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The First International Congress of the COST Action European Venom Network (EUVEN
2021) took place on September 14th-16th 2021, in a virtual format.
The COST Action CA19144 EUVEN was launched in October 2020 to promote synergistic
interactions among different stakeholders and foster venom research at the European level.
Members of the network actively cooperate to improve scientific connection in this
multidisciplinary field, favor knowledge exchange and consolidation of best practices in
venom research, and offer interdisciplinary training to young researchers.
Since the Action was launched in the midst of the COVID-19 pandemics, this was the first
occasion for the EUVEN scientific community to gather together and share their research
results: a strongly felt need, reflected in the high number of abstracts submitted to this
conference.
A total of 93 contributions submitted by authors representing 39 countries were featured at
EUVEN 2021, including invited keynotes, contributed talks and posters, and organized in
three sessions: Diversity of Venom and Venomous Organisms, Novel Approaches to Venom
Research, and Applications and Biomedical Implications of Venom.
All accepted abstracts are included in this book, and organized by type of contribution
(keynotes, talks and posters) and alphabetically by first author’s last name. Some of the
abstracts were edited to conform to the meeting format, but the content originally submitted
by the authors was not modified. When there are multiple authors, the name of the
presenting author is underlined.
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Venom evolution in spitting cobras: integrating diverse data types and harnessing the power of
collaboration in venom research
Nicholas Casewell
Liverpool School of Tropical Medicine, United Kingdom

Venom systems can be utilised to provide novel insights into the selective drivers underlying
evolutionary change as their direct genetic basis and clearly defined functional phenotypes are
amenable for exploring the evolutionary history of these adaptations. Spitting cobras are a particularly
suitable vertebrate model for such research as three lineages of these elapid snakes have convergently
evolved the ability to spit venom at adversaries, while retaining the predatory use of their venom via
biting events. These snakes thus allow us to test hypotheses investigating whether the repeated origins
of a novel defensive use of venom corresponds with the evolution of defence-specific toxin components
to complement the morphological adaptations that underpin spitting behaviours. Further, they also
enable exploration of whether spitting cobras can modulate the composition of their expelled venom
when exposed to different ecological stimuli (i.e., prey vs aggressors), in a manner analogous to certain
venomous invertebrates. In this talk I will highlight how a variety of productive and generous
toxinological collaborations enabled the generation and integration of diverse data types required to
robustly investigate these topics and reveal how the repeated origin of venom spitting provides
compelling evidence of convergent venom evolution driven by selection for defensive use.
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Killer Snails: Agents of change and innovation
Mandë Holford
City University of New York, USA
American Museum of Natural History, USA

Venomous animals are found in the seas, on land, and in the skies. Their ubiquitous presence
demonstrates the evolutionary success of venom in shaping fundamental biological processes related
to defense, predation, and competition. My lab uses venoms and venomous animals as agents of
change and innovation. We are interested in how venoms direct the evolution of organisms and how
they can improve human lives. Considerably, venoms are the prototype of precision medicine: inducing
a highly specific and immediate response. Venom peptides, and the genes from which they are derived,
are a resource for investigating biological processes pertaining to organismal evolution (adaptive
radiation, diversification), gene development (duplication, neofunctionalization), and cellular physiology
involving ion channels (activating/inhibitory ligands). This talk will demonstrate the scientific path from
mollusks to medicine examining how venom evolved over time in the terebrid snails (Terebridae), and
how we can use this evolutionary knowledge as a roadmap for discovering and characterizing new
compounds with therapeutic potential for treating pain and cancer. A venomics strategy, combining
genomics, transcriptomics, and proteomics, has been applied to the discovery, characterization and
optimization of terebrid venom peptides (teretoxins). However, identifying bioactive venom peptides
remains a significant challenge. The Holford lab uses inventive tools from chemistry and biology to: (1)
investigate the evolution of venom in the 600 known species of predatory marine snails, (2) discover
disulfide-rich peptides from a venom source, (3) develop high-throughput methods for characterizing
structure-function peptide interactions, and (4) deliver novel peptides to their site of action for
therapeutic application.
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Deadly cures: a spider-venom peptide for treating ischemic injuries of the heart and brain
Glenn F. King
Institute for Molecular Bioscience, The University of Queensland, St Lucia QLD 4072, Australia

Cardiovascular disease is the leading cause of death worldwide. Within this disease category,
myocardial infarction (MI) and stroke account for most deaths, making these two diseases alone
responsible for 27% of all deaths worldwide. In spite of this massive disease burden, there are no drugs
available to protect the heart and brain from the tissue injury caused by MI and stroke, respectively.
The reduced supply of oxygen to affected regions of the heart and brain during MI and stroke,
respectively, induces a switch to fuel production via anaerobic glycolysis, which leads to lactic acidosis.
The resultant drop in pH activates acid-sensing ion channel 1a (ASIC1a), a proton-gated sodium channel.
Activation of ASIC1a appears to promote death of neurons and cardiomyocytes (heart muscle cells) by
exacerbating intracellular calcium overload and directly activating programmed cell death pathways.
We recently isolated a disulfide-rich peptide (Hi1a) from venom of the K’gari funnel-web spider that
inhibits ASIC1a with picomolar potency and exceptional selectivity. Hi1a dramatically reduces infarct
size and improves behavioural outcomes even when administered up to 8 hours after ischemic stroke
in rats1. More recently, we demonstrated that genetic ablation of ASIC1a leads to improved functional
recovery in an in vivo mouse model of MI, and that this effect can be recapitulated by therapeutic
blockade of ASIC1a using Hi1a2.
Collectively, our data provide compelling evidence that ASIC1a is a novel target for neuroprotective and
cardioprotective drugs to reduce the burden of MI and stroke, and that venom-peptide Hi1a is an
exciting lead compound for these indications.
1. Chassagnon et al. (2017) Potent neuroprotection after stroke afforded by a double-knot spider toxin that inhibits acidsensing ion channel 1a. Proc. Natl. Acad. Sci. USA 114, 3750–3755.
2. Redd et al. (2021) Therapeutic inhibition of acid sensing ion channel 1a recovers heart function after ischemia-reperfusion
injury. Circulation, in press.
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High Content Microscopy Screening for Potentially Pain Modulating Toxins
1

Alirahimi, E., 1Van Cann, M., 1Isensee, J., 2Kuzmenkov, A., 3Andreev-Andrievskiy, A., 4Peigneur, S.,
2,5
Khusainov, G., 2Berkut, A., 4Tytgat, J., 6Zambelli, V.O., 6Picolo, G., 6Alcantara, Q.A., 7,8Morandini,
A.C., 7Marques, A.C., 9Sciani, J.M., 2Vassilevski, A., 1Hucho, T.
1

Department of Anesthesiology and Intensive Care Medicine, Translational Pain Research, University Hospital of Cologne,
University of Cologne, Germany
2
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, Moscow, Russia
3
Biological Faculty, Lomonosov Moscow State University, Russia
4
Toxicology and Pharmacology, KU Leuven, Belgium
5
Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia
6
Laboratório de Dor e Sinalização, Instituto Butantan, Avenida Vital Brasil, 1500, 05503-900, São Paulo, SP, Brazil.
7
Departamento de Zoologia, Instituto de Biociências, Universidade de São Paulo, São Paulo, 05508-220, Brazil.
8
Centro de Biologia Marinha, Universidade de São Paulo, São Sebastião, 11600-000, Brazil.
9
Multidisciplinary Research Laboratory, São Francisco University (USF), Avenida São Francisco de Assis, 218, Jardim São
José, 12916-900, Bragança Paulista, SP, Brazil.

Aim
Pain-initiating nociceptive neurons are highly heterogenous and respond to a vast variety of stimuli
such as ionotropic depolarization, prostaglandins, growth factors, cytokines, hormones, pH, ROS, and
metabolites. Thereby, they are able to detect a huge variety of potentially pain modulating toxins. A
challenge is how to monitor such heterogeneous sensory neurons to allow stepwise fractionationbased purification of potentially subgroup-specific ionotropic as well as metabotropic acting toxins.
Methods
We established a High Content Microscopy approach for the analysis of primary sensory neuron
cultures on a single cell basis for higher throughput screening. We established phenotypic assays to
monitor activation as well as inhibition of pain-initiating PKA-II and/or Erk signaling in 50-100 µl volumes
in 96-well plates. Venoms, can then be tested for potentially pain-initiating or analgesic activity,
sequentially fractionated and retested until purity, sequenced and recombinantly produced.
Furthermore their cellular mechanism can be e.g. pharmacologically characterized and verified in
behavioral animal pain tests.
Results
We tested 123 crude venoms from different species. Thirty four percent (42 out of 123) of the tested
venoms showed pain-initiating signaling whereas 13.8% (17 out of 123) showed signaling-inhibiting, i.e.
potentially analgesic activity. Interestingly, among all the species tested, only the venom of spiders
showed de-sensitizing activity. First attempts identified MeuNaTxa1 as a pain initiating toxin acting via
Nav1.2. Identification of further initiating and/or potentially analgesic toxins is ongoing.
Main Conclusions
We show a first High Content microscopy based screening approach suitable for identification not only
of potentially pain initiating but also of inhibiting toxins on highly heterogeneous primary sensory
neurons in a higher throughput manner.

11

1st International Congress
online
European Venom Network

14th -16th September 2021
www.euven-congress.eu

Purification of novel phospholipase A2 enzymes with anticancer activity from Pseudechis australis
snake venom
1

Boncan, J., 1Bann, S., 2Cochrane, S., 3Cobice, D., 4McClean, S., 1Jordan, A., 1McCloskey, K., 1 Mills, K.

1

Patrick G Johnston Centre for Cancer Research, School of Medicine, Dentistry and Biomedical Sciences, Queen’s
University Belfast, 97 Lisburn Road, Belfast, BT9 7AE, U.K.
2
School of Chemistry and Chemical Engineering, Stranmillis Road, Queen’s University Belfast, Belfast BT9 5AG, U.K.
3
Mass Spectrometry Centre, Biomedical Sciences Research Institute (BMSRI), School of Biomedical Sciences, Ulster
University, Coleraine BT52 1SA, U.K.
4
School of Biomedical Sciences, Ulster University, Coleraine, BT52 1SA, UK

Aim
Precursor B-cell acute lymphoblastic leukaemia (pre-B ALL) is a haematological malignancy
characterised by immature proliferation of B-cell lineage blasts. Current treatment for pre-B ALL
involves regimens of chemotherapy which despite high curative rates are often not tolerated well by
patients.
Previously our group has identified phospholipase A2 (PLA2) as a novel, anticancer component in
Pseudechis australis (PA) snake venom. Here we purify this component and elucidate its mechanism of
action in a panel of pre-B ALL cell lines.
Methods
Crude PA snake venom was purified using Reversed-Phase High-Performance Liquid Chromatography
(RP-HPLC), with the identity of our compound of interest (CoI) confirmed using MALDI-ToF mass
spectrometry, and a shotgun protein ID approach.
For functional studies, normal peripheral stem cells (PSC) along with a panel of pre-B ALL cell lines were
used with; viability and cytotoxicity assays, Caspase 3/7 and 8-Glo activity assays, Annexin V 7-AAD and
propidium iodide cell staining undertaken.
Results
The CoI from crude PA snake venom was purified by RP-HPLC, eluting as three overlapping peaks.
MALDI-ToF and sequencing analysis revealed these to be three PLA2 homologues. All three homologues
were pooled together and denominated, PA-PLA2.
A panel of pre-B ALL cell lines treated with PA-PLA2 generated IC50 values in two cell lines (Reh;
0.74µg/mL and SD-1; 13.58µg/mL) after 24 hours. No decrease in PSC viability was observed following
24, 48 and 72 hours treatment with PA-PLA2.
In functional assays, after 24 hours PA-PLA2 treatment (Reh; 0-5µg/mL and SD-1; 0-50µg/mL), caspaseindependent cell death along with significant increases in necrotic cells as well as cells in sub-G1 were
observed (p<0.05).
Main Conclusions
This study has identified and purified a cluster of PLA2 enzymes from crude PA venom with anticancer
activity. The purified PA-PLA2 was shown to selectively target pre-B ALL cancer cells inducing a caspaseindependent mode of cell death.
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From venom to bioactive peptide: Identification, Synthesis and Structure-Activity Relationship
Study
1,4

Boughanmi, Y., 2 Berenguer-Daize, C., 3 Olleik H., 1,4 Mollet C., 1Verdoni, M., 1,4Soioulata, A., 4de
Pomyers, H., 2Luis, J., 5 Lebrun, R., 5Mansuelle, P., 1Gigmes, D., 3Maresca, M., 2Ouafik, L., 1Mabrouk, K.

1

Institute of Radical Chemistry (ICR, CNRS UMR 7273), Aix-Marseille University, Marseille
Institute of Neurophysiopathology (INP, CNRS UMR 7051), Marseille
3
ISM2/Biosciences (UMR CNRS 7313), Aix-Marseille University, Marseille
4
Latoxan, 26800 Portes-lès-Valence
5
Proteomics Platform, Marseille Proteomics (MaP), IMM, FR 3479, CNRS, Marseille
2

Aim
The use of peptide drugs offer advantages over conventional synthetic or semi-synthetic organic
chemicals, in particular their low-dose efficacy, low toxicity, harmless metabolites, high capacity for
structure modification and high target specificity.
Animal venoms contain numerous bioactive peptides, sometimes rich in disulfide bridges, of different
lengths, potent, stable and exerting various multipharmacological actions.
Our projects have aimed at isolating, identifying and characterizing bioactive molecules from animal
venoms in several fields of health and cosmetics. The main research and therapeutic investigations
concern the fields of anti-tumor, antibiotic resistance, neurodegenerative diseases, pain and
depigmentation.
Methods
Several dozen animal venoms have been screened for pharmacological activity. Venoms with biological
activity are fractionated by HPLC. The active fractions are sub-fractionated. After several subfractionations, the active molecules are isolated and their purity confirmed by HPLC. Once their mass
and sequences have been determined, structure-activity relationship studies are performed using
synthetic peptides.
Results
Thus, we have identified: i) for the first time a polyamine, isolated from spider venom, which inhibits
both enzymes involved in white and black skin depigmentation; ii) a peptide from wasp with
antibacterial (gram-) anti-inflammatory activity. The activity and stability of this peptide was improved
by a structure-activity relationship study using more than 70 synthetic analogues; iii) several potentially
anti-tumor molecules from snake venoms.
Main Conclusions
This communication describes the identification and purification of several bioactive molecules isolated
from animal venoms. After isolating several bioactive venoms, the fractionation strategy of these latters
allowed the identification of several molecules that possess biological activities, such as
antiproliferative, depigmentation inhibitory or antibacterial activity. Many new molecules have yet to
be identified from active fractions and other venoms have not yet been tested. Several patents have
been filed and recently published.
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Unveiling the Old World Mysteries - High Scale Proteomics of Turkish Viperine Venoms
1

Damm, M., 2Hempel, B.-F., 3Göcmen, B., 4Nalbantsoy, A., 1Süssmuth, R.D.

1

Department of Chemistry, Technische Universität Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany
BIH Center for Regenerative Therapies (BCRT), Berlin Institute of Health at Charité-Universitätsmedizin Berlin,10117
Berlin, Germany
3
Zoology Section, Department of Biology, Faculty of Science, Ege University, Bornova, 35100 Izmir, Turkey
4
Department of Bioengineering, Faculty of Engineering, Ege University, Bornova, 35100 Izmir, Turkey
2

Aim
Snake venoms of the Old World vipers, Viperinae subfamily, are composed of >16 different toxin
families, which can be grouped from major abundant to more rare ones. Their proteomic compositions
vary strongly between genera and show clear trends regarding different distribution areas. With more
than ten species and numerous subspecies, particularly the territory of Turkey is a hotspot for a
multitude of vipers. Our ongoing project about Turkish snakes sheds light on the complex venom
compositions in this taxonomic highly discussed clade of Eurasian vipers. In this study, we investigated
six Turkish viper venoms within the three genera Daboia, Vipera, and Montivipera.
Methods
Therefore, the venoms were analysed by high-resolution mass spectrometry (MS), combining bottomup and top-down proteomics approaches. This includes a detailed intact mass profiling, especially for
the diverse peptide parts. Finally, the venoms were compared by their relative quantification based on
the approved three-level snake venomics protocol regarding the reversed-phase HPLC peak area, 1D
SDS-PAGE band intensity and if necessary, TOP3 relative MS ion intensity.
Results
All six venoms consist of toxin families, which are representative for the Old World vipers, but are, like
expected, divers in their individual compositions. While the Montivipera venoms are similar among
each other, the Vipera berus barani and V. darevskii venoms clearly show the high variability within the
Vipera genus. Furthermore, the Turkish Daboia palaestinae underlines differences among the western
Mediterranean and an eastern tropical Asian group of Daboia.
Main Conclusions
Over the past decade, we characterized several snake venoms through different state-of-the-art mass
spectrometry methods and with this study expand the range of investigated Turkish viper venoms. We
highlight the compositional trends amid Old World viper venoms, especially in comparison to the newly
described Daboia, Vipera, and Montivipera venom proteomes.
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New kids on the block: Envenomation occurrence, medical significance and venom profile of the
Noble false widow spider Steatoda nobilis
1

Dunbar, J.P.,

2

Redureau, D., 3Kahn, N., 4Fort, A., 4Sulpice, R., 3Boyd, A., 2Quinton, L., 1Dugon, M.M.

1

Venom Systems & Proteomics Lab, School of Natural Sciences, Ryan Institute, National University of Ireland Galway, H91
TK33 Galway, Ireland.
2
Mass Spectrometry Laboratory, MolSys RU, University of Liège, 4000 Liège, Belgium.
3
Pathogenic Mechanisms Research Group, School of Natural Sciences, National University of Ireland Galway, H91 TK33
Galway, Ireland.
4
Plant Systems Biology Lab, Plant and AgriBiosciences Research Centre, School of Natural Sciences, Ryan Institute, National
University of Ireland Galway, H91 TK33 Galway, Ireland.

Aim
The Noble false widow Steatoda nobilis is a medium size spider belonging to the family Theridiidae and
is closely related to the “true” widows of the genus Latrodectus. Steatoda nobilis is thought to originate
from the Atlantic Macaronesian archipelago, but the species is now present in most of Western Europe
and in localised areas of North and South America. In recent years, envenomations have been reported
from the United Kingdom, Ireland and the Pacific Coast of South America. The symptomatic resulting
from envenomation by spiders from the genus Steatoda is referred to as Steatodism.
Methods
We investigated 16 confirmed cases of envenomations by Steatoda nobilis that occurred in the United
Kingdom (N=1) and Ireland (N=15) between 2018 and 2021. In addition, we investigated the venom
composition of female Steatoda nobilis using a combination of transcriptomic and proteomic cuttingedge approaches and explored the potential for Steatoda nobilis to vector pathogenic bacteria during
bite events.
Results
Results show that victims experienced a range of symptoms reminiscent of latrodectism, including
prolonged intense debilitating pain, sweating, tremors, cramping and skin lesions. In five cases, victims
sought medical attention and hospitalisation was required for two cases. We also confirm that Steatoda
nobilis carries and can vector a range of potentially pathogenic bacteria, including Staphylococcus
epidermidis, Kluyvera intermedia, Rothia mucilaginosa and Pseudomonas putida, and antibiotic
resistant strains of Pseudomonas putida, Staphylococcus capitis and Staphylococcus edaphicus.
Main Conclusions
The venom of Steatoda nobilis includes the main toxins present in Latrodectus, including α-latrotoxins,
𝛿-latroinsectotoxins and latrodectins, all of which were first characterised from black widow venoms
and enzymes including metalloproteinases, serine proteases, and chitinases are present in large
quantities. Our data indicates that Steatoda nobilis is an emergent species of medical importance, and
its disruptive potential is enhanced by its preference for synanthropic habitats, adaptability, and
competitiveness.
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A bug's secrets – Characterization of toxic venom components from the African assassin bug
Psytalla horrida
1

Fischer, M.L., 1 Pauchet, Y., 2Wielsch, N., 3Heckel, D.G., 4Vilcinskas, A., 1Vogel, H.

1

Department of Insect Symbiosis, Max-Planck-Institute for Chemical Ecology, Jena, Germany
Research Group Mass Spectrometry/Proteomics, Max-Planck-Institute for Chemical Ecology, Jena, Germany
3
Emeritus Group Entomology, Max-Planck-Institute for Chemical Ecology, Jena, Germany
4
Institute of Insect Biotechnology, Justus-Liebig University, Giessen, Germany
2

Aim
The insect suborder Heteroptera represents a highly diverse group of phytophagous, zoophagous and
hematophagous species, which have exploited a variety of different habitats all over the world. The
piercing-sucking mouthparts allow them to inject a complex cocktail of salivary proteins that facilitates
the extra-oral digestion of various tissues. Predaceous Heteroptera have evolved venomous saliva,
which additionally aids in prey capture and defense. The African assassin bug Psytalla horrida is capable
of deploying venoms from different salivary gland parts in a context-dependent manner. Venom from
the posterior main gland (PMG) is used to overwhelm, kill and predigest prey. Although the general
composition of P. horrida venom is known, the function and mode of action of many components are
unclear and need to be analyzed.
Methods
We fractionated PMG venom from P. horrida using cation-exchange chromatography and screened the
fractions for cytotoxic, antimicrobial and hemolytic activity. The protein composition of the active
fractions was analyzed using LC-MS/MS.
Results
The observed toxic effects were mainly caused by two fractions, which strongly reduced insect cell
viability and bacterial growth and caused up to 15% hemolysis of erythrocytes. Proteomic analysis of
the respective fractions revealed that they mainly contained gelsolin, S1 proteases, uncharacterized
venom proteins and redulysins.
Main Conclusions
The selection and analysis of active venom fractions is a crucial step in the identification and
characterization of toxic components in P. horrida venom. In order to find out which proteins are
responsible for the observed effects, we will heterologously express candidate proteins and screen
them for activity. The results of our study contribute to a better understanding of the ecology of
venomous Heteroptera and provide new insights into venom functions and novel compounds.
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Mutual anticancer effects of bee venom and cisplatin on human cervical and laryngeal carcinoma
cells and their drug resistant sublines
1

Gajski, G., 2Čimbora-Zovko, T., 2Rak, S., 2Osmak, M., 1Garaj-Vrhovac, V.

