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Abstract

Introduction: Conus is the genus of toxic gastropods with pharmacologically active compounds in its venom that mostly lives in marine
environments. Conus venom consists of a rich source of analgesic peptides. In the current study, the analgesic effects of Conus coronatus venom
from the Persian Gulf were investigated in mice models.

Materials and Methods: The venom ducts were extracted and homogenized. Deoxygenated cold aqueous acetonitrile solution (40%) was used
in this study for conotoxin extraction. Purification was carried out using Sephadex G-25. Purified fractions were injected intraperitoneal (IP) in
both formalin and hotplate tests with different doses. Following the pain response assessment, nicotine was used as the agonist of the
acetylcholine receptor, and pain response to the co-injection of nicotine and conotoxin was calculated. Tricine-SDS-PAGE was used for
molecular weight determination.

Results: Findings revealed that the action of purified fraction of C. coronatus venom (C2) at a dose of 0.1 mg/kg was comparable with morphine
as a positive control (2.5 mg/kg). The analgesic potential of this fraction was observed in the hot plate test. However, the co-injection of nicotine
and C2 decreased the analgesic effect.

Conclusions: According to findings, it can be stated that conotoxins isolated from C. coronatus had analgesic effects and could be used for
discovering and producing novel medicines. Moreover, the peptides observed in this study with less than 6.5 kDa probably are members of the

antagonist conotoxins which have been reported for the first time in this study.
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Introduction
Pain is a warning signal in many diseases and is linked with
environmental stimuli. It can be generated biologically due
to injury or exacerbation of a specific disease.! Different
kinds of stimuli (chemical, physical etc.) are able to activate
pain receptors to send signals for specialized sensory
neurons in ion channels, and cause depolarization and other
responses.?2 Some compounds such as conotoxins can relief
pain. Conotoxins are peptides with analgesic properties that
are extracted from marine cone snails.® These peptides are
secreted in their venom ducts, and have high potency to
induce a variety of ion channels on nerve cells which are
involved in pain responses.*® Therefore, the conotoxins are
valuable candidates for physiological pain studies. Some
have FDA approval, such as Prialt and Ziconotide. Ziconotide
contains the MVIIA w—conotoxin which has been isolated
from Conus magus,® and is used to treat acute pain on
incurable diseases.”

Conotoxins are suitable for pharmacological research and
novel drug discovery. Briefly, they are small (typically <5
kDa) and cost-effective to synthesis. Generally, peptides

with molecular weight between 500 Da to 5 kDa have been
recommended as drug design. Smaller peptides (<500 Da)
have low target properties specificity but they can be
synthetized easily, and have high oral biocavailability and
membrane permeability. However, the larger peptides (>5
kDa) are generally metabolized more rapidly than small
peptides, and require intravenous administration, and are
expensive for production.® So, conotoxins have both the
stability and the selectivity of the larger peptides, in addition
to easy synthesis, and could be potential candidates for novel
drug leads.’

Interestingly, some conotoxins are described as antagonists
of the nicotinic acetylcholine receptors (nAChRs), and previous
studies on other species have reported that characterized
Conus species have at least one antagonist conotoxin in their
venoms.®%1914 Natural products have an inevitable role in
the field of modern pharmacology. In the current study, the
analgesic effects of Conus coronatus venom from the
Persian Gulf were investigated in mice models. Additionally,
we evaluated the possibility of the antagonist conotoxins in
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this specie for the first time by defining the nicotine as a
nicotine receptor agonist. Several conotoxins have been
reported from Conus species until now but few of them have
been characterized for their potential pain-relieving actions,
and only few of these species are accessible. This is while C.
coronatus is one of the dominant species in the Persian Gulf,
and is accessible for researchers.

Materials and Methods

Conotoxins Extraction and Purification

Specimens were collected from coastal waters of the Persian
Gulf (Zeyton Park of Qeshm Island), Location: N
26055.631; E 056015.209. Conotoxins were extracted and
purified as described by previous studies.'®'” Venom ducts
were isolated and were at first kept in deoxygenated/cold
acetonitrile solution (40%), then homogenized at 16,000 rpm
for 5 min (Homogenizer Silent Crusher, Heidolph, Germany).
The mixture was then centrifuged briefly and lyophilized
using freeze dryer (Model Christ, 2 alpha, Germany) for 24 h
at-56 °C.

