red flurescence
Merged flonescence

Appendix fig. A6. Fluorescence image of confocal microscopy of MTV-induced alteration of mitochondrial membrane potential and its
neutralization by formulation 2, individual components of formulation and their combinations. ROS level in positive control (CCCP1) C.
elegans was considered as baseline (100%) and other values were compared with that.

Merged florescence
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Characterization of Mesobuthus tamulus Venom (MTV), commercial anti-scorpion-antivenom, and assessment of MTV neutralization potency of a formulated drug

Appendix table Al. List of proteins identified in M. tamulus venom by LC-MS/MS analysis followed by database search against Buthidae family (taxid:
6855) protein entries of the non-redundant NCBI databases. The gel sections are indicated in Fig. 1.

K channel inhibitor
SDS-
. Sequence .
) Protein Source Morpheus Theoretical PAGE
Accession No. o . coverage o .
Description organism (%) Identified peptide sequences score mass (Da) gel
0
section
Potassium channel EIPVKCK 12 872.48 1
. Mesobuthus
K7XFK5 toxin alpha-KTx . 48.30%
316 gibbosus VFSAVLIILFVCSMIIGISEGK 12 2395.33 9
VCKIICGMQGKK 22 1420.74 1
Putative potassium KVNICKAPIK 8 1169.70 5
Mesobuthus
Q95P89 channel blocker ensii 41.6 VAAGIVCKVCKIICGMQGK 13 2107.08 9
martensii
TXKS1 MNRLTTILMLIVINVIMDDISESK 11 2922.55 9
IICGMQGKKVNICK 9 1647.86 10
Potassium channel VEGACSKPCRK 11 1290.62 9
Mesobuthus
ATKI7 toxin alpha-KTx B 31.50%
261 martensii GARNGKCINGR 9 1201.61 10
Potassium channel FVKYAVPESTLR 10 1408.77 3
. Mesobuthus
A9XES59 toxin MeuTXK- 32.90% TVLQTVVHKVGK 10 1307.79 3
eupeus
beta-2 EKHFQR 7 843.44 10
Potassium channel TVCKCSI 7 866.40 2
. Mesobuthus
B5KF99 toxin alpha-KTx ensil 34.30% DMKFGNTGRCTGPNK 15 1697.76 9
martensii
J123 FGNTGRCTGPNKTVCK 12 1795.85 9
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Potassium channel CTGTKQCWPVCK 8 1523.67 7
. Mesobuthus
COHJQ8 toxin alpha-KTx 36.20% MFGRPNGKCMNGK 9 1527.67 9
eupeus
1.16 KMFGRPNGK 9 1049.54 10
KECRK 8 719.37 2
KLNYR 6 692.40 2
Potassium channel
. Mesobuthus GGKCDR 6 691.31 3
E4VP0O4 toxin 90.60%
eupeus CFPNYCRCFPG 10 1476.57 5
MeuTXKalpha3
GKCFPNYCR 8 1200.52 7
MKNYCGIITLFLAISATGVFCVDFPNKGGK 13 3449.75 9
Potassium channel
. Mesobuthus
Q8I0L5 toxin alpha-KTx . 50.80% KAIGVAAGKCINGR 10 1413.79 7
martensii
15.2
FSSIHLLTLLICSMSK 11 1825.01 8
Potassium channel CPGNPSCRNGFCACT 8 1756.65 2
. Mesobuthus
QI967F9 toxin alpha-KTx . 96.20%
141 martensii IFFAILLILAVCSMAIWTVNGTPFAIKCATDADCSRK 10 4189.12 8
GKEIMKNIK 8 1075.61 4
AIGKCEDTECK 8 1309.56 4
EKLTEVK 8 845.49 5
Potassium channel Mesobuthus
QINJC6 ] B 50% EIMKNIKEK 9 1131.63 6
toxin BmTXK-beta martensii
CEDTECKCLK 8 1341.54 8
Vi)MMKQQFFLFLAVIVMISSVIEAGRGK 12 2942.59 9
Vii)LTEVKDKMK 7 1106.60 9
Q86BX0 Potassium channel Mesobuthus 96.60% REIGVAAGKCINGK 9 1471.79 3
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toxin alpha-KTx martensii FSSIILLTLLICSMSIFGNCQVQTNVKCQGGSCASVCRR 8 4464.17 7
15.8 CVCYRN 6 870.35 8
Potassium channel Buthus AMGFSSGKCIDSK 11 1386.63 10
