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ABSTRACT

Cnidarians are soft bodied animals possessing complex venom systems which have evolved to 
allow for the capture of arthropod and vertebrate prey, as well as to defend themselves against 
such predators. The effects of these venoms on humans, as a result of envenomation, has been 
studied for many decades, whereas the possibility of using these proteins to fight human disease 
is in its infancy. Drug discovery utilisation of Cnidarian venoms has been hampered by availability 
of animals and suitable extraction techniques that allow for study of such protein toxins. Studies 
of toxins that have been suitably purified for drug discovery have, by in large, only investigated 
target engagement and negated to investigate other drug like properties such as absorption, 
dispersion, metabolism, and excretion (ADME). This chapter will review the sourcing of Cnidaria 
for drug discovery, extraction of venom components, actions of venoms on drug relevant targets 
and their suitability as drug like molecules.
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INTRODUCTION

Venom has been recruited across the Animal Kingdom as a means of facilitating the acquisition 
of prey, defence against predators, intra- and interspecific resource competition, and reproduction, 
evolving convergently over 101 times throughout the evolutionary timeline [1-6]. As a result, the 
planet contains an immense array of venomous taxa across a diverse range of lineages, and of these 
lineages the Phylum Cnidaria is thought to be one of the oldest venomous taxa still extant today, 
with origins dating as far back as 750mya and fossil records showing a major radiation around 
550mya [7,8]. Despite being one of the oldest known groups of venomous organisms, the current 
understanding of Cnidarian toxins falls much shorter than that of other venomous animals and this 
is due largely to the difficulties associated with obtaining venom samples. It can be inferred from 
the currently available literature, that the range of Cnidaria used in the study of their toxins is 
focused on a relatively small pool of species when equated to the sheer diversity of organisms 
within the Phylum, with the majority of samples being obtained from a number of Jellyfish species 
(Subphylum Medusozoa) [8-12] and Sea Anemone species (Class Actiniaria) [11,13,14], whilst 
Coral species appear to have fostered significantly less research attention. Figure 1 shows the 
annual publication rate for each of the major Cnidarian lineages between 1975 and 2019 [15]. The 
earliest studies of the Cnidarian venom apparatus were conducted in the mid to late 1800’s and 
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focused heavily on the structure, firing mechanisms, and differentiation of each variety of 
nematocyst, and it was these studies that provided the fundamental knowledge required to begin 
exploring ways in which venom samples could be obtained from these microscopic structures [16-
20]. Despite the issues related to their extraction in the ‘earlier years’, Cnidarian toxins were 
beginning to be utilised for research purposes over 100 years ago and were vital in the Nobel Prize 
winning research by Charles Richet and Paul Portier which led to the discovery of anaphylaxis 
[20-23]. The mid-20th Century saw an increased focus towards attempting to reliably obtain venom 
from Cnidaria in order to develop our understanding of the toxins which they possess, and in turn 
enhance our ability to explore the activities these toxins exhibit and the therapeutic potential which 
may be present within. 

CNIDARIANS IN DRUG DISCOVERY 

Sourcing Cnidaria for Drug Discovery
Cnidaria are thought to be ubiquitous and are present throughout all marine biomes, inhabiting a 
range of environments; from temperate and tropical shallows to the depths of the Hadal Zone 
[24,25,26]. As a result, sourcing Cnidaria for drug discovery purposes may not always be an issue, 
should the target species be a native to the research institution(s). However, this not always the 
case and instead obtaining specific species may pose some logistical challenges. Travelling for 
bioprospecting purposes is a viable option and, using SCUBA and Deep-Sea Exploratory systems, 
even species previously considered relatively inaccessible are now potentially available for 
sampling [27]. Although there have been improvements in the practical ability to access Cnidarian 
venoms in situ, there are certain caveats which may limit such bioprospecting expeditions such as 
protection from CITES, national regulatory bodies such as the Great Barrier Reef Marine Park 
Authority, and the Nagoya Protocol, which may require permit applications in order to undertake 
sampling [28,29]. The Nagoya Protocol is correctly referred to as the Nagoya Protocol on access 
and benefit sharing as an addition to the Convention on Biological Diversity [28]. Another option 
for sourcing Cnidaria, which circumvents some of the legislative constraints surrounding the 
bioprospecting of Cnidaria in situ, is aquaculture. The ability to culture Cnidaria ex situ is a 
relatively well-developed field, with a large focus on cultivation for the ever-growing hobbyist 
market and a drive towards captive reproduction for conservation in public aquaria and academia 
[30,31,32]. Although successful Cnidarian husbandry requires adherence a broad range of 
important parameters such as, water quality, water flow, lighting intensity, temperature, proximity 
to other species (particularly with certain species of Scleractinia), and diet, modern aquaculture 
equipment has advanced to a point in which the adherence to and monitoring of the majority of 
these parameters can be fully automated, increasing the success of aquarists [31,33-36]. The 
developments in modern husbandry practices and aquarist knowledge has produced advances in 
the longevity, health, and reproduction of captive Cnidaria. In turn this has created a situation in 
which Cnidaria cultivation within the laboratory is not only more feasible than ever but has also 
led to the identification of several Cnidarian species as new model organisms for research 
purposes. [31,37-40].

Extraction of Cnidarian Venom
There have been a variety of methods developed to extract venom samples from Cnidarian tissues 
throughout the years, with initial attempts utilising electrical stimulation of nematocysts from the 



dissected tentacles of Chironex fleckeri which had been placed on to human amnion [12,41,42,43]. 
Potential contamination of the samples from amniotic proteins led to the formulation of different 
approaches of obtaining venom, the majority of these relied on several methods of tissue disruption 
followed by centrifugation or lyophilisation to obtain crude venom [12,43,44,45]. Despite the large 
variety of techniques in which toxins have been obtained from tissues, the vast majority of methods 
have yielded results that are of uncertain reliability, have encountered issues with protein 
denaturation related to the extraction method, have led to the subsequent contamination of sample 
from tissue proteins, or require laborious methodologies to filter samples [10,11,12,43-47].  

2015 saw a major leap towards reliably obtaining clean samples through the development of a 
technique which employed chemical extraction of venom. This method, which relied on the use of 
ethanol to initiate the nematocyst firing, proved to yield samples that displayed no contamination 
from non-target tissues and proteins [10,12]. The future direction of Cnidarian venom research 
may have turned a corner as a resulting factor of this development. For instance; the improved 
reliability of samples and the reduction in contamination has, when compared to previous means 
of extraction, potentially increased the accuracy of venom assays and led to a larger range of 
venom components which are able to be identified [12].

The development of a means to chemically elicit the firing of nematocysts has greatly improved 
the potential for in situ sampling of Cnidarian toxins as the method has proven to yield rapid 
expulsion of nematocysts and toxins [12,35]. The use of this method, however, has not gone 
without challenge, recent research [46] has highlighted a potential problem with the viability of 
cardiotoxic components of venom samples which have been procured using ethanol extraction. 
With the results suggesting that there is a level of degradation occurring with the venom proteins 
when extracted using ethanol, when compared to venom extracted in sea water using beads to 
cause disruption of the nematocysts. The findings of this research have further emphasised a 
greater need to thoroughly explore all aspects of chemical extraction in order to fully assess the 
viability as a practical solution to obtain Cnidarian venom samples. There are potential benefits to 
the use of chemical extraction which are unique to this method and as such would not be feasible 
with other available extraction techniques. One such example of this is the almost instant delivery 
of venom from this method, which has presented a niche in which there is an ability to combine 
the chemical extraction technique with a proprietary device that is able to pass a flow of alcohol 
over the tissues whilst simultaneously drawing up the resulting mixture of ethanol, toxins and 
surrounding water. The development of such a device could potentially allow for the in situ 
sampling of a vast array of Cnidarian species across the entire Phylum which could, in turn, rapidly 
accelerate our understanding of Cnidarian toxins as a result. 

Cnidarian Venom Composition and Activity
Owing to the technicalities pertaining to extraction and preparation of Cnidarian venoms being 
present as a limiting factor, our knowledge of their toxin composition is an area in which is still 
not widely understood, despite there being constant advances in availability of screening 
techniques [12,14,48-51]. With the development of extraction and purification techniques for 
Cnidarian venoms leading to an ability to research toxin composition from a greater number of 
species, we are slowly beginning to find a much more diverse array of compounds than were 
previously known. An example can be seen in small cysteine-rich peptides (SCRiPs) that were 
initially thought to be genes involved in calcification and reef formation in Scleractinia, however 



several homologous peptides were also identified in Actiniaria. When isolated from Acropora 
millepora these SCRiPs were found to exhibit acute neurotoxicity in Danio rerio fry, and as a 
result are thought to be the first known example of neurotoxic compounds within Scleractinian 
venom [52-54]. Table 1 highlights the current state of our understanding of Cnidarian toxins, 
including the taxa in which the toxins have been currently observed; the toxin families; and the 
activities exhibited by these toxins.

Nomenclature of Cnidarian Toxins
Given the complex nature of many venoms, it is reasonable to suggest that a unified method of 
nomenclature would benefit the field of venom research. One such suggestion came in the form of 
the proposed rationalisation of peptide and protein toxin nomenclature by King et al in 2008 [55]. 
Through the use of this format, a researcher could theoretically observe a toxin unknown to them 
and, with an understanding of the rationalised format, extrapolate a series of  information about 
the toxin and the animal from which it originated. This format works through using a prefixed 
Greek letter which acts as a descriptor for a specific activity, after this is the family name of the 
animal in which the toxin originates, this is followed by a three letter sequence which denotes the 
genus and species of the animal, following this is a number to differentiate between 
pharmacologically comparable toxins, and finally a letter is assigned to indicate the presence of 
isoforms [55,56]. For example, the Greek lower-case letter kappa (κ) denotes that there is an 
inhibitory activity on the Voltage-Gated Potassium (Kv) Channels or the lower-case Greek letter 
delta (δ) signifies that the toxin causes a delay in the inactivation of the Voltage-Gated Sodium 
(Nav). 

Using Anemonia viridis/sulcata as an example species, the toxins formally named BDS-1 and 
BDS-2 do not present any real information relating to the species or the fact that the toxins have a 
Kv modulating activity. However, when presented in the rationalised format; k-Actitoxin-Avd4a 
and κ-Actitoxin-Avd4b respectively, it shows that these toxins act on Kv channels, they are toxins 
originating from the Actiniidae family, they are from the species Anemonia viridis, they are one 
of at least 4 unrelated toxins which share a similar pharmacology, and there are a series of isoforms 
of κ-Actitoxin-Avd4a. Similarly, using the toxins ATX-I, ATX-II, ATX-III, and Av7 as another 
example series. These toxins all act on the Nav channels and are all found in Anemonia viridis once 
again. When rationalised they would become; δ-AITX-Avd1a and δ-Actitoxin-Avd1ab for ATX-
I, δ-Actitoxin-Avd1c for ATX-II, δ-Actitoxin-Avd2a for ATX-III, and δ-Actitoxin-Avd2b for 
Av7. This shows that the toxin formally known as ATX-I has three isoforms, one of which was 
formally thought to be a separate toxin in ATX-II, and ATX-III is a separate toxin of which Av7 
is an isoform [56].