Conotoxins were purified by Sephadex G-25 with the
following method. Dry powder (10 g) was dissolved in Tris
buffer (50 mM, pH 8.5) before packing in the column with
total size about 2.5%90 cm. The flow rate was adjusted at 0.3
ml per min.8

Analgesic Test
Male mice weighing 20-25 g were obtained from the animal
house of Ahvaz Jundishapur University of Medical Sciences.

Formalin Test

Lyophilized crude extract and purified fractions were used
for intraperitoneal (IP) injection. Normal saline and morphine
(2.5 mg/kg) were considered as negative and positive
control, respectively. The strongest fraction (C2) that was
identified in a previous study,'” was used in different doses
(0.01, 0.1, 0.25, 0.5 mg/kg) and compared to morphine.

Pain response was considered according to the flinches and
licking numbers for the first phase (0-5 min) and second
phase (15-60 min) after a subcutaneously injection of 10 pl
formalin (2.5%) into the right paw.1%-2

Hot Plate Test
The strongest fraction was used in the hot plate test. The
temperature was kept constantly at 55 + 1 °C on hot plate
(RB200, Chengdu Taiment echonology Inc, China) and the
first licking or jumping up was considered as response to the
painful stimuli. After 30 min of nicotine or conotoxin
treatment, a mouse was placed on hot plate and pain reaction
was measured at intervals 0, 15, 30, 45, and 60 min. Cut off
time was taken as 45 s.192

In a next experiment, nicotine (Merk) was used as the
nicotinic receptor agonist of acetylcholine. At First, Nicotine

was injected and after that, C2 was injected intraperitoneally.
After half an hour, the mouse was placed on the hot plate
and its reaction time was recorded.1%2022
The groups examined in this test include:
Ineffective dose of nicotine (IN) + effective dose of C2 (EC)
Ineffective dose of nicotine (IN) + ineffective dose of C2 (IC)
Effective dose of nicotine (EN) + effective dose of C2 (EC)

Tricine-SDS-PAGE

Tricine—SDS-PAGE is commonly used for separating low
molecular weight proteins. The acrylamide-bisacrylamide
solution was prepared by dissolving 48 g acrylamide and 1.5
g bisacrylamide in 100 ml water. For cathode buffer (121 g
Tris, 179 g Tricine, 10 g SDS in water (1 L) with pH 8.25)
the inner electrode buffer was used and for the anode buffer
(121 g Tris with pH 8.9) the lateral electrode buffer was
used. Three layers of polyacrylamide gels were utilized
(stacking gel (5%), spacer (10%) and resolving (16%)).
Also, 0.5 pl conotoxin was mixed with 4.5 ul protein loading
buffer as a loading sample. The mixture was loaded under
the cathode buffer after 5 min incubation in 95 °C. The
electrophoresis was operated at 60 V initially and the next
voltage steps were set at 100 V.2

Statistical Analysis

Statistical analyses were performed using Graph-Pad Prism
software, version 6. Values were expressed as mean + SD.
All the data were statistically calculated by using one-way
analysis of variance (ANOVA) and Dunnett's multiple
comparisons test (p<0.05).

Results

The Best Dose of C. coronatus venom (C2) Compared to
Morphine

The strongest purified fraction (C2) of C. coronatus venom
resulting from gel filtration were administered to the animals
for formalin test at different doses (0.01, 0.1, 0.25, 0.5 mg/kg)
and were compared with morphine. The administration of
0.25 and 0.5 mg/kg doses was able to inhibit the pain with
more potency than morphine (p<0.05). The dose of 0.1
mg/kg morphine had almost the same analgesic effect
(p<0.05) (Figure 1). The effect of this dose observed in hot
plate test constantly remained until 30 min (Figure 2). This
fraction had low molecular weight peptides as shows in
Figure 3.

Measurement of 1Cso
The ICso values of the Au NPs for K562 cell lines were
81.62 pg/ml according to the normal curve (Figure 3).

Co-injection of Nicotine and C. coronatus venom (C2)
Co-injection of nicotine [0.1 (EN) and 0.05 (IN) mg/kg] and
C2[0.1 (EC) and 0.05 (IC) mg/kg] did not show analgesic
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Figure 1. Comparison of Different Doses of C2 in Formalin Test. Flinching and licking numbers was calculated for the first phase and AUC (the area
under curve) was determined for the second phase. Different letters (A and B) indicate significant differences with normal saline as negative control,

Mean £ SD (n = 7), (p< 0.05).
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Figure 2. Analgesic Effect of C2 and Nicotine, in Hot Plate Test. The comparison was performed at intervals 0, 15, 30, 45, and 60, and different
letters (A, B, and C) indicate significant differences with normal saline as negative control, (Mean = SD (n = 7), (p< 0.05).

effects on the first [(IN) + (EC)] and the second [(IN) + (IC)]
groups (p<0.05). However, the third group [(EN) + (EC)]
had a significant analgesic effect for a period of 30 min
(p<0.05) (Figure 4). Injection of the active dose of nicotine
(0.1 mg/kg) separately showed the strongest analgesic effect
that remained until the end of the experiment (p<0.05).