COHJQ2 toxin alpha-KTx occitanus 54.80%
VKCRAMGFSSGK 9 1326.65 10
19.2 tunetanus
Potassium channel
PODL46 toxin alpha-KTx Buthus paris 30.50% GLIDVRCYASR 7 1308.66 2
16.9
Potassium channel
. Mesobuthus
COHJQ7 toxin alpha-KTx 16.20% QFTDVK 6 736.38 3
eupeus
1.17
Potassium channel
Mesobuthus
Q8MQLO toxin alpha-KTx . 20.30% CFASSECWIACK 8 1517.61 8
martensi
16.3
Potassium channel RQNKNGR 8 871.47 8
. Mesobuthus
Q8MUB1 toxin alpha-KTx . 43.50%
21 martensii LFIVFVLFCILRLDAEVDGR 12 2394.31 9
Potassium channel
. Mesobuthus
E4VP41 toxin 12.60% FKACIPYR 7 1053.54 3
eupeus
MeuTXKalpha4
Potassium channel Mesobuthus EFMSNLKEKLSGVK 12 1608.85 3
POCH57 ) 26.10%
toxin eupeus MKNSWNR 6 934.44 8
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MeuTXKbeta3-
. LSGVKEKMK 9 1034.58 10
meucin-24
Potassium channel CPGNPPCRNGFCACT 10 1766.67 9
. Mesobuthus
QIBJIX2 toxin alpha-KTx = 46.20%
143 martensii CATDADCSRK 9 1182.48 9
X LVKYAVPESTLR 11 1374.79 3
Buthus
Potassium channel . NLVVLLLLGMVALSSCGLREK 10 2300.30 3
B8XH40 . occitanus 62.60%
toxin BuT XK-beta i<raeli KEEGFCHGMKCK 9 1525.65 7
israeli
TILQTAVHKLGK 8 1307.79 8
Potassium channel QATGRPNGKCMNR 10 1504.70 8
. Parabuthus
P83112 toxin alpha-KTx . 62%
110 transvaalicus EVDMRCKSSK 9 1238.57 8
Potassium channel
. Mesobuthus
QINII5 toxin alpha-KTx . 91.30% KLFGTYRGK 8 1068.61 4
martensii
1.6
ISFLLLLAIVICSIGWTEAQFTNVSCSASSQCWPVCKKLFGTY
11 5110.56 7
R
GKCMNSKCR 8 1139.50 7
Potassium channel
) Mesobuthus
AOA059U130 toxin Meg-beta- . 13.10% KQEGFCHGFKCK 10 1524.70 5
gibbosus
KTx1
YAVPEGTLR 10 1004.53 9
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Potassium channel Buthus
B8XH44 toxin alpha-KTx occitanus YGSDCAEPCK 9 1185.44 5
27.1 israelis
CTCYPSIKIK 8 1268.63 8
Potassium channel
. Mesobuthus
COHJQ4 toxin alpha-KTx 47.50% EAGMTYGKCMNGKCNCTPK 13 2221.90 9
eupeus
3.18 P
EIPVKCKGSK 8 1144.63 9
Potassium channel
. Mesobuthus
H2ETQ6 toxin alpha-KTx B 11.80% KLFGTYK 7 855.49 5
martensii
1.14
Potassium channel
PODL45 toxin alpha-KTx Buthus paris 25% KVTGSGQAK 9 874.49 5
16.8
Potassium channel Buthus
PODL62 toxin alpha-KTx occitanus 100% CPAGECICTT 7 1167.44 5
311 tunetanus
ACSERIRQVENDNK 10 1717.82 6
AGSMDSCSETGVCMK 10 1618.61 7
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Potassium channel

. Mesobuthus
Q9BKB7 toxin gamma-KTx 15.20% SRFGKTNGR 8 1021.54 9
eupeus
2.1
Toxin BmKK16
Mesobuthus
PODMR9 0OS=Mesobuthus B 34.50% LRDCYKYCMSPK 9 1635.72 5
B martensii
martensii
Potassium channel
. Mesobuthus
B3EWY1 toxin alpha-KTx . 25.40% KVTGSGQGKCQNNQCR 10 1820.84 6
gibbosus
16.7
Potassium channel )
. Tityus
P46114 toxin alpha-KTx 24.30% EAIGKAAGK 9 843.48 6
serrulatus
4.1
Mesobuthus
Q5F1N4 Toxin BmTxKS4 . 28.20% MLCGIDGKLRESK 10 1521.76 6
martensii
Mesobuthus
Q5F1N4 Toxin BmTxKS4 . WFPASVNGK 8 1004.51 10
martensii
Potassium channel Buthus
B8XH30 toxin alpha-KTx occitanus 53.20% LFIVLLLFCILRLDAEVDGRTMSHCNQSECQEK 11 4009.95 7
Tx308 israelis
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Buthus
Potassium channel ]
B8XH38 o occitanus 13.30% AAKCINRK 7 959.53 7
toxin-like Tx677 ) .
