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Zearalenone and Its Metabolites—General Overview, Occurrence, and Toxicity
Authors: Karolina Ropejko and Magdalena Twarużek

Abstract: Mycotoxins are secondary metabolites of filamentous fungi and represent one of the most 
common groups of food contaminants with low molecular weight. These toxins are considered 
common and can affect the food chain at various stages of production, harvesting, storage and 
processing. Zearalenone is one of over 400 detected mycotoxins and produced by fungi of the genus 
Fusarium; it mainly has estrogenic effects on various organisms. Contaminated products can lead to 
huge economic losses and pose risks to animals and humans. In this review, we systemize information 
on zearalenone and its major metabolites.
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The Food Poisoning Toxins of Bacillus cereus
Authors: Richard Dietrich, Nadja Jessberger, Monika Ehling-Schulz, Erwin Märtlbauer and Per Einar Granum

Abstract: Bacillus cereus is a ubiquitous soil bacterium responsible for two types of food-associated 
gastrointestinal diseases. While the emetic type, a food intoxication, manifests in nausea and vomiting, 
food infections with enteropathogenic strains cause diarrhea and abdominal pain. Causative toxins 
are the cyclic dodecadepsipeptide cereulide, and the proteinaceous enterotoxins hemolysin BL (Hbl), 
nonhemolytic enterotoxin (Nhe) and cytotoxin K (CytK), respectively. This review covers the current 
knowledge on distribution and genetic organization of the toxin genes, as well as mechanisms of 
enterotoxin gene regulation and toxin secretion. In this context, the exceptionally high variability 
of toxin production between single strains is highlighted. In addition, the mode of action of the  
pore-forming enterotoxins and their effect on target cells is described in detail. The main focus of this 
review are the two tripartite enterotoxin complexes Hbl and Nhe, but the latest findings on cereulide 
and CytK are also presented, as well as methods for toxin detection, and the contribution of further 
putative virulence factors to the diarrheal disease.
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New Insectotoxin from Tibellus Oblongus Spider Venom Presents Novel Adaptation of ICK Fold
Authors: Yuliya Korolkova, Ekaterina Maleeva, Alexander Mikov, Anna Lobas, Elizaveta Solovyeva, Mikhail Gorshkov,  
Yaroslav Andreev, Steve Peigneur, Jan Tytgat, Fedor Kornilov, Vladislav Lushpa, Konstantin Mineev and Sergey Kozlov

Abstract: The Tibellus oblongus spider is an active predator that does not spin webs and remains poorly 
investigated in terms of venom composition. Here, we present a new toxin, named Tbo-IT2, predicted 
by cDNA analysis of venom glands transcriptome. The presence of Tbo-IT2 in the venom was confirmed 
by proteomic analyses using the LC-MS and MS/MS techniques. The distinctive features of Tbo-IT2 are 
the low similarity of primary structure with known animal toxins and the unusual motif of 10 cysteine 
residues distribution. Recombinant Tbo-IT2 (rTbo-IT2), produced in E. coli using the thioredoxin fusion 
protein strategy, was structurally and functionally studied. rTbo-IT2 showed insecticidal activity on 
larvae of the housefly Musca domestica (LD100 200 μg/g) and no activity on the panel of expressed 
neuronal receptors and ion channels. The spatial structure of the peptide was determined in a water 
solution by NMR spectroscopy. The Tbo-IT2 structure is a new example of evolutionary adaptation 
of a well-known inhibitor cystine knot (ICK) fold to 5 disulfide bonds configuration, which determines 
additional conformational stability and gives opportunities for insectotoxicity and probably some 
other interesting features.
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Observation of Bothrops atrox Snake Envenoming Blister Formation from Five Patients: 
Pathophysiological Insights
Authors: Sarah N. C. Gimenes, Jacqueline A. G. Sachett, Mônica Colombini, Luciana A. Freitas-de-Sousa, Hiochelson N. S. Ibiapina,  
Allyson G. Costa, Monique F. Santana, Jeong-Jin Park, Nicholas E. Sherman, Luiz C. L. Ferreira, Fan H. Wen, Wuelton M. Monteiro, 
Ana M. Moura-da-Silva and Jay W. Fox