1
2

Institute for Medical Research and Occupational Health, Croatia
Ruđer Bošković Institute, Croatia

Aim
Regardless of major scientific and technological advancements in combinatorial chemistry, drugs
derived from natural products still make a huge contribution to drug discovery today. Therefore, we
investigated the possible mutual anticancer ability of bee venom and cisplatin towards two cancer cell
lines: parental cervical carcinoma HeLa cells and their cisplatin-resistant HeLa CK subline, as well as
laryngeal carcinoma HEp-2 cells and their cisplatin-resistant CK2 subline.
Methods
Cytotoxicity of bee venom alone and in combination with cisplatin was investigated using MTT test.
Additionally, we examined morphological changes and the type of cell death using vital staining as well
as by the induction of PARP cleavage using Western blot analysis.
Results
Bee venom applied alone in concentrations of 30-60 μg/mL displayed dose-dependent cytotoxicity
against all cell lines tested. Cisplatin-resistant cervical carcinoma cells were more sensitive to bee
venom than their parental cell lines (IC50 values were 52.50 μg/mL for HeLa vs 47.64 μg/mL for HeLa CK
cells), whereas opposite results were obtained for cisplatin-resistant laryngeal carcinoma cells (IC50
values were 51.98 μg/mL for HEp-2 vs > 60.00 μg/mL for CK2 cells). Treatment with bee venom alone
induced a necrotic type of cell death, as shown by characteristic morphological features, fast staining
with ethidium-bromide and a lack of cleavage of apoptotic marker PARP. Combined treatment of bee
venom and cisplatin induced an additive and/or weak synergistic effect towards tested cell lines,
indicating that bee venom could enhance the killing effect of selected cells when combined with
cisplatin.
Main Conclusions
The obtained results indicate that mutual treatment with bee venom could be useful from the point of
minimizing cisplatin concentration during chemotherapy, thus reducing and/or postponing the
development of drug resistance. Our data suggest that bee venom could be used in the development
of a new strategy for cancer treatment.
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Protein diversity in the venom duct of the Mediterranean cone snail Lautoconus ventricosus
1

Galindo, J.C.G., 2Annaz, H., 3Pardos-Blas, J.R.,3Zardoya, R., 2Tenorio, M.J.

1

Dept. Química Orgánica-INBIO, Facultad de Ciencias, Universidad de Cádiz, Puerto Real, Spain
Dept. CMIM y Química Inorgánica-INBIO, Facultad de Ciencias, Universidad de Cádiz, Puerto Real, Spain
3
Dept. Biodiversidad y Biología Evolutiva, Museo Nacional de Ciencias Naturales-CSIC, Madrid, Spain
2

Aim
The cone snail Lautoconus ventricosus (Gmelin, 1791) is known from the Mediterranean Sea and
neighboring Atlantic Ocean. Following the recent publication of the genome organization and structure
of venom genes of this species, we aimed to analyze the proteome of the venom duct in order to verify
the presence of peptides identified in the transcriptomes of the venom gland and foot and in the
genome.
Methods
The venom ducts of five specimens of L. ventricosus from Algarve, Portugal, were dissected, pooled,
lyophilized and extracted with 0.1% formic acid. The extracts were subjected to LC/MS. A PTM database
of annotated sequences based upon published transcriptomes and genome conotoxin genes was built
using the tool ConoMass in the portal Conoserver. Monoisotopic masses were identified by means of
this tool. A fraction of the venom extracts was reduced with dithiotreitol, alkylated with iodoacetamide,
and digested with trypsin. The resulting digested solution was used for LC-MS/MS on a Bruker timsTOFPro. Data analysis was performed with PEAKS-XPro software.
Results
A total of 270 monoisotopic masses were obtained by means of LC/MS analysis. 83 of these masses
were identified with sequences present on the transcriptome of the venom gland of L. ventricosus.
Shotgun proteomics (LC-MS/MS) identified a total of 246 sequences in 126 protein groups, including
venom-related proteins, hormones and metavenom network proteins in addition to conotoxins. 27
propeptide sequences were also identified.
Main Conclusions
A total of 199 conotoxin sequences were identified in the proteome of L. ventricosus. 134 sequences
were present on the transcriptome of the venom gland of this species, whereas 4 additional sequences
were present in the transcriptome of the foot, and one from the genome conotoxin genes. Not only
mature conotoxins, but also partially processed conopeptides were detected. Other sequences
identified corresponded to widespread venom proteins and hormones.
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Application of Multi-Enzymatic Limited Digestion for inventorying the snake venom arsenal
1

Gobbi Amorim, F., 1Redureau, D., 2Casewell, N., 1Quinton, L.
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Aim
Multi-Enzymatic Limited Digestion (MELD) is a new methodology that applies synergic and time-limited
digestion of multiple enzymes, representing a versatile yet straightforward approach for a new
generation of proteomics methodology for defining venom composition. The generation of a higher
number of peptides per protein during the MELD digestion increases the quality of protein sequencing
and identification. We applied the MELD strategy for the venomics of two snake species: Echis ocellatus
(EoV) and Dendroaspis polylepis (DpV).
Methods
10 µg of each venom were reduced/alkylated followed by two different digestion protocols: (1) trypsin
and (2) MELD (Trypsin/GluC/Chymotrypsin). The digested materials were analysed in a Q-Exactive™Plus
Mass Spectrometer with protein identification performed by PeaksStudio X+.
Results
MELD showed more peptides/proteins identified for both venoms compared to the trypsin protocol. In
EoV, 82.3% were identified as toxins and 17.2% as non-toxins, compared to the trypsin protocol which
resulted in 69.2% toxins, 24% non-toxins and 6.9% for cellular components (CC). In DpV, MELD showed
a coverage of 26.2% for toxins, 39.9% for non-toxins and 33.9% for CC, while for trypsin we obtained
23.3% toxins, 37.4% non-toxins and 39.3% CC. MELD was able to identify new components in both
venoms. 51% of the EoV were metalloproteinases while DpV showed a high content of nerve growth
factor (22%). The highest number of mass spectras (MS) were obtained for metalloproteinases
(tr|Q2UXQ4) for EoV, in which MELD obtained 4-time more MS. For DpV, dendrotoxin I (P00979)
showed the greatest number of MS, and trypsin yield 2-times more MS.
Main Conclusions
MELD presented a different coverage according to the presence of high molecular mass content in the
venom arsenal. This strategy can be applied to identify new groups of venom components. It represents
an innovative strategy for venomics, opening new perspectives for sequencing and inventorying the
venom arsenal.
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The macroecology of venom: Using phylogenetic comparative approaches to understand the
general rules of venom ecology and evolution
1

Healy, K., 1,2 Lyons,K., 2Forde, A.C., and 2Dugon, M.M.
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2
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Aim
Venom is highly diverse in its composition and the range of species that employ it. However, across this
diversity, venoms have evolved to carry our similar functions and hence, venom function and
composition is expected to follow macroecological and evolutionary patterns relating to ecological
selection pressures and physiological trade-offs. Identifying these general patterns at the largest
taxonomic scales has been challenging due to issues relating to confounding factors. To overcome this
we use phylogenetic comparative methods that can account for potential confounding factors and test
a series of such macroecological patterns in venom across snakes, spiders and scorpions including;
whether venom generally evolves to be prey specific and the role of body size and habitat in driving
venom potency and yield.
Methods
To test these macroecological hypotheses we collated data on LD50, venom yield, body mass and habitat
types for over 200 snake, spider and scorpion species. We used Bayesian phylogenetic comparative
methods to test (1) whether LD50’s where higher when tested on species evolutionarily similar to
natural prey (2) whether habitat type drives venom yields and (3) whether body size drives LD50’s and
venom yields as predicted from metabolic theory.
Results
We confirm that, in general, venom is prey specific, with significantly lower LD50 values when tested on
species more closely related to natural prey. However, we find that this relationship was only found in
species with specialist diets. We also find support that species in more complex habitats, such as
arboreal environments, have lower venom yields. Finally, we find that venom yield increases with body
size as expected from metabolic theory and also find support for lower potency in larger animals.
Main Conclusions
We demonstrate that phylogenetic comparative methods can be useful tools to identify and test
macroecology patterns at the highest scales of venom diversity.
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Spatial venomics: Toxin production and functional biology of glycerid toxins by mass spectrometry
imaging
1

Hempel, B.-F., 2,3Verdes, A., 4,5,6Undheim, E.A.B, 3Jenner, R.
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Investigaciones Científicas, Calle de José Gutiérrez Abascal 2, 28006 Madrid, Spain
3
Department of Life Sciences, Natural History Museum, Cromwell Rd, London, SW7 5BD, UK
4
Centre for Biodiversity Dynamics, Department of Biology, Norwegian University of Science and Technology, 7491
Trondheim, Norway
5
Centre for Ecological and Evolutionary Synthesis, Department of Biosciences, University of Oslo, PO Box 1066 Blindern,
0316 Oslo, Norway
6
Centre for Advanced Imaging, The University of Queensland, St Lucia, QLD 4072, Australia

Aim
Throughout evolution, toxic secretions have independently evolved as biochemical weapons in
association with highly specialized venom delivery systems across a broad phylogenetic range of
venomous animals. Despite initial research, we have a poor understanding of the venom production
and storage systems for most venomous animals.
Methods
Spatial venomics uses techniques such as non-targeted mass spectrometry imaging (MSI) and spatial
transcriptomics, and can help to fill the gap of venom storage/production and functional morphology
constraints in venom systems. In this study, we apply a spatial venomics approach to study the venom
system of glycerids, a group of marine polychaetes, also known as bloodworms.
Results
Glycerids have a tapering, ringed proboscis and greatly elongated eversible pharynx tipped with four
jaws directly connected to putative venom glands that produce complex venoms comprised of large
neurotoxic proteins as well as numerous other proteinaceous and peptidic toxins. A newly recognized
part of the venom system is a number of pharyngeal lobes, which are poorly understood structures that
have recently been shown to be the main site for neurotoxin production in Glycera tridactyla. To shed
further light on the functional organization of the venom system of glycerids, we applied non-targeted
mass spectrometry imaging (MSI) in combination with standard omics approaches, and were able to
spatially identify a number of putative toxins that were restricted to the pharyngeal lobes or venom
glands in these poorly known venomous organisms.
Main Conclusion
Here, we performed a spatial venomics analysis of the venom system of G. dibranchiata by combining
transcriptomics, proteomics, and MSI approaches. The application of integrative omics tools for the
spatial identification of various toxins in the venom system allowed us to shed new light on the
functional biology of glycerid venoms, and put them in a morphological context.
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A presynaptically neurotoxic secreted phospholipase A2 group IIA from snake venom and its
mammalian orthologue bind to the same mitochondrial receptor
1,2

Ivanušec, A., 1Šribar, J., 3Veranič, P., 4Zorović, M., 4Živin, M., 1Križaj, I.
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Aim
Ammodytoxin (Atx), a presynaptically neurotoxic secreted phospholipase A2 (sPLA2) from the venom of
the nose-horned viper (Vipera a. ammodytes), was previously shown to target cytochrome c oxidase
subunit II (CCOX-II) in neuronal mitochondria. The aim of this study was to determine whether the rat
group IIA (GIIA) sPLA2, the mammalian orthologue of Atx, also interacts with the same mitochondrial
receptor as Atx.
Methods
The binding affinity of the rat GIIA sPLA2 to CCOX-II was tested with competition binding assay using
radioiodinated Atx and mitochondrial membranes extract from porcine cerebral cortex. The GIIA sPLA2
effect on CCOX enzymatic activity was measured spectrophotometrically on mitochondria, isolated
from PC12 cells, and histochemically on rat brain tissue sections, while its effect on mitochondrial
membrane potential in PC12 cells was investigated using flow cytometry. For localization studies, GIIA
sPLA2 was labelled with a fluorescent dye and tracked in cells with confocal microscopy.
Results
Rat GIIA sPLA2 inhibited 50% of binding of radioiodinated Atx to CCOX-II at about 1 µM concentration,
roughly 100-fold higher concentration than Atx itself. Nevertheless, GIIA sPLA2 substantially inhibited
the oxidase activity of CCOX on isolated mitochondria and the inhibition was independent of its
phospholipase activity. On the other hand, GIIA sPLA2 had only subtle effects on mitochondrial
membrane potential in PC12 cells and CCOX activity on rat brain tissue sections. Exogenously added
fluorescently labelled GIIA sPLA2 internalized into PC12 cells and colocalized with mitochondria.
Main Conclusions
Rat GIIA sPLA2 binds to CCOX-II and inhibits CCOX oxidase activity, indicating a possible regulatory role
of mammalian GIIA sPLA2 in mitochondria and opening an important direction of study to advance the
understanding of the involvement of the mammalian GIIA sPLA2 in mitochondrial function and
dysfunction.
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Venom variation in functionally distinct tissues of Hydractinia symbiolongicarpus through a
nematocyst-enriched transcriptome
1

Klompen, A.M.L., 1Cartwright, P.

1

Ecology and Evolutionary Biology, University of Kansas, Lawrence, Kansas, USA

Aim
The modulation of distinct venom components has been well documented in various venomous
organisms, including cnidarians (jellyfish, hydroids, sea anemones, corals) that possess a decentralized
venom system through the continuous production of venom-containing stinging cells (nematocysts)
across the body. Variation in venom expression has been shown across morphologically distinct
structures in multiple types of sea anemones, which can be used to infer the ecological role of different
toxin components. The colonial hydrozoan Hydractinia symbiolongicarpus is a useful model to explore
venom partitioning through a division of labor via different polyp types, including gastrozooids (preycapture and digestion) and gonozooids (reproduction, no feeding).
Methods
We created a novel reporter line for minicollagen 1 (Ncol-1), an early marker for nematocysts. In
combination with fluorescence-activated cell sorting (FACS), we sequenced and assembled a
nematocyst-enriched transcriptome. Using this as a reference for polyp type-specific RNA-seq data, we
evaluated differences in venom-like gene expression of two functionally distinct polyp types.
Results
Using our FACS approach, we detected venom-like sequences within our nematocyst-enriched
transcriptome that were not expressed in the nematocyst-depleted sample, and found differential
expression of putative toxins between gastrozooids and gonozooids that correlated with their
respective ecological roles. We additionally observed a difference in the nematocyst types across these
two polyp types, suggesting some putative toxins may be nematocyst-type specific.
Main Conclusions
The venom repertoire of H. symbiolongicarpus and nematocyst composition differs significantly
between functionally distinct polyp types. This suggests that cnidarians modulate venoms according to
ecological roles across functionally specialized tissues, likely through the positioning of different
nematocyst types that possess distinct venom compositions. Characterization of venom composition in
different nematocysts in combination with functional genomic approaches will help further clarify
mechanisms for modulation of venoms in cnidarians.
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The use of one-dimensional fluorine (19F) NMR in membrane-protein studies of pore-forming toxin
listeriolysin O
1

Kozorog, M., 2Sani, M.-A., 1Lenarčič Živković, M., 1,3,4Plavec, J., 2Separovic, F., 1Anderluh, G.
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Aim
Listeriolysin O (LLO) is 57 kDa protein and a main virulence factor of bacterium Listeria monocytogenes.
It binds to cholesterol-rich membranes, where it oligomerizes and forms large biological pores. The
process itself is still not explained in the detail at the molecular. Our aim was to investigate the role of
highly conserved LLO tryptophan residues in the above mentioned process.
Methods
We expressed recombinant LLO that was uniformly labeled with 5-fluorotryptophan (5F-Trp) using E.
coli expression system. Produced LLO with all seven tryptophan residues labelled with 19F (19F-LLO) was
incubated with cholesterol preparations in solution or with cholesterol-rich multilamellar vesicles.
Solution and solid state 19F NMR spectra of bound and unbound 19F-LLO were recorded and fluorine
signals were unambiguously assigned by using single point Trp → Phe LLO mutants.
Results
Circular dichroism spectra showed no structural changes in 19F-LLO or Trp mutants compared to the
unlabeled wild-type protein. 5F labelled tryptophan residues also had no measurable effect on the
protein’s pore-forming activity. Solution 19F NMR experiments indicated that none of the tryptophan
residues were directly involved in cholesterol binding in solution. On the other hand, significant
chemical shift changes were observed upon 19F-LLO binding to cholesterol rich vesicles. Along with the
results of measured activity of individual Trp → Phe LLO mutants we concluded that several tryptophan
residues are involved in membrane interactions (W512) and oligomerization (W189 and W489).
Main Conclusions
Our results show the attractiveness of 19F NMR spectroscopy use in membrane-protein interaction
studies also for higher molecular weight toxins. Although fluorine is not present in naturally occurring
biological molecules, it can be selectively incorporated into proteins by using simple bacterial
expression system and without causing major structural perturbations in labelled molecule.
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A Pseudoscorpion's Promising Pinch: The Venom of Chelifer cancroides Contains a Rich Source of
Novel Compounds
1

Krämer, J., 2Peigneur, S., 2Tytgat, J., 3Jenner, R.A., 4van Toor, R., 1Predel, R.
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Aim
Pseudoscorpions are tiny arachnids found in crevice habitats. Within this group a unique venom
delivery system has evolved enabling venom injections with modified pincers to overcome prey much
larger than the individual hunter. Due to their small size and their harmlessness for men,
pseudoscorpion venom was not in the focus of venom research. Up to now, only a few studies have
been performed on pseudoscorpion venom, which either identified a small fraction of venom
compounds, or were based on solely transcriptomic approaches. Only one study addressed the
bioactivity of pseudoscorpion venom.
Methods
We performed the first comprehensive proteo-transcriptomic analysis of the house pseudoscorpion’s
(Chelifer cancroides) venom. Another major achievement of our study are the first activity tests for
pseudoscorpion venom testing its effect on specific ion channels.
Results
Regarding the venom composition of the house pseudoscorpion, we identified the first genuine
pseudoscorpion venom compounds with similarity to neurotoxins and we discovered the venom to be
dominated by novel compounds without matches in the databases. Interestingly, our
electrophysiological activity tests revealed not only a modulation for insect potassium channels but also
for sodium channels from Varoa mites, which the house pseudoscorpion preys on as a symbiont of the
honey bee.
Main Conclusions
The findings of our study provide the first comprehensive insight about the venom composition and
activity of one of the smallest venomous animals ever studied. In addition, the large amount of
identified novel compounds demonstrates once again the large potential of investigating neglected
venomous taxa to open up additional sources of bioactive compounds usable for basic research and
industrial application.
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The composition and specific toxicity of venom of araneophagous white-tailed spiders
1
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Aim
The venoms of prey specialists are often taxon-specific and less complex than the venoms of generalists,
but venom composition was not studied in detail in these predators. In our study, we investigated the
composition and efficacy of venom of the white-tailed spider (Lamponidae: Lampona sp.). Lampona
spiders utilise specialised morphological and behavioural adaptations to capture spider prey, but their
venom has not been investigated.
Methods
We combined RNA-Seq transcriptomics of dissected venom glands with LC-MS/MS proteomics of the
crude milked venom to analyse the composition of Lampona venom. To test the relative efficacy of
Lampona venom on different prey types, we injected venom into a preferred prey type (spiders) and
non-preferred prey (crickets), with the venom of a related generalist spider (Gnaphosidae: Gnaphosa
sp.) for comparison. We also tested the efficacy of two venom fractions in Lampona (smaller and larger
than 10 kDa).
Results
The proteo-transcriptomic analysis identified 208 toxin sequences, comprising 103 peptides and 105
proteins. Peptides were more abundant and bigger compared to typical araneomorph or mygalomorph
toxins. Most of the peptides were Cysteine-rich and contained eight or ten Cysteine residues. Their
scaffolds likely represent variations on the inhibitor-cystine-knot (ICK) motif. Proteins included various
toxins similar to galectins, leucine-rich repeat proteins, trypsins and neprilysins. The venom of Lampona
was spider-specific, as it was more potent against the preferred spider prey than against the alternative
prey represented by a cricket. Only the high mass fraction (> 10 kDa) was effective on both spider and
cricket prey. On the other hand, the crude venom of the related generalist was similarly potent against
both prey types.
Main Conclusions
We demonstrated venoms of prey-specialised spiders, such as the white-tailed spider, represent
natural libraries of novel bioactive molecules with an expected specific mode of action.
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A first look at soft corals’ toxins: the venom of the white seafan Eunicella singularis
1

Modica, M.V., 1Leone, S., 2Gerdol, M., 3Dutertre, S.