israelis
Potassium channel Buthus
B8XH45 toxin alpha-KTx occitanus 59.60% LDAEVDGRR 8 1029.52 7
TX773 israelis
KENKNGR 10 844.45 8
QPGCQEACKKENK 12 1575.71 10
LFIVLLLFCILR 9 1518.94 10
Potassium channel
. Mesobuthus
QINJP7 toxin alpha-KTx ensii 53.50% LFTLVLIVLAMNVMMAIISDPVVEAVGCEECPMHCKGK 10 4322.10 7
martensii
9.1
. Mesobuthus
PODL65 Mesomartoxin . 32.20% YCQDKGARNGK 11 1295.60 9
martensii
VEGACVENCR 11 1192.50 9
GARNGKCINSNCHCYY 11 1972.81 9
KYCQDKGAR 9 1124.54 10
Potassium channel Buthus
B8XH42 toxin alpha-KTx occitanus 15.50% RVTGSAQAK 9 916.51 8
16.6 israelis
Mesobuthus
PODMRS8 Toxin BmKK12 . QCQNVOQNCYKYCMSPK 9 2122.87 7
martensii
AO0ASKO Potassium channel Mesobuthus 70.30% MKIFFAILLILAVCSMAIWTVNGTPFEVRCATDADCAR 10 4360.17 8
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toxin alpha-KTx martensii
14.x
Potassium channel
. Mesobuthus
COHJQ5 toxin alpha-KTx 17.50% DQRAKCENDK 8 1262.57 8
eupeus
8.7
Potassium channel
. Mesobuthus
P86400 toxin alpha-KTx 43.80% MSRLYAIILIALVFNVIMTIMPDMK 11 2943.57 9
eupeus
8.6 P
Potassium channel
. Mesobuthus
|Q9BKB4 toxin alpha-KTx B 16.60% CATNADCSR 8 1053.40 9
martensii
144
Potassium channel
Mesobuthus
P83407 toxin alpha-KTx . 48.30% CVAMGFSSGKCINSK 14 1644.74 9
martensii
19.1
Neurotoxin Mesobuthus
P86402 71.40% MCMPCFTTRPDMAQQCRDCCGGNGK 11 3053.16 9
MeuCITx-1 eupeus
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Na* channel inhibitor

Accession . L Source Sequence . SDS-PAGE
Protein Description . Base Peptide Sequence Morpheus Scoreg . .