Abstract: In the Brazilian Amazon, Bothrops atrox snakebites are frequent, and patients develop tissue 
damage with blisters sometimes observed in the proximity of the wound. Antivenoms do not seem to 
impact blister formation, raising questions regarding the mechanisms underlying blister formation. 
Here, we launched a clinical and laboratory-based study including five patients who followed and 
were treated by the standard clinical protocols. Blister fluids were collected for proteomic analyses 
and molecular assessment of the presence of venom and antivenom. Although this was a small 
patient sample, there appeared to be a correlation between the time of blister appearance (shorter) 
and the amount of venom present in the serum (higher). Of particular interest was the biochemical 
identification of both venom and antivenom in all blister fluids. From the proteomic analysis of the 
blister fluids, all were observed to be a rich source of damage-associated molecular patterns (DAMPs), 
immunomodulators, and matrix metalloproteinase-9 (MMP-9), suggesting that the mechanisms by 
which blisters are formed includes the toxins very early in envenomation and continue even after 
antivenom treatment, due to the pro-inflammatory molecules generated by the toxins in the first 
moments after envenomings, indicating the need for local treatments with anti-inflammatory drugs 
plus toxin inhibitors to prevent the severity of the wounds.
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Tentacle Morphological Variation Coincides with Differential Expression of Toxins in Sea 
Anemones
Authors: Lauren M. Ashwood, Michela L. Mitchell, Bruno Madio, David A. Hurwood, Glenn F. King, Eivind A. B. Undheim,  
Raymond S. Norton and Peter J. Prentis

Abstract: Phylum Cnidaria is an ancient venomous group defined by the presence of cnidae, specialised 
organelles that serve as venom delivery systems. The distribution of cnidae across the body plan is 
linked to regionalisation of venom production, with tissue-specific venom composition observed 
in multiple actiniarian species. In this study, we assess whether morphological variants of tentacles 
are associated with distinct toxin expression profiles and investigate the functional significance of 
specialised tentacular structures. Using five sea anemone species, we analysed differential expression 
of toxin-like transcripts and found that expression levels differ significantly across tentacular 
structures when substantial morphological variation is present. Therefore, the differential expression 
of toxin genes is associated with morphological variation of tentacular structures in a tissue-specific 
manner. Furthermore, the unique toxin profile of spherical tentacular structures in families Aliciidae 
and Thalassianthidae indicate that vesicles and nematospheres may function to protect branched 
structures that host a large number of photosynthetic symbionts. Thus, hosting zooxanthellae may 
account for the tentacle-specific toxin expression profiles observed in the current study. Overall, 
specialised tentacular structures serve unique ecological roles and, in order to fulfil their functions, 
they possess distinct venom cocktails.
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A Novel Dimeric Conotoxin, FrXXA, from the Vermivorous Cone Snail Conus fergusoni, of the 
Eastern Pacific, Inhibits Nicotinic Acetylcholine Receptors
Authors: Ximena C. Rodriguez-Ruiz, Manuel B. Aguilar, Mónica A. Ortíz-Arellano, Helena Safavi-Hemami and Estuardo López-Vera

Abstract: We isolated a new dimeric conotoxin with inhibitory activity against neuronal nicotinic 
acetylcholine receptors. Edman degradation and transcriptomic studies indicate a homodimeric 
conotoxin composed by two chains of 47 amino acid in length. It has the cysteine framework XX and 10 
disulfide bonds. According to conotoxin nomenclature, it has been named as αD-FrXXA. The αD-FrXXA 
conotoxin inhibited the ACh-induced response on nAChR with a IC50 of 125 nM on hα7, 282 nM on 
hα3β2, 607 nM on α4β2, 351 nM on mouse adult muscle, and 447 nM on mouse fetal muscle. This is first 
toxin characterized from C. fergusoni and, at the same time, the second αD-conotoxin characterized 
from a species of the Eastern Pacific.
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Recovery from the Neuroparalysis Caused by the Micrurus nigrocinctus Venom Is Accelerated by 
an Agonist of the CXCR4 Receptor
Authors: Marco Stazi, Federico Fabris, Julián Fernández, Giorgia D'Este, Michela Rigoni, Aram Megighian, José María Gutiérrez, 
Bruno Lomonte and Cesare Montecucco