Discussion
C. coronatus is one of the marine cone snails that lived in

coastal waters of the Persian Gulf. In a previous study, the
analgesic effect of C. coronatus venom was investigated and
the strongest fraction (C2) was detected by formalin and hot
plate tests,'” which are predominantly used with rats and
mice as behavioral models.®20:2

In the current study, the administration of different doses
of C2 fraction have revealed that a dose of 0.1 mg/kg had an
analgesic effect similar to morphine (p<0.05) (Figure 1) and
p-conotoxin KIIIA from C. kinoshitai.?® In drug delivery
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Figure 3. Polyacrylamide Gel Electrophoretic of C. coronatus venom. (A) Multiple bands on gel Before purification (B) Single band of analgesic

fraction after purification.
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Figure 4. Comparison of Co-Injection of Nicotine and C2 Fraction, in Hot Plate Test. The comparison was performed at intervals 0, 15, 30, 45, and
60 min and different letters (A, B, and C) indicate significant differences with normal saline as negative control, (Mean + SD (n = 7), (p< 0.05).

systems, the best dose or effective dose is the one that lasts
longer with a smaller amount than others, and causes the
drug to bind to the receptors.?%% Additionally, the dose of 0.5
mg/kg was stronger than morphine (p<0.05), and probably
the conotoxins of this dose was able to bind the receptors
more rapidly than morphine in order to reduce pain,?® which
is similar to conotoxin extracted from C. flumen.*® In another
study the effective dose of p-conotoxin, SmillA from C.
stercusmuscarum was 0.9 mg/kg inhibited both phases of
formalin test which was higher than the effective dose of our
study (0.1 mg/kg).?’

Hot plate test has shown that analgesic effects of C2

remained for 30 min (Figure 2) and was stronger than the
analgesic effects of C. regularis conotoxin that just remained
for about 15 min (at dose of 0.85 mg/kg).?’ Moreover, the
same dose of nicotine had more analgesic effect (p<0.05).
Compounds such as nicotine, which are agonists of the
nAChRs activities, are able to relief the pain in an
appropriate dose. This is while at higher doses, they induced
adverse effects in the behavioral models.>?

It can be assumed that co-injection of nicotine and C2 led
to competition between them, and reduced the analgesic effect
(Figure 4). The C2 fraction probably contained antagonist
conotoxins of nAChRs, which was similar to the study on
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MII conotoxin of C. magus.?® These peptides have low
molecular weight (<6.5 kDa) on tricine—SDS-PAGE (Figure
3) and generally, have been recommended for drug design.®®
Dyachenko et al. (2022) recently discovered that a-
Conotoxin RglA and oligoarginine R8 in the mice model
alleviate long-term oxaliplatin induced neuropathy and
showed a relatively high affinity for the 09/010 nAChR.

Unlike C. magus (which is piscivorous), C. coronatus is a
vermivorous and usually feed on worms. Most studies have
been conducted mainly on fish-eating species that are highly
poisonous and hemolytic. This is while C. coronatus showed
extremely good potential in our studies. It is recommended
to identify the structure of this conotoxin to synthesize and
design them as a new drug leads. Ma et al. (2021) synthesized
a series of variants of a-conotoxins Gl and Ml and identified
their inhibitory activity against muscular nAChRs as well as
their toxicity in mice. They displayed potent inhibitory
activities toward muscular nAChRs and low toxicity in mice.