No. organism coverage (%) Theoreticg  gel section
mass(Da)
] Buthus occitanus LVMAGVESVKDGYIVDDRNCTYFCGR 40 3023.39 1
P01485 Alpha-mammal toxin Bot3 52.70%
tunetanus VPDHVRTKGPGR 11 1317.73 3
KSGYPIQHDGCK 12 1388.65 8
. . Mesobuthus
M4GX67 BmKBT-like peptide ensii 63.80% MKAALLLVISTLMLIGVLTKK 14 225541 9
martensii
LACWCDNIHNWVPTWSRETNK 13 2686.22 9
. Mesobuthus
POCF76 Toxin BmKNJX11 = 86.60% DAYIADSENCTYT 8 1521.59 2
martensii
Mesobuthus VPIRVPGRCNGG 8 1280.68 2
Q4TUA4 Alpha-toxin 4 . 43.50%
martensii LPDKVPIRVPGR 11 1345.82 7
NGAESGYCQWAGVYGNACWCYKLPD
K 11 3053.29 7
Mesobuthus
QIGNGS8 Toxin BmKaTX15 ensii 72.90% VPIRVPGKCNGG 9 1252.67 8
martensii
MNYLVFFSLALLVMTGVESVRDGYIA
11 3297.63 9
DDK
. Mesobuthus
Q9IGQV6 Toxin BmKaTx16 . 15.40% ELPDNVPIRVPGK 11 1432.80 3
martensii
Mesobuthus
) . 54.20% MKAALLLVIFSLMLIGVLTK 10 2173.33 2
QINBW2 Toxin BmKBT martensii
LACWCDDIHNWVPTWSRATNKCR 12 2945.33 9
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ATNKCRAK 8 947.50 9
LLMTGVESGRDAYIAK 9 1722.90 3
. Mesobuthus
QI9NJC4 Toxin BmKaTx17 nsi 54% NYNCVYHCFR 8 1431.58 7
martensi
YGNACWCINLPDDK 9 1724.73 9
9
Mesobuthus
QINJIC5H BmKaTx10 . 35.20% IGYCNIQGK 9 1051.51 5
martensii
NRAESGYCQWASK 9 1555.68 2
PGRCNGG 6 716.30 5
NAYCDGECKK 10 1243.50 6
MNYMVIISLALLVMTGVESVKDGYIA
Mesobuthus 10 3247.62 7
QINJC7 BmK AGP-SYPU2 . 89.40% DDR
martensii
IMKPGRCNGG 8 1104.52 7
DGYIADDRNCPYFCGR 12 1977.81 9
KNRAESGYCQWASK 11 1683.78 9
LPDDARIMKPGR 9 1383.73 9
LACYCEGAPKSELWAYETNK 11 2389.07 3
Mesobuthus ADNGYLLNK 9 1006.51 6
QIUACS Beta-toxin BmKAs1 . 40%
martensii CNGKM 6 624.24 7
SELWAYETNKCNGK 11 1698.77 9
Parabuthus IDGYPVDNWNCKR 9 1635.75 2
POC5F0 Alpha-toxin PgKL1 22.50%
granulatu KIDGYPVDNWNCK 9 1607.74 6
Buthus occitanus LKDGYIVDDR 9 1192.61 3
P01486 Alpha-toxin Bot11 49.20%
tunetanus YGNACWCYK 9 1220.47 7
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LKGESGYCQWVGR 9 1538.73
LPDHVRTVQAGRCR 8 1663.87
. Mesobuthus NYLVFFSLALLLMTGVGSVRDGYIADD
QIGYX2 Toxin BmKal . 43.50% 9 4147.00
martensii KNCPYFCGR
. Buthus occitanus NGATSGYCQWLGK 10 1440.65
P01488 Alpha-toxin Botl 40%
tunetanus DLPDNVPIRIPGK 9 1432.80
) ] Mesobuthus
P58328 Alpha-like toxin BmK-M4 . 28.10% LPDDVPIRVPGKCH 10 1601.83
martensii
. . Buthus occitanus
P59354 Alpha-like toxin Bom4 . 20% NGAKSGYCQWLGK 9 1467.69
mardochei
Buthus occitanus
P60256 Toxin Boma6h . 12.10% VEGKCHRK 9 1012.52
mardochei
LPDKVPIRVSGECQQ 9 1724.89
. Mesobuthus
P82815 Bukatoxin B 50.70% VRDGYIADDK 9 1150.56
martensii
NCAYFCGR 8 1046.41
NYLVMISFAFLLMTGVESVRDAYIAQN
. Mesobuthus 8 4320.03
QIGQW3 Toxin BmKalT1 ensii 42.30% YNCVYHCAR
martensii
NGAKSGSCPYLGEHK 11 1603.74
NAYCDEECKKGAESGK 9 1844.77
. Mesobuthus
P01490 Alpha-toxin BeM10 69.20% LPDWVPIKQKVSGK 8 1593.92
eupeus
GAESGKCWYAGQYGNACWCYK 13 2515.01
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. Mesobuthus NLPDDVPIR 9 1037.55 9
P09982 Toxin BeM14 28.70%
eupeus ARDAYIADDR 9 1164.55 10
Alpha-mammal toxin BmK  Mesobuthus
P54135 . 23.40% IKEPGKCG 8 887.45 6
M8 martensii
. . Mesobuthus
P58488 Alpha-like toxin BmK-M B 14% SGYCQWSGK 9 1071.44 6