When a toxin is presented in this format it is clear that, when compared to the currently utilised 
non-standardised toxin nomenclature, there is often a significant lack of clear information about a 
specific toxin which can be obtained using current means of naming toxins. Presenting toxins in a 
rationalised format is, at present, an under-utilised practice. As a result, toxin nomenclature as a 
whole is in a state in which a large-scale review would be required to implement the format 
proposed by King et al in 2008 [55]. The current state of toxin nomenclature undoubtedly requires 
some reclassification in a rationalised format and this would ideally serve to expand the work 
which Oliveira et al undertook to reclassify Sea Anemone toxins in 2012 [56]. During this chapter 
the nomenclature has been used that is as published by the relevant authors.  



1 The presence of these toxins in Scyphozoa are a relatively new discovery and, although included in this table, there is a definite need for further 
study to assess their roles within the venom.
2 Currently only observed in a limited number of species.
3 Information gathered through UniProtKB search (https://www.uniprot.org/uniprot/?query=three-finger+toxin&sort=mass&desc=no).

Table 1. Current Understanding of the Venom Composition of Cnidaria. Taken from [15].

Cnidarian Class Toxin Family Activity
Molecular Weight 

(kDa) References

Anthozoa,
Scyphozoa1 NaTxs Neurotoxicity, Cardiotoxicity, Insecticidal 3-8kDa [8,53,57,58]

Anthozoa, 
Scyphozoa1 KTxs

Neurotoxicity, Cardiotoxicity, Analgesia, Hypotensive, 
Immunosuppressive, Antimicrobial

3-5.8kDa [8,14,53,58,59,60]

Anthozoa ASIC Inhibitors Analgesia, Neurotoxicity 3-4.7kDa [8,53,59,61]

Anthozoa TRPV1 Inhibitors Analgesia, Serine Protease Inhibitor 3kDa [8,53,59]

Anthozoa, 
Scyphozoa 

Three-Finger Toxin-Like 
Proteins2 Neurotoxicity 2-14.5kDa3 [62-64]

Anthozoa, 
Scyphozoa1 Kunitz Peptides Neurotoxicity, Serine Protease Inhibitor, Paralytic 6-7kDa [8,53,58,59,62,65]

Anthozoa SCRiPs Paralytic 4.3-8kDa [8,22,53,60]

Anthozoa, 
Hydrozoa Actinoporins Cytolytic, Haemolytic, Cardiotoxicity, Myotoxicity 20-22kDa [8,14,53,66-68]

https://www.uniprot.org/uniprot/?query=three-finger+toxin&sort=mass&desc=no


Table 1. (Cont.) Current Understanding of the Venom Composition of Cnidaria

Cnidarian Class Toxin Family Activity
Molecular 

Weight (kDa) References

Anthozoa, Scyphozoa C-Type Lectins
Pro/Anticoagulant, Disruption of Platelet 

Activation
14-30kDa [58,62,69-72]

Scyphozoa1 Scyphozoan Pore-Forming Toxins 
(PFTs)

Haemolytic, Cytolytic 36-55kDa [58,72-73]

Cubozoa Jellyfish Toxins
Haemolytic, Cardiotoxicity, Cytolytic, 

Myotoxicity, Inflammatory
42-52kDa [8,67-68]

Anthozoa, Hydrozoa Hydralysins
Cytolytic, Paralytic, Haemolytic, Aids 

Digestion of Prey
27-31kDa [8,50,75] 

Anthozoa, Scyphozoa, 
Hydrozoa

Membrane Attack Complex-Perforin 
(MACPF) and MACPF Homologues

Cytolytic, Haemolytic, Cytotoxicity ~3&60kDa [8,50,62,75-76]

Anthozoa, Scyphozoa, 
Cubozoa, Hydrozoa Phospholipase A2 (PLA2) Cytolytic, Haemolytic 13-95kDa [8,58,62,64,66,77]

Anthozoa, Scyphozoa, 
Cubozoa Metalloproteases Cytolytic, Hemolytic, Cytotoxicity 17-130kDa [8,58,62,68,71,72]

Scyphozoa Hyaluronidase2 Toxin Transportation via Breakdown of 
Extracellular Matrix 

55&95kDa [58,78]

Scyphozoa L-Amino Acid Oxidases (LAAOs)
Cytotoxicity, Haemolytic, Platelet 

Aggregator, Haemorrhagic, Cell Apoptosis
120-150kDa [58,79,80]



Table 1. (Cont.) Current Understanding of the Venom Composition of Cnidaria

Cnidarian 
Class Toxin Family Activity

Molecular 
Weight (kDa) References

Anthozoa, 
Hydrozoa 5-Hydroxytriptamine Vasodilatory, Nociceptor Agonist 176.22 [8,68,74]

Anthozoa Histamine Vasodilatory, Nociceptor Agonist 111.15 [8,68]

Anthozoa Caissarone
Vasodilatory, Adenosine Receptor 

Antagonist
193.21 [8,22,50,66]

Anthozoa Bunodosine Vasodilatory, Analgesia 391.22 [8,50,66]



THERAPEUTIC POTENTIAL OF CNIDARIAN TOXINS 

There is much evidence that venom components can be developed into new therapeutics as there 
are already a number of drugs on the market that have been developed from venoms.  Most of 
these so far have been utilised from reptile venom. Capoten® (Captopril) which treats hypotension 
was the first drug to be developed from a component of venom and this venom was from the 
Brazilian or Arrowhead Pit Viper Bothrops jararaca [81].  A drug that treats angina Aggrastat® 
(Tirofiban) was derived from the venom of the Saw-Scale Viper Echis carinatus [81].  Integrilin® 
(Eptifibatide) is another angina drug from the South-Eastern Pygmy Rattlesnake Sistrurus 
miliarius barbouri [82].  Defibrase® (Batroxobin) developed to treat thrombosis was produced 
from venom components discovered in both the Common Lancehead Bothrops atrox and the 
Brazilian Lancehead Bothrops moojeni [83]. Byetta® (Exenatide) from the Gila Monster 
Heloderma suspectum was developed to treat type 2 diabetes [84].  

There are currently two drugs that originate from a marine animal, Prialt® (Ziconotide) is one of 
these. This drug has been developed to treat chronic pain and the active component is a peptide 
called omega-conotoxin which has been developed from the venom of the Magical Cone Snail 
Conus magus [85]. This peptide acts on voltage sensitive calcium channels by blocking them. The 
other is from a Cnidarian and is called Dalazatide and was originally derived from the Sea 
Anemone Stichodactyla helianthus [59]. This is currently in clinical trials and you can read more 
about this in the section below on autoimmune disease. 

Although there are currently no clinically approved drugs available which are derived from the 
venom of a species of Cnidaria, there are numerous clinical trials occurring which highlight the 
huge therapeutic potential for Cnidarian toxins (Table 2). 

Venom components from Cnidaria contain an essentially unexploited source of novel bioactive 
compounds. Because of this many research groups have been working to understand these 
components to investigate if they have utility as a possible source of novel biotherapeutics 
[8,12,14,27,59-60,66,86-89]. 



Treatment of Autoimmune disease 
Sea anemone venom not only has an effect on sodium channels, it has also been shown to have an 
effect on potassium channels.  In particular the voltage-gated potassium channel KV1.3 has been 
shown to be an important target for a number of autoimmune diseases as this is one of the 
potassium channels that is located on human T lymphocytes [97]. Kv1.3 has been demonstrated to 
be blocked very effectively by the peptide toxin ShK from the Sun Anemone (Stichodactyla 
helianthus). It is not completely specific to this channel as it also blocks some of the other 
potassium channels (Kv1.1, Kv1.4 and Kv1.6) but only weakly [98]. ShK has been made 
synthetically and a modification has been introduced to make it more selective for Kv1.3 and 
Kv1.1 as well by undertaking a K18A mutation which is just a one amino acid change.  This then 
improves this peptide which makes it a better lead for targeting autoimmune disease [99]. 
Dalazatide a 37-amino acid synthetic peptide which was previously called ShK-186 and SL5 
specificity targets Kv1.3 and is a treatment for psoriasis and other autoimmune diseases.  The 
phase 1b trials were successful and now further larger studies are required [80]. Dalazatide was 
originally derived from the Sea Anemone Stichodactyla helianthus peptide Shk [100] which blocks 
the activation of the effector memory T-cells.  Both BgK and ShK peptides discovered in the 
venom of the Bunodosoma granulifera potently block Kv1.3.  Another peptide that acts on Kv1 
and blocks the channel is OspTx2a which was discovered from Oulactis sp. [101]. Another peptide 
has recently been discovered from the same species is OspTx2b but this doesn’t have any activity 
against Kv1 channels [96].  Kv1.3 is also a promising target for multiple sclerosis and ShK toxins 
and their analogs are being investigated further in this area [91,103].

Table 2: Potential Drug Leads Derived from Cnidarian Toxins. Taken from [15].
Toxin Potential Drug Leads Reference

TRPV1 
Inhibitors Analgesia, Anti-Tumour, Anti-Epileptic, Neuroprotective [8,59,90] 

Anti-BuChE Neurodegenerative Diseases [8,53]

KTxs
Analgesia, Antimicrobial, Anti-Obesity, Anti-seizure, 
Hypotension Treatment, T Lymphocyte Proliferation, 

Immunosuppression, Multiple Sclerosis Treatment
 [8,59,89,91-92]

NaTxs Anti-Tumour, Antiarrhythmia, Anti-seizure, 
Neuroprotective, Insecticidal

[59,89]

Kunitz 
Peptides Anti-inflammatory, Neuroprotective  [59,93]

ASIC 
Inhibitors Analgesia, Anti-Inflammatory  [59,89,94]

Actinoporins Anti-Tumour, Anti-Parasitic, Leukaemia   [8,68,88,95]

EGF Targeting 
Toxins Anti-Tumour [66,96]



Obesity and insulin resistance 
Another disease that Kv1.3 inhibitors are also considered as a therapeutic target is obesity. ShK-
186 could also be used in the treatment of obesity and insulin resistance as a study with mice 
showed a reduction in weight gain and enhanced insulin sensitivity in the treated animals [104]. 

Investigating blood disorders 
The venom toxin PsTX-T of the Sea Anemone Phyllodiscus semoni can be utilised in the analysis 
of pathology, and in the development of therapeutic approaches in the condition haemolytic uremic 
syndrome (HUS) [89].