1 Dept. BEOM Stazione Zoologica Anton Dohrn, Italy
2 Dept. of Life Sciences, University of Trieste, Italy
3 IBMM, Université Montpellier, CNRS, ENSCM, Montpellier, France

Aim
Research on Cnidaria venom has been mostly focused on sea anemones, Anthozoans belonging to the
subclass Hexacorallia. Notably, scarce information is available on the venom produced by the sister
subclass of Octocorallia, or soft corals, and it mostly pertains to their small molecules content. Polyps
of soft coral colonies are equipped with nematocyst-rich tentacles used to feed on zooplankton and to
deter potential predators. The lack of information regarding polypeptide toxins of soft corals is a
significant bias towards the understanding of the evolutionary history of Anthozoan venom toxins, and
the development of their biotechnological potential.
Methods
We used a combined transcriptomic-proteomic approach to investigate the venom of the white seafan
Eunicella singularis, a Mediterranean soft coral inhabiting rocky bottoms at 20-30 m depth. We isolated
venom polypeptides through selective chemical extraction of the nematocysts and we matched MS/MS
proteomic data against a whole body assembled transcriptome. Finally, we performed phylogenetic
analyses and modeled the structure of relevant proteins, to gain insights on their function and
evolution.
Results
We identified potential cytolytic, hemostasis impairing and neurotoxic molecules in the venom of E.
singularis, finding similarities with well characterized families of cnidarian toxins, such as small cysteine
rich peptides (SCRPs) and ShK toxins (ShKT), but also detecting uncommon polypeptides with novel
cysteine frameworks. In particular, our investigation highlighted the presence of a new family of
cytolytic polypeptides, structurally related to saposins, never observed before in Cnidaria. Homology
models and surface electrostatic potentials were analyzed to understand their possible mode of action
in comparison to well characterized pore forming proteins.
Main Conclusions
Our results provide the first description of soft coral venom toxins, highlighting their potential activity
and shedding light on the evolutionary history of conserved protein families in Anthozoa.
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The anti-tumoral profile of an octopus peptide in BRAF-melanoma cells is mediated by the
conformation of the neurokinin 1 receptor-binding domain
1

Moral-Sanz, J., 1,2,3Fernandez-Rojo, M.A., 1Colmenarejo, G., 4Kurdyukov, S., 3Brust, A., 3Ragnarsson,
L., 3Andersson, A., 1,5Vila, S.F., 5Cabezas-Sainz, P., 3Wilhelm, P., 3Chin, Y.K.Y., 1López-Mancheño, Y.,
3
Smallwood, T.B., 3Clark, R.J., 3Fry, B.G., 3King, G.F., 2,3Ramm, G.A., 3Alewood, P.F., 3Lewis, R.J.,
2
Mulvenna, J.P., 2Boyle, G.M., 5Sanchez, L.E., 4Neely, G. G., 2,6 Miles, J.J., 1,2,3 Ikonomopoulou, M.P.

1

Madrid Institute for Advanced Studies in Food, Madrid, E28049, Spain
QIMR Berghofer Medical Research Institute, Queensland 4006, Australia
3
The University of Queensland, St. Lucia, QLD 4072, Australia
4
Charles Perkins Centre, Centenary Institute, and School of Life and Environmental Sciences, University of Sydney,
Camperdown, NSW 2006, Australia
5
University of Santiago Compostela, 27002, Lugo, Spain
6
James Cook University, Cairns, 4811, Australia
2

Aim
Targeted therapies & immunotherapy have vastly enhanced survival in patients with metastatic BRAFmutated melanoma. However, drug resistance hinders the overall treatment success. Therefore, new
and safe regimes are still needed for melanoma patients. In this study, we aimed to characterise the
antiproliferative profile of Octpep-1, a tachykinin peptide derived from Octopus kaurna and to dissect
the role of neurokinin 1 receptor-binding domain in reducing the proliferation of human BRAF
melanoma.
Methods
We conducted viability, apoptotic assays and examination of cell cycle phases to determine whether
Octpep-1 targets melanoma cells. To dissect the significance of mitochondria in this process, we
assessed mitochondrial membrane potential, generation of reactive oxygen species and inhibitors of
mitochondrial complexes coupled with seahorse metabolic flux analyser. To showcase Octpep-1’s
mechanism of action we carried out structure activity relationship, including molecular modelling and
CRISPR/Cas9 editing of the targeted gene. Lastly, we used mouse and zebrafish melanoma xenograft
models to validate its therapeutic potential.
Results
We observed that Octpep-1 diminishes the proliferation of melanoma cells with negligible effects on
healthy neonatal foreskin fibroblasts and without leading to cell death. Octpep-1 increased the reactive
oxygen species with unaltered mitochondrial membrane potential or changes in cell cycle phases.
Moreover, Octpep-1 modified the rate of oxygen consumption by enhancing the non-mitochondrial
and mitochondrial respiration with an inefficient ATP coupling in melanoma-treated cells. Neurokinin
receptor knock-out melanoma cells suggested that Octpep-1 acts via a neurokinin-independent
mechanism. Molecular modelling and in vitro experiments supported that the antiproliferative profile
of Octpep-1 depends upon a mixture of α-helix and polyproline conformation in the C-terminal region.
Finally, as a proof-of-concept we confirmed that Octpep-1 diminishes the tumor progression in two
independent xenograft animal models.
Main Conclusions
We characterised the antiproliferative activities and showed the therapeutic potential of a tachykinin
octopus peptide in melanoma of BRAF mutation.
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Snake venom metabolomics: Comparative analysis between Vipera ammodytes meridionalis and
Malpolon insignitus fuscus in the Peloponnese
1,2
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2
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Aim
The variety of small molecules in the snake venom has not been vastly explored. Further studies are
needed as small molecules may play a substantial role in the venom activity. Profiling the snake venom
over a geographic region is also important from an evolutionary perspective too. In this context, major
objective of this study was to develop the protocol for the venom metabolic profiling of snakes captured
in the field and apply it for the comparative analysis of the solenoglyphous Vipera ammodytes
meridionalis and opisthoglyphous species Malpolon insignitus fuscus collected in the Peloponnese.
Methods
Twelve Vipera and 3 Malpolon snakes of both sexes were captured from two locations in the
Peloponnese, Strofylia Forest (sea-level) and Mount Chelmos (mountain level). Venom was collected in
the laboratory, after drug administration for increased venom release in the case of Malpolon. The
venom metabolic profiles were quantified by Gas Chromatograpy-Mass Spectrometry, normalized and
filtered using our in-house M-IOLITE (http://miolite2.iceht.forth.gr) software and analyzed using the
omic data analysis software TM4/MeV.
Results
The venom metabolic profile of both species was rich, with 170 and 150 metabolite peaks detected in
the Vipera and Malpolon samples, respectively. While Vipera venom profile was richer than that of
Malpolon, a large fraction of the detected metabolites were in small concentration. Citrate is the most
abundant metabolite in the venom of both species, in larger concentration in the Vipera species.
Further qualitative and quantitative differences between the two species were observed, indicating a
variety in the snake venom composition that needs to be further explored.
Main Conclusions
This study further supports the richness of the snake venom metabolic profile. Exploring the variety and
richness of the snake venom metabolic profile in relation to other omics is important for evolutionary
biology, but also for the identification of substances of pharmacological interest.
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Genome organization and structure of venom genes of the Mediterranean cone snail Lautoconus
ventricosus (Gmelin, 1791)
1

Pardos-Blas, J. R. 1,2,3Irisarri, I., 1,4Abalde, S., 5Afonso, C.M.L., 6Tenorio, M.J., 1Zardoya, R.

1

Departamento de Biodiversidad y Biología Evolutiva, Museo Nacional de Ciencias Naturales (MNCN-CSIC), Madrid, Spain.
Department of Applied Bioinformatics, Institute for Microbiology and Genetics, University of Goettingen, Goettingen,
Germany.
3
Campus Institute Data Science (CIDAS), Goettingen, Germany.
4
Department of Zoology, Swedish Museum of Natural History, Stockholm, Sweden.
5
Centre of Marine Sciences (CCMAR), Universidade do Algarve, Campus de Gambelas, Faro, Portugal.
6
Departamento CMIM y Química Inorgánica-INBIO, Facultad de Ciencias, Universidad de Cádiz, Puerto Real, Cádiz, Spain.
2

Aim
In recent years, transcriptomics has revolutionized the detection and classification of conotoxins from
the venom gland of cone snail species. However, the processes underpinning the generation of venom
complexity at the gene level remains barely unexplored. The main goal of this work was to shed light
on the genome organization and structure of venom genes.
Methods
By generating PacBio long reads as well as Chicago and HiC libraries, we were able to assemble a highly
contiguous genome for the cone snail Lautoconus ventricosus. In parallel, we also assembled the
transcriptomes of the venom gland and foot of this species. All newly generated data were used to
locate and annotate the venom genes in the genome.
Results
The assembled genome was 3.59 Gb size with 86.6% of the genome assembled into 35
pseudochromosomes. Venom gland reported 289 transcripts of conotoxin precursors, hormones, and
other venom proteins. The venom genes were scattered in the different pseudochromosomes. The
majority (62.6%) of conotoxin precursor genes had three exons and two introns. The ratio of conotoxin
precursor genes and transcripts was close to 1, suggesting that toxin diversity is produced through gene
duplication and later through post-translational modification of peptides but not during transcription.
Surprisingly, we found transcripts of conotoxins precursors in the foot tissue, being their expression
about one order of magnitude lower than in the venom gland.
Main Conclusions
The new genome will be a reference for future comparative genomics studies on venom evolution
within cone snails. The venom diversity in L. ventricosus is owing to an expansion of the conotoxin gene
family and genes are distributed widespread across the chromosomes. The low expression of conotoxin
precursor transcripts outside the venom gland points out to a neofunctionalization from housekeeping
genes at the origin of venom genes.
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VaaMPIII-3, a disintegrin-like/cysteine-rich protein from the Vipera a. ammodytes venom, and its
toxic effects on blood
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University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ljubljana, Slovenia
3
University of Belgrade, Institute of Molecular Genetics and Genetic Engineering, Laboratory for Molecular Microbiology,
Belgrade, Serbia
2

Aims
VaaMPIII-3, a glycoprotein from the venom of the nose-horned viper (Vipera a. ammodytes), is a
representative of the novel P-IIIe subclass of snake venom metalloproteases. Two principal aims of this
study are (1) further structural and biochemical characterization of VaaMPIII-3 and (2) analysis of its
effects on blood.
Methods
To purify VaaMPIII-3 from crude venom, we employed size-exclusion, cation-exchange, and covalent
chromatography. We determined its biochemical properties using isoelectric focusing, differential
scanning fluorimetry, CD spectrometry, mass spectrometry, and Edman sequencing. To predict its key
structural properties, we constructed a 3D model of its structure using Modeller 9v14 homology
modeling software. The effects of VaaMPIII-3 on human blood were studied using turbidimetry and
flow cytometry. MBP-tagged VaaMPIII-3 was expressed in E. coli and purified by amylose-affinity
chromatography. Recombinant VaaMPIII-3 was purified by RP-HPLC after proteolytic removal of the
MBP-tag.
Results
VaaMPIII-3 is an acidic and highly N-glycosylated protein. It is stable in Ca2+-containing buffers with pH
above 6. Although it contains a free Cys at position 6, VaaMPIII-3 appears in the venom as a 21 kDa
monomer. Structural modeling revealed that VaaMPIII-3 possesses an SECD motif on its surface,
common to disintegrin-like/cysteine-rich proteins that inhibit platelet aggregation. Indeed, it hindered
platelet aggregation stimulated by ADP, collagen or arachidonic acid. VaaMPIII-3 did not interfere with
platelet agglutination. Accordingly, it did not bind the platelet receptors CD61, CD41, CD42a, or CD42b
involved in this process. VaaMPIII-3 did not affect blood coagulation as well.
Main Conclusions
We optimized the protocol for purification of the natural VaaMPIII-3 and devised the protocol for
production of its recombinant form. We thoroughly characterized the protein biochemically and
structurally. We demonstrated that VaaMPIII-3 inhibits platelet aggregation aiding at the overall
anticoagulant effect of the venom. It is therefore a suitable substance to develop original
antithrombotics.
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Venom modulation in the red-headed centipede Scolopendra morsitans
1

Schendel, V., 1,2,3Undheim, E.A.B.

1

The University of Queensland, Centre for Advanced Imaging, Australia
Norwegian University of Science and Technology, Centre for Biodiversity Dynamics, Norway
3
University of Oslo, Centre for Ecological and Evolutionary Synthesis, Norway
2

Aim
Venoms have evolved independently in many animal lineages and show a huge diversity on different
scales—ranging from structures to inject venom, to venom producing tissues, to venom function and
venom composition—which makes venoms a great source to study evolutionary interactions between
traits across different levels of biological complexity. However, venom research often focusses on
pharmacological activity of isolated toxins, while behavioral and morphological studies are scarce. We
use centipede venoms as a model to show how different aspects of venom use are interlinked, and
demonstrate why behavioral and morphological studies need to be included in venom research.
Methods
We used a combination of behavioral experiments, mass spectrometry imaging, proteomics, and
immunohistochemistry to investigate venom modulation in the red-headed centipede Scolopendra
morsitans.
Results
Our results show that S. morsitans is able to regulate the composition of its venom and uses specific
peptides for predation and defense. The ability to modulate venom composition is probably due to the
presence of a complex neuronal network that innervates the venom gland and enables a fine-tuned
adjustment of venom secretion.
Main Conclusions
This multimethodological study on centipede venoms demonstrates how behavioral, morphological
and molecular aspects of venom use are interlinked and that venom research would benefit from more
holistic approaches.
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Using Ribosome Display to Generate a Safe, Efficient and Affordable Antivenom to treat Snakebite
Envenoming
1

Stenner, R., 1Sun, H., 1,2Berger, I., 1Berger-Schaffitzel, C.

1

Bristol Research Centre for Synthetic Biology BrisSynBio, School of Biochemistry, University of Bristol, 1 Tankard’s Close,
Bristol BS8 1TD, UK
2
Max Planck-Bristol Centre for Minimal Biology, Cantock’s Close, Bristol BS8 1TS, UK.

Aim
Snakebite envenoming is a Neglected Tropical Disease that annually causes up to 138,000 deaths and
400,000 disabilities in surviving victims. Current anti-venoms, manufactured from hyperimmunised
animals, are weakly effective as only 10-15% of the pooled anti-venom neutralizes toxins. The
ADDovenom project aims to use state-of-the-art protein engineering and display technology to
generate novel, high-affinity, and safe anti-venoms from naïve libraries.
Methods
Ribosome Display is an in vitro selection and evolution method for generating high-affinity antibodies
from naïve libraries. Using our nanobody and ADDobody libraries, ribosome display will be used to
generate high-affinity binders against a diverse range of snake venom antigens. The high-affinity
binders will be isolated, biophysically characterized, and their efficacy evaluated in cell-based assays at
the Liverpool School of Tropical Medicine (in collaboration with Prof. Nicholas Casewell). The snake
venom antigens used in the selections include recombinantly expressed venom proteins (in
collaboration with Dr. Renaud Vincentelli) and the EpiString constructs developed by Prof. Robert
Harrison.
Results
To-date, phospholipase A2s (PLA2s), metalloprotease EpiStrings, and disintegrins have been
recombinantly produced from bacteria and their activities have been confirmed (a novel assay for
measuring disintegrin activity was also developed). All the antigens have been biotinylated prior to
ribosome display, with this modification having no deleterious effect on activity. A nanobody library
has been generated in a format suitable for ribosome display and is actively being employed in
selections to generate high-affinity binders against purified PLA2s and metalloprotease EpiStrings. In
addition, a naïve ADDobody library has also been generated.
Main Conclusions
The primary goal of the ADDovenom project is to combat snakebite envenomation by producing safe,
effective, and affordable antivenoms. The preliminary data indicate that ribosome display is an effective
methodology for accomplishing this objective by generating high-affinity binders against an assortment
of pertinent snake venom targets.
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The King’s Gambit: Small Molecule Arsenal of Conus imperialis
1,5

Torres, J.P., 1Lin, Z., 2Watkins, M., 3Salcedo, P.F., 2Baskin, R., 4Elhabian., 2,5,6Safavi-Hemami, H.,
2
Taylor, D., 2Tun, J., 7Concepcion, G., 2Saguil, N., 8Yanagihara, A., 9McArthur, J., 9Han-Shen, T., 9FinolUrdaneta, R., 10Özpolat, D., 2Olivera, B. and 1,2Schmidt, E.W.
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Aim
Cone snails rely on venoms for predation and protection Their ability to generate conopeptides and use
them in sophisticated strategies allowed them to survive for millions of years. However, peptides are
not the only active components of cone snail venoms. In this work, we demonstrate that Conus
imperialis contain small molecules that are biologically active. We further propose how two of the small
molecules, genuanine and conazolium A mimic the mating pheromones of their prey and use them as
part of a worm hunting strategy. This work reveals that small molecules are important components of
venom and that their chemical diversity can provide new aspects in the areas of chemical ecology and
drug discovery.
Methods
An initial metabolomic survey was done on several species of C. imperialis venom to assess the diversity
of its small molecule venom components. We purified target masses to elucidate the structures of these
new compounds, including conazolium A. We mined venom duct transcriptomes and heterologously
expressed the enzyme, ConA and show how cone snail biochemically synthesize conazolium A.
Conazolium A and genuanine were tested for their ability to induce mating behaviors in marine worms
using the model organism Platynereis dumerilii.
Results
In this work, we sought out the non-peptidic small molecule components in Conus imperialis venom.
We show that conazolium A is biochemically synthesized by the snail and provide evidence on how this
compound along with genuanine A can both act to mimic the mating pheromones of the marine
annelid, Platynereis dumerilii.
Main Conclusions
The ability of cone snails to diversify their venom components have tremendously helped these ancient
animals create effective hunting strategies for predation. Our work demonstrates, for the first time,
how small molecules act as important constituents of venoms in Conus imperialis.
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Does arboreal life habits in Neotropical ant species impacts their venom composition and
performance?
1
Touchard, A., 1Lalagüe, H., 2Ascoët, S., 3Robinson, S., 1Petitclerc, F., 1Troispoux, V., 1Orivel, J.,
1
Tysklind, N.
1

UMR Ecologie des forêts de Guyane, Kourou, France
EA-7417, Institut National Universitaire Champollion, Albi, France
3
Institute for Molecular Bioscience, The University of Queensland, St Lucia, Australia
2

Aim
In the Amazon rainforest, ants have colonized a vast array of different habitats from the underground
to the tree canopy. The diversity of ecological constraints in these habitats, especially in arboreal
species, suggests strong selection pressure that would translate into specific adaptations for
displacement, defense, and prey capture, among others. In this context, we hypothesized that venoms,
which are biochemical cocktails of insecticidal and pain-triggering peptides, have been subjected to
different selection pressures in arboreal and ground-dwelling species, resulting in the production of
fast-acting and pain-producing toxins in arboreal species. Indeed, predatory arboreal species need to
subdue a prey rapidly to prevent it from escaping by dropping to the ground or flying away. In addition,
ant predators in the arboreal environment mainly belong to vertebrate, which deterrence is essentially
induced by pain.
Methods
We selected a suite of 15 Neotropical ant species from 5 genera with contrasted ecological traits. The
venom reservoirs, sting length and several other morphological traits were measured in all species.
Using RNA-seq sequencing of venom glands and LC-MS/MS of venoms, we also explored the diversity
of venom peptidomes. Besides, venoms were injected into blowfly Lucilia caesar and cellular bioassays
were conducted on both Drosophila S2 and Mouse F11 cells to evaluate the venom performance to
affect insect prey and to trigger pain to vertebrates.
Results
The combination of transcriptomic and proteomic analyses revealed markedly different venom peptide
compositions, particularly among ant genera. Morphological traits, insecticidal and pain-triggering
activity were not associated with habitat use but rather with phylogeny. Interestingly, our data revealed
positive correlation between pain and cytotoxicity, suggesting that pain-inducing toxins are mostly
peptides that disrupt biological membranes.
Main conclusions
In conclusion, our study reveals that venoms and venom-associated traits have adapted to specific
ecological constraints, suggesting a vast resource of largely unknown, but valuable, molecules.
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Improving the utility of venoms in high throughput screening for drug discovery
Trim, S.A.
Venomtech Ltd. Discovery Park, Sandwich, UK

Aim
To review the challenges in using venoms in modern drug discovery.
Methods and Results
The birth of High Throughput Screening (aka HTS) in the early 1990’s came from a need to screen more
compounds in a shorter time to speed up discovery of drug like molecules. This need was driven, and
supported by, the enormous growth in capacity of organic synthesis of small molecules. To perform
experiments faster, screening had to be simplified, miniaturised and carried out by robotic systems.
The first 96-well plate was developed in 1952 but it wasn’t until the early 90’s that robotic liquid
handling could cope with these and then in 1992 came the 384 well plate, followed by the Society of
Biomolecular Sciences (SBS) standard in 1995. This meant that any SBS standard plate could be used in
any SBS standard instrument and lead to the rapid growth of HTS platforms in the pharmaceutical
industry. This capacity is perfect to find the useful, drug like venom compounds within the complex
mixtures of hundreds of thousands of venomous species. However, venom screening did not keep up
with the needs of the pharmaceutical HTS platforms and thus appeared to fall from favour. In the early
2000’s there were only a few pioneers using venoms in 96-well formats and it took until 2013 to see
the 384 well plates, the mainstay of HTS screening, used with venom fractions. There is still a total lack
of publications with venoms being used in mainstay HTS assay systems such as ALPHAscreen and HTRF
(Homogeneous Time Resolved Fluorescence).
Main Conclusions
This talk will deliver the evidence and data to bridge the gap between the amazing potential of venoms
and the needs of modern drug discovery.
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Identifying new potential antimalarial compound in toad venoms through a bio-guided
fractionation process
1

Wells, M., 1Hambye, S., 1Blankert, B.

1

Laboratory of Pharmaceutical Analysis, Faculty of Medicine and Pharmacy, Research Institute for Health Sciences and
Technology, University of Mons, Place du Parc 20, 7000 Mons, Belgium.

