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cation

Animalia

Exoskeletons
Jointed legs

ylum Arthropoda

Subphylum Chelicerata
Class: Arachnida

Order: Araneae

Sea spiders (Pycnogonida)
] |Horseshoe crabs (Xiphosura)
*Sea scorpions (Eurypterida)

& | | Arachnids (Arachnida-azu5@aN)




Spiders & Other arachnids

fossil scorpion from whip scorpion palpigrade
the Silurian Period (Uropygi) (Palpigradi)

daddy longlegs
(Opiliones)

chelicerae DNCer \ / . . .
’@ schizomid sunspider
_ }pedipalp \\,:f /" (Schizomida) (Solifugae)
o : X uw‘ ~—
g 78— walking legs f fé“
]
3 i
= B} terga i
5 |
% | 1
© |
= up to 85 mm |
] 0.8-2.6 mm 5-7 mm 10-50 mm
scorpion
(Scorpiones) spider false scorpion tailless whip scorpion

(Araneac) acarid (Pseudoscorpiones) ricinuleid (Amblypygi)
(Acari) g g (Ricinulei) —

12-210 mm 0.5-90 mm 0.1 30 mm 1-7.5 mm 8-10 mm 8-45 mm
Spinnerets
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Araneae (LLNIHN)

v Spinnerets
v 2 parts of body

cephalfthorax

r

ol anal tubercle
clypeus  head region pedicel

eye area thoracic region

0‘,9
lung cover

fang Starniin spiracle

edipal : : 2
PEVIRaIR endite  coxae of legs genital opening  anterior spinnerets
; median spinnerets
jaw posterior spinnerets
© 2012 Encyclopaedia Britannica, Inc.
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Internal Morphology of Spiders

Heart https://www.wikiwand.com/
Digestive tubule

et ]
gi—

Ovary
Malpighian tubule
N )

IR
52 | Stercoral pocket
A

Intestine

Brain Sucking stomach Aorta

g 4
7
' %Q

S

Simple eye _
Nt

Venom canal

Esop:gx \\\

Fang Digestive cecum Spemn receptacle Silk gland Spinneret

ir 3

Book lung Oviduct

Anus

Malli et al., 2000
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 Classification

" Kingdom:  Animalia

Phylum: Arthropoda LS
: i A\ LN

Subphylum: Chelicerata § g

Class: Arachnida @ QC\O/O?

Order: Araneae

Suborder: 2
~ Family: 129
. Genera (Genus): 4234
;_‘f_{__Species: 49784 Araneomorphae (-

@ Mesothelae
» Opisthothelae

. \ ‘ !
-~ Mygalomorphae @2

‘7\/
= : = == :‘_'- 2 = N //“/ \\Y V// Qi
World Spider Catalog VerSion‘22.5 ﬁﬂ ©Carolina Horta » 13J G‘L?iﬁq> n ”- — _omhsw v
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Spider Bites

World Thailand - Thailand

Family

Species

Dec7,2017 - May8,2021
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Spider Report in
Thailand

Family

Species

>

Family #cases
Sparassidae 61
Theridiidae 33
Theraphosidae {9 29
Salticidae 14
Araneidae 6
Cheiracanthiidae 1
Corinnidae 1
Ctenidae 1
Gnaphosidae 1
Lycosidae 1
Oxyopidae 1
Pholcidae 2
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Mygalomorphae

Theraphosidae (‘lN NIFUNAN)

' Ventral view

Dorsal view

, Book lungs

Spinnerets
Cephalothorax

Spinnerets
Chelicerae

© Minibeast Wildlife © Minibeast Wildlife

iaLanang 6 1 Aas lasaunilil lsusauual launa

Cyriopagopus cf. lividus (1) theadniag Lisnn
Cyriopagopus cf. minax (3) Hihagnian duala o0
Cyriopagopus sp. (6) auld launaniinoadaluiusasusalinidnasdedids Tuunw




Mygalomorphae

Theraphosidae (14, N5UNAN)

Q0
extr:ﬁ.:‘l;ular ion channels Q09

Protein toxins Functions
Theraphotoxin lon channel (Sodium channel)
cytosol + K+
Cystine knot toxin e

Sodium channel protein

Cytochrome c oxidase subunit |ATP synthase

ATP synthase subunit

Intermembrane space Inner
Mitochondrial matrix mitochondrial
membrane
———

| gl N
A olk D N

O
~
.