Potential for Cancer treatments  
A Cnidarian venom that has been shown to have anticancer properties in liver and breast cancer is 
from the Giant Jellyfish Nemopilema nomurai.  The human breast adenocarcinoma cell line MDA-
MB-231 and the human hepatocellular carcinoma cell line HepG2 were utilised for these 
experiments. The researchers showed that this venom targeted Akt and mTOR signalling pathways 
which are dysregulated in cancer [105-106]. CqTX from the Box Jellyfish Chiropsalmus 
quadrigatus causes apoptosis in glioma cells [107]. The venom of the Atlantic Sea Nettle Jellyfish 
Chrysaora quinquecirrha contains a peptide called the Sea Nettle nematocyst venom (SNV) 
peptide which displayed substantial anti-tumour activity on an Ehrlich ascites carcinoma (EAC) 
tumour model [108]. 

It is not just Jellyfish toxins that show potential in the fight against cancer.  Fractions of venom 
from the Snakelocks Sea Anemone Anemonia viridis have also been shown to have a cytotoxic 
effect on cancer cells [109]. A pore forming protein called Equinatoxin II from the Beadlet 
Anemone Actinia equina has shown to be toxic to leukaemic and Ehrlich ascites tumour cell lines 
[110]. 

A non-protein component of venom called Palytoxin from Soft Corals of the order Zoantharia and 
genus Palythoa and Zoanthus and the Sebae Sea Anemone Heteractis crispa has been shown to 
have anticancer activity against a number of cancer cell lines from head and neck cancer, Ehrlich 
ascites tumour and leukemic cells [111-112]. It is thought to act by distortion of actin filaments 
and cell death [113].  In contrast to the above Palytoxin has also been reported as a tumour 
promoter as it stimulates MAP kinase activity [114]. 

The Sun Sea Anemone Stichodactyla. helianthus produces another pore forming toxin called 
Actinoporin and this has been linked with an antibody in the treatment of colorectal cancer. 
Unfortunately, these chimeras produce non-specific toxicity, and more work needs to be done on 
this to develop it further [68]. 

Actinoporin RTX-A from the Sebae Sea Anemone Heteractis crispa has a cytotoxic effect on a 
range of cancer cells by inducing p53 independent apoptosis [95]. 

A compound called Sinularin from Soft Leather Corals Sinularia flexibilis and Sinularia 
manaarensis has been shown to have anticancer activity specifically against breast cancer cell lines 
compared to normal ones [115]. It works by affecting the cell cycle, causing DNA damage and 
programmed cell death and activation of PARP (poly(ADP-ribose) polymerase). It has also been 



shown to be effective in human hepatocellular carcinoma cells utilising the similar mechanisms 
[116]. 

An Epidermal Growth Factor-like (EGF-like) peptide called Gigantoxin I has been discovered in 
the venom of the Giant Carpet Sea Anemone Stichodactyla gigantea.  Gigantoxin I not only has 
homology with EGF it has been shown to have an effect on the cancer cell line A431 [96].   This 
cell line has an exceptionally high number of Epidermal Growth Factor Receptors (EGFR) which 
is the receptor for EGF and is an anticancer target [117]. Gigantoxin I also has an effect on 
Transient Receptor Potential Vanilloid Receptor 1 (TRPV1) channels [66]. 

Pore forming proteins EqTX-II and Bc2 from the Sea Anemones Actinia equina and Bunodosoma 
caissarum respectively had a cytotoxic effect on glioblastoma cells [118]. A toxin Sticholysin I 
(StI) from the Sea Anemone Stichodactyla helianthus has been used to produce immunotoxins to 
kill colon cancer cells [119-120].

Effect on sodium channels 
It was back in 1969 when it was shown that a toxic component(s) from a Caribbean Sea Anemone 
Condylactis gigantea (Figure 2) caused a delay in the inactivation of sodium currents in the giant 
axon of a crayfish [121].  Voltage gated sodium channels are targeting by a number of Sea 
Anemone venoms affecting receptor site-3 of the alpha subunit of this channel which causes 
inactivation thus affecting the gating of the sodium channel [122]. Toxins Av1, Av2 and Av3 
originally isolated from Anemonia viridis have now been found in a number of Sea Anemones and 
shown to inactivate sodium channels [122].  Gigantoxins II and III from the Sea Anemone 
Stichodactyla gigantea have activity on sodium channels [96]. 

Cardiovascular disease treatments  
Anthopleurin A and B are peptides from the Giant Green Sea Anemone Anthopleura 
xanthogrammica and have an effect on sodium channels and have shown initial promise as drugs 
for use in cardiovascular disease by strengthening the force of the heartbeat (positive inotrope) 
[123-124]. Anthopleurin C was isolated from the Aggregating Sea Anemone Anthopleura 
elegantissima and has shown similar action to Anthopleurin A.  Hk2a is another peptide toxin 
which also has a very similar structure to Anthopleurin C and the neurotoxin 1 [125]. A sodium 
ion channel modifier AdE-1 discovered in the Sea Anemone Aiptasia diaphana is a novel 
cardiotonic peptide [126]. It acts by significantly impeding current inactivation with no significant 
effect on current activation. The Sea Anemone Anemonia viridis peptide ATX-II inhibits the 
inactivation of the sodium channel in the heart and could be promising as an antiarrhythmic drug 
[127]. 



New approaches to treat liver disease 
There is another isoform of Anthopleurin called Anthopleurin Q discovered in the venom of 
Anthopleura xanthogrammica (Figure 3) which has been shown to have an effect on rat liver cells 
and is being investigated due to its protective effect on liver injury [128]. It is thought to do this 
from selectivity delaying outward potassium currents in hepatocytes (liver cells).  

Alleviation of pain by the development of new analgesics 
Obtaining acceptable pain control is still a significant health problem and new drugs are needed to 
treat pain which are more effective with less side effects. Venom components could deliver new 
treatments as they do affect a number of pain targets [129]. TRPV1 and Acid-Sensing Ion Channels 
(ASICs) are important drugs in drug discovery for the treatment of pain and several components 
of Sea Anemones have been found to block these receptors. From the Sea Anemone Heteractis 
crispa was discovered TRPV1 inhibitors named APHC1, APHC2 and APHC3 which could be 
utilised as analgesics [8,89,130-132].  An N-acylamino acid called Bunodosine was discovered in 
the venom of the Sea Anemone Bunodosoma cangicum could be utilised as an analgesia as it is 
thought to activate serotonin receptors [133]. The peptide PhcrTx1 from the Rock Flower Sea 
Anemone Phymanthus crucifer has been found to be an ASIC inhibitor and could be utilised as an 
analgesia [134]. It also acts on voltage gated potassium channels (Kv) but with a much-reduced 
effect compared to the ASIC channel.  From the Painted Sea Anemone Urticina grebelnyi the 
peptide π-AnmTX Ugr 9a-1 was discovered and was shown to specifically inhibit the human 
ASIC3 channel in a Xenopus oocyte model [135].  The Sea Anemone Anthropleura elegantissima 
toxin APETx2 inhibits inflammatory pain through the ASIC3 receptor [59,94,136].  

Peptides from the Sea Anemone Heteractis crispa have Kunitz peptides HCRG1 and HCRG2 that 
possess Kv1.3 blocking activity and have anti-inflammatory properties.  In particular HCRG1 is 
very effective in reducing the synthesis of tumour necrosis factor (TNF) alpha [93,137].

Novel therapeutic strategies for Epilepsy
As mentioned above, APETx2 blocks ASIC3 and this toxin has also been used to better understand 
the mechanisms involved in epilepsy [138].

Antimicrobial activity 
The diterpenes Flexibilide and Sinulariolide from Soft Coral Sinularia flexibilis have shown 
antimicrobial activity [139]. A peptide called Hydramacin-1 was extracted from the freshwater 
Hydrozoan Hydra magnipapillata [140] and was found to have antimicrobial activity which 
includes activity against antibiotic resistant bacteria and fungi as well as other gram positive and 
gram-negative bacteria.  Periculin-1 is another antimicrobial peptide from the Hydrozoan Hydra 
vulgaris [141]. There are many other antimicrobials that have been discovered.  A comprehensive 
review of this area has been written elsewhere [49].

Insecticides 
Insecticidal toxicity has been enhanced by fusing Cry1Ac of Bacillus thuringiensis with a 
neurotoxin that is toxic to Cockroaches and Crustaceans but doesn’t affect Mammals called Av3 
from the Sea Anemone Anemonia viridis [92]. 



Novel treatments of neurodegenerative diseases
Crude venom from the tentacle material of the Mediterranean Jellyfish Pelagia noctiluca has been 
shown to inhibit butyrylcholinestrasic activity so has the potential to be utilised in the treatment 
dementia and dementia related diseases [142]. Although the component or components in the 
venom haven’t been identified yet [143].                                   

SUITABILITY AS DRUG LIKE MOLECULES

Development of drug like molecules from Cnidaria venoms
Studies of toxins that have been suitably purified for drug discovery have, with few notable 
exceptions, only investigated target engagement and often selectivity.  They negated to investigate 
other drug like properties such as absorption, dispersion, metabolism, and excretion (ADME). Key 
criteria for measuring absorption and dispersion of circulating drugs are Cmax and Tmax. Cmax is the 
maximum plasma concentration and Tmax is the time taken to reach that concentration. In the 
envenomed host natural selection has led to venoms with high Cmax and short Tmax from 
subcutaneous injection as these will subdue the prey the fastest or repel predators faster. A slow 
acting venom with a long Tmax would give the prey time to escape from the soft bodied Cnidarian 
predator. On the other side the predators would have already consumed the Cnidarian prey before 
the venom takes effect, thus being too late for both animals. These pharmacokinetic (movement of 
drugs in the body) properties are not only useful in the wild but also fit well for drug development. 
Metabolism and excretion of the venom is presumed to be after the key events in envenomation 
and thus presumably are not affected by natural selection. The other aspects of the venoms such 
as their 3D structure and modification to engage targets do indirectly affect their metabolism and 
excretion parameters in a way that could be useful for drug discovery. ADME properties are key 
criteria for any drug to be considered worth the investment to move from preclinical research to 
clinical drug trials. This is because without suitable ADME properties the molecules will either 
fail at getting to the target, or not be at a sufficient concentration for long enough to elicit the 
desired pharmacological effect. Modern humans have evolved to live on a diet rich in protein, 
which means that the oral route of administration for peptide drugs is a challenging one. However, 
progress is being made in this field, such as the development of Exanta™ (Ximelagatran) produced 
by AstraZeneca from a cobra venom peptide. Although it was not successful in clinical trials it has 
shown oral venom peptide drug delivery is possible [144]. The cone snails are probably the best 
studied marine invertebrate venoms as several of their disulphide bridges peptides have drug like 
properties and one [145] has made it to become a licenced therapeutic. Synthetic modification of 
the hydrogen bond structure of alpha-conotoxin Vc1.1 permits oral bioavailability [146]. More 
advances in peptide engineering are likely to lead to a greater number of orally available peptide 
therapeutics.