Aim
This work aims to develop a fractionation process that allows to isolate and identify compounds
displaying a potential antiplasmodial activity from toad venom extracts.
Methods
The strategy combines analytical and separative techniques with biological evaluations of the obtained
samples. Three species were considered: Rhinella marina (RM), Bufo bufo (BB), Incillius alvarius (IA).
Crude extracts were obtained through sonication-assisted solvent extractions of dried venoms. The
different crude extracts were characterized by TLC and LC-MS and fractionated using flash
chromatography and preparative TLC.
Each crude extract and the subsequently obtained fractions were tested for their antiplasmodial activity
on two Plasmodium falciparum strains (3D7 and W2) using the SYBR-Green I assay. Their cytotoxicities
were also assessed on FHs74int and HUVEC cell lines using the MTT and Crystal Violet assays. The
hemolytic activity was evaluated.
Results
Among the tested samples, several displayed an interesting antiplasmodial activity, mainly those
originating from the venoms of RM and IA. One of the fractions obtained from the dichloromethane
extract of RM displayed an activity against in vitro cultures of Plasmodium falciparum
(IC50(3D7) = 49 µg/mL; IC50(W2) = 40 µg/mL). The main component of this sample was identified as being
resibufogenin. The antiplasmodial activity of this isolated compound seems promising
(IC50(3D7) = 37 µg/mL; IC50(W2) = 30 µg/mL). No hemolytic activity was highlighted. Cytotoxicity assays on
human cells are still ongoing but have already pointed out the toxicity of several samples including
resibufogenin.
Main Conclusions
This work has demonstrated that toad venoms could constitute an interesting source for new
antimalarial drug candidates. Resibufogenin, a cardiotonic steroid, was identified as being the main
protagonist. This compound being exempt of hemolytic activity still, however, displays a certain level
of toxicity against human cells. However, many perspectives are possible to reduce toxicity while
maintaining antiplasmodial activity (chemical modifications through hemi-synthesis,
nanoencapsulation).
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Design and production of subtype-selective ligands of voltage-gated potassium channels
Vassilevski, A.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, Russia

Aim
Potassium channels are the most diverse members of the voltage-gated ion channel superfamily. They
play major physiological roles such as controling the resting potential and shaping the action potential.
In addition, several diseases are caused by the disfunction of potassium channels. Subtype-selective
ligands of these channels are therefore of high interest and can be used in both fundamental and
applied research. Animal venoms are particularly important sources of potassium channel ligands,
which are mostly disulfide-rich peptides and can bind to their targets with nanomolar or even
subnanomolar affinity.
Methods
Previously, we have created Kalium, a database that contains comprehensive data on all known peptide
ligands of potassium channels, and found that more than half of those originated from scorpion venom.
Next, we undertook a systematic analysis of the selectivity of scorpion toxins blocking potassium
channels. This was done by building models of channel–toxin complexes and computing the interaction
parameters.
Results
Using the models, we were able to fine-tune the selectivity of several peptides. The respective
derivatives of natural toxins were produced recombinantly, and their activity was checked on a panel
of channels. I will discuss examples of selective blockers of Kv1.1, 1.2, 1.3, and 1.6 channel isoforms.
Main conclusions
We believe that our systematic approach will eventually provide us with a toolkit of selective ligands to
all major isoforms of voltage-gated potassium channels.
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Combining Spatial Transcriptomics and Mass-Spectrometry Imaging to identify and visualize novel
nemertean toxins within histological sections
1

Verdes, A., 2Saarenpää, S., 3,4,5Undheim, E., 4Junoy, J., 1,5Riesgo, A., 2Giacomello, S.

1

Departamento de Biodiversidad y Biología Evolutiva, Museo Nacional de Ciencias Naturales, Madrid, Spain
Science for Life Laboratory, Department of Gene Technology, School of Engineering Sciences in Chemistry, Biotechnology
and Health, KTH Royal Institute of Technology, Solna, Sweden
4
ARC Centre for Innovations in Peptide and Protein Science, The University of Queensland, St Lucia, QLD, Australia
5
Centre for Advanced Imaging, The University of Queensland, St Lucia, QLD, Australia
6
Centre for Biodiversity Dynamics, Department of Biology, Norwegian University of Science and Technology, Trondheim,
Norway
4
Departamento de Ciencias de la Vida, Universidad de Alcalá, Alcalá de Henares, Spain
5
Department of Life Sciences, Natural History Museum, London, United Kingdom
2

Aim
Ribbon worms (Nemertea) are active predators that use a proboscis to inject toxins into prey and
defend themselves with a toxic epidermal mucous secretion. Nemerteans do not have distinct
multicellular glands, instead toxins are secreted by cells lining the body wall and proboscis epithelia.
The lack of a distinct gland has prevented the use of traditional venomics approaches to investigate
their venom.
Methods
Spatial Transcriptomics (ST) is a recently developed technology that allows to visualize and quantify
transcriptomes within histological sections at 100 m resolution. It facilitates the identification of toxins
and their distribution within the tissue, revealing venom composition and producing tissue
simultaneously. We adapted the method to analyze cryosections of 3 biological replicates from the
species Cerebratulus marginatus and Lineus longissimus, identifying a number of gene clusters linked
to specific histological features. Proboscis and epidermis were the most distinct, suggesting their
profiles might be driven by toxin genes not expressed elsewhere. We mapped the expression of
previously identified mucus toxins such as nemertide alpha-1 and cytotoxin A-III on the tissue, revealing
their distribution is not restricted to the epidermis. We also identified genes differentially expressed in
the glandular epithelium of the proboscis, which may represent novel predatory toxins. Additionally,
we used mass-spectrometry imaging (MSI) to identify and visualize peptides distributed in the proboscis
and glandular epithelia of Lineus longissimus.
Main Conclusion
Our findings suggest there is a hidden diversity of nemertean toxins and illustrate the great potential
of spatial methods such as ST and MSI to investigate challenging venomous organisms, such as those
without distinct venom glands or where venom cannot be milked.
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Convergent evolution of venom gland transcriptomes across Metazoa
1

Zancolli, G., 1Reijnders, M., 1Waterhouse, R.M., 1Robinson-Rechavi, M.

1

Department of Ecology and Evolution, University of Lausanne and Swiss Institute of Bioinformatics, 1015, Lausanne,
Switzerland

Aim
Venom is one of the most widespread convergent adaptive traits in the animal kingdom. This prompts
the question - have animals repeatedly adopted the same genetic toolkit for venom production?
Methods
Here, we performed the first comparative analysis of venom gland transcriptomes from 20 venomous
species spanning the main Metazoan lineages, to test whether different animals have independently
adopted similar molecular mechanisms to perform the same function.
Results
We found a strong convergence in gene expression profiles, with venom glands being more similar to
each other than to any other tissue from the same species, and their differences closely mirroring the
species phylogeny. Although venom glands secrete some of the fastest evolving molecules (toxins),
their gene expression does not evolve faster than evolutionarily older tissues. We found 15 venom
gland specific gene modules enriched in endoplasmic reticulum stress and unfolded protein response
pathways, indicating that animals have independently adopted stress response mechanisms to cope
with mass production of toxins. This, in turns, activates regulatory networks for epithelial development,
cell turnover and maintenance which seem composed of both convergent and lineage-specific factors,
possibly reflecting the different developmental origins of venom glands.
Main Conclusions
Our findings provide a first evidence that venom gland regulatory networks have evolved, to some
extent, from the co-option of pre-existing genetic regulatory circuits from the tissue most closely
related to each venom glands. This study represents the first step towards an understanding of the
molecular mechanisms underlying the repeated evolution of one of the most successful adaptive traits
in the animal kingdom.
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Cytotoxic Effects of Selected Cyclic Peptides Based on Venom Mimetics on Glioblastoma (U87MG)
Cells
1

Akgun I.A., 1Barlas, A.E., 2Sunal, G., 2Onak-Pulat, G., 2Karaman, O., 3Unalp, F., 3Orman, B.,
1
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Aim
Snake venoms are a natural biological source that has potential therapeutic value with various active
protein compounds that are traditionally used in the treatment of many diseases among the
population. Venom ingredients contain neurotoxins, cardiotoxins, nerve growth factor, lectins,
disintegrins and various different enzymes. Improvements in bioengineering and modelling studies
have led snake venoms are important natural sources for the development of peptide-based, molecules
with high bioactivity. In this study, it was achieved through the identification of the strongest cytotoxic
effect crude venom and its fractions in small amounts in glioblastoma (U87MG) cells from endemic
Vipera anatolica snake species.
Methods
The amino acid sequences of bioactive disintegrin structures isolated from venom belonging to V.
anatolica and some other snake species were studied. Based on the information obtained, interactions
of designed cyclic peptides with integrins were investigated by molecular modeling studies and two
cyclic peptides, cyc-GRGDD, cyc-RGDNN were selected as promising candidates. As a result of molecular
modeling studies two cyclic peptides were synthesized by solid phase peptide synthesis method. The
structures of purified disintegrin molecules determined by LC - MS and the bioactivity screening test
(cell proliferation-cytotoxicity test) carried out by MTT assay.
Results
According to the results obtained from cell proliferation-cytotoxicity tests IC50 values of cyc-GRGDD
determined as 6.27 ± 1.10 µg/ml and for cyc-RGDNN higher than 31.23 ± 3.49 µg/ml.
Main Conclusions
As a result of the bioactivity studies guided using a molecule isolated from snake species in Turkey with
a biomimetic activity-modeling approach, cyclic peptides with bioactivities were achieved and the
studies on this subject continuous.
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Engineering of the actinoporin FraC confers hydrolytic activity to the pore channel: building the
foundations towards pore-based nanoreactors
1
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Aim
Actinoporins are pore-forming proteins from sea anemones. Fragaceatoxin C (FraC), from Actinia
fragacea, is one of the most studied ones and its three-dimensional structure, both the monomer and
the transmembrane pore, are known at the atomic level. The possibility of extending the properties of
these biological nanopores from mere analyte capture to a versatile biocatalytic system that integrates
the advantages of the nanopores and the recognition and transformation of analytes, has not been
evaluated to date. Here, the knowledge accumulated while designing PluriZymes, enzymes with
multiple reactive groups introduced by modern protein engineering techniques, is applied to evaluate
the possibility of designing actinoporins with biocatalytic properties.
Methods
Using PELE software and molecular dynamics, which allows mapping ligand diffusion and binding, we
performed an exploration of the structure of FraC to find potential sites to accommodate a catalytic
triad for ester-hydrolysis, by introducing the appropriate amino acid mutations. We have produced and
purified both wild-type and engineered FraC, in solution and reconstituted in nanodiscs, and further
tested against a large battery of esters.
Results
PELE software successfully identified a potential binding site in FraC for accommodating an ester
substrate commonly transformed by most ester-hydrolases. This site involved three amino acids of two
different monomers. When a mutant nanopore was reconstructed on nanodiscs, FraC turned catalytic,
being able to hydrolyze a number of ester substrates at diverse pH and temperatures.
Main Conclusions
The preliminary results herein presented suggest that it is feasible to introduce catalytic activity into
FraC. This result opens the door to the use of actinoporins as versatile biocatalyst agents because of
the possibility to combine and modulate their physical, chemical, and biological properties.
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Cardiovascular effects of snake toxins: new data for known toxins
1
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Aim
The cardiovascular system is one of the main targets of snake toxins. Cobra cardiotoxins exert a direct
effect on the heart and blood vessels. Our aim is to compare effects of two cardiotoxins, representing
S- (CT1) and P-types (CT2), from cobra Naja oxiana.
Methods
The effects of CT1 and CT2 on the rat papillary muscle and aorta were studied. As mammalian heart
and aorta contain potassium channels, we also investigated the effect of β-bungarotoxin, a potassium
channel blocker, on the contraction of papillary muscle and aorta.
Results
Both cardiotoxins at low concentration changed the force of contraction and the character of force–
frequency relationship in the rat myocardium. In the presence of cardiotoxins, the positive relationship
in the region of 1–3 Hz, characteristic of healthy mammalian myocardium disappears and the
relationship becomes completely negative. Both cardiotoxins induced slowly developing aortic ring
contraction that reached a maximum in 40-50 minutes. Cardiotoxins showed a similar profile of action
on the contractile properties of the myocardium and aorta, as well as on the development of effects
under conditions of blockade of calcium current. In phenylephrine-precontracted rat aorta,
acetylcholine produced relaxation, which was partly inhibited by 4-aminopyridine, an inhibitor of
voltage-dependent potassium channels. At the concentration of 10 μg/ml, β-bungarotoxin induced a
slight decrease in the vasorelaxant acetylcholine effect. On the rat papillary muscle, β-bungarotoxin at
concentrations up to 10 μg/ml did not affect the force of contraction and the level of diastolic tension,
the kinetic parameters of contraction also being unchanged.
Main Conclusions
A comparison of the activity of cardiotoxins showed that the P-type CT2 has a higher activity than Stype CT1. At rat aorta, β-bungarotoxin partially blocked vasorelaxant effect of acetylcholine, that
depended on potassium channel.
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The contribution of Phospholipase A2 and Metalloproteinases to the synergistic action of viper
venom on the bioenergetic profile of VERO cells
1

Ayvazyan, N.M., 1Ghukasyan, G.V., 1Ghulikyan, L.A., 1Kirakosyan, G.R., 1Sevoyan, G.P., 1Voskanyan,
A.V., 1Karabekyan Z.I.
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Aim
The epithelium is a primary target for injected viper venom toxic substances, and therefore a focus in
modern toxinology. The increasing concern about the use of animal models has stimulated the
development of in vitro cell culture models for the analysis of the biological effects of snake venoms.
However, the complexity of animal venoms and the extreme synergy of the venom components during
the intoxication is a reason for concern and require a critical review. Here we use the Vero cells as a
model to assess the action of complete Macrovipera lebetina obtusa venom and the action of the same
venom with inhibited two key enzymatic components (phospholipase A2, PLA2; and
metalloproteinases) on the bioenergetic cellular response.
Methods
Macrovipera lebetina obtusa snake venom was used in this study with blocked phospholipase A2 and
Zn-metalloproteinases by the preincubation with Bromphenacyl bromide (BPB) and
ethylenediaminetetraacetic acid disodium (EDTA-Na2), respectively. In addition to the rate of free
radical oxidation (chemiluminescent analysis) and lipid peroxidation (TBA-test), we measured real-time
mitochondrial respiration of the Vero cells (based on the oxygen consumption rate) and glycolysis
(based on the extracellular acidification rate) using a Seahorse analyzer and cells viability through MTT
assay.
Results
Irrespective of the cellular metabolic background, venom pre-incubation induced a shift of the
bioenergetic state of epithelial Vero cells to a higher oxidative and glycolytic level. Interestingly blocking
of the major venom component PLA2 totally inhibits the ability of the venom cocktail to induce a
significant increase in metabolic activity. While the similar blocking of the other basic set of components
of the venom, which are the PI and PIII Zn-metalloproteinases appeared to be rather negligible for
venom-induced stress. These changes are developing in a dose-dependent manner and very well
correlate with the experimental data of chemulimenscent analysis of the free radical generation in a
real-time mode and lipid peroxidation tests. PLA2 blocking in venom also increases the cytotoxic activity
and overproduction of the reactive oxygen species.
Main Conclusions
The study suggests that the capacity of viper venom to induce metabolic alterations could evolve mainly
due to the lipid membrane damage in course of the natural envenomation and the acidic svPLA2 is the
main responsible component of these changes.
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Multi-scale evaluation of spider toxins as potential anti-nociceptive agents: Example of Cyriotoxin1a
1

Benoit, E., 2De Waard, M., 3Béroud, R., 4Partiseti, M., 1Servent, D.
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Service d’Ingénierie Moléculaire pour la Santé, ERL CNRS/CEA 9004, Gif sur Yvette, France
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3
Smartox Biotechnology, Saint-Egrève, France
4
Sanofi R & D, Integrated Drug Discovery – High Content Biology, Vitry-sur-Seine, France
2

Aim
Our expertise is the identification and structural and functional characterization of original natural
toxins targeting receptors and ion channels, and which may have applications in human health. In this
context, and in collaboration with the Institut du Thorax, Smartox Biotechnology and Sanofi R & D, we
are interested in the multi-scale evaluation (from the cell in vitro to the organism in vivo) of spider
toxins as potential anti-nociceptive agents, as illustrated by the example of Cyriotoxin-1a (CyrTx-1a).
NaV1.7 channel subtype is highly expressed in dorsal root ganglia (DRG) of the sensory nervous system
and plays a central role in the pain signaling process. We investigated a library prepared from original
venoms of 117 different animals to identify new selective inhibitors of this target.
Methods
We used high-throughput screening of the venom library, using automated patch-clamp experiments
on human voltage-gated sodium channel subtypes, and then in vitro and in vivo electrophysiological
experiments to characterize the active peptides that have been purified, sequenced and chemically
synthesized. Analgesic effects were evaluated in mice in vivo.
Results
We identified and further characterized CyrTx-1a, a novel peptide isolated from Cyriopagopus
schioedtei spider venom. This 33 amino acids toxin belongs to the inhibitor cystine knot structural family
and inhibits hNaV1.1-1.3 and 1.6-1.7 in the low nanomolar range, compared to the micromolar range
for hNaV1.4-1.5 and 1.8. CyrTx-1a was 920 times more efficient at inhibiting tetrodotoxin (TTX)-sensitive
than TTX-resistant sodium currents recorded from adult mouse DRG neurons in vitro, and
approximately 170 times less efficient than huwentoxin-IV at altering mouse skeletal neuromuscular
excitability in vivo. CyrTx-1a exhibited an analgesic effect in mice by significantly increasing reaction
time in the hot-plate assay.
Main Conclusions
The pharmacological profile of CyrTx-1a paves the way for further engineering studies aimed to
optimize the potential anti-nociceptive properties of this peptide.
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Enzymatic activity of phospholipases A2 from Naja ashei venom
1
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3
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4
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5
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2

Aim
Phospholipases A2 are one of the most abundant protein fraction in cobra’s venom. They specifically
hydrolyze the ester bond at the sn-2-glycerophospholipid position, releasing fatty acid and
lysophospholipid. Their presence in the venom cause edema, haemolysis, necrosis, as well as cardioand neurotoxicity. However, currently, phospholipases play an important role in the food industry in
the production of bread, dairy products or in the refining of vegetable oils. Therefore, the aim of these
studies was to compare the enzymatic activity of PLA2 from Naja ashei venom with phospholipases
currently used in food industry.
Methods
PLA2 from cobra venom were purified in two step scheme including size-exclusion and ion-exchange
chromatography. Then proteins in the fractions were identified and quantitated using shotgun LC-MS.
Fractions containing more than 95% of PLA2 were analyzed for enzymatic activity using the sPLA2 Assay
Kit (Cayman Chemical)
Results
We obtained four fractions (labelled as E2,E3, F2 and F3) containing high percentage of PLA2 that they
can be considered homogeneous. We compared their catalytic activity with phospholipases used in
food industry: Lecitase Ultra and Lecitase 10L as well as PLA2 from bee venom. Two of the analyzed
fractions (E2 and F2) have significantly higher enzymatic activity than the tested standards. With the
use of Teorell-Stenhagen buffer we also observed that phospholipases A2 from Naja ashei venom work
over a wide pH range.
Main Conclusions
The purified phospholipase A2 fractions from Naja ashei venom have a very high catalytic activity,
exceeding the enzymes currently used in the food industry. Moreover, the fact that they are active over
a wide pH range makes them interesting from an industrial point of view. The conducted research
indicates that the components of snake venoms can be an interesting research object not only due to
their pharmacological but also industrial potential.
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A new approach to antivenom preparation: Using Androctonus crassicauda venom loaded
biodegradable nanoparticles as an immunoadjuvant.
1,2
1
2

Caliskan F.

Eskisehir Osmangazi University, Faculty of Science and Letters, Department of Biology, TR-26040 Eskisehir, Turkey
ALBILA, Alternative Biological Laboratories, Industrial Zone of Eskisehir, Street 25, No 18, TR-26101 Eskişehir, Turkey

Aim
Androctonus crassicauda is a widely distributed species of scorpion in the Middle East, including Turkey,
Iran, Iraq, Syria, Jordan, Saudi Arabia and Yemen. The common treatment approach used in
envenomation caused by these scorpions is antivenom therapy. The aim of the study is the
development of a new approach to the production of antivenom with the use of biodegradable chitosan
nanoparticles (CNPs) containing A.crassicauda venom (ACV) as an immunoadjuvant.
Methods
A.crassicauda venom extracted by electrical stimulation method. CNPs were obtained by ionic gelation
method and A.crassicuda venom-loaded CNPs prepared under optimum conditions. Intraperitoneally
and subcutaneously immunization studies were conducted in the CD1 strain mice. Venom-loaded CNPs
and venom containing traditional adjuvants were used during the immunisation procedure, ELISA
assays were used to monitoring the evolution of the immunoreactivity.
Results
The results of the study show that CNPs loaded with A.crassicauda venom can be used in immunization
processes. Study results show that venom-loaded CNPs administration produces a strong immune
response in mice. The use of biodegradable nanoparticles instead of more aggressive and injurious
traditional adjuvants has been demonstrated with this study and a protocol has been created that can
be evaluated in antivenom production processes.
Main Conclusion
These findings suggested that A.crassicauda venom-loaded CNPs as immunoadjuvants could be an
alternative to traditional adjuvants for generating polyclonal antivenoms.

48

1st International Congress
online
European Venom Network

14th -16th September 2021
www.euven-congress.eu

Horse selection and immunization for effective production of polyclonal antibodies against venom
from venomous animals
1,2

Caliskan H.,1 Caliskan F.,3,4,5 de Roodt A.R.

1

Eskisehir Osmangazi University, Faculty of Science and Letters, Department of Biology, TR-26040 Eskisehir, Turkey
Eskisehir Osmangazi University, Mahmudiye Horse Breeding Vocational School, TR-26800 Eskisehir, Turkey
3
Instituto Nacional de Producción de Biológicos, Administración Nacional de Laboratorios e Institutos de Salud“Dr. Carlos
G. Malbrán”, Ministerio de Salud, Argentina
4
Laboratorio de Toxinopatología, Centro de Patología Experimental y Aplicada, Facultad de Medicina, Universidad de
Buenos Aires, Argentina
5
Primera Cátedra de Toxicología, Facultad de Medicina, Universidad de Buenos Aires, Argentina
2

Aim
Equine immunoglobulin and their fragments are used as the only specific medical treatments against
envenomation. The aim of the study is to describe important aspects of preparation and selection that
should be considered for obtaining horses that produce high levels of polyclonal antibodies to venom
from venomous animals.
Methods
The available data and experience in systems for the production of antivenoms for therapeutic use, in
use in the different health systems, were analyzed, from the experience of authors and available
information.
Results
Effective production of equine hyperimmune sera is depending on several methods and factors among
which the selection and breeding criteria of the horses and the immunization schedule, usage of antigen
and adjuvant and monitoring of horses, are fundamental. The most important “factory of antibodies”
or “bio-reactor” for venom neutralization used by the industry in the world is predominantly the horse.
With the correct selection and management, they may be maintained in production with good health
status for about 20 years. This depends not only on selection and management but also on the system
of production. The mixed management or the extensive management seems to be better regarding the
length of the life of the horse as a producer.
Main Conclusion
In this study, important points from our experience in our institutions and other institutions around the
world that can help those who have to deal with the selection, maintaining and management of horses
to be used for antivenom production are evaluated.