Based on the results of previous studies, nAChRs are
activated by acetylcholine. Nicotine increases the release of
acetylcholine in the brain by stimulating nicotine receptors.?>?
Therefore, nAChRs is the target for many conotoxins (o-
conotoxins) that despite their differences in their original
sequences, are extremely similar in their structure described
by NMR or X-ray studies.!*233 Dutertre et al. suggested that
the venom of each cone snail species investigated until now
had at least one nAChR antagonist.3* Besides, these peptides
inhibit neurotransmission by acting on the postsynaptic
membrane by binding to nicotinic acetylcholine receptors,
thereby preventing the transmission of pain to the central
nerve system and can have a powerful analgesic effect.!433
In summary, the present study demonstrated that the conotoxin
C2 fraction, at a dose of 0.1 (mg/kg), with 25 times less
concentration than morphine, had a similar analgesic effect
(p<0.05), and doses of 0.5 and 0.25 (mg/kg) were stronger
than morphine (p<0.05). In addition, it was nine times
stronger than the other p-conotoxin, such as SmllIA from C.
stercusmuscarum (0.9 mg/kg)?” to inhibit both phases of
formalin test, and C. regularis conotoxin (at dose of 0.85
mg/kg)? in the hot plate test.

It can be assumed that this fraction of cone snail venom is
a highly potent fraction to reduce pain. It should be noted
that due to the low amount of conotoxin, especially after
purification, it is recommended to use intrathecal injection
instead of IP injection. This could allow us to do more
experiments and tests.

Conclusion

Based on the results of the present study, it can be concluded
that C. coronatus conotoxins are probably members of
nAChR antagonists. This indicates the good potential of
these peptides with low molecular weight for pain relief.
Therefore, they can be used as a candidate for the development

of new drug lead.

Authors’ Contributions
All authors contributed equally to this study.

Ethics Approval

All animal protocols were approved by the ethics committee
of Abadan University of Medical Sciences with Ref:
IR ABADANUMS.REC.1399.130.

Conflict of Interest Disclosures
The authors declare that they have no conflicts interest.

Acknowledgment
The authors gratefully acknowledge Abadan University of
Medical Sciences for their financial support (grant No. 727).

References

1. Barrot M. Tests and models of nociception and pain in
rodents. Neuroscience. 2012;211:39-50. doi:10.1016/
j-neuroscience.2011.12.041

2. Giniatullin R. lon channels of nociception. Int ] Mol Sci.
2020;21(10):3553. doi:10.3390/ijms21103553

3. Baby J, Sheeja SR, Jeevitha M, Ajiha S, Jini D.
Conotoxins: a potential natural therapeutic for pain relief.
Int J Pharm Pharmacol Sci. 2011;3:1-5.

4. Davis J, Jones A, Lewis RJ. Remarkable inter-and intra-
species complexity of conotoxins revealed by LC/MS.
Peptides.  2009;30(7):1222-7.  doi:10.1016/j.peptides.
2009.03.019

5. Lewis RJ, Dutertre S, Vetter |, Christie MJ. Conus venom
peptide pharmacology. Pharmacol Rev. 2012;64(2):259-
98. doi:10.1124/pr.111.005322

6.  Mohammadi SA, Christie MJ. Conotoxin interactions with
a9a10-nAChRs: Is the a9al0-nicotinic acetylcholine
receptor an important therapeutic target for pain
management?. Toxins. 2015;7(10):3916-32. doi:10.3390/
toxins7103916

7. Rodriguez AM, Dutertre S, Lewis RJ, Mar F. Intraspecific
variations in Conus purpurascens injected venom using
LC/MALDI-TOF-MS and  LC-ESI-TripleTOF-MS.  Anal
Bioanal Chem. 2015;407(20):6105-16. doi:10.1007/s0
0216-015-8787-y

8. Craik DJ, Fairlie DP, Liras S, Price D. The future of
peptide-based  drugs. Chem Biol Drug Design.
2013;81(1):136-47. doi:10.1111/cbdd.12055

9.  Bjgrn-Yoshimoto WE, Ramiro 1B, Yandell M, MclIntosh
JM, Olivera BM, Ellgaard L, et al. Curses or cures: A
review of the numerous benefits versus the biosecurity
concerns  of conotoxin  research.  Biomedicines.
2020;8(8):235. doi:10.3390/biomedicines8080235

10. Kaas Q, Yu R, Jin AH, Dutertre S, Craik D). ConoServer:
updated content, knowledge, and discovery tools in the
conopeptide database. Nucleic Acids Res. 2012;40(D1):
D325-30. doi:10.1093/nar/gkr886

11. Favreau P, Benoit E, Hocking HG, Carlier L, D'hoedt D,
Leipold E, et al. A novel p-conopeptide, CnllIC, exerts
potent and preferential inhibition of NaVi1. 2/1.4
channels and blocks neuronal nicotinic acetylcholine
receptors.  British ] Pharm. 2012;166(5):1654-68.
doi:10.1111/j.1476-5381.2012.01837.x