Preclinical evaluation of Shk toxins for clinical use in autoimmune disease has used once daily 
sub cutaneous dosing of the peptide solution due to the plasm half-life of ~ 50 minutes [91]. 
However it appears that significant amounts of the peptide bind to plasma proteins and act as a 
reservoir prolonging target engagement for many hours [91]. Further stability from the native 
peptide was achieved though addition of C-terminal amide, non-hydrolysable C-terminal 
modifications [91]. Because small peptides derived from venoms are readily synthesised chemical 



they can be easily modified such as using D enantiomers to protect from proteases [147]. C-
terminal amides to appear as natural stability modifiers in venom peptides, such those from cone 
snails [148] but have yet to be reported naturally occurring for Cnidaria. Post translational 
substitution of the carboxylic acid group of peptides for amides naturally protects against 
destruction by carboxypeptidase [91] In clinical use, Shk-186 (dalazatide) achieved rapid plasma 
exposure (Tmax ~30 minutes) from subcutaneous injection to Psoriasis patients but was effective 
with doses 29 days apart [100]. However, Shk-186 has a short plasma half-life where >90% of the 
circulating dose is lost in two hours, there is slow release of the remainder from plasma protein 
binding [149]. Shk-186 also reduces immune-infiltration of transplanted kidneys in animal models, 
however 100ug/kg was needed to be injected twice daily to achieve therapeutic activity [91]. 
As for excretion peptide drugs, including shk suffer from rapid renal clearance [100], however 
simple addition of polyethylene glycol chains, called PEGylation, improves the 
pharmacodynamics by reducing renal clearance, such as has been demonstrated with a snake 
venom serine protease [150].

CONCLUSION

Despite being the oldest and most speciose venomous clade, research into the utility of Cnidarian 
venoms lags behind that of other taxa. This is predominantly due to challenges in sourcing and 
extracting such venoms. Recent research and improvements in aquaculture are opening up access 
and understanding of these amazingly useful proteins. There is no doubt that in the coming years 
a greater understanding of Cnidarian venom composition and drug like properties will add to the 
utility of this fascinating clade. The first Cnidarian venom clinical candidate dalazatide, is showing 
promise in autoimmune disorders due to long target engagement and useful pharmacokinetics. The 
future of venom research will see more focus on drug like properties such as absorption, dispersion, 
metabolism and excretion in addition to potency and selectivity. This will fuel a great increase in 
our ability to fight challenging disease with novel therapeutics. No doubt there are many more 
drug like molecules and research tools within the venoms of these incredible animals. Surely, even 
for selfish reasons, we should be doing more to protect our aquatic habitats and the remarkable 
species within.

REFERENCES

[1] Post, D. C., & Jeanne, R. L. Venom, Source of a Sex Pheromone in the Social Wasp Polistes 
fuscatus (Hymenoptera: Vespidae). Journal of Chemical Ecology, 1983, 9(2), 259-266.



[2] Fry, B. G., Roelants, K., Champagne, D. E., Scheib, H., Tyndall, J. D. A., King, G. F., Nevalainen, 
T. J., Norman, J. A., Lewis, R. J., Norton, R. S., Renjifo, C., & Rodríguez de la Vega, R. C. The 
Toxicogenomic Multiverse: Convergent Recruitment of Proteins Into Animal Venoms. Annu. 
Rev. Genom. Human Genet., 2009, 10, 483-511. DOI: 
10.1146/annurev.genom.9.081307.164356

[3] Casewell, N. R., Wüster, W., Vonk, F. J., Harrison, R. A., & Fry, B. G. Complex Cocktails: The 
Evolutionary Novelty of Venoms. Trends in Ecology and Evolution, 2013, 28(4), 219-229. DOI: 
10.1016/j.tree.2012.10.020. 

[4] Miranda, R. J., Cruz, I. C. S., & Barros, F. Effects of the Alien Coral Tubastrea tagusensis on 
Native Coral Assemblages in a Southwestern Atlantic Coral Reef. Mar. Biol., 2016, 163:45. 
DOI: 10.1007/s00227-016-2819-9

[5] Lopez-Gonzalez, P. J., Bramanti, L., Escribano-Álvarez, P., Benedetti, M-C., Martínez-Baraldés, 
I., & Megina, C. Thread-Like Tentacles in the Mediterranean Corals Paramuricea clavata and 
Corallium rubrum. Mediterranean Marine Science, 2018, 19(2), 394-397.

[6] Schendel, V., Rash, L. D., Jenner, R. A., & Undeheim, E. A. B. The Diversity of Venom: The 
Importance of Behaviour and Venom System Morphology in Understanding its Ecology and 
Evolution. Toxins, 2019, 11(666). DOI: 10.3390/toxins11110666.

[7] Park, E., Hwang, D., Lee, J., Song, J., Seo, T. & Won, Y. Estimation of Divergence Times in 
Cnidarian Evolution Based on Mitochondrial Protein-Coding Genes and the Fossil Record. 
Molecular Phylogenetics and Evolution, 2012, 62, 329-345.

[8] Jouiaei, M., Yanagihara, A. A., Madio, B., Nevalainen, T. J., Alewood, P. F., & Fry, B. G. Ancient 
Venom Systems: A Review on Cnidaria Toxins. Toxins, 2015, 7, 2251-2271.

[9] Gusmani, L., Avian, M., Galil, B., Patriarca, P., & Rottini, G. Biologically Active Polypeptides in 
the Venom of the Jellyfish Rhopilema nomadica. Toxicon, 1997, 35(5), 637-648.

[10] Carrette, T., & Seymour, J. A Rapid and Repeatable Method for Venom Extraction from 
Cubozoan Nematocysts. Toxicon, 2004, 44, 135-139.

[11] Berking, S., & Herrmann, K. Formation and Discharge of Nematocysts is Controlled by a Proton 
Gradient Across the Cyst Membrane. Helgol. Mar. Res., 2005, 60, 180-188.

[12] Jouiaei, M., Casewell, N. A., Yanagihara, A. A., Nouwens, A., Cribb, B. W., Whitehead, D., 
Jackson, T. N. W., Ali, S. A., Wagstaff, S. C., Koludarov, I., Alewood, P., Hansen, J., & Fry, B. 
G. Firing the Sting: Chemically Induced Discharge of Cnidae Reveals Novel Proteins and 
Peptides from Box Jellyfish (Chironex fleckeri) Venom. Toxins, 2015, 7, 936-950.

[13] Senčič, L., & Maček, P. New Method for Isolation of Venom from the Sea Anemone Actinia cari. 
Purification and Characterization of Cytolytic Toxins. Comp. Biochem. Physiol., 1990, 97B(4), 
687-693.

[14] Frazão, B., Vasconcelos, V., & Antunes, A. Sea Anemone (Cnidaria, Anthozoa, Actiniaria) 
Toxins: An Overview. Mar. Drugs, 2012, 10, 1812-1851.

[15] Robinson, P. Investigating Novel Non-Invasive Methods to Extract Cnidarian Toxins and Their 
Potential Use in Drug Discovery. M.Sc Thesis. Canterbury Christ Church University, UK. 2020.



[16] Chapman, G. B., & Tilney, L. G. Cytological Studies of the Nematocysts of Hydra: I. 
Desmonemes, Isorhizas, Cnidocils, and Supporting Structures. J. Biophysic. And Biochem. 
Cytol., 1959, 5(1). 69-78. 

[17] Chapman, G. B., & Tilney, L. G. Cytological Studies of the Nematocysts of Hydra: II. The 
Stenoteles. J. Biophysic. And Biochem. Cytol., 1959, 5(1). 79-84.

[18] Robson, E. A. The Discharge of Nematocysts in Relation to Properties of the Capsule. Publ. Seto 
Mar. Biol. Lab., 1973, 20. 653-673.

[19] Purcell, J. E. The Functions of Nematocysts in Prey Capture by Epipelagic Siphonophores 
(Coelenterata, Hydrozoa). Biol. Bull., 1984, 166. 310-327.

[20] Turk, T., & Kem, W. R. The Phylum Cnidaria and Investigations of its Toxins and Venoms Until 
1990. Toxicon, 2009, 54, 1031-1037.

[21] Jaques, R., & Schachter, M. A Sea Anemone Extract (Thalassine) Which Liberates Histamine 
and a Slow Contracting Substance. Brit. J. Pharmacol., 1954, 9(49), 49-52.

[22] Šuput, D. In vivo Effects of Cnidarian Toxins and Venoms. Toxicon, 2009, 54, 1190-1200.

[23] Ring, J., Grosber, M., Brockow, K., & Bergmann, K-C. ‘Anaphylaxis’, in Bergmann, K-C., & 
Ring, J. (eds.) History of Allergy. Chem. Immunol. Allergy. Basel, Karger, 100, 2014; 54-61.

[24] Cairns, S. D., & Fautin, D. G. Cnidaria: Introduction. In: Felder, D. L., & Camp, D. K. (eds.). 
Gulf of Mexico–Origins, Waters, and Biota. Biodiversity. College Station, Texas: Texas A&M 
University Press; 2009; 315–319.

[25] Jamieson, A. Part III – The hadal community. In: The Hadal Zone: Life in the Deepest Oceans. 
Cambridge: Cambridge University Press; 2015; 125–126.

[26] Fernandez, M. O., & Marques, A. G. Combining Bathymetry, Latitude, and Phylogeny to 
Understand the Distribution of Deep Atlantic Hydroids (Cnidaria). Deep-Sea Research Part I, 
2018, 133, 39-48. 

[27] Rocha, J., Peixe, L., Gomes, N. C. M., Calado, R. Cnidarians as a Source of New Marine 
Bioactive Compounds – An Overview of the Last Decade and Future Steps for Bioprospecting. 
Mar. Drugs, 2011, 9, 1860-1886. DOI: 10.3390/md9101860.

[28] Cicka, D., & Quave, C. Bioprospecting for Pharmaceuticals: An Overview and Vision for Future 
Access and Benefit Sharing. In Joshee N., Dhekney S., & Parajuli P. (eds). Medicinal Plants. 
Switzerland: Springer, Cham; 2019; 17-34.

[29] Gacesa, R., Chung, R., Dunn, S. R., Weston, A. J., Jaimes-Becerra, A., Marques, A. C., 
Morandini, A. C., Hranueli, D., Starcevic, A., Ward, M., & Long, P. F. Gene duplications are 
extensive and contribute significantly to the toxic proteome of nematocysts isolated from 
Acropora digitifera (Cnidaria: Anthozoa: Scleractinia). BMC Genomics, 2015, 16(774). DOI: 
10.1186/s12864-015-1976-4.