49

1st International Congress
online
European Venom Network

14th -16th September 2021
www.euven-congress.eu

Differential Gene Expression analyses reveal potential novel predatory toxins in the
heteronemertean Lineus longissimus
1

Camarero-Hoyos, C., 2,3Riesgo, A., 2Verdes, A.

1
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3
Life Sciences Department, Natural History Museum, United Kingdom
2

Aim
Ribbon worms (Nemertea) are active predators that inject toxins to subdue prey through a muscular
eversible proboscis and defend themselves with toxic epidermal secretions. These toxins are not
produced by distinct multicellular glands, but instead, by secretory cells lining the body wall and
proboscis epithelia, making the task of investigating nemertean venom especially challenging. Here we
aim to identify putative novel toxins in the heteronemertean Lineus longissimus.
Methods
We have performed an RNA-Seq differential gene expression (DGE) analysis comparing the proboscis
and the posterior end of the body of L. longissimus, to identify genes up-regulated in the proboscis
which might represent putative predatory toxins.
Results
We identified 375 genes upregulated in the proboscis, of which 74 encode putative toxin sequences.
Among these, we have found some previously known nemertean toxins, including cytotoxin A-III and
the recently discovered α-nemertide. We have also annotated 24 putative novel predatory toxins with
sequence homology to toxins previously described in other animal venoms, including cytotoxins,
neurotoxins and CRVP (Cysteine Rich Venom Proteins), which are characterized by paralytic, cytotoxic
and inflammatory effects that could facilitate the capture and digestion of nemertean prey. Moreover,
within the sequences found up-regulated in the proboscis, we also identified 50 that did not show
homology with previously known genes but had a signal peptide and cysteine patterns similar to those
of conotoxins and could thus represent putative novel toxins exclusive of L. longissimus.
Main conclusions
This study contributes to a better understanding of the hidden diversity of venoms and toxins of
nemertean worms, a group that has been poorly studied up until now but seems to be an untapped
source of novel bioactive compounds with biomedical potential.
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Proteomic analysis of the venom duct of the West African cone snail Varioconus guanche
1

Cano Caballero, M.M., 2Galindo, J.C.G., 3,4Abalde, S., 3Zardoya, R., 1Tenorio, M.J.
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Aim
The cone snail Varioconus guanche (Lauer, 1993) was described from the Canary Islands, but its range
also includes southern Morocco, Western Sahara and Mauritania. This species is phylogenetically very
close to other species of cone snails from mainland Africa (Senegal and Angola). Following the recent
publication of comparative transcriptomic studies of the venoms of continental and insular radiations
of West African cones, we aimed to analyze the proteome of the venom duct of V. guanche in order to
verify the presence of peptides previously identified in the transcriptome.
Methods
The venom ducts of five specimens of V. guanche from Fuerteventura were dissected, pooled,
lyophilized and extracted with 0.1% formic acid. The extracts were subjected to LC/MS. A PTM database
of annotated sequences based upon the published transcriptomes was built using the tool ConoMass
in the portal Conoserver. Monoisotopic masses were identified by means of this tool. A fraction of the
venom extracts was reduced with dithiotreitol, alkylated with iodoacetamide, and digested with
trypsin. The resulting digested solution was used for LC-MS/MS on a Bruker timsTOF-Pro. Data analysis
was performed with PEAKS-XPro software.
Results
A total of 139 monoisotopic masses were obtained by means of LC/MS analysis. Up to 42 of these
masses were identified with sequences present on the transcriptome of V. guanche. Additionally, 18
masses were ascribed to sequences present on the transcriptome of other Varioconus from Senegal.
Shotgun proteomics (LC-MS/MS) identified a total of 244 sequences in 86 protein groups, including
venom-related proteins, hormones and metavenom network proteins in addition to conotoxins.
Main Conclusions
A total of 146 sequences in the proteome of V. guanche were identified, of which 76 were present on
the transcriptome of this species. The rest corresponds to sequences present in other species of cones
plus widespread venom proteins and hormones.
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A new ω-conotoxin from Californiconus californicus with analgesic effect after systemic
administration in chronic inflammatory pain.
1,2

1
2

Caram-Salas N.L., 1López-Carrillo J., 1Morales-Cardona N. D., 1Licea-Navarro A. F., 1Huerta-Romero
E. F., 1Jiménez-Flores S., 1Bernáldez-Sarabia J., and 1Ochoa-Agredano M.

Centro de Investigación y Educación Superior de Ensenada (CICESE), Departamento de Innovación Biomédica.
Catedra Conacyt-CICESE, Departamento de Biología de la Conservación.

Aim
The main objective of this work is to evaluate the systemic analgesic effect of a new ω-conotoxin
(O1_cal6.4b) obtained from the venom of the cone snail Californiconus californicus.
Methods
Wistar rats (120-140 g) were kept in controlled conditions of light (12/12 h), food and water (ad libitum),
relatively humidity (50 ± 5°C) and temperature (22 ± 2°C). Chronic inflammatory pain was induced by
injecting 100 µl of complete Freund’s adjuvant (CFA) into a right paw. Two days after CFA injection and
before the administration of the drugs, O1_cal6.4b (0.001-1 mg/kg), saline (1 ml/kg, vehicle),
dexamethasone (2 mg/kg), morphine (1 mg/kg) and ω-MVIIA (0.5 mg/kg) were administered
intraperitoneally (i.p). The paw withdrawal latency was measured in both paws at 30 min intervals over
8 h for the analgesic evaluation.
Results
The s.c. administration of O1_cal6.4b (0.001–1 mg/kg) reduced in a dose-dependent manner the
inflammatory pain (p< 0.05). At 1mg/kg, O1_cal6.4b reversed the thermal hyperalgesia at the peak
response (1 h) by 80%, this effect was maintained during for more than 3 h, after which the effect
returned to control values until 8 h of evaluation. No differences in % of analgesia between the doses
of 0.1 mg/kg (∼47%) or 1 mg/kg (∼48%) after systemic administration were observed.
Main conclusions
To our knowledge, this is one of the first ω-conotoxin with analgesic activity by systemic administration
and could be one of the first conotoxin that can be administered without catheter implantation,
improving the quality of life of patient suffering chronic inflammatory pain.
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MiGa an actinoporin-like protein from the Mediteranian Mussel (Mytilus galloprovincialis)
1Caserman,
1
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National Institute of Chemistry, Slovenia

Aim
We analysed an actinoporin-like protein MiGa found in the Mediterranean mussel (Mytilus
galloprovincialis). We expressed recombinant MiGa and performed functional studies to elucidate its
biological function.
Methods
MiGa protein was expressed in E. coli and purified. Hemolytic activity on bovine erythrocytes was
determined by absorbance at 630 nm. Permeabilization of cellular membranes was measured as
increase in Sytox green fluorescence after binding in the nuclei. Cells were imaged using a fluorescence
microscope. Viability after exposure to toxins was measured as conversion of Presto blue substrate.
Lipid affinity was determined by sedimentation assay and calcein release assay using vesicles with
different lipid composition.
Results
The lipid affinity of MiGa differs from actinoporins, which preferentially bind to sphingomyelin. MiGa
instead showed the highest affinity for 1-palmitoil-2-oleoil-sn-glicero-3-fosfo-(1'-racglicerol) (POPG) as
determined by sedimentation assay and calcein release assay. MiGa is capable of forming membrane
pores, although its pore-forming activity is weak compared to actinoporins such as Fragacea toxin
(FraC). Hemolytic activity on bovine erythrocytes was first demonstrated at a concentration of 50 nM.
10-fold higher MiGa concentrations were required for membrane permeabilization in the fish cell line
EPC, whereas hemolytic activity on fish erythrocytes was not detected (tested to 8 µM). MiGa activity
against mussel hemocytes and gill epithelium was not detected at the concentrations tested (up to 4
µM). Interestingly, FraC also showed no activity on mussel cells at this concentration, but was highly
active on bovine erythrocytes and the EPC cell line.
Main Conclusions
Low MiGa activities on animal cells and low binding affinity to sphingomyelin-containing membranes
do not support a role for MiGa pores in mussel digestion of zooplankton and predation defense.
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Effects of the marine toxin palytoxin on human induced pluripotent stem cells
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Aim
The aim of this study was to evaluate the potential teratogenic effects of a marine toxin, palytoxin
(PLTX), using an in vitro model represented by human induced pluripotent stem cells (iPSC) that are
able to mimic in vitro the early embryonic development.
Methods
Cytotoxicity of PLTX (1.0x10-17-1.0x10-7M) on human iPSC 253G1 cells was investigated using the MTT
assay up to 96 h exposure. Total RNA was extracted from cells exposed to 1.0x10-11M PLTX for 24, 72
and 96 h, reverse transcribed and the expression of stemness genes (C-MYC, OCT4, NANOG, KLF4 and
SOX2) and of genes markers of the three germ layers (FOXA2, SOX17, AFP for endoderm, ACTA, T, CXCR4
for mesoderm, and PAX6, SOX1 for ectoderm) was evaluated by real time PCR.
Results
PLTX induced a concentration- and time-dependent cytotoxic effect on iPSC with half maximal effective
concentrations (EC50s) of 1.3x10-8 M, 2.0x10-10 M, 2.2x10-11 M and 2.1x10-12 M, after 4, 24, 72 and 96 h
exposure, respectively; the effect was not reversed by the toxin removal (recovery condition),
suggesting a non-reversible cytotoxicity. As compared to the cytotoxicity toward non-stem cells
exposed to the toxin for 4 h (HaCaT keratinocytes, EC50 =7.0x10-10 M or Caco-2 enterocytes, EC50
=3.0x10-11 M), iPSC appeared to be rather resistant to PLTX effect. The expression of stemness genes
was significantly changed after cells exposure to PLTX, except for OCT4. Moreover, the expression of
germ layers genes was slightly perturbated by PLTX, without a clear relationship with the exposure time.
Main Conclusions
These preliminary results demonstrate a relative resistance of iPSCs towards PLTX and a slight, but
significant, toxin ability to influence the stemness genes expression and the early cells differentiation
towards cells of the three germ layers.
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In Vitro activity of melittin from honey bee venom alone and in Combination with antibiotics
against carbapenemases-producing Gram-negative bacilli
1

Cebrero-Cangueiro, T., 1Herrera-Espejo, S., 1Guisado-Gil, A.B., Sánchez-Céspedes J., 1,2Pachón, J.,
1
Pachón-Ibáñez, M.E.

1

Clinical Unit of Infectious Diseases, Microbiology, and Preventive Medicine, University Hospital Virgen del Rocío, Institute
of Biomedicine of Seville (IBiS), CSIC Seville.
2
Department of Medicine, University of Seville, Seville, Spain

Aim
To determine the synergistic activity of melittin from honey bee venom, in combination with antibiotics,
against carbapenemases-producing Gram-negative bacilli (GNB).
Methods
Sixteen carbapenemase-producing isolates: 6, 6, 4 of P. aeruginosa, A. baumannii and K. pneumoniae,
respectively. Minimum Inhibitory Concentration (MICs) of melittin and imipenem and meropenem was
determined by microdilution method (EUCAST). The cytotoxicity 50 (CC50) of melittin was determined
using AlamarBlue® kit. Synergistic activity of melittin in combination was determined by time-kill
curves, using the CC50 value for melittin and 1xMIC of each antibiotic.
Results
Melittin MIC range was 2->256 mg/L. All P. aeruginosa and A. baumannii isolates were resistant to
imipenem and meropenem. Only the K. pneumoniae KPC-3-producing strain was resistant to these
carbapenems. Imipenem and meropenem were bactericidal at 8h for P. aeruginosa (GES-5) and K.
pneumoniae (VIM-1/DHA-1) strains.
Main Conclusions
Melittin from honey bee venom in combination with carbapenems shows in vitro activity against
carbapenemases-producing GNB infections.
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The Determination of Antimicrobial and Anti-quorum Sensing Activities in Honey bee Venom
Collected from Mugla in Turkey
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Aim
The aim of the study was to determine antimicrobial and Anti-quorum sensing activities in honey bee
venom collected from Mugla in Turkey.
Methods
Antimicrobial and Quorum Sensing (QS) inhibitory effects were determined in fourteen bee venom
samples collected from Mugla region in Turkey. Anti-quorum sensing activity determination of bee
venom samples was detected against Chromobacterium violaceum CV026. In addition, the violacein
pigment inhibition activities were determined by using C. violaceum CV12472. Detection of
antimicrobial effects of bee venom samples was determined by broth microdilution method against
S.aureus ATCC 25923, L. monocytogenes ATCC 7644, E.coli ATCC 25922, S.typhimurium ATCC 14028,
and C.albicans ATCC 10239.
Results
It was determined that the bee venom samples used in the study did not show quorum sensing and
violacein pigment inhibition activities. According to the antimicrobial activity results, the highest
inhibition effect of bee venom samples was against determined against S.aureus. The highest inhibition
effect among bee venom samples was detected in the AZ-8 against S.aureus at a concentration of 0.625
mg/ml. Bee venom samples were found to be effective in the range of 1.25-5 mg/ml against S.
typhimurium. Also It was determined that bee venom samples were moderately effective against
L.monocytogenes strains. In samples, weak antimicrobial effect was detected against E.coli and
C.albicans strains.
Main Conclusions
As a result, while no anti-quorum sensing activity was observed in the bee venom samples used in the
study, they were found to have a high antimicrobial effect against S.aureus and S.typhimirium strains.
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Cytotoxicity of Phospholipases A2 and 3FTxs from Naja ashei venom
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Aim
Snake venoms are mixtures of a large group of biologically active proteins, including highly catalytically
active phospholipases A2 (PLA2s) and non-enzymatic proteins named three-finger toxins (3FTxs). These
two groups of compounds are most responsible for toxicity observed in envenomation by snakes. The
aim of this study was to evaluate the cytotoxicity of Naja ashei venom fractions against breast and
prostate cancer cell lines.
Methods
Naja ashei venom fractions obtained in earlier studies were tested against breast (MCF-7, ATCC HTB22™) and prostate (DU145, HTB-81™) cancer cell lines for their cytotoxicity. In order to evaluate the
effectiveness of each venom fraction in inhibiting a specific biological or biochemical function in
proliferating cells, the half-maximal inhibitory concentration (IC50) was calculated (0.5 mg/mL MTT, 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; dissolving solution 100% DMSO;
absorption measurement λ=570 nm).
Results
The results of cytotoxicity experiments on two cancer cell lines have shown that F3 and F9 fractions
have the highest statistically significant activity, being the most effective against the DU145 and MCF7 cell lines. The fraction containing 79.1% of PLA2 (F3) revealed IC50=148 μg/mL (R2=0.98) and IC50=167
μg/mL (R2=0.82) against, respectively, DU145 and MCF-7 cancer cell line. Higher cytotoxic properties
were obtained by fraction F9 (98% of 3FTx) against both cell lines, DU145 (IC50=43 μg/mL; R2=0.93) and
MCF-7 (IC50=67 μg/mL; R2=0.91).
Main Conclusions
The results clearly show that PLA2s and 3FTxs play a crucial role in dose-dependent cytotoxicity against
two tested cancer cell lines. In order to evaluate the pharmacological and industrial potential of those
two groups of proteins, additional experiments on normal cell lines are needed, as well as identification
of signaling pathways modulated by PLA2s and 3FTxs.
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Implications of bee venom administration on some biochemical and haematological parameters in
Wistar rats
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3
University of Life Sciences Iași, Faculty of Veterinary Medicine, 700490, Mihail Sadoveanu Alley, No. 3, Iași, Romania

Aim
The aim of this study is to establish the bee venom inoculation’s implications on some haematological
and blood biochemical parameters dynamics in Wistar rats, when a non-lethal dose of bee venom is
administered. The bee venom’s controversial properties assessment represent the base of this study.
Methods
The experiment was performed on 3 groups of Wistar rats injected with 0.1 ml bee venom. The blood
tests’ results obtained for each group were compared to a control group. Blood samples were harvested
at 3, 6 and 9 hours after inoculation.
Results
Total proteins value increases to 6.76 g/dL at 3 hours after inoculation, decreasing to 6.43 g/dL after 9
hours. ALP increased at 9 hours after inoculation (504.6 IU/L). Serum amylase significantly increased
(1355.2 IU/L) 9 hours after inoculation. Creatinine values increased at 3 and 9 hours (25.9 mg/dL,
respectively, 61 mg/dL). Hemoglobin values increased from 10.26 g/dL to 13.75 g/dL. The hematocrit
increased at 3 hours after inoculation to 49.1% and after 9 hours decreases to 45%. RBC show an
increase (8.60x103/μL) at 6 hours and a decrease (7.12x103/μL) at 9 hours after inoculation.
Main Conclusions
Total proteins values increase due to hemoconcentration, three hours after inoculation and decrease
after 9 hours due to defense-compensation reactions, respectively tissue repair processes. ALT
increases due to the damage of the liver, kidneys and pancreas. ALP activity increase due to venom’s
toxic effect on the liver. The amylase activity increase shows a potential pancreatic damage, due to bee
venom’s melittin cytotoxicity. The urea and creatinine increase indicate cytotoxic effects, leading to
kidney function alteration. Although hemoconcentration occurs, hemolysis leads to decreased
hematocrit values. The progressive hemoglobin increase and RBC decrease correlate with bee venom’s
hemolytic effect - due to the presence of hemolysin, containing alpha-toxins that cause erythrolysis.
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Upgrading biological nanopores with unnatural amino acids
1

Crnković, A., 1Šolinc, G., 1Srnko, M., 1Podobnik, M., 1Anderluh, G.

1

National Institute of Chemistry, Slovenia

Aim
Biological nanopores are ideally suited for the detection of low-abundance molecules, such as various
biomarkers or toxic compounds. Unnatural amino acids can be introduced by genetic code expansion
(GCE) to enrich the arsenal of available side chain chemistries in protein targets. The aim of this study
is to examine whether nanopores can be synthesized with unnatural amino acids to modulate the
sensitivity of nanopore biosensing experiments.
Methods
4-propargyloxy-L-phenylalanine (pPpa), a tyrosine mimic with an additional alkyne group, was
introduced into an actinoporin via GCE. Synthesis of the pPpa-containing actinoporin relies on the pPpaspecific aminoacyl-tRNA synthetase and its cognate suppressor tRNA to facilitate insertion of pPpa at
the position of an in-frame stop codon. We targeted five amino acid residues in the stalk region of the
actinoporin for UAG-mediated pPpa insertion.
Results
All five residues facing the lumen could be reassigned to pPpa; three of them also retained a high level
of hemolytic activity. In single-channel measurements, the active pPpa-containing actinoporins
retained stable open pore currents and low noise comparable to that of the unmodified nanopore.
Importantly, competitive protein yields were achieved when using GCE for the production of pPpacontaining actinoporins.
Main Conclusions
Unnatural amino acids containing alkyne groups can help detect common pollutants such as inorganic
azides via click chemistry. The facile introduction of unnatural amino acids into nanopores via GCE
technology could prove very useful in tailoring protein nanopores specifically for certain types of
analytes.
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Does size matter after all? An investigation of the relation between morphology and venom
potency in scorpions.
1

Forde, A.C., 1Jacobsen, A.M., 2Healy, K., and 1Dugon, M.M.

1

Venom Systems & Proteomics Lab, School of Natural Sciences, Ryan Institute, National University of Ireland Galway, H91
TK33 Galway, Ireland
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Aim
A long-held popular belief suggests that relatively small scorpions with narrow pedipalps are more
venomous to vertebrate organisms than comparatively larger species with broader pedipalps. So far
however, there has been no large scale comparative test to support this statement. Here, we attempt
to assess if, in the case of scorpions and their venom, size does indeed matter.
Methods
We performed a systematic literature review and recorded LD50, body size and other morphological
features for 49 species of scorpions across five families: Buthidae, Scorpionidae, Chactidae, Iuridae and
Ischnuridae distributed across five continents: Asia, Africa, Europe, North and South America. Using
general linear models we tested if venom potency decreased with body size.
Results
We found a significant positive correlation between LD50 and scorpion body size (slope = 2.16, p < 0.05).
This relationship equates to an order magnitude increase in LD50 over the range of body sizes in our
dataset. We also found that these results were not affected by the route which the LD50 was tested (eg.
Intravenous (IV), subcutaneous (SC) or intraperitoneal (IP))
Main Conclusions
We show that large scorpions do indeed have less potent venoms. This correlation is likely linked to an
evolutionary trade-off between muscular strength/size and venom toxicity. Scorpions with larger
chelae may rely mostly on strength to crush their prey and deter predators, while smaller scorpions
with slender chelae rely more heavily on their venom to subdue prey and ward off enemies. Because
venom and body mass have a physiological cost, it likely that a single trait (either physical strength or
toxicity) is favoured over the other. These results also aid in understanding how different species may
contribute to global patterns of medically significant scorpion envenomation.
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Isolation, identification and characterization of phospholipases A2 from Lachesis acrochorda snake
venom with activity on central nervous system glioma cancer cells
1

Franco-Vásquez, A.M., 2Lazcano-Pérez, F., 3Blandón-Marín, G., 1Arreguín-Espinosa, R.