12. Biass D, Violette A, Hulo N, Lisacek F, Favreau P,
Stacklin R. Uncovering intense protein diversification in a

779 | ) Appl Biotechnol Rep, Volume 9, Issue 3, 2022

http://www.biotechrep.ir


http://www.biotechrep.ir/
https://doi.org/10.1016/j.neuroscience.2011.12.041
https://doi.org/10.1016/j.neuroscience.2011.12.041
https://doi.org/10.3390/ijms21103553
https://doi.org/10.1016/j.peptides.2009.03.019
https://doi.org/10.1016/j.peptides.2009.03.019
https://doi.org/10.3390/toxins7103916
https://doi.org/10.3390/toxins7103916
https://doi.org/10.1007/s00216-015-8787-y
https://doi.org/10.1007/s00216-015-8787-y
https://doi.org/10.1111/cbdd.12055
https://doi.org/10.3390/biomedicines8080235
https://doi.org/10.1093/nar/gkr886
https://doi.org/10.1111/j.1476-5381.2012.01837.x

Persian Gulf Cone Snail Venom

20.

21.

22.

23.

cone snail venom gland using an integrative venomics
approach. J Proteome Res. 2015;14(2):628-38. doi:10.10
21/pr500583u

Safavi-Hemami H, Brogan SE, Olivera BM. Pain
therapeutics from cone snail venoms: From Ziconotide to
novel non-opioid pathways. ) Proteom. 2019;190:12-20.
doi:10.1016/j.jprot.2018.05.009

Liu C, Wu P, Zhu H, Grieco P, Yu R, Gao X, et al.
Rationally designed a-Conotoxin analogues maintained
analgesia activity and weakened side effects. Molecules.
2019;24(2):337. doi:10.3390/molecules24020337

Ho TN, Lee HS, Swaminathan S, Goodwin L, Rai N,
Ushay B, et al. Posttranslational modifications of a-
conotoxins: sulfotyrosine and C-terminal amidation
stabilise structures and increase acetylcholine receptor
binding. RSC Med Chem. 2021;12(9):1574-84. doi:10.1
039/D1TMDO00182E

Tayo LL, Lu B, Cruz LJ, Yates Ill JR. Proteomic analysis
provides insights on venom processing in Conus textile. )
Proteome Res. 2010;9(5):2292-301. doi:10.1021/pr90
1032r

Rajabi H, Zolgharnein H, Ronagh MT, Moghaddam JA,
Crusemann M. Conus coronatus and Conus frigidus
Venom: A New Source of Conopeptides with Analgesic
Activity. Avicenna ] Med Biotechnol. 2020;12(3):179-85.
Han YH, Wang Q, Jiang H, Liu L, Xiao C, Yuan DD, et al.
Characterization of novel M-superfamily conotoxins with
new disulfide linkage. The FEBS journal. 2006;273
(21):4972-82. doi:10.1111/j.1742-4658.2006.05493.x
Lee S, Kim Y, Back SK, Choi HW, Lee JY, Jung HH, et al.
Analgesic effect of highly reversible w-conotoxin FVIA on
N type Ca2+ channels. Mol Pain. 2010;6:1744-8069.
doi:10.1186/1744-8069-6-97

Bernaldez J, Lypez O, Licea A, Salceda E, Arellano RO,
Vega R, et al. Electrophysiological characterization of a
novel small peptide from the venom of Conus
californicus that targets voltage-gated neuronal Ca2+
channels. Toxicon. 2011;57(1):60-7. doi:10.1016/j.
toxicon.2010.09.015

Shi GN, Liu YL, Lin HM, Yang SL, Feng YL, Reid PF, et al.
Involvement of cholinergic system in suppression of
formalin-induced inflammatory pain by cobratoxin. Acta
Pharmacol Sin. 2011;32(10):1233-8. doi:10.1038/aps.
2011.65

Jimenez EC, Cruz LJ. Conotoxins as tools in research on
nicotinic receptors Toxins Drug Dis. 2017. doi:10.1007/
978-94-007-6452-1_17

Jiang S, Liu S, Zhao C, Wu C. Developing protocols of
tricine-SDS-PAGE for separation of polypeptides in the
mass range 1-30 kDa with minigel electrophoresis

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

system. Int ] Electrochemical Sci. 2016;11:640-9.

Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC. The
biopsychosocial approach to chronic pain: scientific
advances and future directions. Psychological bulletin.
2007;133(4):581-624.  doi:10.1037/0033-2909.133.4.5
81

Bulaj G, West PJ, Garrett JE, Watkins M, Zhang MM,
Norton RS, et al. Novel conotoxins from Conus striatus
and Conus kinoshitai selectively block TTX-resistant
sodium channels. Biochemistry. 2005;44(19):7259-65.
doi:10.1021/bi0473408

Tiwari G, Tiwari R, Sriwastawa B, Bhati L, Pandey S,
Pandey P, et al. Drug delivery systems: An updated
review. Int ) Pharm Investig. 2012;2(1):2-11.
doi:10.4103/2230-973X.96920

Zhang MM, Fiedler B, Green BR, Catlin P, Watkins M,
Garrett JE, et al. Structural and functional diversities
among p-conotoxins targeting TTX-resistant sodium
channels. Biochemistry. 2006;45(11):3723-32.
doi:10.1021/bi052162j

Ulloa L. The vagus nerve and the nicotinic anti-
inflammatory pathway. Nat Rev Drug Discov. 2005;
4(8):673-84. doi:10.1038/nrd1797

Mclntosh JM, Azam L, Staheli S, Dowell C, Lindstrom JM,
Kuryatov A, et al. Analogs of a-conotoxin MIl are
selective for a6-containing nicotinic acetylcholine
receptors. Mol Pharmacol. 2004;65(4):944-52. doi:10.11
24/mol.65.4.944

Dyachenko IA, Palikova YA, Palikov VA, Korolkova YV,
Kazakov VA, Egorova NS, et al. a-Conotoxin RgIA and
oligoarginine R8 in the mice model alleviate long-term
oxaliplatin induced neuropathy. Biochimie. 2022;194:
127-36. doi:10.1016/j.biochi.2021.12.013

Puillandre N, Duda TF, Meyer C, Olivera BM, Bouchet P.
One, four or 100 genera? A new classification of the cone
snails. J Molluscan Stud. 2015;81(1):1-23. doi:10.1093/
mollus/eyu055

Ma X, Huang Q, Yu S, Xu S, Huang Y, Zhao Z, et al. The
3/4-and 3/6-Subfamily variants of a-conotoxins Gl and
M1 exhibit potent inhibitory activity against muscular
nicotinic acetylcholine receptors. Mar Drugs. 2021;19
(12):705. doi:10.3390/md19120705

Lebbe EK, Peigneur S, Wijesekara I, Tytgat J. Conotoxins
targeting nicotinic acetylcholine receptors: an overview.
Mar Drugs. 2014;12(5):2970-3004. doi:10.3390/md12
052970

Dutertre S, Jin AH, Vetter |, Hamilton B, Sunagar K,
Lavergne V, et al. Evolution of separate predation-and
defence-evoked venoms in carnivorous cone snails. Nat
Commun. 2014;5(1):3521. doi:10.1038/ncomms4521

http://www.biotechrep.ir

J Appl Biotechnol Rep, Volume 9, Issue 3, 2022 | 780


http://www.biotechrep.ir/
https://doi.org/10.1021/pr500583u
https://doi.org/10.1021/pr500583u
https://doi.org/10.1016/j.jprot.2018.05.009
https://doi.org/10.3390/molecules24020337
https://doi.org/10.1039/D1MD00182E
https://doi.org/10.1039/D1MD00182E
https://doi.org/10.1021/pr901032r
https://doi.org/10.1021/pr901032r
https://doi.org/10.1111/j.1742-4658.2006.05493.x
https://doi.org/10.1016/j.toxicon.2010.09.015
https://doi.org/10.1016/j.toxicon.2010.09.015
https://doi.org/10.1038/aps.2011.65
https://doi.org/10.1038/aps.2011.65
https://doi.org/10.1007/978-94-007-6452-1_17
https://doi.org/10.1007/978-94-007-6452-1_17
https://psycnet.apa.org/doi/10.1037/0033-2909.133.4.581
https://psycnet.apa.org/doi/10.1037/0033-2909.133.4.581
https://doi.org/10.1021/bi0473408
https://doi.org/10.4103%2F2230-973X.96920
https://doi.org/10.1021/bi052162j
https://doi.org/10.1038/nrd1797
https://doi.org/10.1016/j.biochi.2021.12.013
https://doi.org/10.1093/mollus/eyu055
https://doi.org/10.1093/mollus/eyu055
https://doi.org/10.3390/md19120705
https://doi.org/10.3390/md12052970
https://doi.org/10.3390/md12052970
https://doi.org/10.1038/ncomms4521