[30] Orejas, C., Taviani, M., Ambroso, S., Andreou, V., Bilan, M., Bo, M., Brooke, S., Buhl-
Mortensen, P., Cordes, E., Dominguez-Carrió, C., Ferrier-Pagès, C., Godinho, A., Gori, 
A., Grinyó, J., Gutiérrez-Zárate, C., Hennige, S., Jiménez, C., Larsson, A. I., Lartaud, 
F., Lunden, J., Maier, C., Maier, S. R., Movilla, J., Murray, F., Peru, E., Purser, A., Rakka, 
M., Reynaud, S., Roberts, J. M., Siles, P., Strömberg, S. M., Thomsen, L., van Oevelen, 



D., Veiga, A., & Carreiro-Silva, M. Cold-Water Coral in Aquaria: Advances and Challenges. A 
Focus on the Mediterranean. In: Orejas, C., & Jiménez, C., (eds). Mediterranean Cold-Water 
Corals: Past, Present and Future: Coral Reefs of the World Vol. 9. Switzerland: Springer, Cham; 
2019; 435-471.

[31] Leal, M.C., Ferrier‐Pagès, C., Petersen, D., & Osinga, R., Coral Aquaculture: Applying 
Scientific Knowledge to ex situ Production. Reviews in Aquaculture, 2014, 8(2). 136-153.

[32] Lin, C., Zhuo, J.M., Chong, G., Wang, L.H., Meng, P.J. and Tsai, S., The Effects of Aquarium 
Culture on Coral Oocyte Ultrastructure. Scientific reports, 2018, 8(1). 1-13.

[33]. Borneman, E. Introduction to the Husbandry of Corals in Aquariums: A Review. In: Leewis, R. 
J., & Janse, M. (eds). Advances in Coral Husbandry in Public Aquariums: Public Aquarium 
Husbandry Series, Vol 2. Netherlands: Burgers Zoo, Arnhem; 2008; 3-14.

[34] Osinga, R., Janssen, M., & Janse, M. The Role of Light in Coral Physiology and its Implications 
for Coral Husbandry. In: Leewis, R. J., & Janse, M. (eds). Advances in Coral Husbandry in 
Public Aquariums: Public Aquarium Husbandry Series, Vol 2. Netherlands: Burgers Zoo, 
Arnhem; 2008; 173-183.

[35] Robinson, P., Trim, S., & Trim, C. Non-Invasive Extraction of Cnidarian Venom Through the 
use of Autotomised Tentacles. Animal Technology and Welfare, 2019, 18(3), 167-173.

[36] Craggs, J., Guest, J. R., Davis, M., Simmons, J., Dashti, E., & Sweet, M. Inducing Broadcast 
Coral Spawning ex situ: Closed System Mesocosm Design and Husbandry Protocol. Ecology 
and Evolution, 2017, 7(24), 11066-11078.

[37] Acevedo, M. J., Fuentes, V. L., Olariaga, A., Canepa, A., Belmar, M. B., Bordehore, C., & 
Calbert, A. Maintenance, Feeding and Growth of Carybdea marsupialis (Cnidaria: Cubozoa) in 
the Laboratory. Journal of Experimental Marine Biology, 2013, 439, 84-91. DOI: 
10.1016/j.jembe.2012.10.007.

[38] Grawunder, D., Hambleton, E. A., Bucher, M., Wolfowicz, I., Bechtoldt, N., & Guse, A. 
Induction of Gametogenesis in the Cnidarian Endosymbiosis Model Aiptasia sp.. Scientific 
Reports, 2015, 5, 15677. DOI: 10.1038/srep15677.

[39] Courtney, A., Merces, G. O. T., & Pickering, M. Characterising the Behaviour of the Ctenophore 
Pleurobrachia pileus in a Laboratory Aquaculture System. bioRxiv, 2020. DOI: 
10.1101/2020.05.25.114744

[40] Frank, U., Nicotra, M. L., & Schnitzler, C. E. The Colonial Cnidarian Hydractinia. EvoDevo, 
2020, 11(1), 1-6. DOI: 10.1186/s13227-020-00151-0.

[41] Barnes, J. H. Studies on Three Venomous Cubomedusae. In: The Cnidaria and their Evolution: 
Symposium of the Zoological Society of London No 16. London: Academic Press; 1966; 307– 
332.

[42] Senčič, L., & Maček, P. New Method for Isolation of Venom from the Sea Anemone Actinia cari. 
Purification and Characterization of Cytolytic Toxins. Comp. Biochem. Physiol. 1990, 97B(4), 
687-693.

[43] Carrette, T., & Seymour, J. A Rapid and Repeatable Method for Venom Extraction from 
Cubozoan Nematocysts. Toxicon, 2004, 44, 135-139.



[44] Helmholz, H., Ruhnau, C., Schütt, C., & Prange, A. Comparative Study on the Cell Toxicity and 
Enzymatic Activity of two Northern Scyphozoan Species Cyanea capillata (L.) and Cyanea 
lamarckii (Péron & Léslieur). Toxicon, 2007, 50, 53-64.

[45] Ponce, D., Brinkman, D. L., Luna-57, K., Wright, C. E., & Dorantes-Aranda, J. J. Comparative 
Study of the Toxic Effects of Chrysaora quinquecirrha (Cnidaria: Scyphozoa) and Chironex 
fleckeri (Cnidaria: Cubozoa) Venoms Using Cell-Based Assays. Toxicon, 2015, 106, 57-67.

[46] Cantoni, J. L., Andreosso, A., & Seymour, J. An In Vitro Comparison of Venom Recovery 
Methods and Results on The Box Jellyfish, Chironex fleckeri. Toxicon, 2020, 184, 94-98. DOI: 
10.1016/j.toxicon.2020.06.003.

[47] Yanagihara, A. A., Shohet, R.V. Cubozoan Venom-Induced Cardiovascular Collapse is Caused 
by Hyperkalemia and Prevented by Zinc Gluconate in Mice. PLoS One. 2012, 7, e51368.

[48] Macrander, J., Broe, M., & Daly, M. Multi-Copy Genes Hidden in De Novo Transcriptome 
Assemblies, A Cautionary Tale with the Snakelocks Sea Anemone Anemonia sulcata (Pennant, 
1977). Toxicon. 2015, 108, 184-188. DOI: 10.1016/j.toxicon.2015.09.038.

[49] Mariottini G. L., & Grice, I. D. Antimicrobials from Cnidarians. A New Perspective for Anti-
Infective Therapy? Marine Drugs. 2016, 14(48). DOI: 10.3390/md14030048.

[50] Yap, W. Y., & Hwang, J. S. Response of Cellular Innate Immunity to Cnidarian Pore-Forming 
Toxins. Molecules. 2018, 23, 2537. DOI: 10.3390/molecules23102537.

[51]  Otvos, R. A., Still, K. B. M., Somsen, G. W., Smit, A. B., & Kool, J. Drug Discovery on Natural 
Products: From Ion Channels to nAChRs, from Nature to Libraries, from Analytics to Assays. 
SLAS Discovery. 2019, 24(3), 362-385. DOI: 10.1177/2472555218822098.

[52] Sunagawa, S., DeSalvo, M. K., Voolstra, C. R., Reyes-Bermudez, A., & Medina, M. (2009). 
Identification and Gene Expression Analysis of a Taxonomically Restricted Cysteine-Rich 
Protein Family in Reef-Building Corals. PLoS ONE, 4(3), e4865. DOI: 
10.1371/journal.pone.0004865

[53] Jouiaei, M., Sunagar, K., Federman, A., Scheib, H., Alewood, P. F., Moran, Y., & Fry, B. G. 
Evolution of an Ancient Venom: Recognition of a Novel Family of Cnidarian Toxins and the 
Common Evolutionary Origin of Sodium and Potassium Neurotoxins in Sea Anemone. Mol. 
Biol. Evol. 2015, 32(6), 1598-1610. DOI:10.1093/molbev/msv050.

[54] Logashina, Y. A., Solstad, R. G., Mineev, K. S., Korolkova, Y. V., Mosharova, I. V., Dyachenko, 
I. A., Palikov, V. A., Palikova, Y. A., Murashev, A. N., Arseniev, A. S., Kozlov, S. A., Stensvåg, 
K., Haug, T., & Andreev, Y. A. (2017b). New Disulfide-Stabilized Fold Provides Sea Anemone 
Peptide to Exhibit Both Antimicrobial and TRPA1 Potentiating Properties. Toxins, 9(154). 
DOI:10.3390/toxins9050154.

[55] King, G. F., Gentz, M. C., Escoubas, P., & Nicholson, G. M. A Rational Nomenclature for 
Naming Peptide Toxins from Spiders and Other Venomous Animals. Toxicon. 2008, 52, 264-
276. DOI: 10.1016/j.toxicon.2008.05.020.

[56]  Oliveira, J. S., Fuentes-Silva, D., & King, G. F. Development of a Rational Nomenclature for 
Naming Peptide and Protein Toxins from Sea Anemones. Toxicon. 2012, 60, 539-550. DOI: 
10.1016/j.toxicon.2012.05.020.



References changed 

[57] Catterall, W. A., Cestèle, S., Yarov-Yarovoy, V., Yu, F. H., Konoki, K., & Scheuer, T. Voltage-
Gated Ion Channels and Gating Modifier Toxins. Toxicon. 2007, 49(2), 124-141. DOI: 
10.1016/j.toxicon.2006.09.022.

[58] Remigante, A., Costa, R., Morabito, R., La Spada, G., Marino, A., & Dossena, S. Impact of 
Scyphozoan Venoms on Human Health and Current First Aid Options for Stings. Toxins, 2018, 
10, 133. DOI: 10.3390/toxins10040133.

[59] Liao, Q., Feng, Y., Yang, B., & Lee, S. M-Y. Cnidarian Peptide Neurotoxins: A New Source of 
Various Ion Channel Modulators or Blockers Against Central Nervous Systems Diseases. Drug 
Discovery Today. 2019, 24(1), 189-197. DOI: 10.1016/j.drudis.2018.08.011.

[60] Schmidt, C. A., Daly, N. L., & Wilson, D. T. Coral Venom Toxins. Front. Ecol. Evol. 2019, 
7(320). DOI: 10.3389/fevo.2019.00320.

[61] Kalina, R., Gladkikh, I., Dmitrenok, P., Chernikov, O., Koshelev, S., Kvetkina, A., Kozlov, S., 
Kozlovskaya, E., & Monastyrnaya, M. New APETx-Like Peptides from Sea Anemone 
Heteractis crispa Modulate ASIC1a Channels. Peptides. 2018, 104, 41-49. DOI: 
10.1016/j.peptides.2018.04.013.