1
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3
Grupo de investigación en enfermedades infecciosas, Universidad Católica de Manizales, Colombia.
2

Aim
This work aims to isolate and characterize phospholipases A2 from Lachesis acrochorda venom.
Methods
In order to isolate the phospholipases A2 (PLA2), an ultrafiltration was carried out as first step with an
Amicon8050® equipment using membranes of 30 and 10 kDa cut off. The sample with the activity of
interest was subjected to two consecutive steps of reverse phase high performance liquid
chromatography (RP-HPLC) using Zorbax RX and Zorbax Eclipse XDB C18 columns. The purified fraction
was analyzed through a 2D electrophoresis gel and the spots were identified by mass spectrometry
(MS/MS). SDS-PAGE electrophoresis gels and enzymatic activity tests were performed using the
EnzChek® Phospholipase A2 Assay. Finally, to characterize the fraction, tests for calcium dependence
were performed with chelating agents EDTA and EGTA, as well as a SRB cytotoxicity assay on six cancer
lines.
Results
A fraction with PLA2 activity of 583 (Ua/µg) was identified. The 2D electrophoresis gel showed three
components with molecular masses close to 14 kDa and isoelectric points of 4.7, 5.0 and 5.3. Mass
spectrometry analysis showed molecular masses of 13,969 and 14,300 kDa, which correspond to this
family of enzymes. Tryptic digestion and mass spectrometry (MS/MS) confirmed the presence of three
Asp49-type proteins with coverage percentages ≥ 70% which correspond with PLA2s reported for
organisms of this genus. The fraction inhibited the growth of U251 cells by 19.98%, whereas it was not
cytotoxic to other cells. Finally, both EDTA and EGTA inhibited the activity of the fraction by 99%.
Main Conclusion
L. acrochorda venom contains calcium-dependent Asp49-type PLA2 isoforms with high levels of
enzymatic activity capable of partially inhibiting the growth of glioma cancer cells that can be used for
biotechnological developments.
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The greatest of the small: Meta-analysis of hymenopteran venom diversity, evolution and further
approaches for biotechnology–pharmacology
1

Guido-Patiño, J.C., 1Plisson, F.
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Unidad de Genómica Avanzada, Laboratorio Nacional de Genómica para la Biodiversidad (Langebio), Centro de
Investigación Y de Estudios Avanzados del IPN, 36824, Irapuato, Guanajuato, México.

Aim
Hymenopterans (ants, bees, wasps) are still a valuable and understudied source of venomous species.
Their remarkable ecological diversity across most terrestrial environments along with their complex
social behaviours and chemical communication have presumably contributed to the diversity of venom
types. Here, we analyzed hymenopterans venom diversity, and possible biological approaches to
pharmacology and biotechnology.
Methods
We gathered 283 revised hymenopteran toxin sequences and meta-data from UniProt knowledgebase
(https://www.uniprot.org/). We assembled different datasets based on (1) toxins diversity, (2)
ecological toxins approach, (3) frequency of biological activity, and (4) plausible biotechnology and
pharmacology approach. Then, we analyzed the relationships between all 4 research foci using different
R packages ggplot2, wordcloud, ggallluvial2, ggraph, tidyverse, and igraph (R version 3.6.1 and RStudio
1.2.5001).
Results
Our preliminary results indicated that wasp venoms contained higher protein diversity (toxins, proteins,
enzymes) whereas ants produced venoms rich in peptides, called aculeatoxins. We found that
hymenopteran venoms were primarily specialized to defend the hosts against pathogens (microbes,
predators) as well as for hunting. Voltage-gated ion channels are the primary biological targets of the
toxins to induce allergy and pain. Hymenopteran venoms are the potential sources for antimicrobial,
antifungal, antiviral, autoimmune diseases, and bioinsecticides.
Main Conclusions
Hymenopteran venoms, from ants and wasps, represent a diverse, complex, and valuable source for
the discovery of biologically peptides and proteins. With an estimated 100,000 species around the
globe, hymenopteran venom research is just starting.
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Anticancer activity of Argiope bruennichi spider venom
1

Sezer, G., 2Caliskan, F. 3Türkeş, T., 4Şahmetlioğlu, E.
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Aim
We aimed to investigate the anticancer activity of Argiope bruennichi spider venom on the triple
negative breast cancer cell line.
Methods
For this purpose, venoms obtained from Argiope bruennichi spiders collected from the Black Sea Region
in August 2020 were applied to reverse phase High Pressure Liquid Chromatography (RP-HPLC) and a
total of 20 fractions were collected every 3 minutes for 60 minutes. Each lyophilized fraction was
applied to human breast cancer cell line, MDA.MB.231 cells, and viability was analyzed by MTT assay.
The effects of the fractions, which caused a significant decrease in cell proliferation compared to the
control group, on the production of intracellular ROS and the expression of genes related to apoptosis
were investigated.
Results
Fractions collected at 12, 33, 42 ve 45. minutes caused a statistically significant decrease in cell viability
compared to the control group at both 24 and 48 h. Of these, the 45. minute fraction significantly
increased intracellular ROS production. The fractions caused an increase in mRNA expressions of some
apoptosis-related genes.
Main Conclusions
We think that our findings will enable the development of in vitro and in vivo studies that aim to purify
the active fractions of the venom with advanced methods, to identify the peptide or proteins
responsible for the activity, and to further investigate their effects and mechanisms.
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Purification and evaluation of a novel analgesic peptide isolated from the venom of Centruroides
exilicauda
Huerta-Romero, E.F., Jiménez-Flores, S.M., Licea-Navarro, A.F., Lopez-Carillo, J., Ochoa-Agredano, M.,
Cardona-Morales, N.D., and Caram-Salas, N.L.
Departamento de Innovación Biomédica, Centro de Investigación Científica y de Educación Superior de Ensenada (CICESE),
Mexico

Aim
The aim of this work is the isolation of an analgesic peptide found in the venom of Centruroides
exilicauda, an endemic scorpion of Baja California, Mexico.
Methods
The purification of the analgesic peptides found in the venom of Centruoides exilicauda consisted of
two parts. Starting with exclusion chromatography (Sephacryl® S-100) in which we isolated the active
fraction. After this, we used RP-HPLC (Zorbax C18) to further purify the components into isolated
peptides which we tested to find the one responsible for the analgesic effect. To test the analgesic
effect of the venom, the Hargraves model was performed in mice (female; 20-25g). To induce thermal
hyperalgesia the mice received CFA (Complete Freund's Adjuvant) injection into the right paw while the
left paw was used as a control. We measured the paw withdraw latency in 30 min intervals over a 5hour time period. The effects of the peptides found in the venom were compared to other analgesics
(Dexamethasone, 2mg/kg) to determine their potential as an analgesic for medical use.
Results
The purification process of the venom produced various fractions which where all tested for analgesic
effects, at different doses (0.03mg/kg, 0.3 mg/kg, 3 mg/kg iv) to see if there was a dose-dependent
nature to its activity. From these fractions only one produced analgesic effects and was further purified
into its individual peptide responsible for the analgesic effect. Having the best analgesic effect of
65.32% at the highest dose.
Main Conclusions
The intravenous injection of the peptide found in the venom of C. exilicauda produced analgesic effects
in the Hargraves mice model without noticeable side effects.
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How your research strategy can influence your data
1
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Aim
The dynamic development of venomics in recent years has resulted in a significant increase in publicly
available proteomic data. These results are frequently used for comparisons between different datasets
and to draw biological conclusions therefrom. However, the differences in the research strategies
among various research groups can greatly influence the final results, making any data comparisons
very difficult. Therefore, we wanted to show how the final results may vary when different research
strategies are used.
Methods
We applied two software solutions (PeptideShaker and MaxQuant) to process data from shotgun LCMS/MS analysis of Naja ashei venom and collate it with our previous 2DE-MS report concerning this
species.
Results
We were able to provide new information regarding the protein composition of Naja ashei venom but
also point out the qualitative and quantitative limitations of currently used proteomic methods. We
have shown how the applied research strategies influence the final data but also how the results of the
same LC-MS analysis may differ after using different methods for data processing.
Main Conclusions
Current high-throughput analytical methods produce enormous amounts of experimental data, which
then have to be analyzed with the use of sophisticated bioinformatics tools. Therefore, it is important
to plan the experiment with full knowledge concerning the pros and cons of the applied analytical
techniques as well as tools used for the data processing. Our results draw attention to the necessary
caution in the interpretation of data from current proteomic experiments, with particular emphasis on
the comparisons of data derived from studies that greatly differ in the applied research strategy.
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Fibrinogenolytic activities of Anatolian viper venoms
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Igci, N., 1Atasoy, F.S.
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Nevsehir, Turkey

Aim
Viperid venoms contain proteins interfering with the coagulation cascade. Among those, snake venom
thrombin-like (fibrinogenolytic) enzymes draw attention. In this study, it is aimed to compare the
fibrinogenolytic activity of Anatolian viper venoms.
Methods
Venoms of 10 viperids [Macrovipera lebetinus obtusa (MLO), Montivipera xanthina (MX), M. raddei
(MR), M. wagneri (MW), M. b. bulgardaghica (MBB), M. b. albizona (MBA), Vipera ammodytes
transcaucasiana (VAT), V. kaznakovi (VK), V. (berus) barani (VB), V. darevskii (VD)] were incubated with
human fibrinogen for different time intervals at 37 °C. Fibrinogenolytic activity was determined by SDSPAGE method. In addition, inhibition study was carried out by pre-incubating venoms with different
protease inhibitors.
Results
All venoms showed fibrinogenolytic activity and degraded the fibrinogen Aα-chain, except VB. All
venoms also degraded the Bβ-chain at various degrees after 120 minutes incubation, except MR, VAT
and VB. Activities of all venoms were inhibited by metalloprotease inhibitors EDTA and 1,10phenanthroline. On the other hand, serine protease inhibitor PMSF inhibited α-fibrinogenase activity
of VAT and β-fibrinogenase activities of MX, MW and MBB whereas aprotinin did not show inhibitory
effect.
Main Conclusions
This is the first study revealing the presence of fibrinogenolytic enzymes in the venoms of MW, MBB,
MBA, VK and VD. According to the results of the study, all venoms except VB contain metalloproteases
possessing α- and/or β-fibrinogenolytic activity. Moreover, results of the inhibition study also indicated
that MX, MW and MBB venoms contain serine proteases degrading Bβ-chain and VAT venom contain
serine proteases with α-fibrinogenolytic activity. This study exhibited the potential of undiscovered
venoms from Anatolian vipers as a source for novel fibrinogenolytic enzymes that might have diagnostic
and therapeutic potential. Our results will guide the following purification and characterization studies.
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Investigation of the individual venom variation of Macrovipera lebetinus obtusa (Blunt-nosed viper)
in terms of protein profile, phospholipase A2 and protease enzyme activities
1

Igci, N., 1Eroglu, S., 1Tas, R., 1Yigit, T.

1

Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences, Department of Molecular Biology and Genetics,
Nevsehir, Turkey

Aim
Snake venom proteins can be grouped into 15-20 major protein families. However, these proteins show
variation based on the taxonomic level, age, diet, sex and ecological factors. In this study, we aimed to
investigate the individual venom variation of Macrovipera lebetinus obtusa, a medically important and
the biggest viper species of Turkey.
Methods
The venomic protein profiles of 9 different M. lebetinus individuals from Sanliurfa province
(southeastern Turkey) were compared by SDS-PAGE and reversed phase HPLC methods using C-18
column. Additionally, phospholipase A2 (PLA2) activity was determined by a spectrophotometry-based
method and proteolytic activity was compared by zymography using gelatin and fibrinogen as
substrates.
Results
Thirteen protein bands were observed on SDS-PAGE jel, most of the proteins were separated between
75 and 10 kDa. PLA2 activity varied between 4.66 and 8.27 nmol/dk/ml/mg. Zymogram gel results
showed the activity of proteases with different molecular weights. A certain level of individual variation
was observed in SDS-PAGE protein bands and enzyme activities. Moreover, more significant qualitative
and quantitative differences were observed in the HPLC chromatograms. HPLC method provided higher
resolution compared to SDS-PAGE and separated more proteoforms.
Main Conclusions
Data on the individual venom variation of M. lebetinus venom was obtained. Results of the study
showed that M. l. obtusa venom shows individual variation in the protein content and PLA2 and
protease activities even within the narrow range of distribution. Determination of the intraspecific
venom variation is important for assessing the pathology of snakebite and production of antivenoms,
i.e. to prepare more potent venom pools for the hyper-immunization.

67

1st International Congress
online
European Venom Network

14th -16th September 2021
www.euven-congress.eu

Comparative venom biochemistry of Anatolian venomous snakes: protein profiles and enzyme
activities
1
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Aim
All medically important venomous snakes across Turkey are vipers except for one species of cobra
restricted to the southeast of the country. A comprehensive study comparing the enzymatic activities
of the Anatolian viper venoms is missing. Herein, we aim to determine and compare the enzymatic
activities and protein profiles of the venoms of 11 venomous snake taxa distributed in Turkey.
Methods
Venoms from 10 viperid taxa (Macrovipera lebetinus, Montivipera xanthina, M. raddei, M. wagneri, M.
b. bulgardaghica, M. b. albizona, Vipera ammodytes transcaucasiana, V. kaznakovi, V. berus barani, V.
darevskii) and one elapid species (W. morgani) were included in the study. Phospholipase A2, L-amino
acid oxidase, protease, hyaluronidase, phosphodiesterase and nucleotidase activities were determined
spectrophotometrically. Protein profiles were compared by SDS-PAGE and reversed phase HPLC
methods using C-18 column.
Results
Venom proteins mostly observed between 10 and 75 kDa on SDS-PAGE gels and major band numbers
varied from 7 to 11. Chromatograms obtained by HPLC provided more detailed overview of venom
proteins and peptides with higher resolution for comparisons and separated more proteoforms. The
venoms included in the study showed enzymatic activities at varying levels.
Main Conclusions
The study includes all medically important venomous snakes in Turkey and provides an overview of
their enzyme activities and protein profiles. Similarities of the protein band pattern on SDS-PAGE gel
and HPLC chromatograms showed correlation with the taxonomic levels. Enzymatic activities of most
of the included taxa were determined for the first time. The results of the study will guide future studies
aiming to purify the enzymes and will be useful to assess the pathology of snakebites. Determining the
dominant enzyme activities for each species is also important for assessing the antivenom efficacy.
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Purification of antimicrobial peptides from the hemolymph of Mesobuthus gibbosus
1
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Aim
The increasing emergence of bacterial and fungal resistance requires the development of new effective
antibiotics. In recent studies, it has been reported that venomous animals are potential drug candidates
with their active molecules in hemolymph. Therefore, our aim in this study is to investigate
antimicrobial peptides in Mesobuthus gibbosus hemolymph.
Methods
Scorpions were collected under the UV light at night from Inhisar, a province of Bilecik, Turkey.
Hemolymph from the scorpions was collected directly by heart puncture and centrifuged at 5000 rpm.
Cell free hemolymph was applied to a reverse-phase high-performance liquid chromatography system.
Elution was monitored at 230 nm and individually collected sub-fractions were vacuum dried.
Antimicrobial activities of fractionated hemolymph were examined against 6 bacteria and 6 Candida
species.
Results
At least 70 eluting fractions were obtained by the means of liquid chromatography and examined for
their antimicrobial effects. Sub-fractions with retention times 24.8, 25.6 and 47.3 min., were
determined with their effective anticandidal properties. Then retention time of 47.3 min was further
separated and showed strong inhibitory effects against C. parapsilosis and C. krusei having MIC values
5,6 µg/mL and 2,8 µg/mL, respectively.
Main Conclusions
In this study, we determined new peptide fractions from M. gibbosus hemolymph which could be the
source of new therapeutic components. It is anticipated that determining the possible active
compounds with antimicrobial activity included in the hemolymph of the venomous organisms, as well
as their primary structure, will be useful pharmacologically.
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Exploring global trends in the clinical manifestations of scorpion envenomations
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Aim
Despite the development of area-specific venom antisera over the past six decades, scorpion
envenomations still claim 3000+ lives globally every year, mainly among children living in rural parts of
developing nations in Asia, Africa and South America. In addition, many survivors suffer long-lasting,
debilitating sequelae. In the literature, the clinical manifestations of scorpion envenomation
(scorpionism) are often treated as a homogeneous, mostly neurological syndrome, irrespective of
where it occurs. However, the diverse ecology, behaviors, and venom composition found across
scorpions suggest that the symptoms, and effective treatments, associated with scorpionism are
unlikely to be homogeneous. Here we investigate if scorpionism may be a polymorphic disease that
depends on species, geographical location, and the age of clinical patients.
Methods
Clinical symptoms associated with scorpionism worldwide were collected from the literature (40 papers
published between 1985 and 2019) along with the number and age group of patients experiencing each
symptom or combination of symptoms. Symptoms were graded on a severity scale from 1 to 4 and a
binomial regression was performed to infer how symptom type and severity differed depending on
locality and the age profile of patients.
Results
Results suggest that the severity and the overall outcome (i.e. patient survival rate) following medically
significant scorpion envenomations differs significantly depending on where in the world the
envenomation occurred. While mortality rates were significantly higher in African regions, cardiological
symptoms were highest in India. Other symptoms, such as neurological and respiratory were also more
common in other regions.
Main Conclusions
The results of our study indicate that scorpionism is a polymorphic syndrome, with species-specific,
geographically distinct manifestations, that vary significantly depending on the age of patients.
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The transition of apoptosis to necroptosis by cobra venom cytotoxin is associated with
concentration-dependent membrane permeabilization
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Aim
Cytotoxin (CTX) is a highly basic three-finger toxin found predominantly in cobra venom. Its threefunctional loops interact with the cell membrane and induce cell death. However, its molecular
mechanism in cytotoxicity is poorly understood, especially in the transition of cell death mode. This
work aimed to investigate the transition mechanism of cell death caused by a CTX-I isoform from the
venom of Equatorial spitting cobra (Naja sumatrana).
Methods
CTX-I was purified from N. sumatrana venom using cation-exchange chromatography, its purity and
identity were confirmed by LC-MS. The cytotoxic effects of CTX-I were then investigated by cell
apoptotic assays. The degree of membrane permeability was measured by enzyme lactate
dehydrogenase activity and calcein-AM fluorescence intensity. Then, label-free quantitative (LFQ)
secretome analyses were conducted to determine the alteration of the intracellular proteome by CTXI.
Results
CTX-I was found to induce cell death before 24 h through activation of apoptotic caspase, deprivation
of mitochondrial membrane potential, and remarkable percentage of AV+ apoptotic cells. The absence
of necrotic markers, HMGB1 suggested apoptosis was the profound cell death independent of
membrane permeabilization. Nevertheless, the degree of membrane permeabilization increased
following a concentration-dependent manner. The LFQ secretomes demonstrated the presence of 105
significantly distinguished proteins involved in carbon metabolism, structural supports, inflammation,
and necroptosis. The exposure of high toxin concentrations triggered stress-induced necroptosis,
followed by membrane permeabilization preceding the release of intracellular proteins, which
ultimately caused metabolites deprivation.
Main Conclusions
Our findings concluded that, at low concentrations, CTX-I induced caspase-dependent mitochondrialmediated apoptosis. As the toxin concentrations increased, a transition of apoptosis to necroptosis was
associated with increasing membrane permeabilization.
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Two web resources on venoms and their proteins: the UniProtKB ToxProt program and VenomZone
1

Jungo, F., 1de Castro, E., 1Coudert, E., 1Bridge, A., and the UniProt Consortium1,2,3

1

SIB Swiss Institute of Bioinformatics, Switzerland.
European Bioinformatics Institute (EBI), UK.
3
Protein Information Resource (PIR), USA.
2

Venoms are complex mixtures composed of numerous proteins and are mostly studied for their
potential as drug leads or to develop new treatments against envenomation. Making it possible to
quickly find a structured summary of these studies, or simply to access protein sequences, is one role
of web resources. Here, we present both the UniProt animal toxin annotation program, also known as
ToxProt (www.uniprot.org/program/Toxins), and VenomZone (venomzone.expasy.org/), a website
dedicated to venoms. The UniProtKB ToxProt program provides continuously updated information
extracted from the literature on about 7,000 protein entries (release 2021_03) from all venomous taxa.
Information on venom proteins mostly consists of sequences, function/activity post-translational
modifications, and links to relevant databases such as the 3D structure database PDB, the
DDBJ/EMBL/GenBank nucleotide sequence database, or venom organism-specific databases. At a
broader level, VenomZone aims to provide a venom overview from the six major venomous taxa
(snakes, scorpions, spiders, cone snails, insects and sea anemones). In addition, it permits a quick access
to UniProtKB/Swiss-Prot venom protein entries by using the UniProtKB search tool with appropriate
terms. Key features of VenomZone include information such as venom composition, protein family
descriptions, as well as the classification of toxins by pharmacological targets.
Contributions from the community, by giving comments/suggestions via the contact forms at
www.uniprot.org/ or https://venomzone.expasy.org/, or by submitting protein sequences (obtained by
MS/MS de novo sequencing and Edman degradation) at https://www.uniprot.org/help/submissions
are very welcome.
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Equinatoxin II-D4 fusion protein as a promising tool to study organization of plasma membrane
lipids in mammalian cells during viral infection
1

Kulma, M., 1Šakanović, A., 1Caserman, S., 1Podobnik, M., 1Anderluh, G.

1

National Institute of Chemistry, Slovenia

Aim
Many pore-forming toxins produced by various organisms specifically recognize a particular lipid of the
target cell, i.e. sphingomyelin and cholesterol. Blockage of these lipids could prevent cellular processes
involved in the viral entry. The aim of our study was to produce and characterize biophysical properties
of a fusion protein that binds sphingomyelin and cholesterol simultaneously and could protect
mammalian cells from viral infection by interfering with the lipid composition of cellular membranes.
Methods
A recombinant fusion protein was generated through the joining of genes encoded non-lytic mutant
(V8C/K69C) of equinatoxin II (Eqt8-69C) and the D4 domain of clostridial toxin- perfringolysin O. After
expression in the bacterial expression system, toxic activity of purified Eqt8-69C-D4 was verified by
hemolysis assay. Then lipid-binding properties were characterized by lipid/protein overlay assay and
the vesicle co-sedimentation method. To determine the plasma membrane pool of sphingomyelin and
cholesterol accessible for binding of Eqt8-69C-D4, detergent extraction of membranes from
mammalian epithelial (VeroE6) and macrophage-like (Raw 264.7) cell lines was employed.
Results
Our results showed that the fusion Eqt8-69C-D4 was efficiently expressed as a soluble disulfide bonded
protein with impaired hemolytic activity that was restored to near the wild type EqtII level under
reducing conditions. The lipid–protein binding analysis revealed that Eqt8-69C-D4 specifically
recognizes both sphingomyelin and cholesterol. Liposome cosedimentation assay confirmed stronger
binding of Eqt8-69C-D4 to sphingomyelin/cholesterol-containing liposomes than liposomes consisting
of sphingomyelin and cholesterol separately. Furthermore, analysis of binding to mammalian cells
showed that Eqt8-69C-D4 selectively bound to the sphingomyelin/cholesterol mixture in the lipid raft
fraction of the plasma membrane. This interaction was more sensitive sphingomyelin than cholesterol
level.
Main Conclusions
We have demonstrated that the nontoxic Eqt8-69C-D4 selectively binds sphingomyelin/cholesterol
complexes in lipid rafts of mammalian cells. This suggests that Eqt8-69C-D4 may concern an alternative
approach to prevent cell infection with viruses.
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Comparison of preclinical properties of several available antivenoms in the search for effective
treatment of Vipera ammodytes and Vipera berus envenoming
1,2

Kurtović, T., 1,2Lang Balija, M., 3,4Brvar, M., 3Dobaja Borak, M., 1,2Mateljak Lukačević, S.,
1,2
Halassy, B.