A N
Inner \ LA \
itochondrial \ L
miogoncral | (RN

(carrying electrons
from food)
L ~ TANE ~~ J
Mitochondrial €) Electron transport chain ) Chemiosmosis
matrix Electron transport and pumping of protons (H), ATP synthesis powered by the flow

which create an H* gradient across the membrane of H* back across the membrane
X

n1sussegaaulaufanssy Toxicology in The News Ima@uaﬁw’“smm (8 5.A. 2564) Oxidative phosphorylation




Family #cases

Sparassidae 61

Spider Report in Theridiidae 33

Thailand JEz
Theraphosidae (14) 29

Salticidae

—
N

Family

Araneidae 6
Species Cheiracanthiidae 1
Corinnidae 1
A . Ctenidae 1
raneomorpnae :

P Gnaphosidae 1

[J Non-web-building spiders I ”
™ Web-building spiders (40-50%) | ~0S104d€ 1
Oxyopidae 1
Pholcidae 2

msussenzaaulaufanssu Toxicology in The News Ima@uaﬁw’“smm (8 5.A. 2564)



Araneomorphae
Sparassidae <LLNQ HNW Luqs) [JNon-web-building spiders

Dorsal view Ventral view

Pedipalps
Pap Chelicerae

Eyes

Cephalothorax Sternum

Book lungs
Abdomen

Spinnerets
© Minibeast Wildlife © Minibeast Wildlife

61 cases
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Tropical Asia. Introduced to Pacific Is.,
North, Central and South America,

Sp araS Sidae Macaronesia, Europe, Africa, Indonesia

(Western New Guinea), New Guinea,

LHANNWLURTLNY  Porvaniew Guineafuiels)

Heteropoda venatoria

| Eha THH SR TH T, ....imu|an|ii:|lIIHUHI\Hlllliu\nup
W ———- T —— T T A s el Al e

31 cases (370 61 Cases)

(I 1T (0]} ‘6

Ualaniiag o L | S e

naenzevieaIu 12 lsEauinuag
Tsithe Taunauiu 10 undi wau « aguad
launa

AR DINsUINHAYHD S

< Uaigl
AN TARNANAUAD

© 2009 Ryan
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Sparassidae

LNANN ladand
Olios sp.

A NS AN Y 1an 8 T Taunnafidiadia 30 min ue clinical &
. ©Nicky Bay / . 1 =

Tsivae laivan vis &
3 cases (311 61 Cases)

LA NNLUATANLADY
Thelcticopis sp.

14 cases (310 61 Cases)

HaUIauIN

n 9 1 wauos launea wHa
#ad launa 30 min Uaauin

< rHuin Francic .ld
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Araneomorphae

[J Non-web-building spiders

Sparassidae (BHNINNWLUAT)

Protein toxins

Functions

Heteropoda venatoria

Sparatoxin

lon channel (Potassium channel,
Sodium channel)

Heteropoda venatoria
Olios sp.
Thelcticopis sp.

Cytochrome c oxidase subunit

ATP synthase
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Araneomorphae

Salticidae (WHINNNTZ LARA) 14 cases  TNon-web-building spicers

v

f.5). 8 27U launmiidin
auld launany Uianin
auldgnnaun aannn
laifiann159u

. aulauula lufnss
LS aidionnnsiinungidu

' 9193NAI AFIVINANE
motor power Un@
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Araneomorphae

[J Non-web-building spiders

Salticidae (WNIHNNTZ LAA)

Protein toxins Functions

Cytochrome c oxidase subunit |ATP synthase
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Araneomorphae

Thendudae (LLNQNN"ZI’\WJ) 33 cases ~ [@Web-building spiders
ﬂulzu.mﬂmmuq 9 uﬂoﬁmnm .