[62] Huang, C., Morlighem, J-É. R. L., Zhou, H., Lima, E. P., Gomes, P. B., Cai, J., Lou, I., Pérez, C. 
D., Lee, S. M., & Rádis-Baptista, G. The Transcriptome of the Zoanthid Protopalythos variabilis 
(Cnidaria, Anthozoa) Predicts a Basal Repertoire of Toxin-Like and Venom-Auxiliary 
Polypeptides. Genome Biol. Evol. 2016, 8(9), 3045-3064. DOI: 10.1093/gbe/evw204.

[63] Choudhary, I., Hwang, D. H., Lee, H., Yoon, W. D., Chae, J., Han, C. H., Yum, S., Kang, C., & 
Kim, E. Proteomic Analysis of Novel Components of Nemopilema nomurai Jellyfish Venom: 
Deciphering the Mode of Action. Toxins. 2019, 11, 153. DOI: 10.3390/toxins11030153.

[64] Ramírez-Carreto, S., Vera-Estrella, R., Portillo-Bobadilla, T., Licea-Navarro, A., Bernaldez-
Sarabia, J., Rudiño-Piñera, E., Verleyen, J. J., Rodríguez, E., & Rodríguez-Almazán, C. 
Transcriptomic and Proteomic Analysis of the Tentacles and Mucus of Anthopleura dowii 
Verrill, 1869. Mar. Drugs. 2019, 17, 436. DOI: 10.3390/md17080436.

[65] Gladkikh, I., Monastyrnaya, M., Leychenko, E., Zelepuga, E., Chausova, V., Isaeva, M., 
Anastyuk, S., Andreev, Y., Peigneur, S., Tytgat, J., & Kozlovkaya, E. Atypical Reactive Center 
Kunitz-Type Inhibitor from the Sea Anemone Heteractis crispa. Marine Drugs. 2012, 10, 1545-
1565. DOI:10.3390/md10071545.

[66] Madio, B., King, G. F., & Undheim, E. A. B. Sea Anemone Toxins: A Structural Overview. Mar. 
Drugs. 2019, 17, 325. DOI: 10.3390/md17060325.

[67] Morante, K., Bellomio, A., Viguera, A. R., González-Mañas, J. M., Tsumoto, K., & Caaveiro, J. 
M. M. The Isolation of New Pore-Forming Toxins from the Sea Anemone Actinia fragacea 



Provides Insights into the Mechanisms of Actinoporin Evolution. Toxins. 2019, 11(7), 401. DOI: 
10.3390/toxins11070401.

[68] Rivera-de-Torre, E., Palacios-Ortega, J., Gavilanes, J. G., Martínez-del-Pozo, A., & García-
Linares, S. Pore-Forming Proteins from Cnidarians and Arachnids as Potential Biotechnological 
Tools. Toxins. 2019, 11(370). DOI: 10.3390/toxins11060370.

[69] Barbosa, P. S. F., Martins, A. M. C., Toyama, M. H., Joazeiro, P. P., Beriam, L. O. S., Fonteles, 
M. C., & Monteiro, H. S. A. Purification and Biological Effects of a C-Type Lectin Isolated 
from Bothrops moojeni. J. Venom. Anim. Toxins Incl. Trop. Dis. 2010, 16(3), 493-504.

[70] Lopes-Ferreira, M., Magalhães, G. S., Fernandez, J. H., Junqueira-de-Azevedo, I. de L. M., Ho, 
P. L., Lima, C., Valente, R. H., Moura-de-Silva, A. M. Structural and Biological 
Characterization of Nattectin, A New C-Type Lectin from the Venomous Fish Thalassophryne 
nattereri. Biochimie. 2011, 93, 971-980. DOI: 10.1016/j.biochi.2011.03.001.

[71] Frazão, B., & Antunes, A. (2016). Jellyfish Bioactive Compounds: Methods for Wet-Lab Work. 
Mar. Drugs, 14, 75. DOI: 10.3390/md14040075.

[72] Ponce, D., Brinkman, D. L., Potriquet, J., & Mulvenna, J. Tentacle Transcriptome and Venom 
Proteome of the Pacific Sea Nettle, Chrysaora fuscescens (Cnidaria: Scyphozoa). Toxins. 2016, 
8, 102. DOI: 10.3390/toxins8040102.

[73] Mariottini, G. L. Hemolytic Venoms from Marine Cnidarian Jellyfish – An Overview. J. Venom 
Res. 2014, 5, 22-32. 

[74] Lazcano-Pérez, F., Arellano, R. O., Garay, E., Arreguín-Espinosa, R., & Sánchez-Rodríguez, J. 
Electrophysiological Activity of a Neurotoxic Fraction from the Venom of Box Jellyfish 
Carybdea marsupialis. Comparative Biochemistry and Physiology, Part C. 2017, 191, 177-182. 
DOI: 10.1016/j.cbpc.2016.10.010. 

[75] Podobnik, M., & Anderluh, G. Pore-Forming Toxins in Cnidaria. Seminars in Cell & 
Developmental Biology. 2017, 72, 133-141. DOI: 10.1016/j.semcdb.2017.07.026.

[76] Badré, S. Bioactive Toxins from Stinging Jellyfish. Toxicon. 2014, 91, 114-125. DOI: 
10.1016/j.toxicon.2014.09.010.

[77] Nevalainen, T. J., Peuravuori, H. J., Quinn, R. J., Llewellyn, L. E., Benzie, J. A. H., Fenner, P. 
J., & Winkel, K. D. Phospholipase A2 in Cnidaria. Comparative Biochemistry and Physiology. 
2004, 139(B), 731-735. DOI: 10.1016/j.cbpc.2004.09.006.

[78] Lee, H., Jung, E-S., Kang, C., Yoon, W. D., Kim, J-S., & Kim, E. Scyphozoan Jellyfish Venom 
Metalloproteinases and their Role in the Cytotoxicity. Toxicon. 2011, 58, 277-284. DOI: 
10.1016/j.toxicon.2011.06.007.

[79] Costa, T. R., Burin, S. M., Menaldo, D. L., de Castro, F. A., & Sampaio, S. V. Snake Venom L-
Amino Acid Oxidases: An Overview on their Antitumor Effects. Journal of Venomous Animals 
and Toxins including Tropical Diseases. 2014, 20, 23.

[80] Yue, Y., Yu, H., Li, R., Xing, R., Liu, S., Li, K., Wang, X., Chen, X., & Li, P. Biochemical and 
Kinetic Evaluation of the Enzymatic Toxins from Two Stinging Scyphozoans Nemopilema 
nomurai and Cyanea nozakii. Toxicon. 2017, 125, 1-12. DOI: 10.1016/j.toxicon.2016.11.005.



[81] Slagboom, J., Kool, J., Harrison, R. A., Casewell, N. R. Haemotoxic Snake Venoms: Their 
Functional Activity, Impact on Snakebite Victims and Pharmaceutical Promise. British Journal 
of Haemotology. 2017, 177, 947-959.

[82] Phillips, D. R., & Scarborough, R. M. Clinical Pharmacology of Eptifibatide. The American 
Journal of Cardiology. 1997, 80(4A), 11B-20B.

[83] Serrano, S. M. T. The Long Road of Research on Snake Venom Serine Proteinases. Toxicon. 
2013, 62, 19-26.

[84] Cvetković, R. S., & Plosker, G. L. Exenatide. Drugs, 2005, 67, 935.

[85] Himaya, S. W. A., & Lewis, R. J. Venomics-Accelerated Cone Snail Venom Peptide Discovery. 
Int. J. Mol. Sci., 2018, 19, 788.

[86] Prentis, P. J., Pavasovic, A., & Norton, R. S. Sea Anemones: Quiet Achievers in the Field of 
Peptide Toxins. Toxins. 2018, 10(1).

[87] De Domenico, S., De Rinaldis, G., Paulmery, M., Piraino, S., & Leone, A. Barrel Jellyfish 
(Rhizostoma pulmo) as Source of Antioxidant Peptides. Mar. Drugs, 2019, 17, 134. DOI: 
10.3390/md17020134.

[88] Mariottini, G. L., & Pane, L. Cytotoxic and Cytolytic Cnidarian venoms. A Review on Health 
Implications and Possible Therapeutic Applications. Toxins. 2014. 6(1), 108-151. DOI: 
10.3390/toxins6010108.

[89] Mizuno, M., Ito, Y., & Morgan, B. P. Exploiting the Nephrotoxic Effects of Venom from the Sea 
Anemone, Phyllodiscus semoni, to Create a Hemolytic Uremic Syndrome Model in the Rat. 
Mar. Drugs. 2012, 10, 1582-1604. DOI: 10.3390/md10071582.

[90] Andreev, Y. A., Kozlov, S. A., Korolkova, Y. V., Dyachenko, I. A., Bondarenko, D. A., Skobtsov, 
D. I., Murashev, A. N., Kotova, P. D., Rogachevskaja, O. A., Kabanova, N. V., Kolesnikov, S. 
S., & Grishin, E. V. Polypeptide Modulators of TRPV1 Produce Analgesia Without 
Hyperthermia. Mar Drugs. 2013, 11(12) 5100-5115. DOI: 10.3390/md11125100. PMID: 
24351908; PMCID: PMC3877906.

[91] Chi, V., Pennington, M. W., Norton, R. S., Tarcha, E. J., Londono, L. M., Sims-Fahey, B., 
Upadhyay, S. K., Lakey, J. T., Iadonato, S., Wulff, H., Beeton, C., & Chandy, K. G. 
Development of a Sea Anemone Toxin as an Immunomodulator for Therapy of Autoimmune 
Diseases. Toxicon. 2012, 59(4), 529-546. DOI: 10.1016/j.toxicon.2011.07.016. PMID: 
21867724; PMCID: PMC3397671. 

[92] Yan, F., Cheng, X., Ding, X., Yao, T., Chan, H., Li, W., Hu, S., Yu, Z., Sun, Y., Zhang, Y., & 
Xia, L. Improved Insecticidal Toxicity by Fusing Cry1Ac of Bacillus thuringiensis with Av3 of 
Anemonia viridis. Curr. Microbiol. 2014, 68, 604-609. DOI: 10.1007/s00284-013-0516-1.

[93] Gladkikh, I., Peigneur, S., Sintsova, O., Lopes Pinheiro-Junior, E., Klimovich, A., Menshov, A., 
Kalinovsky, A., Isaeva, M., Monastyrnaya, M., Kozlovskaya, E., Tytgat, J., & Leychenko, E. 
Kunitz-Type Peptides from the Sea Anemone Heteractis crispa Demonstrate Potassium Channel 
Blocking and Anti-Inflammatory Activities. Biomedicines. 2020, 8(11), E473. DOI: 
10.3390/biomedicines8110473. PMID: 33158163.