martensii
Mesobuthus SESNTCGRKK 7 1165.55 6
Q17231 Toxin BmKIT3 . 31.20%
martensii DGYIRGSNGCK 12 1225.55 9
Kurtoxin
Parabuthus
P58910 . 22.50% KIDGYPVDYWNCKR 12 1812.86 7
transvaalicus
. Mesobuthus GAESGYCQWAGVYGNACWCYKLPDK
QI9GUA7 Toxin BmKa3 B 34.10% 9 3404.55 7
martensii VPIR
. . Buthus occitanus
P13488 Alpha-like toxin Bom3 . 16.60% VPIVVGGEKCH 8 1193.62 8
mardochei
. . Mesobuthus
P59854 Alpha-like toxin BmK-M] B 12.10% VPGRCHPA 9 892.43 9
martensii
Depressant scorpion toxir] Mesobuthus ISCLWGNEGCNKECK 14 1853.79 9
Q8I0K?7 - 29.40%
BmKIM martensii SESNTCGGKK 12 1066.47 9
Mesobuthus
PODMH9 | Alpha-toxin BmalphaTx4 - 9.40% ISGSCRGR 7 891.43 10
martensii
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Neurotoxin BmK AGP- Mesobuthus
E7CAU3 B 21.20% YGHACWCINLPDDK 9 1747.74 5
SYPU1 martensii
Buthus SGYCQWLGR 8 1125.50 5
P01483 Neurotoxin Bot2 occitanus 24.60%
IEGKCHF 7 889.41 5
tunetanus
Neurotoxin BmK AGAP- Mesobuthus VKDGYIVDDK 8 1150.59 9
G4V3T9 B 26.10%
SYPU2 martensii
VPGRCNG 8 758.35 10
Mesobuthus NCAYFCGRNAYCDEECK 13 2215.82 9
P86408 Neurotoxin MeuNaTx-1 49.40%
eupeus GAESGYCQWAGQYGNACWCYKLPDK 12 2968.24 9
NGAKSGYCQILGIYGNGCWCIALPDNV
. Mesobuthus 43 3365.61 1
P86404 Neurotoxin MeuNaTx-4 6.90% PIR
eupeus
IPGKCH 6 710.35 6
Mesobuthus DAYIAKPENCVYHCATNEGCNKLCTD
QIN682 A Neurotoxin BmK-M11 . 46.40% 42 4496.86 1
martensii NGAESGYCQWGGK
VPGKCQR 7 843.44 3
Mesobuthus
061705 Neurotoxin BmK-M10 ensii 35.70% LPDSVPIRVPGK 13 1276.75 8
martensii
NYLVMISFALLLMK 8 1686.91 10
. Mesobuthus
P45698 Neurotoxin BmK-M9 B 36.70% MISFALLLMTGVESVR 12 1781.94 9
martensii
P86403 Neurotoxin MeuNaTXx-2 Mesobuthus 68.20% FGNACWCKNLPDK 10 1608.72 2
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eupeus NLPDKVPIR 14 1050.62 9
KNGADSGYCQWFGRFGNACWCK 12 2668.12 9
ARDAYIANDRNCVYTCALNPYCDSEC
12 3298.39 9
K
. Mesobuthus
P86406 Neurotoxin MeuNaTx-6 29% LACYCEGAPKSELWHYETNKCNGR 12 2942.29 9
eupeus
Serine protease- like protein
) ) SDS-PAGE
Accession . o . Sequence . Morpheus Theoretical .
Protein Description Source organism Base Peptide Sequence gel section
No. coverage (%) Score Mass (Da)
Serine proteinase-like Mesobuthus IFGGTFAK 14.01938846 839.45 1
POC8M2 B 40%
BMK-CBP martensii KFVLTAAH 10.00816679 885.50 9
Serine protease inhibitor
. . SDS-
Accession ) o . Sequence . Morpheus Theoretical
Protein Description Source organism Base Peptide Sequence PAGE gel
No. coverage(%o) Score Mass (Da) .
section
Kunitz-type serine Mesobuthus KRHGWLGTGWI 9 1309.70 2
PODJ47 T N 60%
protease inhibitor martensii HGSINCRLPPER 9 1434.72 3
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BmKTT-3 NRHYCMKYCAR 8 1557.68 5
KHGSINCRLPPER 8 1562.81 8
YYYHNESR 7 1130.48 9
Kunitz-type serine TCESFIYGGVGGNK 10 1487.67 5
S Mesobuthus
PODJ49 protease inhibitor ensii 64.40% QKDCSLPVDTGR 9 1374.66 6
martensii
BmKTT-1 GKGWFLRYYYNK 8 1593.81 10
Parabutoporin
SDs-
. PAGE
. . L . Sequence . Morpheus Theoretical
Accession No. Protein Description Source organism Base Peptide Sequence gel
coverage(%o) Score Mass (Da) .