Abstract: Snake envenoming is a major but neglected human disease in tropical and subtropical 
regions. Among venomous snakes in the Americas, coral snakes of the genus Micrurus are particularly 
dangerous because they cause a peripheral neuroparalysis that can persist for many days or, in 
severe cases, progress to death. Ventilatory support and the use of snake species-specific antivenoms 
may prevent death from respiratory paralysis in most cases. However, there is a general consensus 
that additional and non-expensive treatments that can be delivered even long after the snake bite 
are needed. Neurotoxic degeneration of peripheral motor neurons activates pro-regenerative 
intercellular signaling programs, the greatest of which consist of the chemokine CXCL12α, produced 
by perisynaptic Schwann cells, which act on the CXCR4 receptor expressed on damaged neuronal 
axons. We recently found that the CXCR4 agonist NUCC-390 promotes axonal growth. Here, we show 
that the venom of the highly neurotoxic snake Micrurus nigrocinctus causes a complete degeneration 
of motor axon terminals of the soleus muscle, followed by functional regeneration whose time course 
is greatly accelerated by NUCC-390. These results suggest that NUCC-390 is a potential candidate for 
treating human patients envenomed by Micrurus nigrocinctus as well as other neurotoxic Micrurus spp. 
in order to improve the recovery of normal neuromuscular physiology, thus reducing the mortality and 
hospital costs of envenoming.
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Venomics Approach Reveals a High Proportion of Lactrodectus-Like Toxins in the Venom of the 
Noble False Widow Spider Steatoda nobilis
Authors: John P. Dunbar, Antoine Fort, Damien Redureau, Ronan Sulpice, Michel M. Dugon and Loïc Quinton

Abstract: The noble false widow spider Steatoda nobilis originates from the Macaronesian archipelago 
and has expanded its range globally. Outside of its natural range, it may have a negative impact on 
native wildlife, and in temperate regions it lives in synanthropic environments where it frequently 
encounters humans, subsequently leading to envenomations. S. nobilis is the only medically 
significant spider in Ireland and the UK, and envenomations have resulted in local and systemic 
neurotoxic symptoms similar to true black widows (genus Latrodectus). S. nobilis is a sister group 
to Latrodectus which possesses the highly potent neurotoxins called α-latrotoxins that can induce 
neuromuscular paralysis and is responsible for human fatalities. However, and despite this close 
relationship, the venom composition of S. nobilis has never been investigated. In this context, a 
combination of transcriptomic and proteomic cutting-edge approaches has been used to deeply 
characterise S. nobilis venom. Mining of transcriptome data for the peptides identified by proteomics 
revealed 240 annotated sequences, of which 118 are related to toxins, 37 as enzymes, 43 as proteins 
involved in various biological functions, and 42 proteins without any identified function to date. 
Among the toxins, the most represented in numbers are α-latrotoxins (61), δ-latroinsectotoxins (44) 
and latrodectins (6), all of which were first characterised from black widow venoms. Transcriptomics 
alone provided a similar representation to proteomics, thus demonstrating that our approach is highly 
sensitive and accurate. More precisely, a relative quantification approach revealed that latrodectins 
are the most concentrated toxin (28%), followed by α-latrotoxins (11%), δ-latroinsectotoxins (11%) and 
α-latrocrustotoxins (11%). Approximately two-thirds of the venom is composed of Latrodectus-like 
toxins. Such toxins are highly potent towards the nervous system of vertebrates and likely responsible 
for the array of symptoms occurring after envenomation by black widows and false widows. Thus, 
caution should be taken in dismissing S. nobilis as harmless. This work paves the way towards a better 
understanding of the competitiveness of S. nobilis and its potential medical importance.