Speceis .-
tteck 1Y pain 3/10 w& clinical  «

o 5 =] = " 4 -
Latrodectus geometricus (wisingnana) (26) “®u @ v/s  no'n/v no tachycardia

X I T usSain Tauna i tluea

33 Latrodectus elegans (WHNIERILNAN) (1) - .

=4 M. =

" Latrqdectus Sp__(6_) ']J')ﬂ 8/10 ©Donald W, Hall ¢

T - . ‘ Comb

Jon1sthanasiiusavLKa Uins1nagsan Ly

o — HuATDLLAY 1aiH
Wilhe2ne a1g 59 T aNnsageaY y
Taiiusosuna Tau p V4
Aafdadaunlingy

lwa Un 7 azuuu

& laaanndsia’ N‘iJ’JEIﬂﬂﬂﬂ‘VlLL?IuWJ’] LNAUIN
@nvias Uanuazznuay gnie ludu sl
ﬂso,mma’mm‘[msnm'm@mﬂmmsﬂ Tsitlm
MGt el ua? galznaniae 39 Iinautine walidisne
S arqlaphylaxis ALLBBANITINBITEHINNGDQBINT)
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Chaiphongpacharaet al., 2019

The J. Anim. Plant Sci. 29(6)

Three color forms of abdomen.
A: Light gray color form.

B: Dark gray color form.

C: Black color form.

Photographs of male and female Latrodectus
geometricus collected from Samut Songkhram
Province, Thailand. A: Dorsal view of a
female. B: Ventral view of a female. C: Dorsal
view of a male. D: Ventral view of a male.
Scale bars = 1 mm.

Smm Smm

Parts of body Mean body of L. geometricus in mm
Male n Female n p-value
(Mean + SD) (Mean + SD)

Cephalothorax length 1.19 +£0.37° 2.33+0.31° <0.05
Cephalothorax width 1.01 = 0.30° 221+0.24° <0.05
Abdomen length 2.02 +0.61° 22 4.50+0.75° 130 <0.05
Abdomen width 1.50 = 0.41° 3.62+0.74° <0.05
Total body length 3.27 = 0.99* 6.92+0.67° <0.05

The same leltte,rs in_each row are not significantly different at p < 0.05.

N13UT381809ULAUNINTIU Toxicology in The News LaagudneIngl (8 5.a72564)



©Donald W. Hall

Distribution

Microhabitats

Microhabitat No. (individual) Percentage
Motorcycle 133 87.50
Car 10 6.58
Inside small plant or bush 6 3.95
Bicycle 2 1.31
Inside car tire 1 0.66

Chaiphongpachara et al., 2019
The J. Anim. Plant Sci. 29(6)
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Microhabitats

. 2008)
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Chaiphongpachara et a., 2019
The J. Anim. Plant Sci. 29(6)

Duration of each of the stages in the life cycle under laboratory conditions

Duration (days)
Stages Mean + SD Range (minimum-maximum)
Males n Females n Males Females
Hatching 18.7+5.01 10 1028

First molt 15+£2 5 14.6 = 541 5 13-17 1124
Second molt 18.8+0.84 5 21 £5.79 5 18-20 1527
Third molt 25 £3.35 5 32.8+13.52 5 21-29 17-50
Fourth molt 30£1.22 5 40.8+17.20 5 28-31 20-58
Fifth molt 32.5+0.71 2 46.4 +£15.27 5 32-33 25-64
Sixth molt 33.5+0.71 2 52.6 £ 14.67 5 33-34 29-65
Seventh molt - - 52.8+11.95 4 - 37-63
Eighth molt - - 550 1 - 55-55
Adult 31245 5 56.4+11.52 5 28-34 37-65

Egg production - - 3.6 +0.84 5 - 3-5

A total of 10 individuals were followed, which were separated into five males and five females during the molting stages. The n value
of less than 5 indicates that some of the spiders had become adults.
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Coils of palpal
emboli of 7