section
SKLAKK 7 673.45 5
FKLGSFLKK 8 1066.65 7
. Parabuthus
P83312 Parabutoporin . 91.1% LGSFLKKAWK 8 1176.70 8
schlechteri
GKEMLKDYAK 9 1181.61 10
GLLEGGSEEVPGQ 8 1270.60 10
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Lipolysis-potentiating peptides

SDS-
PAGE gel
Sequence Morpheus Theoretical | section
Accession No. | Protein Description Source organism coverage(%o) Base Peptide Sequence Score Mass (Da)
VCKMHLARGGGR 22 1356.69 1
QCPLLKG 7 814.44 3
Lipolysis-activating Buthus occitanus MISVQVIFIAFISIIAFSMVCGGNVFPNRELGILYGCK | 12 4279.21 6
P84809 peptide 1-beta chain tunetanus 69.4% GYGNAFCDK 7 1030.42 8
ICKLHLAKK 16 1109.67 1
GGFCHQPAPFVELCKCLDIDYDNTYFLKAMEK 10 3865.76 8
Lipolysis-activating Buthus occitanus AMEKQCPK 8 990.46 8
B8XGZ8 peptide 1-beta chain israelis 52% QCPKLKGNVN 9 1156.60 10
Lipolysis-activating Mesobuthus CWCEKLEDK 8 1266.54 6
Q6WJIF5 peptide 1-alpha chain martensii 45.9% MKFVLFGMIVILFSLMGSIRGDDDPGNYPTNAYGNK | 12 3995.96 8
Bradykinin-potentiating peptide
SDS-
PAGE gel
Sequence Morpheus Theoretical | section
Accession No. Protein Description Source organism coverage(%) Base Peptide Sequence Score Mass (Da)
Bradykinin-potentiating
Q9TWD3 peptide K12 Buthus occitanus 100% LRDYANRVINGGPVEAAGPPA 10 2136.11 8
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Bradykinin-potentiating Mesobuthus
Q9YO0X4 peptide BmKbpp martensii 15.2% GKQLLKDYANK 8 1276.71 5
Antimicrobial peptide
SDS-
PAGE gel
Sequence Morpheus Theoretical | section
Accession No. Protein Description Source organism coverage(%o) Base Peptide Sequence Score Mass (Da)
Mesobuthus YLYDPSLSAADLK 23 1454.73 1
Q6JQN2 Peptide BmKn2 martensii 8.5% DMDTMK 7 755.28 9
Amphipathic peptide Buthus occitanus
B8XH50 Tx348 israelis 14.9% RSMRNMDTMK 9 1300.57 3
Mesobuthus
QIGQW4 Peptide BmKn1 martensii 62.8% MKSQTFFLLFLVVLLLAISQSEAFIGAVAGLLSKIFGK | 9 4099.36 5
SLRDMDTMK 10 1111.50 9
Venom antimicrobial MKSQTFFLLFLVVFLLAITQSEAIFGAIAGLLKNIFGK | 9 4188.38 9
E4VPO7 peptide-6 Mesobuthus eupeus 68.5% NIFGKRSLR 7 1089.64 10
Hyaluronidase
SDS-
. . L ) Sequence . Morpheus Theoretical | PAGE gel
Accession No. Protein Description Source organism Base Peptide Sequence .
coverage(%o) Score Mass (Da) section
. Mesobuthus HTNISCKCK 8 1146.53 2
Hyaluronidase-1 B 54%
P86100 martensii NPTFKHTNISCK 8 1445.71 2
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KTVPSMDFKR 9 1223.63 3
GNCVWPEEPYTSWK 9 1751.76 3
GGYTGR 6 609.29 3
VAIEEWENSAKEWMLK 11 1977.95 5
EMKTYVK 7 897.46 5
YNTSQR 6 767.36 5
VVWEVPSIMCSKK 11 1561.80 6
ILVNQEETFNGDK 9 1505.74 6
SKDLVKAK 9 887.54 6
IARDNISK 8 915.51 6
INVTDLLTSHK 11 1239.68 8
YLIDPKNPTFK 9 1334.72 8
AKHPDWSPAQIEK 9 1505.76 8
DQPSEYFCKNDIQEANDK 13 2199.94 9
ETIRLSHPNTLIYPYINYILPGTKK 12 2943.62 9
IVIFYESQLGKYPHIESHGDINGGMLQVSDLANHLK 12 4038.03 9
Ca?* channel inhibitor
SDS-
PAGE
Accession No. Pro'-[eir-1 Source organism Sequence Base Peptide Sequence Morpheus Theoretical gel
Description coverage (%) Score Mass (Da) .