1

University of Zagreb, Centre for Research and Knowledge Transfer in Biotechnology, Rockefellerova 10, 10000 Zagreb,
Croatia
2
Centre of Excellence for Virus Immunology and Vaccines, CERVirVac, Rockefellerova 10, 10000 Zagreb, Croatia
3
Centre for Clinical Toxicology and Pharmacology, University Medical Centre Ljubljana, Zaloška cesta 7, 1000 Ljubljana,
Slovenia
4
Centre for Clinical Physiology, Faculty of Medicine, University of Ljubljana, Zaloška cesta 4, 1000 Ljubljana, Slovenia

Aim
Snakebites in Europe are mostly caused by Vipera ammodytes, Vipera berus and Vipera aspis. Among
eight available antivenoms, only Zagreb antivenom, Viperfav and ViperaTAb have been used almost
exclusively for decades. Zagreb antivenom and Viperfav are considered clinically efficient against
envenoming caused by all three medically relevant species, while ViperaTAb is indicated for the
treatment of V. berus bites solely. When the production of Zagreb antivenom was discontinued and a
shortage of Viperfav occurred, other potentially suitable antivenoms were implemented into clinical
practice, but without comparative assessment of their eligibility. Due to a lack of the product indicated
for the treatment of V. ammodytes bites, other antivenoms were implemented into clinical practice
without comparative assessment of their eligibility. The aim of our work was to identify at preclinical
level the most promising candidate that might ensure the successful treatment of V. ammodytes and
V. berus bites.
Methods
A thorough preclinical analysis of the safety-related properties and efficacy of a panel of anti-Vipera
spp. antivenoms that are currently available, or in development for the European market, was
performed in a comparative manner. Purity and aggregate content were evaluated by size-exclusion
chromatography. Neutralisation potencies were determined by lethal toxicity neutralisation assay in
mice.
Results
Since Zagreb antivenom is no longer available on the European market, Viperfav emerged as the
highest-quality product and the only one whose neutralisation potency against V. ammodytes and V.
berus venoms was above regulatory requirements.
Main conclusions
Although monitoring of effectiveness is of outmost importance in the decision-making process, the
presented findings may serve as a starting point for guidance to clinicians when choosing the most
appropriate antivenom for the treatment of envenoming in Southeastern Europe.
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Comparative analysis of V. ursinii ssp. and V. a. ammodytes venoms which originated from Croatia
1,2

Lang Balija, M., 3Leonardi, A., 1,2Brgles, M., 1,2Sviben, D., 1,2Kurtović, T., 1,2Halassy, B., 3Križaj, I.

1

University of Zagreb, Centre for Research and Knowledge Transfer in Biotechnology, Rockefellerova 10, 10000 Zagreb,
Croatia
2
Centre of Excellence for Virus Immunology and Vaccines, CERVirVac, Rockefellerova 10, 10000 Zagreb, Croatia
3
Jožef Stefan Institute, Department of Molecular and Biomedical Sciences, Jamova cesta 39, 1000 Ljubljana, Slovenia

Aim
The karst viper (Vipera ursinii ssp.) favours high-mountain dry grasslands in southern and south-eastern
Croatia. It is medically less important than other Vipera species, because of its remote habitat and the
very small amount of venom that it injects by its relatively short fangs. Here we investigate for the first
time the composition and biological activity of the V. ursinii spp. venom, in comparison to the venom
of V. a. ammodytes, the most venomous European snake.
Methods
The biological activity of the venoms was assessed by the lethal toxicity and haemorrhagic activity in
vivo tests. Immunochemical analysis was performed by ELISA and western blot. Biochemical
composition was assesed by mass spectrometry identification of electrophoretically separated
proteins.
Results
Using a proteomics approach, we have identified 25 venom proteins that belong to seven families:
snake venom metalloproteinases, serine proteases, secreted phospholipases A2 (PLA2), cysteine-rich
secretory proteins, snake C-type lectin-like proteins, serine protease inhibitors and nerve growth
factors. The Vipera ursinii ssp. venom was found to be distinctively insecticidal. Its lethal toxicity
towards crickets was more than five times greater than that of V. a. ammodytes venom, while the
opposite held in mice. Interestingly, the mode of dying after injecting a mouse with Vipera ursinii ssp.
venom may suggest the presence of a neurotoxic component. However, ammodytoxin-like basic
secreted PLA2s, the only so far identified neurotoxins in European viper’s venoms, were not found.
Main Conclusions
V. ursinii venom is of distinctively higher toxicity for insects than for mice, in comparison to V.
ammodytes venoms. Both venoms show comparatively haemorrhagicity in mice. V. ursinii venom is
much less complex in composition with SVMPs being dominant protein class. The insecticidal activity
also suggests the existence of insect-specific toxins in the V. ursinii ssp. venom, which may have
potential as bioinsecticides.
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Recombinant expression of cone snail venom insulins
1

Laugesen, S.H., 2Ellgaard, L., 1Christensen, L.C., 1,3Safavi-Hemami, H.

1

Department of Biomedical Sciences, University of Copenhagen, Denmark
Department of Biology, University of Copenhagen, Denmark
3
Department of Biochemistry, University of Utah, USA
2

Aim
Some species of fish-hunting cone snails produce specialized insulins to induce dangerously low blood
sugar in their prey. These insulins activate the human insulin receptor, although at lower potency than
human insulin, and exhibit several properties that make them ideal compounds for the development
of drug leads for diabetes. Since the discovery of the first venom insulins in Conus geographus, we have
identified approximately 120 additional venom insulin sequences for biomedical exploration.
In this project, we will set up an expression system that allows for production of cone snail insulins and
hybrid analogs of venom and human insulins for functional evaluation and biochemical
characterization.
Methods
To efficiently produce the insulins as soluble proteins, we utilize a modified version of the CyDisCo
expression system. This system involves co-expression of enzymatic catalysts of disulfide bond
formation and isomerization. Thereby, it allows for correct folding of the protein, without the
comprehensive isolation and refolding steps, typically applied for recombinant production of insulin.
Results
Preliminary results using insulin from Conus geographus show that the modified CyDisCo system can
provide fully folded insulin. To establish the robustness of the system, we expressed several additional
insulins derived from diverse cone snail species. Functional testing of these insulins is underway.
Main Conclusions
The modified CyDisCo expression system has potential for expression of cone snail insulins as well as
its hybrid analogs.
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Biochemical and functional characterization of cysteine-rich secretory proteins from the venom of
the nose-horned viper
1

Leonardi, A., 1,2Marinko, A., 1,2Žlajpah, M., 1,2Koritnik, N., 3Vidmar, R., 3Fonović, M., 4Kojić, M.,
1
Križaj, I.
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3
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4
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2

Aim
Cysteine-rich secretory proteins (CRISPs) are found throughout the animal kingdom and exert different
functions. CRISPs from snakes have diverse roles in their venoms. Our objective was to biochemically
characterize CRISPs from the venom of the nose-horned viper (Vipera a. ammodytes; Vaa) and to
uncover their biological roles.
Methods
To purify Vaa CRISPs from the crude venom, we used size-exclusion chromatography, ion-exchange
chromatography, and RP-HPLC. We produced the recombinant VaaCRISP-1 in E. coli. To determine their
biophysical, biochemical and structural properties, we used differential scanning fluorimetry (DSF), CD
spectroscopy, two-dimensional gel electrophoresis, and mass spectrometry. Pathophysiological effects
of VaaCRISPs were studied ex vivo in mice and rats, and in vitro in human blood samples.
Results
We purified six isoforms of Vaa CRISP to homogeneity. All are slightly acidic proteins with pI values
around 5,3 and molecular masses ranging from 24564,6 Da to 24916,6 Da. DSF experiments showed
that Vaa CRISPs are stable at pH 6–9 in the presence of mM Ca2+. They also helped us to optimize the
isolation conditions to achieve the best possible purification yield. Using CD spectroscopy, we
confirmed that the native structure of the Vaa CRISPs indeed remained intact throughout the isolation.
The functional significance of Vaa CRISPs in the venom is not yet completely certain. Apart from some
effect on blood coagulation reflected by prolonged activated partial thromboplastin and prothrombin
times, Vaa CRISPs showed no effect on mouse neuro-muscular preparation (compound action potential
and directly or indirectly evoked muscle contraction) and on the contraction of smooth muscles
depolarized with increased K+ concentration.
Main Conclusions
We developed an efficient isolation procedure to purify Vaa CRISPs from crude snake venom and
produced the recombinant isoform VaaCRISP-1. Vaa CRISPs inhibited blood coagulation in vitro but did
not affect mouse neuromuscular junction or arterial smooth muscle function.
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The importance of performing both LD50 and ED50 potency experiments: A case study investigating
the prey specificity of tarantula venoms
1Lyons,

K., 2Leonard, D., 2Dugon, M.M., 1Healy, K.

1

Macroecology Lab, School of Natural Sciences, Ryan Institute, National University of Ireland Galway, H91 TK33 Galway,
Ireland
2
Venom Systems & Proteomics Lab, School of Natural Sciences, Ryan Institute, National University of Ireland Galway, H91
TK33 Galway, Ireland

Aim
In venomous predatory groups, venom potency is expected to reflect ecological and evolutionary
drivers including diet. Previous studies have determined that the venoms of numerous predatory
groups exhibit prey specific effects, driven by their diet breadth. The aim of our study is to determine if
spider venoms have evolved prey specific effects.
Methods
We performed a preliminary study using the venoms of six species of tarantula in lethal dose 50% (LD50)
and incapacitation dose 50% (ED50) experiments. We tested the potency of each tarantula venom on
two prey types: crickets, which are orthopteran insects commonly eaten by tarantulas in the wild and
woodlice, which are terrestrial crustaceans, a rather uncommon prey for tarantulas. For each tarantula
species, we tested four different raw venom dilutions: 4%, 2%, 1%, and 0.5%, on both prey species, in
cohorts of 10, using 5 µL injections. Number of deaths/incapacitations per cohort were recorded at the
1 minute, 5 minute, 10 minute, 15 minute, 30 minute, 1 hour, 2 hour and 24 hour timepoints after each
initial venom injection.
Results
Crickets were disabled more rapidly and more consistently compared to woodlice, across all four venom
dilutions, and for all six venoms tested. While crickets were disabled within five minutes of venom
injection, most of them recovered 2 to 24 hours after venom injection, most woodlice gradually died
off over the 24 hour observation period.
Main Conclusions
LD50 values recorded at a single timepoint (in this case the 24hr timepoint) do not capture the complex
nature of venom, making ED50 a more appropriate tool to investigate the functional efficacy of a venom
in situ. Our results suggest tarantulas may have evolved prey specific toxins to disable common prey
types found in their diet. This matches the observed pattern found in other venomous predators.
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Quality-related properties of the whole IgG snake antivenoms obtained by different refinement
protocols
1

Mateljak Lukačević, S., 1Kurtović, T., 1Brgles M., 2Steinberger, S., Martina 2Marchetti-Deschmann, M.
1
Halassy, B.
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2
Institute of Chemical Technologies and Analytics, TU Wien, Getreidemarkt 9, AT-1060 Vienna, Austria

Aim
Whole IgG antivenoms represent a complex mixtures of both venom-specific and therapeutically
irrelevant antibodies of various IgG subclasses. They are extracted from hyperimmune animal plasma
by diverse refinement principles that most probably have different impact on their functional and/or
structural properties. The aim of this work was to compare the influence of five purification protocols
on purity, aggregate content, IgG subclass distribution, venom-specific protective efficacy and thermal
stability of the final IgG preparations.
Methods
IgG fraction was extracted from unique sample of Vipera ammodytes ammodytes specific hyperimmune
horse plasma by each of the following purification approaches: ammonium sulphate precipitation
(ASP), caprylic acid precipitation (CAP), anion- (AEX) and cation-exchange chromatography (CEX) and
affinity chromatography (AC). Purity and aggregate content were monitored by size-exclusion-HPLC,
impurities were identified by mass spectrometry, venom neutralization potency by ED50 assay in mice,
thermal stability by thermal shift assay and IgG subclass distribution by in-house ELISA.
Results
The highest purity was achieved by CAP and AC, while the lowest aggregate content was present in
samples from AEX processing. Albumin was the main contaminant in IgG preparations obtained by ASP
and CEX, while transferrin dominantly contaminated sample from AEX-based sample. AC approach
induced the highest loss of IgG(T) subclass. CEX and AEX showed the same tendency, while CAP and ASP
had almost no impact on subclass distribution. The shift in IgG subclass composition influenced the
specific protective efficacy of the respective final preparations. AC and CEX remarkably affected drug’s
venom-neutralization activity, in contrary to the CAP procedure, that preserved protective efficacy of
the IgG fraction. AC-derived sample was the only one whose thermal stability was reduced.
Main conclusions
Our results showed that employed refinement protocols have noticeable impact on IgG features we
have studied which might affect both safety and effectiveness of the final product.
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Characterization and identification of protease from Palythoa caribaeorum venom
1
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3
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2

Aim
This work aims to isolate and identify a protease from Palythoa caribaeorum venom.
Methods
To isolate and characterize the protease, a cation exchange chromatographic separation was
performed as the first step, using a previously packed CM Sepharose matrix. Then, the active fraction
was separated using centricons with 10 KDa cut membranes at 2791.2 RCF and 4ºC. Finally, the
supernatant was subjected to a SHODEX KW-802 size exclusion column chromatography. Finally, the
resulting fraction was analyzed by MALDI-TOF mass spectrometry. During each purification step, an
electrophoretic analysis (SDS-PAGE) was performed and to follow the proteolytic activity we employed
zymograms and EnzChekProtease Assay Kit. To identify whether the enzyme was a serine or
metalloprotease type, the effect of metal ions such as ZnCl2, MgCl2, FeCl2, CaCl2 and a metalloprotease
activator (APMA) was evaluated. Likewise, the effect of specific inhibitors EDTA, EGTA, 1,10phenanthroline, TPCK and PMSF were evaluated too.
Results
A fraction with serine protease activity was identified from the venom of P. caribaeorum. The
electrophoretic analysis of the proteolytic fraction showed a single band. The MALDI-TOF analysis of
this fraction identified six proteins ranging from 12 to 64 KDa which correspond to the molecular masses
reported for proteases from other venomous animals. PMSF inhibitor reduced the activity of the
fraction, suggesting the existence of serine proteases. Additionally, the metal ions did not increase the
hydrolysis activity, which suggests that this fraction does not require activators to improve its activity.
Main Conclusion
The venom of P. caribaeorum contains proteins that can be associated with those registered for serine
proteases in other venomous animals. Likewise, the effect that the inhibitors had on the fraction
suggests the presence of at least one serine protease.
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Bivalent antivenom against severe scorpion envenomation in Morocco
1

Marcelino, J.R., 2Daoudi, K., 2Chakir, S., 1Hui-Wen, F., 2Oukkache, N.

1
2

Instituto Butantan, Brazil
Institut Pasteur, Morocco

Aim
In Morocco, scorpion envenomation is a serious problem with high incidence and mortality with the
species Androctonus mauretanicus (Am) and Buthus occitanus (Bo) incriminated in severe
envenomations. Several studies have shown that the specific treatment is the most important
therapeutic measure to use after scorpion envenomation while in Morocco, only symptomatic
treatments are used. In this context, this work aimed at developing a bivalent antivenom able to
neutralize the lethal envenomations in Morocco
Methods
The bivalent antivenom was produced by immunizing horse with Am and Bo crude venoms collected in
different regions of Morocco. The injections were made subcutaneously at three points close to the
neck near the lymphatic system. For production control, we used radial immunodiffusion. Once the
desired antivenom antibody titers were reached, horses were bled and the immunoglobulins were
isolated from the serum with the main protein purification steps including ammonium sulfate
precipitation, digestion by pepsin, lipid elimination with caprilic acid, thermocoagulation and tangential
filtration. The capacity to neutralize the lethality of Am and Bo venoms was estimated by ED50
determination in mice. The ability of this antivenom to neutralize the venom of the Androctonus
australis hector scorpion venom (Aah) – another highly dangerous scorpion in Maghreb – was also
investiagetd.
Results
The bivalent antivenom produced against a mixture of Am and Bo venoms is able to neutralize the lethal
effect of the Am, Bo and presents an effective cross-protection against the Aah scorpion venom which
is incriminated in lethal envenomations in the Maghreb
Main Conclusions
The bivalent antivenom produced is able to neutralize the most dangerous scorpion envenomations
in the Maghreb.
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Unraveling the cytotoxic mechanism of the Octpep-1 venom-derived peptide in BRAFV600E mutated
melanoma and its synergy with mTORC1 and ERK inhibitors
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Aim
Melanoma is an aggressive form of skin cancer in which BRAF mutations account for 40–60% of all
cutaneous melanomas and with BRAFV600E as the most common variant. BRAF mutations cause
constitutive activation of the mitogen-activated protein kinases (MAPK) signaling, leading to
uncontrolled cell proliferation in the absence of mitogens. Unfortunately, current therapies targeting
MAPK are limited by the appearance of drug resistance and relapse. In that regard, metabolic rewiring
and mTOR signaling are key elements linked to drug resistance, cell survival and tumorigenesis.
This study aims to investigate the metabolic and molecular targets of the Octopus kaurna-derived
peptide (Octpep-1) and its synergic interactions with targeted therapies in human BRAFV600E -mutated
melanoma cells.
Methods
We performed Sequential Windowed Acquisition of All Theoretical Fragment Ion Mass Spectra method
(SWATH-MS) analysis to identify the affected cell signaling pathways after Octpep-1 treatment in
MM96L melanoma cells. Synergies between Octpep-1 and targeted therapies were identified using cell
viability assays and characterized by seahorse metabolic flux analyser and western blot.
Results
Proteomics revealed that Octpep-1 targets the PI3K/AKT/mTOR signaling in BRAFV600E melanoma cells.
Interestingly, Octpep-1 potentiated the cytotoxic mechanism of rapamycin and ERK1/2 inhibitors. The
synergy between Ocpep-1 and ERK1/2 inhibitors is partly explained by the bioenergetics, in which the
treated melanoma cells show compromised mitochondrial respiration combined with reductions in
glycolysis. On the other hand, Octpep-1 potentiates rapamycin by downregulating the mTORC1
regulatory subunit raptor and its downstream effector S6K.
Main Conclusions
Octpep-1 through the regulation of the PI3K/AKT/mTOR signaling pathway represents an optimal
candidate for combined therapies against melanoma of BRAFV600E mutations.
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Is mechanistic action of NLP-induced plant membrane damage universal?
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Aim
Necrosis- and ethylene-inducing 1-like proteins (NLPs) form a superfamily of proteins found in various
phyla of plant-associated microorganisms, such as bacteria, oomycetes, and fungi. To date, more than
1,700 homologs of these apoplastic effectors have been identified. Numerous NLPs are cytotoxic and
contribute to the facilitation of infections against a variety of crops. The target for NLP interaction with
the plant plasma membrane is glycosyl inositol phosphoramide (GIPC), a major sphingolipid found
almost exclusively in the plant plasma membrane. Numerous genera of bacteria (e.g., Pectobacterium),
oomycetes (e.g., Phytophthora), and fungi (e.g., Moniliphtora) with diverse lifestyles secrete NLPs, and
their precise roles in the infection cycle remain enigmatic. Structural and functional characterization of
NLPs from evolutionarily distant organisms is essential to understand the evolution and mechanistic
action of these proteins. Our goal is to investigate the GIPC binding of additional NLPs.
Methods
After recombinant expression of NLP proteins, we will use structural approaches, such as X-ray
crystallography. Also, infiltration into the tobacco apoplast, conductivity measurements, surface
plasmon resonance, liposome sedimentation assay to assess binding to the eudicot sphingolipid GIPC
and membrane damage of NLPs.
Results
We expressed and examined two NLPs, NPPPp from Phytophthora parasitica and MpNEP2 from
Moniliphtora perniciosa. Both proteins showed a necrotic effect on tobacco plants after infiltration into
the apoplast, but at different concentration ranges. Moreover, sedimentation assay showed that the
binding of MpNEP2 to GIPC-containing liposomes was strong, but this does not seem to be the case for
NPPPp. We obtained crystals of NPPPp and the diffraction was measured, however, the data showed
twinning which prevented us from solving the crystal structure.
Main Conclusions
Preliminary results show that both NLPs cause necrosis on tobacco plants, but the mechanism might
be different. This needs further investigation.
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Cytotoxic Activity Investigation of Anatolian Bee (Apis mellifera anatoliaca) Venom Loaded
Mesoporous Silica Nanoparticles
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Aim
Since cancer is one of the major problems of our time, the search for new treatments has increased the
studies of bee venom on cancer in recent years and it has been shown that it can be effective.
Mesoporous silica nanoparticles (MSNs) arose as promising drug carrier platforms because of their
outstanding biocompatibility, loading capacity provided by pores, great chemical and biological
robustness, and ability to reach tumors. This study is aiming to increase the potential cytotoxic effect
of bee venom with the aid of mesoporous silica nanoparticles drug delivery system.
Methods
In the present study, fluorescently labeled mesoporous silica nanoparticles were synthesized and SEM,
zeta potential, and DLS characterization studies were carried out. The cytotoxicity of venom and venomloaded MSNs were determined on MDA-MB 231, PC3, and HeLa cancer cells, and their biocompatibility
were investigated on HEK-293 and CCD34-Lu normal cell lines. It was investigated by fluorescence
microscopy and flow cytometry whether the venom peptides were transported into PC3 and MDA-MB
231 cells. The generally desired apoptotic effect on tumor cells was examined by flow cytometry. After
that, the effects of bee venom and venom MSN combinations on mitochondrial membrane potential
were examined.
Results
Positively charged MSNs were obtained at pH:7.2 by zeta potential analysis. The cytotoxic effect of the
venom was generally enhanced or maintained by MSNs. High cellular uptake MSNs to PC3 and MDAMB 231 cells. 1.5 fold increament in apoptotic effect of venom was observed on PC3 cells nice combined
with MSN compared to alone introducing cells.
Main Conclusions
In conclusion, MSNs and the venom of Apis mellifera anatoliaca grown in our country have the potential
to offer cost-effective, easily accessible, and innovative treatment options for treatments of cancers by
eliminating potential, side effects, and cancer resistance.
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Linear Scorpion Peptides: Potential Blood Brain Barrier Shuttles
Panayi, G., Petrou, C., Sarigiannis, Y.
Department of Life & Health Sciences, University of Nicosia, Nicosia, Cyprus

