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Fig 1) Classification of cephalopods based on their class, sub-class, order, and family (6).
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Fig 2) Images of some cephalopods. A: A Nautilus pompilius with outer shell as a main feature; B: Image of
a common cuttlefish Sepia officinalis; C: An lllex coindetii squid; D: Image of an octopus Octopus vulgaris,
and E: its beak-like tip.
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Fig 3) Purification stages of SE-cephalotoxin from the Sepia esculenta salivary gland. (A) A chromatogram of gel
filtration that the peak of the component is indicated by a short black bar; B) The chromatogram obtained from the
hydroxyapatite column is purified again by the specified peak in section A. Similarly, the composition is indicated by

a short bar; C) Results of the SDS-PAGE under non-reduced (lanes 1-3), or reduced condition (lane 4); Lane 1:
reference proteins; Lane 2: salivary gland extract; and lanes 3 and 4: the purified SE-cephalotoxin.
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Fig 5) IR spectra for: A) Hapalotoxin (43), B) Tetrodotoxin (44), and C) Maculotoxin (44).
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Fig 6) HPLC chromatogram of tetrodotoxin extracted from H. lunulata paralarvae. A) The sample spiked by tetro-
dotoxin; B) the real sample without tetrodotoxin(46).
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Fig 7) the spatial structure of Tetrodotoxin.

% Hapalochlaena
% Hapalochlaena maculosa

S $ 9355
OLb v 4 jaie oS LappnS il o sdle
G S S Dligrse al 02 Lites
o S e Sl ge Koo oS Lot S 2al
LS5 ol Sl 3 Sl
O35 L oS 505 SG a5 il oo oS 5905 5
Sl sz ga 53 S 55355 el oS IS
dap S el Fn 0 o g5
Sl Ol 5 OLL (K5 lagladS 53 Ol sl
Ll OLL e 53 oS 5935 5 (FV) Sl 03 S
o 4 Glase J_:T > gl bl s
V0¥ Jle 51 .(FA) ol ois il LIS ,lLLs
il M Ul Jled 55 S e a5 S S
sl Sldllas 3,8 5158 el al s
S e OlS il s Ll s S el ol 5L s
A S LSSl ol el (Sais
OF S5 g ool oS 51 S e 55205 Lo

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.24.4.265
https://ismj.bpums.ac.ir/article-1-1501-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-14 ]

[ DOI: 10.52547/ismj.24.4.265 |

YWF/ObL e 55 5S 5

D‘JK&A}&N

«(Yang & Kao) 55 5 Kb adlas pioean .(OV)
S50 2 oS sen laes 8 2525 4 55 esls UL
U‘i‘ 4 .,\.;‘);L;a AR 9 Vo cq c? g‘f a‘)w L.sLAU"Js
O5SE &S S 5 935,58 58T V) L les SaS s
)‘ Jjw j\f() G Y ol &;Jli LA"&L)}; DL Jﬂb
JeSootes 035 S dsms Sl S 5358
LS o SaS O dr oS 55555 5 5uS1 VY s @l

OA) b Lsy oo JUBS @ (55 50 Dy 00 U

b i8S SG
s s U 51 S5 as (TKS) lagpes s
OLL o aher 5108 g o 5 Olyloe g 3 45 s
565 s Saptm 53 LOT Ly e Sl
ba S SU iyl Sl Cilises 3 b 4 aooes
5 FXGLMamide  Jig L 08 e o 3
B O o g 53 LOT iy o OLL & b 5 C
e S5 S s ol Mk S L
Lgm 2 oS Slaptsg 4 oSk U
o sebel Dosa ol G MmNk
SL1s 5 (TKRP) o8 SU ok linie s s
it S Sl ol b dizes TKS alin g5 Shes
23Ol Iy Ll 56351 0355 5 (g 0]

(04) 1L _» FXGXRamide &, 504 C coas
sty Jad gladzy 51 (OCETKAID) Y= oS SU
s Sl S Cal G K5 o STl el
Lol 35Sl L o) slagal 5 S 1y
5N B8 Bue Sl By ediS SIS