[94] Jensen, J. E., Mobli, M., Brust, A., Alewood, P. F., King, G. F., & Rash, L. D. Cyclisation 
Increases the Stability of the Sea Anemone Peptide APETx2 but Decreases Its Activity at Acid-
Sensing Ion Channel 3. Mar. Drugs. 2012, 10(7), 1511-1527. DOI: 10.3390/md10071511.

[95] Fedorov, S., Dyshlovoy, S., Monastyrnaya, M., Shubina, L., Leychenko, E., Kozlovskaya, E., Jin, 
J.-O., Kwak, J.-Y., Bode, A. M., & Dong, Z. The Anticancer Effects of Actinoporin RTX-A 
from the Sea Anemone Heteractis crispa (Radianthus macrodactylus). Toxicon, 2010, 55, 811–
817.

[96] Shiomi, K., Honma, T., Ide, M., Nagashima, Y., Ishida, M., & Chino, M. An Epidermal Growth 
Factor-like Toxin and two Sodium Channel Toxins from the Sea Anemone Stichodactyla 
gigantea. Toxicon. 2003, 41(2), 229-236. DOI: 10.1016/s0041-0101(02)00281-7. PMID: 
12565742.

[97] Tajti, G., Wai, D. C. C., Panyi, G., & Norton, R. S. The Voltage-Gated Potassium Channel 
K(V)1.3 as a Therapeutic Target for Venom-Derived Peptides. Biochem Pharmacol. 2020, 
114146.

[98] Kalman, K., Pennington, M. W., Lanigan, M. D., Nguyen, A., Rauer, H., Mahnir, V., Paschetto, 
K., Kem, W. R., Grissmer, S., Gutman, G. A., Christian, E. P., Cahalan, M. D., Norton, R. S., & 
Chandy, K. G. ShK-Dap22, a Potent Kv1.3-specific Immunosuppressive Polypeptide. J. Biol. 
Chem. 1998, 273(49), 32697–32707.

[99] Rashid, M. H., Heinzelmann, G., Huq, R., Tajhya, R. B., Chang, S. C., Chhabra, S., Pennington, 
M. W., Beeton, C., Norton, R. S., & Kuyucak, S. A Potent and Selective Peptide Blocker of the 
Kv1.3 Channel: Prediction from Free-Energy Simulations and Experimental Confirmation. 
PLoS One. 2013, 8(11), e78712.

[100] Tarcha, E. J., Olsen, C. M., Probst, P., Peckham, D., Muñoz-Elías, E. J., Kruger, J. G., & 
Iadonato, S. P. Safety and Pharmacodynamics of Dalazatide, a Kv1.3 Channel Inhibitor, in the 
Treatment of Plaque Psoriasis: A Randomized Phase 1b Trial. PLoS One. 2017, 12(7), 
e0180762.

[101] Sunanda, P., Krishnarjuna, B., Peigneur, S., Mitchell, M. L., Estrada, R., Villegas-Moreno, J., 
Pennington, M. W., Tytgat, J., & Norton, R. S. Identification, Chemical Synthesis, Structure, 
and Function of a New KV1 Channel Blocking Peptide from Oulactis sp. Pept. Sci. 2018, 110(4), 
e24073. DOI: 10.1002/pep2.24073.

[102] Krishnarjuna, B., Villegas-Moreno, J., Mitchell, M. L., Csoti, A., Peigneur, S., Amero, C., 
Pennington, M. W., Tytgat, J., Panyi, G., & Norton, R. S. Synthesis, Folding, Structure and 
Activity of a Predicted Peptide from the Sea Anemone Oulactis sp. with an ShKT fold. Toxicon. 
2018, 150, 50-59. DOI: 10.1016/j.toxicon.2018.05.006. PMID: 29772211.

[103] Mirshafiey, A. Venom Therapy in Multiple Sclerosis. Neuropharmacology. 2007, 53(3), 353-
361. DOI: 10.1016/j.neuropharm.2007.05.002. PMID: 17583756.

[104] Upadhyay, S. K., Eckel-Mahan, K. L., Mirbolooki, M. R., Tjong, I., Griffey, S. M., Schmunk, 
G., Koehne, A., Halbout, B., Iadonato, S., Pedersen, B., Borrelli, E., Wang, P. H., Mukherjee, 
J., Sassone-Corsi, P., & Chandy, K. G. Selective Kv1.3 Channel Blocker as Therapeutic for 
Obesity and Insulin Resistance. Proc. Natl. Acad. Sci. 2013, 110, E2239–E2248.

[105] Lee, H., Bae, S. K., Kim, M., Pyo, M. J., Kim, M., Yang, S., Won, C., Yoon, W. D., Han, C. H., 
Kang, C., & Kim, E. Anticancer Effect of Nemopilema nomurai Jellyfish Venom on HepG2 



Cells and a Tumor Xenograft Animal Model. Evid. Based Complement Alternat. Med. 2017, 
2017, 2752716. 

[106] Merquiol, L., Romano, G., Ianora, A., & D’Ambra, I. Biotechnological Applications of 
Scyphomedusae. Mar. Drugs. 2019, 17(11).

[107] Sun, L. K., Yoshii, Y., Hyodo, A., Tsurushima, H., Saito, A., Harakuni, T., Li, Y. P., Nozaki, 
M., & Morine, N. Apoptosis Induced by Box Jellyfish (Chiropsalmus quadrigatus) Toxin in 
Glioma and Vascular Endothelial Cell Lines. Toxicon. 2002, 40, 441–446.

[108] Balamurugan, E., Reddy, B.V, & Menon, V. P. Antitumor and Antioxidant Role of Chrysaora 
quinquecirrha (Sea Nettle) Nematocyst Venom Peptide Against Ehrlich Ascites Carcinoma in 
Swiss Albino Mice. Mol. Cell. Biochem. 2010, 338, 69–76.

[109] Bulati, M., Longo, A., Masullo, T., Vlah, S., Bennici, C., Bonura, A., Salamone, M., Tagliavia, 
M., Nicosia, A., Mazzola, S., Colombo, P., & Cuttitta, A. Partially Purified Extracts of Sea 
Anemone Anemonia viridis Affect the Growth and Viability of Selected Tumour Cell Lines. 
Biomed. Res. Int. 2016, 3849897. DOI: 10.1155/2016/3849897. PMID: 27725939; PMCID: 
PMC5048049.

[110] Giraldi, T., Ferlan, I., & Romeo, D. Antitumour Activity of Equinatoxin. Chem.-Biol. Interact. 
1976, 13, 199–203.

[111] Gorogh, T., Beress, L., Quabius, E. S., Ambrosch, P., & Hoffmann, M. Head and Neck Cancer 
Cells and Xenografts are Very Sensitive to Palytoxin: Decrease of C-jun N-terminale Kinase-3 
Expression Enhances Palytoxin Toxicity. Mol. Cancer, 2013, 12, 12.

[112] Quinn, R. J., Kashiwagi, M., Moore, R. E., & Norton, T. R. Anticancer Activity of Zoanthids 
and the Associated Toxin, Palytoxin, Against Ehrlich Ascites Tumor and P-388 Lymphocytic 
Leukemia in Mice. J. Pharm. Sci. 1974, 63, 257–260.

[113] Louzao, M. C., Ares, I. R., Cagide, E., Espiña, B., Vilariño, N., Alfonso, A., Vieytes, M. R., & 
Botana, L.M. Palytoxins and Cytoskeleton: An Overview. Toxicon. 2011, 57, 460–469.

[114] Wattenberg, E. V. Modulation of Protein Kinase Signalling Cascades by Palytoxin. Toxicon. 
2011, 57, 440–448.

[115] Rodrigues, I. G., Miguel, M. G., & Mnif, W. A Brief Review on New Naturally Occurring 
Cembranoid Diterpene Derivatives from the Soft Corals of the Genera Sarcophyton, Sinularia, 
and Lobophytum Since 2016. Molecules. 2019, 24(4), 781. DOI:10.3390/molecules24040781

[116] Chung, T., Lin, S., Su, J., Chen, Y., Lin, C., & Chan, H. Sinularin Induces DNA Damage, G2/M 
Phase Arrest, and Apoptosis in Human Hepatocellular Carcinoma Cells. BMC Complement. 
Altern. Med. 2017, 17, 62, DOI: 10.1186/s12906-017-1583-9

[117] McCullough, D., Atofanei, C., Knight, E., Trim, S. A., & Trim, C. M. Kinome Scale Profiling 
of Venom Effects on Cancer Cells Reveals Potential New Venom Activities. Toxicon. 2020, 
185, 129-146. DOI: 10.1016/j.toxicon.2020.07.007.

[118] Soletti, R. C., de Faria, G. P., Vernal, J., Terenzi, H., Anderluh, G., Borges, H. L., Moura-Neto, 
V., & Gabilan, N. H. Potentiation of Anticancer-drug Cytotoxicity by Sea Anemone Pore-
Formimg Proteins in Human Glioblastoma Cells. Anticancer Drugs. 2008, 19, 517–525.



[119] Tejuca, M., Díaz, I., Figueredo, R., Roque, L., Pazos, F., Martínez, D., Iznaga-Escobar, N., 
Pérez, R., Alvarez, C., & Lanio, M. E. Construction of an Immunotoxin with the Pore Forming 
Protein StI and/or C5, a Monoclonal Antibody Against a Colon Cancer Cell Line. Int. 
Immunopharmacol. 2004, 4, 731–744.

[120] Antonini, V., Pérez-Barzaga, V., Bampi, S., Pentón, D., Martínez, D., Serra, M. D., & Tejuca, 
M. Functional Characterization of Sticholysin I and W111C Mutant Reveals the Sequence of 
the Actinoporin’s Pore Assembly. PLoS ONE, 2014, 9(10), e110824. DOI: 
10.1371/journal.pone.0110824

[121] Narahashi, T., Moore, J. W., & Shapiro, B. I. Condylactis Toxin: Interaction with Nerve 
Membrane Ionic Conductance. Science. 1969, 163, 680–681.

[122] Moran, Y., Gordon, D., & Gurevitz, M. Sea Anemone Toxins Affecting Voltage-Gated Sodium 
Channels Molecular and Evolutionary Features. Toxicon. 2009, 54(8), 1089–1101.

[123] Reimer, N. S., Yasunobu, C. L., Yasunobu, K. T., & Norton, T. R., Amino Acid Sequence of 
the Anthopleura xanthogrammica Heart Stimulant, Anthopleurin-B. J. Biol. Chem. 1985, 260, 
8690–8693.

[124] Monks, S. A., Pallaghy, P. K., Scanlon, M. J., & Norton, R. S. Solution Structure of the 
Cardiostimulant Polypeptide Anthopleurin-B and Comparison with Anthopleurin-A. Structure, 
1995, 3, 791–803.