©Donald W. Hall & Lyle J. Buss




Chaiphongpacharaet al., 2019
The J. Anim. Plant Sci. 29(6)

Crude venom extracted

by LCMS/MS

@ Latrotoxins

@ Apolipophorins

@ Hemocyanins

@ Chitinases

@ Arginine kinase

@ Allergen 5-like protein

@ Astacin-like
metalloproteases

@Serine proteases

Toxicity in cockroach

- Slow motion movement Antibacterial activity
- Paralysis - Gram Positive Bacillus subtitles
- Death
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Latrodectus elegans Thorell, 1898

= Rank: Species = LSID: [urn:lsid:nmbe.ch:spidersp:038316]
= Status: = Distribution: India, Nepal, Myanmar, China, Japan
= Described:d" ¢

Last updated: 2020-08-01

msussenzaaulaufanssu Toxicology in The News Imaquaﬁw’“mm (8 5.A. 2564)



©CampbellBiology

Postsynaptic ~.

-~ Synaptic
neuron

terminals
of pre-
synaptic
neurons

Presynaptic cell -~ Postsynapt

Voltage-gated  Ligand-gated
Ca?* channel  ion channels

Theridiidae (WNANIIWI)

Protein toxins

Functions

Latrotoxin

Presynaptic neurotoxin that induces exhaustive
neurotransmitter release from vertebrate (but not
invertebrate) nerve terminals and endocrine cells; to be
defined calcium-independent mechanism.

Cytochrome c oxidase subunit

ATP synthase

msussenzaaulaufanssu Toxicology in The News Iﬂaquaﬁiﬁwm (8 5.A. 2564)



Araneomorphae

Araneidae (LLNQHﬁ\Iﬁlﬂﬂm\l) 6 cases & Web-building spiders

Nephila pilipes (1)
Neoscona sp. (1)
Araneus sp. Slz

_.Neoscona cf. scylla §

. Nephila pilipes-

o ©Wesley 0 o8t h l(il;Z en \ \ . https://itlab.us/
nsusseneeaulaufanssy Toxicology in The News Iﬂﬂﬂu \ \



W °
Araneidae (WNINN Tanan)
Neoscona cf. scylla a
Protein toxins Functions
Cytochrome c oxidase subunit ATP synthase

Cytochrome b

ATP synthase subunit

NADH-ubiquinone oxidoreductase chain 4
NADH:ubiquinone reductase (H(+)-

NADH dehydrogenase subunit

Sl ' L?‘ & g ; i ¢

< ) - L3
aunanssd Toxicology in THe"News Iﬁa@uawmwm (8"5"A"2560)



Nephila pilipes

Arancidae (WHINH laNaN)

Protein toxins Functions

Cytochrome c oxidase subunit |ATP synthase

Mitochondrial import inner

S-adenosylmethionine

Arginine kinase

Adenosine kinase

NADH-ubiquinone

RNA helicase

nsusseeeaulaufianssu Toxicology in The News Tnagueiiuine, (8 5.a. 2564)



Family #cases
Sparassidae 61
Theridiidae 33
Theraphosidae o) 29
Salticidae 14
Araneidae 6
Cheiracanthiidae 1
Corinnidae 1
Ctenidae 1
Gnaphosidae 1
Lycosidae 1
Oxyopidae 1

2

Pholcidaes
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Family: Sicariidae / Genus: Loxosceles

L oxosce l es Loxosceles rufescens (Dufour, 1820)

= Rank: Species (Genus type) = LSID: [urn:lsid:nmbe.ch:spidersp:002730] '
= Status: = Distribution: Southern Europe, northern Africa to Iran,

« Described:d' % Afghanistan. Introduced to USA, Mexico, Peru,

= Last updated: 2021-03-13 Macaronesia, South Africa, India, China, Japan, Korea,

Laos, Thailand, Australia, Hawaii

Thailand

PR

Kanchanaburi

Myanmar

Bangkok

| 100 km ]

Chomphuphuang, N., Deowanish, S., Songsangchote, C., Sivayyapram, V., Thongprem, P. & Warrit, N. (2016). The Mediterranean recluse
spider Loxosceles rufescens (Dufour, 1820) (Araneae: Sicariidae) established in a natural cave in Thailand. Journal of Arachnology 44(2): 142-147.