JL@QM}‘&)L’.«-\%“WS" Aﬂbl.l‘"s” ‘)j‘b‘\{

(50) S o ki |,

o o Gladde 52 (S 5l peilSs
JUS 05 8 ssdes Joas OF il sdes 5 ol 0
O S P 935,85 (OF) AS el jasll esde
S8 5L s edd feate 3y e ol e JUIS
OF OAs S = o crmge eude JUIS ozl
Sl G s Gy WOl 53 55 5 s pll
ol Sl 3 355 4 Kt eS8 0l b e sans
0L A& O pw O Jold adsl laslis sl
JdLos gloasal 5 250w boas Al s Lol
3 i cins b Saad (Ole sl
LA 'C) S u.(u CMee JJLS O3ls Ccews
S s a4 eus WT:J& O gb d%lkr@alﬂ
350 Jﬁ;@lé&lijwmuwogbé\)g
oS5 ol Gl elant! Ols &S bl
bl 0leys 5 IS ol e L 10 Ll 54

OF) el ploil L5 s
reslglbren GLls ank sba oS 55555
el Sl b bas e el e Ol s 45 o]
o3l 5l ol Sl pae Yo 0sSU Ll SLS 5 ]
JSe 53 Lol 5l gslaws Slstle oS Wleds lulis
plod o anlllas L(00) ol o 63,51 (A)
ole Oa5 @alp b el pl glad S
S s Jy calensd s L0l skl 5 Ll
S5 slasl &5 35 Ol Ul o SIS huazas
SLesl sl en 5 1S Coa Sl (oS 55535 ,5
(0PI JKE) L)ls (6 e Cons (S 5 0n
A6 s O 5 Hanifin) sl bl
23 smge oS osden Glaes S Cumbge 5 sl
S ol Ol Ol e Ulpe S S35
osled Sbacn S S50 22 s JeuS s slaes S

SIS L (S5 g ekias Olgea V) 5 7

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.24.4.265
https://ismj.bpums.ac.ir/article-1-1501-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-14 ]

[ DOI: 10.52547/ismj.24.4.265 |

\\c"bl._)i}#/fa_)u/c)\.e}c%db AN
S 9032 P 53 oS $ 93575 Slaesl G 0a
J..,S}S R1 Rs
TTX H OH
4-epiTTX OH OH
6-epiTTX H OH
11-deoxyTTX H OH
6,11-dideoxyTTX H OH
8,11-dideoxyTTX H H
11-0x0TTX H OH
11-norTTX-6,6-diol H OH
11-n0rTTX-6§R;-oI H OH
11-norTTX-6(S)-ol H H OH
Chiriquitoxin _ H OH OH CH(OH)CH(NH3")COO" OH
TTX-8-O-hemisuccinate H OH OH CH,OH OOC(CH,).COO"
TTX-11-carboxylic acid H OH OH COO- OH
SIS 0 F 03 S F 395 sesl gl en
U

R; R,

4,9-anhydro-5,6,11-trideoxy TTX H OH

4,9-anhydro-8-epi-5,6,11-trodeoxy TTX OH H

CH,

R1 R2 R3

4,4a-anhydro-5,6,11-trideoxy TTX H OH H

1-hydroxy-4,4a-anhydro-8-epi-5,6,11-trideoxy TTX OH H OH

Ry CH;
Ry

Ho W R1 R2 R3 R4 R5 R6

5-deoxyTTX OH CH,OH H H OH H

5,6,11-trideoxyTTX H CH3 H H OH H

8-epi-5,6,11-trideoxy TTX H CH;3 H H H OH

R1 R2 R3 R4 R5

1-hydroxy-8-epi-5,6,11-trideoxy TTX OH H OH OH H

4-epi-5,6,11-trideoxy TTX H OH H H OH

U
HO
HN R,
Yﬁ o
RN
Ry CH;
Rl
O
HO

H (0}

HN (‘)H OH
YN
CH;3

HN
OH OH

1-hyroxy-5,11-dideoxy TTX

0F) 555 5 AemSsodn Slap b 55 GanS 559255 Slaesl ilren (A IS

Fig 8). The tetrodotoxin families in hydroxyl and ketone forms (56).
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Fig 10) The breakdown site of polymeric chitin by endo and exochitinase enzymes (A); the binding type of a
chitobiose dimer to the active site of the chitinase enzyme.