section
08I6X9 Toxin BmCa.1 Mesobuth-l-Js 319504 GCNRLNK 8 860.43 5
martensii CNSDGDCCRYGER 8 1647.58 9
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Cl-channel inhibitor

SDS-
Accession Protein Source Sequence Base Peptide Sequence Moroheus Score Theoretical PAGE
No. Description organism coverage (%) P q P Mass (Da) gel
section
QoBJwa| Neurotoxin | Mesobuthus 77.9% ECCGGNGK 9 880.32 5
Bm12-b martensii
. KCRECCGGIGK 8 1323.58 7
Quuapa| Ngreost | M | awass
MKFLYGIVFIALFLTVMFATQTDGCGPCFTTDANMARK 9 4351.10 9
HMG-CoA reductase inhibitor
SDS-
. Protein . Sequence . Morpheus Theoretical PAGE gel
Accession No. L Source organism Base Peptide Sequence .
Description coverage(%o) Score Mass (Da) section
HMG-CoA
o Mesobuthus
Q95P90 reductase inhibitor B 18% LHLASGGSCQQPAPFVK 12 1795.90 6
. martensii
bumarsin
Proteins with unknown target
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SDS-
] Protein ] Sequence . Morpheus Theoretical PAGE gel
Accession No. o Source organism Base Peptide Sequence )
Description coverage(%o) Score Mass (Da) section
POCH58 Meucin-25 Mesobuthus eupeus 62.50% IEYSLVQLLLRNVTIPLLLIQMHIMSSVKLIQIR 8 4100.43 10
BmK-YA Mesobuthus
Q9Y0X6 . 13.5% SDEERQDWIPSDYGGHMNPAGRSNEER 13 3147.33 9
precursor martensii
Parabuthus FKVQR 7 676.40 2
POC5J8 Toxin PIt . 52.9%
liosoma LCEKFK 6 823.43 8
Neurotoxin BmK Mesobuthus
Q7M463 . 72.4% TECECVMCGLGIICKQCYYQQ 9 2699.10 8
A3-6 martensii
) Mesobuthus
Q7Z0H4 Neurotoxin BmP08 . 16.3% NGYCQGCTR 7 1114.43 10
martensii
P15220 Insectotoxin-11 Mesobuthus eupeus 58.3% MCMPCFTTRPDMAQQCRACCK 9 2724.06 3
DCCGGNGK 7 866.30 3
pP15222 Insectotoxin-I5A | Mesobuthus eupeus 22%
CMPCFTTDPNMAKK 9 1699.72 6
P60270 Insectotoxin-15 Mesobuthus eupeus 51.4% DCCGGGKKCFGPQCLCNR 12 2172.87 9
P60268 Insectotoxin-I3 Mesobuthus eupeus 25% RCRDCCGGR 8 1195.48 8
SLRRYYFSK 8 1218.65 6
TCATVFYPSNCR 12 1474.63 9
Venom peptide Mesobuthus
D2CFI7 B 40.6% IDTCKTLTGETIK 10 1478.76 9
MmKTx1 martensii
EEPGTGLYPDCCNK 8 1638.66 10
GRIDTCK 7 848.41 10
Makatoxin
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SDS-
. Protein . Sequence .
Accession No. o Source organism . Morpheus Theoretical PAGE gel
Description coverage(%o) Base Peptide Sequence ]
Score Mass (Da) section
. Mesobuthus
Q86BW9 Makatoxin-2 . 27% YGNACWCIDLPDK 9 1610.69 10
martensii
VPIRIPGPCR 7 1163.66 10
YGNACWCIDLPDK 9 1610.69 6
. Mesobuthus
P59853 Makatoxin-3 . 52.9% NYLIVISFALLLMTGVESGR 12 2211.20 9
martensii
VPIRIPGPCIGR 9 1333.77 9

Appendix table A2: List of proteins identified from LC-MS/MS analysis of PSVPL and HBC ASAs using Mascot software. Data were searched against

Equus caballus protein entries in uniprot database.