Cachia, M., Mercieca, L., Mallia Azzopardi, C., & Boffa, M. J. (2016). Rare case of dermonecrosis caused by a recluse spider bite in Europe. BMJ case
reports) Ad%67 s RhERNSE3 T oRicpsoky . digd Medd I6dorreRUo21@ERE. 2564)



Three small benzene sulphonates synthetic compounds as promising inhibitors of SMase D
from Loxosceles venom

(A)
100-

804

Inhibition [%]

SMase D

-eo— |Inhibitor 1
—— Inhibitor 5
—a— |nhibitor 6

1 1 1 1
60 80 100 120 140 160
Compounds [pg]

Lopes, P. H., Murakami, M. T., Portaro, F., Mesquita Pasqualoto, K. F., van den Berg, C., & Tambourgi, D. V. (2019). Targeting Loxosceles spider
Sphingomyelinase D with small-molecule inhibitors as a potential therapeutic approach for loxoscelism. Journal of enzyme inhibition and medicinal

Chem'Stfr]X%U%g'&lJéa%ﬁP’:‘BZ1' https://d0|.orﬁ(/elo.1%}8&%&%1%%6%25918.:6L4 46698

UNINTIN Toxicology in T
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(B)

Inhibition [%)]

60+

&
T

N
T

Venom

5

Compounds




‘Types of components of

(1) small molecular mass compounds (SMMCs)
(2) antimicrobial peptides

(3) peptide neurotoxins

(4) proteins and enzymes.
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|
1?

¢ions

¢organic acids

¢ nucleotides
¢nucleosides
¢amino acids

¢ amines/polyamines

fions Sodium  Potassium
10 mM 200 mM Cupiennius salel Trechaleidae

10 mM 70 mM Aphonopelma hentzi  Theraphosidae

opposite to
the hemolymph concentrations

Depolarization —> paralysis of the prey

—> enhance the activity of
venom peptides

nsussewaaulaufianssa Toxicology in The News TneFueeInen (8 5.A. 2564) https://wwv(/.b|rdsp|ders.corﬁ/ '



“-Nucleoside triphosphat

pH 5.3-6.1

venoms of
#organic acids 222:(;5 ons
CeH3O5 bees
wasps
inhibit divalent cation dependent enzymes ants
Ca?* Phospholipase A2
Zn2* Metallopeptidases

Many SMMCs effect neuronal or neuromuscular signal transduction

. a major component of the venom of Loxosceles sp. S P~
¢ nucleosides J P P 4§ \

make up to 50% of the venom dry weight in Tegenaria sp. g

Sicariidae

lién két glycosid /

https://reinoanimalia.fandom.com/
Pudng pentose
R=0H: Ribose

OH R  R=H:Deoxyribose

-~ Nucleoside
-- Nucleoside monophosphat

-- Nucleoside diphosphat } Nucleotide

https://spideridentifications.com/
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: diverse class of molecules an aromatic acyl group
Acylpolyamines 3501000 Da

a polyamine backbone

famino acids

S : *amino acids in the backbone
¢amines/polyamines

y<Amino acid-containing acylpolyamines
Araneidae

yenhon-amino acid-containing acylpolyamines
Agelenidae
Amaurobiidae
Pisauridae
Ctenizidae
Theraphosidae
Atracidae

affect to plug open ionotropic glutamate receptors and to induce paralysis in a prey item

In venom of some spiders
polyamines not containing an acyl group
spermidine
spermine

affect to block Glutamate receptors

nsusseeeaulaufianssu Toxicology in The News Tnagueiiuine, (8 5.a. 2564)



‘n

L

major components of animal immune systems

2 - 5 kDa
Cysteine free peptide

n15usseeaulauianssu Toxicology in The News lagfusiying (8 5.a. 2564)