[125] Liu, W. H., Wang, L., Wang, Y. L., Peng, L. S., Wu, W. Y., Peng, W. L., Jiang, X. Y., Tu, H. 
B., Chen, H. P., Ou-Yang, P., & Xu, A. L. Cloning and Characterization of a Novel Neurotoxin 
from the Sea Anemone Anthopleura sp. Toxicon. 2003, 41(7), 793-801. DOI: 10.1016/s0041-
0101(03)00033-3. PMID: 12782079.

[126] Nesher, N., Shapira, E., Sher, D., Moran, Y., Tsveyer, L., Turchetti-Maia, A. L., Horowitz, M., 
Hochner, B., & Zlotkin, E. AdE-1, a New Inotropic Na(+) Channel Toxin from Aiptasia 
diaphana, is Similar to, yet Distinct from, Known Anemone Na(+) Channel Toxins. Biochem. 
J. 2013, 451(1), 81-90. DOI: 10.1042/BJ20121623. PMID: 23356888.

[127] Platou, E. S., Refsum, H., & Hotvedt, R. Class III Antiarrhythmic Action Linked with Positive 
Inotropy: Antiarrhythmic, Electrophysiological, and Hemodynamic Effects of the Sea-Anemone 
Polypeptide ATX II in the Dog Heart in situ. J. Cardiovasc. Pharmacol. 1986, 8(3), 459-465. 
PMID: 2425158.

[128] Zhou, H. Y., Wang, F., Zhang, K. Q., Cheng, L., Zhou, J., Fu, L. Y., & Yao, W. X. 
Electrophysiological Effects of Anthopleurin-Q on Rat Hepatocytes. World journal of 
gastroenterology. 2004, 10(1), 96–99. DOI: 10.3748/wjg.v10.i1.96.

[129] Trim, S. A., & Trim, C. M. Venom: The Sharp End of Pain Therapeutics. Br J Pain. 2013, 7(4), 
179-88. DOI: 10.1177/2049463713502005. PMID: 26516522; PMCID: PMC4590164.

[130] Andreev, Y. A., Kozlov, S. A., Koshelev, S. G., Ivanova, E. A., Monastyrnaya, M. M., 
Kozlovskaya, E. P., & Grishin, E. V. Analgesic Compound from Sea Anemone Heteractis crispa 
is the first Polypeptide Inhibitor of Vanilloid Receptor 1 (TRPV1). J. Biol. Chem. 2008, 283, 
23914–23921.



[131] Dyachenko, I. A., Andreev, Y. A., Logashina, Y. A., Murashev, A. N., & Grishin, E. V. 
Biological Activity of a Polypeptide Modulator of TRPV1 Receptor. Dokl. Biol. Sci. 2015, 
465(1), 279-281. DOI: 10.1134/S0012496615060034. PMID: 26725234.

[132] Kozlov, S. A., Andreev, Y. A., Murashev, A. N., Skobtsov, D. I., D’Iachenko I, A., & Grishin, 
E. V. New Polypeptide Components from the Heteractis crispa Sea Anemone with Analgesic 
Activity. Russ. J. Bioorg. Chem. 2009, 35, 711–719.

[133] Zaharenko, A. J., Picolo, G., Ferreira, W. A. Jr., Murakami, T., Kazuma, K., Hashimoto, M., 
Cury, Y., de Freitas, J. C., Satake, M., & Konno, K. Bunodosine 391: An Analgesic Acylamino 
Acid from the Venom of the Sea Anemone Bunodosoma cangicum. J. Nat. Prod. 2011, 74, 378–
382.

[134] Rodríguez, A. A., Salceda, E., Garateix, A. G., Zaharenko, A. J., Peigneur, S., López, O., Pons, 
T., Richardson, M., Díaz, M., Hernández, Y., Ständker, L., Tytgat, J., & Soto, E. A Novel Sea 
Anemone Peptide that Inhibits Acid-Sensing Ion Channels. Peptides. 2014, 53, 3-12. DOI: 
10.1016/j.peptides.2013.06.003. PMID: 23764262.

[135] Osmakov, D. I., Kozlov, S. A., Andreev, Y. A., Koshelev, S. G., Sanamyan, N. P., Sanamyan, 
K. E., Dyachenko, I. A., Bondarenko, D. A., Murashev, A. N., Mineev, K. S., Arseniev, A. S., 
& Grishin, E. V. Sea Anemone Peptide with Uncommon β-hairpin Structure Inhibits Acid-
Sensing Ion Channel 3 (ASIC3) and Reveals Analgesic Activity. J. Biol. Chem. 2013, 288(32), 
23116-23127. DOI: 10.1074/jbc.M113.485516. PMID: 23801332; PMCID: PMC3743484.

[136] Karczewski, J., Spencer, R. H., Garsky, V. M., Liang, A., Leitl, M. D., Cato, M. J., Cook, S. P., 
Kane, S., & Urban, M. O. Reversal of Acid-induced and Inflammatory Pain by the Selective 
ASIC3 Inhibitor, APETx2. Br. J. Pharmacol. 2010, 161, 950–960.

[137] Peigneur, S., Billen, B., Derua, R., Waelkens, E., Debaveye, S., Beress, L., & Tytgat, J. A 
Bifunctional Sea Anemone Peptide with Kunitz Type Protease and Potassium Channel 
Inhibiting Properties. Biochem. Pharmacol. 2011, 82, 81–90.

[138] Cao, Q., Wang, W., Gu, J., Jiang, G., Bian, X., Wang, K., Xu, Z., Li, J., Chen, G., & Wang, X. 
Elevated Expression of Acid-Sensing Ion Channel 3 Inhibits Epilepsy via Activation of 
Interneurons. Mol. Neurobiol. 2016, 53(1), 485-498. DOI: 10.1007/s12035-014-9014-0.  
Erratum in: Mol. Neurobiol. 2016, 53(1), 499. [Added]. PMID: 25476599.

[139] Aceret, T. L., Coll, J. C., Uchio, Y., & Sammarco, P. W. Antimicrobial Activity of the 
Diterpenes Flexibilide and Sinulariolide Derived from Sinularia flexibilis Quoy and Gaimard 
1833 (Coelenterata: Alcyonacea, Octocorallia). Comp. Biochem. Physiol. C. Pharmacol. 
Toxicol. Endocrinol. 1998, 120(1), 121-6. DOI: 10.1016/s0742-8413(98)00032-2. PMID: 
9827024.

[140] Jung, S., Dingley, A. J., Augustin, R., Anton-Erxleben, F., Stanisak, M., Gelhaus, C., Gutsmann, 
T., Hammer, M. U., Podschun, R., Bonvin, A. M., Leippe, M., Bosch, T. C., & Grötzinger, J. 
Hydramacin-1, Structure and Antibacterial Activity of a Protein from the Basal Metazoan 
Hydra. J. Biol. Chem. 2009, 284(3), 1896-1905. DOI: 10.1074/jbc.M804713200. PMID: 
19019828.

[141] Bosch, T. C., Augustin, R., Anton-Erxleben, F., Fraune, S., Hemmrich, G., Zill, H., Rosenstiel, 
P., Jacobs, G., Schreiber, S., Leippe, M., Stanisak, M., Grötzinger, J., Jung, S., Podschun, R., 
Bartels, J., Harder, J., & Schröder, J. M. Uncovering the Evolutionary History of Innate 



Immunity: The Simple Metazoan Hydra uses Epithelial Cells for Host Defence. Dev. Comp. 
Immunol. 2009, 33(4), 559-69. DOI: 10.1016/j.dci.2008.10.004. PMID: 19013190.

[142] Brömme, D., & Petanceska, S. Papain-like Cysteine Proteases and Their Implications in 
Neurodegenerative Diseases. In: Role of Proteases in the Pathophysiology of Neurodegenerative 
Diseases; USA. Springer, New York; 2002; 47–61.

[143] Ayed, Y., Dellai, A., Ben Mansour, H., Bacha, H., & Abid, S. Analgesic and 
Antibutyrylcholinestrasic Activities of the Venom Prepared from the Mediterranean Jellyfish 
Pelagia noctiluca (Forsskal, 1775). Ann. Clin. Microbiol. Antimicrob. 2012, 11(15). DOI: 
10.1186/1476-0711-11-15. PMID: 22691546; PMCID: PMC3483011.

[144] Ho S-J, Brighton TA. Ximelagatran: direct thrombin inhibitor. Vasc Health Risk Manag. 
2006;2(1):49–58.

[145] McGivern JG. Ziconotide: a review of its pharmacology and use in the treatment of pain. 
Neuropsychiatr Dis Treat. 2007 Feb;3(1):69–85.

[146] Yu R, Seymour VAL, Berecki G, Jia X, Akcan M, Adams DJ, Kaas Q, Craik DJ. Less is More: 
Design of a Highly Stable Disulfide-Deleted Mutant of Analgesic Cyclic α-Conotoxin Vc1.1. 
Sci Rep 2015;5(May):1–11. Available from: http://dx.doi.org/10.1038/srep13264

[147] Beeton C, Smith BJ, Sabo JK, Crossley G, Nugent D, Khaytin I, et al. The D-diastereomer of 
ShK toxin selectively blocks voltage-gated K + channels and inhibits T lymphocyte 
proliferation. J Biol Chem. 2008;283(2):988–97.

[148] Lewis RJ, Schroeder CI, Ekberg J, Nielsen KJ, Loughnan M, Thomas L, et al. Isolation and 
structure-activity of mu-conotoxin TIIIA, a potent inhibitor of tetrodotoxin-sensitive voltage-
gated sodium channels. Mol Pharmacol 2007 Mar;71(3):676–85. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17142296

[149] Pennington MW, Czerwinski A, Norton RS. Peptide therapeutics from venom: Current status 
and potential. Bioorganic Med Chem. 2018;26(10):2738–58. Available from: 
https://doi.org/10.1016/j.bmc.2017.09.029

[150] da-Silva-Freitas D, Boldrini-França J, Arantes EC. PEGylation: a successful approach to 
improve the biopharmaceutical potential of snake venom thrombin-like serine protease. Protein 
Pept Let. 2015;22(12):1133–9.Available from: http://www.ncbi.nlm.nih.gov/pubmed/26458403

http://dx.doi.org/10.1038/srep13264
http://www.ncbi.nlm.nih.gov/pubmed/17142296
https://doi.org/10.1016/j.bmc.2017.09.029


Figures

Figure 2: The Caribbean anemone Condylactis gigantea in captivity at Venomtech Ltd. Venom from this species 
contains toxins useful in modulation of Sodium channels. Photo by Steven A Trim. 

Figure 3:  Anthopleura xanthogrammica Anthopleurin from this species has been shown to protect the liver from 
injury. Photo by Phillip Robinson 
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Figure 1: The annual publication rate for each of the major Cnidarian lineages between 1975 and 2019. 
Data obtained through a PubMed search of each taxon ‘AND venom’. Taken from [15].