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.24.4.265
https://ismj.bpums.ac.ir/article-1-1501-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-14 ]

[ DOI: 10.52547/ismj.24.4.265 |

YA+ 1 OLY o (854 50mS 5

O‘JK&A}&N

O U8 SmbsS ealss 5 5ubiS GnigS

e O sty ks S o pe lajliaS 5l

Ales o ol Osmen ol S8 50 ol o b slo el go 5 o
0 OH OH H NH OH
)L HOMO 2 H
H OH NH HO 0.0 NH, HO/,, ,\\0 NH2
N, WO A OH
YT NNH 0 U
OHO o 0 “OH HzN\Q) OHOH HO : | 0"~ 'OH
N © OH
o OH " OH HO/
- <l

c

(@) s5bsS Jlss 5 (@) 5alinS (AN 55558 ploaed slajlrle () S

Fig 11) Chemical structures of chitotriose (A), chitobiose (B) and diacetyl-chitobiose (C).

Sy Jls g s Aol LS 0% sy
Ll Sl 1y s Jans 55 (5 oy s o iz
03 o o) @l bk 5 ol e aaS o)1y
ol 055 o ol 53 5 b ls Sr cl ) 3
S epse s Opmer B OLL e LS s e
35 S S g O3 o 3l e Waslas

vY) Lol o oslizul

A2 5L sid
Gladd Oudlr 5 dodes e Ar Sl
Sy glad Sladed sind 53 SN2 iy Sl
s s es S 00 il (PLAY Ap (slasld pin
i ool L Sl 4 v 2Tl
(SPLAZ) =iy lasldsens (VY) Xsd e
5 GPLAY) wdS §l Jie (CPLAD) s s
Sa 2 SV el b ol slasldsald
Sl el e 5 (LPPLAY) S S e Jule
e e 53255 g s bt 51 e il
g s b B bl (Fp S8 B 2
557 4 bl 5 ol ey mlo 3 L o33

Llo3 g0

b o oS azwd 33 4 35 ajliass S
SnbS Jaalss 53l 53T o o oS Sl b 28
deed N5 ews ol bl bl
S eI SV S el S8
ol S8 Jmal =N (slasasige & 1 Lajlins 5l

V) OY JK2) 1 e

A SN e sl (Y S

Fig 12) The structure of N-acetyl glucosamine monomer.
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yellowish, and amino acids in the active site in red color and tubular model (A); the binding of the enzyme to the
membrane lipids (B).
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Abstract
Most cephalopods are venomous organisms whose major venom constituents include protein toxins, small

toxic molecules, enzymes, and amines. Neurotoxic cephalotoxins are protein toxins that were first isolated
from this family. They are categorized into SE-cephalotoxins, a-cephalotoxins, and p-cephalotoxins. The
SE-cephalotoxin compound is roughly a thousand-fold more toxic than other members of the group. Among
the small toxic molecules, tetrodotoxins and tachykinins can be mentioned. Salivary tachykinins of
cephalopods can cause severe hypotension and contraction of gastrointestinal muscles in vertebrates. The
peptide derivatives of tachykinins in the cephalopod brains have more toxic effects than the simple
tachykinins. Chitinases, phospholipases and acetylcholinesterase are the most important integral
components of the cephalopod venom. Phospholipase Az plays an important role in fat metabolism, in the
progression of some diseases, as well as the neurotoxic and myotoxic effects of the venom.
Acetylcholinesterase inhibits the stimulation of muscarinic receptors. In addition to epinephrine,
norepinephrine, dopamine, serotonin, and histamine, one of the most abundant amines found in octopus
saliva is "octapamine”. The inks of many species of cephalopods contain significant amounts of melanin,
which, in addition to biotechnological applications, have antifungal, antibacterial and anti-cancer effects.
Insoluble globules of the complex skin system of cephalopods contain proteins called "reflectin”, which are
responsible for producing a wide range of colors. Reflectins are exclusively found in cephalopods. In fact,
the existing toxinological and biotechnological studies of the venom of this marine life are not
commensurate with their diversity as well as their unique composition, and more efforts are needed to
succeed in this field.
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