Membranolvtic action positvely charged side

high positive net charges el i
high number of hydrophobic amino acids hydfoshebic/dide

amphipathic a-helical structure
—>nsertion into the cell membrane

interaction
Parts of the a-helix Phospholipid
positively charged part VS. negatively charged part
(head groups

or other negatively charged surface molecules)

hydrophobic part VS. phospholipid tails

nsusseeeaulaufianssu Toxicology in The News Tnagueiiuine, (8 5.a. 2564)




Models of membranolytic action of AMPs

. conformational MOdeI types depend on
change barrel pore toroidal pore carpet model > Spider species
L Y o poce * Type of lipid

e ?@

NMR-based 3D structures of two antimicrobial peptides

gxyopinitn-:ab. Cupiennin-1a
xyopes takobius et loi
bl Cupiennius salei

PDB: 2K38
UniProt: P83619

front view back view g

Electrostatics front view back view

UniProt: F8J4S0

PDB2PQR (software for biomolecular electrostatics)
Blue —> positively charged surfaces
Red —> negative charged

msusseneaaulauianssy Toxicology in The News Imaquéﬁiﬁwm (8 5.A. 2564) White —> neutral



| - - 3 - 9 kDa
;§ (3) P?ptlde ?ﬂ Cysteine rich peptide (=6 cysteine residues)

disulphide bonds

Structgral motifs
usadu 9 2049 lusaund laseasae 3D

Channel and receptor on membranes of excitable cells (e.q., nerves and muscles)

1561 described target of entries listed in the ArachnoServer

481 entries

2 Voltage-gated sodium channel

2 Voltage-gated calcium channel

2 Voltage-gated potassium channel
2 Other targets

acid - sensing ion channel

calcium - activate potassium channel
transient receptor potential (TRP) channel

Effect of disruption of the channels function

Toxic effect depends on coordination
¥ Type of prey locomotion —> convulsions, paralysis, and death

% Channels and receptor respiration
cardiac functions

inflammatory pain —> capsaicin receptor)

nsusseeeaulaufianssu Toxicology in The News Tnagueiiuine, (8 5.a. 2564)



Types of peptide neurotoxins as a structural motif

ICK

omega-hexatoxin-Hv1a
Hadronyche versuta
PDB: 1AXH

UniProt: P56207

A) Inhibitor cystine knot (ICK) motif
B) Disulphide-directed B-hairpin (DDH) motif

- C) Kunitz-type motif

D) Colipase or MIT1-like motif

N
additional
bridge in

shown example
i i L) ) I L)
DDH

U1-theraphotoxin-Hs1a
Cyriopagopus schmidti
PDB: 1125

UniProt: P82959

Kunitz-type
kappaPI-theraphotoxin-Hs1a

Cyriopagopus schmidti
PDB: 2JOT
UniProt: P68425
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Cc

e ey

colipase / MIT1-like

U33-theraphotoxin-Cg1b
Chilobrachys guangxiensis
PDB: 2N8K

UniProt: B1P1J0

E) Helical arthropod-neuropeptide-derived (HAND) motif

— e

HAND

U1-agatoxin-Tala
Eratigena agrestis
PDB: 2KSL
UniProt: 046166



—— ()

neurotoxin AMP
Purotoxin-2
Alopecosa mankovskyi
PDB: 2MZG

UniProt: B3EWHO

neurotoxm

M-oxotoxin-Ot3a
(Spiderine-1a)
Oxyopes takobius
PDB: 2N85 / 2N86
UniProt: P86716
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neurotoxin

pi-hexatoxin-Hi1a
Hadronyche infensa
PDB: 2N8F

UniProt: AGATL1QJU3

Lt ot

neurotoxin

AMP AMP

M-zodatoxin-Lt8a
Lachesana tarabaevi
PDB: -

UniProt: P85253



€S

(1)Enzymes acting as spreading factor

h
(2)proteins with a potential function in the venom gland of the
spider including the maturing of toxins

(3)proteins directly targeting important systems of the prey
organism.

i
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