ASA (PSVPL)

Accession No. Description Avg. mass emPAlI Protein score

Immunoglobulin

AOAOALE470 Immmunoglobulin lambda light chain variable region 23807 2.25 555
AOAOALEA4L7 Immmunoglobulin lambda light chain variable region 23705 1.67 553
AOAOALEGBQ9 Immmunoglobulin lambda light chain variable region 23322 1.23 534
AOAQALE6BK?2 Immmunoglobulin lambda light chain variable region 23669 1.68 533
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AOAOALE406 Immmunoglobulin lambda light chain variable region 23496 1.7 532
AOAOALES38 Immmunoglobulin lambda light chain variable region 23232 1.73 531
AOAOAL1E9DO Immmunoglobulin lambda light chain variable region 23557 1.21 531
AOAOALEGF7 Immmunoglobulin lambda light chain variable region 23567 1.7 209
AOAOALE993 Immmunoglobulin lambda light chain variable region 23195 1.73 208
AOAOALEA458 Immmunoglobulin lambda light chain variable region 23486 1.7 200
AOAOALE4IO Immmunoglobulin lambda light chain variable region 23032 1.25 182
AOAOALEA476 Immmunoglobulin lambda light chain variable region 23234 1.24 178
AOAOALEA487 Immmunoglobulin lambda light chain variable region 23382 0.82 106
AOA3Q2H3F6 Inter-alpha-trypsin inhibitor heavy chain family member 100051 0.05 34
AO0A0B4J1C4 Joining chain of multimeric IgA and IgM 18297 0.66 66
Plasminogen
AO0A3Q2L7R0O Plasminogen 94612 0.1 64
Alpha2-macroglobulin
F6R942 Alpha2-macroglobulin 161167 0.09 171
A0A3Q2H333 Serum albumin 71310 0.14 96
Fibronectin
AO0A3Q2H4P9 Fibronectin 237286 0.4 383
Fibrinogen
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AOA3Q2HTG2 Fibrinogen alpha chain 77864 0.83 212
P14452 Fibrinogen alpha chain 1516 12.72 53
F6W2Y1 Fibrinogen gamma chain 50391 0.45 145
FG6PH38 Fibrinogen beta chain 56898 0.28 75
Globin
AOA3Q2HBR4 Haptoglobin 41296 0.76 104
AOA1KOFUE2 Globin Al 16186 0.33 91
ASA (HBC)
Accession No. Description AVG. emPAl Protein
mass score
Immunoglobulin
AOAOA1EA470 Immmunoglobulin lambda light chain variable region 23805 2.96 556
AOAOALE417 Immmunoglobulin lambda light chain variable region 23705 2.25 550
AOAOALEGES Immmunoglobulin lambda light chain variable region 23386 231 540
AOAOALE6Q9 Immmunoglobulin lambda light chain variable region 23322 1.72 521
AOAOALE9A3 Immmunoglobulin lambda light chain variable region 23276 1.72 509
AOAOA1E483 Immmunoglobulin lambda light chain variable region 23753 1.67 504
AOAO0A1EA422 Immmunoglobulin lambda light chain variable region 23586 0.81 186
AOAOALEG91 Immmunoglobulin lambda light chain variable region 23308 1.23 155
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AOAQOALEGLS Immmunoglobulin lambda light chain variable region 23551 1.21 154
AOAQALELC4 Joining chain of multimeric IgA and IgM 18297 0.29 46
Q95M34 Immunoglobulin gamma 1 heavy chain constant region 37985 0.28 45
Fibrinogen
AOA3Q2HTG2 Fibrinogen alpha chain 77864 0.53 225
F6W2Y1 Fibrinogen gamma chain 50391 0.2 194
F6PH38 Fibrinogen beta chain 56898 0.39 122
Fibronectin
AO0A3Q2H4P9 Fibronectin 237286 0.46 468
Alpha-2-macroglobulin
F6RI147 Alpha-2-macroglobulin 165246 0.72 300
Plasminogen
AOA3Q2H333 Plasminogen 94612 0.42 150
Globin
AOA3Q2HBR4 Haptoglobin 41296 0.98 137
Serum albumin
AOA3Q2H333 Serum albumin 71310 5.78 1407
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