Aim
Blood Brain Barrier (BBB) crossing is among the major challenges in drug development because BBB
controls the transfer of all substances from blood to brain tissues. We have recently shown that linear
scorpion peptides are an unexplored pool for forming hydrogels under physiological pH conditions, a
fast - growing field in drug delivery.
Methods
Here, we present in silico studies of short linear antimicrobial scorpion peptides (13-19 amino acids) for
their ability to cross the blood-brain barrier and fight infections of the central nervous system and for
their hemolytic activity, one of the main drawbacks of these peptides.
Two online applications were used to calculate the ability of the linear scorpion peptides to cross the
BBB. Peptides that appeared to cross the BBB were collected and tested for their hemolytic activity.
Moreover, an in silico Ala-scan test was performed to find the responsible amino acids for their
hemolytic activity. New peptides that did not exhibit hemolytic activity were re-tested for their ability
to cross the BBB.
Results
Our results reveal that the peptides found to cross the BBB were the BmKn2 (NDBP-4.4) and the UyCT2
(NDBP-4.17). The LR platform of the B3Pred application showed that only Pantinin-1 (NDMP-4.20) was
able to cross the BBB. On the contrary XGB platform showed that no peptide was able to cross the BBB.
However, the RF platform showed that the only peptide that was able to cross the BBB was the Pantinin2 (NDMP-4.21). Of the peptides found to cross the BBB, Pantinin-1 and UyCT2 peptides did not exhibit
any hemolytic activity in their native structure.
Main conclusions
In conclusion the results extracted from these experiments varied between the two online applications.
Further wet chemistry studies are needed to test the ability of the linear scorpion peptides to cross the
blood-brain barrier exhibiting low hemolytic activity.
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Venom optimisation and venom potency in the globally invasive Noble false widow spider Steatoda
nobilis (Thorell, 1875)
1

Rayner, S., 1Vitkauskaite, A., 1Dunbar, J. P., 2Healy, K., & 1Dugon, M. M.

1

Venom Systems & Proteomics Lab, School of Natural Sciences, Ryan Institute, National University of Ireland Galway, H91
TK33 Galway, Ireland
2
Macroecology lab, School of Natural Sciences, Ryan Institute, National University of Ireland Galway, H91 TK33 Galway,
Ireland

Aim
The Noble false widow Steatoda nobilis (Thorell, 1875) originates from the Macaronesian archipelago
and has recently expanded its range to most of Western Europe and parts of the Americas. In Ireland,
Steatoda nobilis is becoming one of the most widespread spiders in synanthropic habitats. The reasons
for its success are not understood, but observations suggest that in Ireland, increased S. nobilis density
may negatively impact native spider populations. Because of its competitiveness, abundance and
resilience in captivity, Steatoda nobilis is an ideal model to investigate questions related to arthropod
invasiveness, venom use and predation strategies.
Methods
Here we set out to 1) Determine if Steatoda nobilis optimises its behaviour based on venom availability
and prey size, as suggested by the Venom Optimisation Hypothesis; 2) Investigate the effects of S.
nobilis venom on two native Irish species: Amaurobius similis (Blackwall, 1861) and Eratigena atrica
(Koch, 1843); 3) Assess if the offensive and defensive strategies of S. nobilis, give it a competitive
advantage over native spiders sharing the same habitats.
Results
Results suggest that 1) Stetoda nobilis optimises its venom use based on venom availability, injecting
venom preferably in the head and thorax of prey, and selecting prey of different size depending on how
recent venom extraction was performed; 2) Venom of Steatoda nobilis is extremely toxic to Amaurobius
similis and Eratigena atrica, while Steatoda nobilis seems resistant to the venom of the other two
species; 3) Steatoda nobilis will engage in territorial fights with the native Irish spiders Amaurobius
similis, Eratigena atrica, Pholcus phalangioides, and Zygiella x-notata, and kill its opponents.
Main Conclusions
Long-term experiments should be set to assess the impact of Steatoda nobilis in-situ within and outside
its native range. It would also be interesting to assess if Steatoda nobilis is really exhibiting resistance
to most spider venoms.
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Towards a physiologically relevant human stem cell-derived hepatic in vitro model for evaluating
venom pharmacology, toxicology and pathology
1

Rodrigues, J.S., 2Faria-Pereira, A., 1Camões, S.P., 2Morais, V., 1Miranda, J.P.
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Portugal

2

Aim
In vitro models able to recapitulate the hepatic physiology are fundamental for studying venom
pharmacology and toxicology. However, most hepatic in vitro models maintain cells in nonphysiological conditions, i.e., high concentrations of glucose, insulin and dexamethasone, hampering
result translation to the clinical setting. This work focused on the development of a functional
hepatocyte-like cell (HLC)-based in vitro model under more physiological conditions.
Methods
HLCs were derived from human stem cells (hSCs) through a 3-step protocol lasting 21 days. From day
21 (D21) to D34, 4 media compositions were tested: i) medium with 25 mM of glucose, 1.72 µM of
insulin and 1 µM of dexamethasone (Diff); ii) Diff with 5 mM of glucose (Diff -glu); iii) medium with 5 mM
of glucose, 1 nM of insulin and 100 nM of dexamethasone (Physiol); and iv) Physiol with 25 mM of
glucose (Physiol +glu). HLCs were characterized regarding the expression of hepatic-specific genes
(qPCR); urea, albumin and ATP production; phase I/II activities; glycogen storage ability (PAS staining);
and mitochondrial activity (Seahorse XF Cell Mito Stress Test).
Results
HLCs maintained in all conditions were evaluated regarding the presence/activity of hepatic-specific
markers to evaluate cells functionality. All media induced albumin production, glycogen storage and
overexpression of Alb, Cyp3a4 and Hnf4a relative to hSCs. Importantly, Physiol increased urea
production (p < 0.001) and phase I (p < 0.01) and phase II (p < 0.001) activities when compared to Diff.
The energy metabolism status of cells via Seahorse Test was also assessed. Results show that there is a
higher mitochondrial activity in HLCs maintained in Physiol, contrasting with higher glycolytic activity in
HLCs in Diff, associated to a diabetic phenotype and therefore less physiological.
Main Conclusions
This work suggests the potential use of HLCs for the development of human relevant hepatic in vitro
models.
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Antibacterial properties of Androctonus crassicauda (Oliver, 1807) venom synthesized gold
nanostructures
Sancak, Z., Yazgan, İ., Demir, M.A.
Department of Biology, Faculty of Sciences and Arts, Kastamonu University, Kastamonu, Turkey

Aim
Scorpion venom contains enzymes, peptides, free amino acids, inorganic salts, amines, lipids and
nucleotides. Despite of their detrimental effects, they have been used in the treatment of a variety of
diseases and symptoms including infections, metabolic diseases, and pain. In this study, we used venom
from Androctonus crassicauda for the synthesis of gold nanostructures in the presence of a modified
sugar (cellobiose p-aminobenzoic acid, CpAB) as the reducing agent.
Methods
Venom stimulation was performed by using electrical stimulation method, where 12-volt (DC) was
applied to the fixed scorpion at 5-10 seconds intervals. The venom was collected in a capillary tube,
followed by dissolved in 5 mL of 1 mM NaCl aqueous solution. Bradford method was used to quantify
the protein concentration of the venom solution. In order to get different morphology for the gold
nanostructures (Au NSs), changing ratio of venom and auric acid was used at the presence of 1 mg/mL
CBpAB under constant vortexing for 10 seconds. Bench top centrifugation system was used to isolate
larger and smaller Au NSs. The spectroscopic techniques including UV-Vis, X-ray diffraction,
transmission electron microscopy, scanning electron microscopy and infrared were used to characterize
the AuNSs. Antibacterial activity of the Au NSs was tested against Pseudomonas aeruginosa,
Staphylococcus epidermidis, Staphylococcus aureus, Salmonella infantis and Escherichia coli, where
synergistic activity of erythromycin was tested for downregulation of pyoverdine and biofilm
development for P.aeruginosa.
Results
At high venom to Au3+ ratio, nanosized as 5 ±2.5 nm Au NSs was obtained while at lower venom to Au3+
ratio nano- to micro-sized plates and aspherical Au NSs were obtained. Larger Au NSs gave single
crystalline structure while nanosized Au NSs gave polycrystalline nature. Venom, alone, did not show
any antibacterial activity against all the tested bacterial strains while the Au NSs suppressed growth as
high as that 50 % of Salmonella infantis and Pseudomonas aeruginosa. In terms of biofilm formation,
neither venom alone nor the Au NSs showed any effect on the tested bacteria except Pseudomonas
aeruginosa. The findings revealed that the synthesized Au NSs showed selectivity towards
Pseudomonas aeruginosa with decreased biofilm formation along with prevention of pyoverdine
synthesis.
Main Conclusions
Scorpion venom possessed morphology directing capability along with serving as a stabilizer for the
formed Au NSs. In vitro antibacterial activity of the venom required its decoration on the Au NSs. Venom
synthesized Au NSs can synergistically advance erythromycin’s antibacterial and anti-film potential
against Pseudomonas aeruginosa.
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In vitro assessment of venom cardiovascular pharmacology and safety: a trip from single cells to
isolated organs
1

Saponara, S., 1Ahmed, A., 1Frosini, M., 1Gorelli, B., 2Fusi, F.

1
2

Department of Life Sciences, University of Siena, Italy
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Aim
Venoms have always represented an inestimable and almost inexhaustible source of bioactive
molecules, some being currently used as pharmacological tools or therapeutic agents in the area of
cardiovascular diseases.
A systematic approach based on in vitro functional assays was developed to identify the cardiovascular
activity and safety of both well-known and novel toxins and characterize their molecular mechanism.
Methods and Results
Freshly isolated or cultured vascular and cardiac cells-, whole-tissue- and isolated organ-based models
are routinely used to assess the effects of drugs on:
1) cell viability and related patterns of cell death, mitochondrial function, redox state, Ca2+ handling;
2) vascular responsiveness of vessel rings and single myocytes to various agents;
3) cardiac tissue electrical conduction and contractility and related biomarkers in Langendorff perfused
rat heart
4) single cell ion currents through Ca2+, K+ and other channels by means of the patch-clamp technique
5) Kv11.1(hERG) channel, the target of virtually all QT interval-prolonging torsadogenic drugs in stable
transfected hERG-HEK cells.
Main Conclusions
These approaches represent a thorough strategy to guide pharmaceutical chemists and
biotechnologists and identify the ideal candidates for the discovery and development of therapeutic
agents and useful tools in cell biology.
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Fish Venoms: the transcriptomic approach to the venom cocktail
1,2

Silva, F., 1,2Antunes, A.
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CIIMAR/CIMAR, Interdisciplinary Centre of Marine and Environmental Research, University of Porto, Av. General Norton
de Matos, s/n, 4450-208 Porto, Portugal.
2
Department of Biology, Faculty of Sciences, University of Porto, Rua do Campo Alegre, 4169-007, Porto, Portugal.

Aim
Venomous animals are found throughout a wide range of taxa, including fish species, such as stingrays
and scorpionfish, which were previously overlooked. Fish venoms are particular difficult to study due
to their instability, sampling complications and problems isolating the proteins. Genomic and
transcriptomic data offer a gateway into this hard-to-reach information.
Methods
Recent efforts in fish genome and transcriptome sequencing, in combination with inside generated
venom gland transcriptomes, provided the ability to set a much-needed baseline and further explore
the evolutionary dynamics of fish venoms. It is currently hypothesized that fish venom evolved
independently at least 18 times. Despite this, similarities in venoms across distinct fish taxa are found,
with different molecules from the same gene family being part of the venom composition.
Results
The newly generated datasets allowed the determination of several of these differences, such as
different hyaluronidases and various metalloproteases being recruited into the venom network in
different fish groups. This proximity of the genes, mostly of the same gene family, suggests very
comparable needs in the evolution of many fish species venoms. Such a scenario of convergent
evolution is further exacerbated by the fact that fish venoms are commonly used as a defensive tool,
instead of a predatory option or else.
Main Conclusions
This data shows that there is potential in exploring labile fish venoms through genomes and
transcriptomes, despite their individual shortcomings. The information presented enhances the
understanding of venom composition in fishes, their genetic differences, organization and evolution.
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Bryoporin from moss Physcomitrium patens is structurally related to pore-forming actinoporins
1

Šolinc, G., 2Žnidaršič,N., 1Anderluh, G., 1Podobnik, M.

1 Department of Molecular Biology and Nanobiotechnology, National Institute of Chemistry, Hajdrihova 19, 1000,
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2 Department of Biology, Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, 1000 Ljubljana, Slovenia

Aim
Actinoporins are one of the most studied families of toxins that form pores in target lipid membranes,
first discovered in sea anemones but can be found in other cnidarians as well. Actinoporins are involved
in defence against predators and aid in prey capture as they are highly lethal to small crustaceans,
molluscs and fishes. Bryoporin is a protein from a moss Physcomitrium patens and shares 34 %
sequence identity with actinoporins. It displays haemolytic activity and was shown to play a role in
water stress, but its exact biological function remains unknown. The aim of our study was to further
characterize bryoporin and its structure/function relation to actinoporins.
Methods
For more detailed functional analysis of the bryoporin pore-forming activity, we performed the calcein
release experiments on membranes of various lipid compositions, planar lipid membrane experiments
and haemolytic assays, and compared it to actinoporins. We determined the X-ray structure of the
water-soluble form of monomeric bryoporin and visualized and reconstructed the model of the
bryoporin pore using electron microscopy.
Results
Bryoporin displayed haemolytic activity comparable to typical actinoporins: In calcein release
experiments it specifically bound and perforated membranes with sphingomyelin. Moreover, the
presence of cholesterol significantly increased the pore-forming activity. Planar lipid membrane
experiments confirmed sphingomyelin specificity and showed that bryoporin forms homogeneous
pores. The structure of monomeric bryoporin highly resembles typical actinoporins and imaging of the
bryoporin oligomers on lipid vesicles with both, negative-stain TEM and cryo-EM showed, that
bryoporin forms transmembrane pores similar to those found in actinoporins.
Main Conclusions
Despite the phylogenetic distance between land plants and cnidarians, bryoporin exhibits highly
conserved actinoporin fold and shares many functional characteristics with actinoporins, including
formation of predominantly octameric pores in sphingomyelin containing membranes. While bryoporin
functionally behaves like a toxin, its biological function in the moss remains unknown.
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Dominant toxin hypothesis: Disentangling the evolution of venom as a complex trait
1
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Aim
Gene expression dynamics are a major contributor to complex trait variations within and between
species. These shifts in gene expression are subject to selective pressures driving mutations to the cisand trans-regulatory elements, epigenetic modifications, and gene duplication. A complex trait
hypothesized to be evolving under strong selective pressure is venom due to its essential ecological
roles related to predation and defense.
Methods
Using sea anemones as a model to understand the evolution of venom as a complex trait, we employed
a combination of comparative transcriptomics and genomics. The transcriptomes of 29 sea anemone
species from three superfamilies were assembled and used to quantify the expression of functionally
characterized toxins and used for phylogenetic covariance analysis. We further explored the recent
high-quality genome assemblies of three sea anemone species (Nematostella vectensis, Scolanthus
callimorphus, and Actinia equina), to gather insights into the biology of their genomes that drives the
evolution of venom phenotype in sea anemones.
Results
Phylogenetic covariance analysis revealed that the possible combinations of toxin families are highly
promiscuous in sea anemones, yet the venom phylomorphospace has low dimensionality. This suggests
that in sea anemones, a single toxin family dominates the venom phenotype of each species. The
evolution of the specific dominant toxin family found in each sea anemone can be highly dynamic, even
convergently evolving among distantly related species. Our comparative genomic analysis revealed that
all three sea anemone species possess more than ten copies of the toxin gene family that is dominant,
with members of each family being found in clusters of tandemly duplicated copies.
Main Conclusions
Altogether, these results suggest that gene duplication drives the shift in the dominant toxin family that
strongly dictates the venom phenotype and highlights it as a powerful mechanism for the adaptive
evolution of a complex trait.
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Enzymatic conjugation with transglutaminase to label venom toxins: method and applications
1
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Aim
To study the cellular localization and molecular interactions of animal venom toxins, it is necessary to
attach them coloured labels to observe them under the microscope, and molecular hooks to use them
as bait to isolate their interactors. For this purpose, we used the method of enzymatic conjugation by
transglutaminase (TGase), which allows attaching a ligand to side chains of Lys or Gln residues of
proteins, under native conditions. This type of conjugation is one of the most reproducible and delicate
methods to modify proteins and it allows a site-specific derivatization leading to the production of
homogenous derivatives1. We applied TGase to perform labelling of poisonous toxins and then we
characterized the conjugated proteins and evaluated their functionality.
Methods
Toxins extracted from snake venom or produced by expression in E. coli and folded in vitro, were
conjugated by reaction with TGase to glutamine-containing peptides carrying fluorescent dyes or biotin
as label. The modified proteins were isolated by RP-HPLC and analysed by ESI-Q-TOF mass
spectrometry. The labelled proteins were then tested for their enzymatic activity, if any, on synthetic
substrates, and for their toxicity on cellular models. We then used fluorophore-conjugated proteins to
observe their intracellular localization by fluorescence microscopy and biotin-conjugated proteins to
perform pull-down experiments from extracts of their target cells2-4.
Results
Labelled proteins maintained intact their enzymatic and/or toxic activity on cellular models. Proteins
modified with a peptide conjugated to a fluorophore allowed us to investigate their intracellular
localization by fluorescence microscopy, that has been confirmed also in vivo by immunofluorescence.
Biotin-conjugated proteins were useful as bait to isolate their molecular interactors.
Main Conclusions
Enzymatic conjugation by TGase is a technique suitable for the modification of venom toxins because
it does not alter their activity and, with the same method, allows attacking different types of molecular
tags.
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Spider toxin PmuTx1 targets voltage-gated channels Nav1.7 and Cav3.2
1
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Aim
Voltage-gated calcium channel CaV3.2 and sodium channel NaV1.7 have been implicated in pain-related
pathologies. Given that animal venoms are a rich source of selective ligands for many ion channels, the
aim of this study was to discover novel spider toxins with dual inhibitory activity at both CaV3.2 and
NaV1.7 channels.
Methods
Using electrophysiology, HPLC and MS techniques, the venom of several spiders was screened on the
voltage-gated calcium CaV3.2 and sodium NaV1.7 channels.
Results
The crude venom of Pterinochilus murinus showed potent inhibitory activity at both targets. Bioassayguided HPLC fractionation of the crude venom revealed a 36-amino acid peptide toxin (PmuTx1)
containing six cysteine residues. Sequence alignment and structural modelling of PmuTx1 showed high
similarity with Pn3a, a known NaV1.7 sodium channel inhibitor1, including conservation of K22 and K24
identified as crucial for Pn3a activity2.
Main Conclusions
PmuTx1 shows potent inhibitory activity at both CaV3.2 and NaV1.7 channels. Altogether, our results
suggest the potential of PmuTx1 as an antinociceptive agent with dual activity on two therapeutic
targets known to be implicated in pain pathways.
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The Cytotoxic Effect of Apis mellifera Venom with a Synergistic Potential of Its Two Main
Components-Melittin and PLA2-On Colon Cancer HCT116 Cell Lines
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Aim
Bee venom (BV) is one of the most natural compounds studied in recent years due to its richness in
bioactive molecules that possess a wide range of biological activities. Recently, it has been
demonstrated to have an anti-cancer effect against several types of cancer cells mainly due to its two
main compounds Melittin (MEL) and phospholipase A2 (PLA2). The present work shows the strong
cytotoxic effect of Apis mellifera venom on human colon carcinoma cells (HCT116) and demonstrates
the synergistic effect of MEL and PLA2 on these cells.
Methods
The proportions of Mel and PLA2 on BV, were analyzed through high-pressure liquid chromatography,
then a cell viability assay was done to study the effect of BV, MEL, PLA2 and a mixture of MEL and PLA2
on the HCT116 cells.
Results
The A. mellifera venom showed a strong cytotoxicity against HCT116 cells, and to a lower extent MEL
or PLA2 alone. In addition, the obtained results showed clearly the improvement of the cytotoxic effect
of MEL and PLA2 when they were added together.
Main Conclusion
These results confirm the cytotoxic effect of the A. mellifera venom and demonstrate the synergistic
potential activities between MEL and PLA2 on probably disturbing the membrane of HCT116 cancer
cells. Altogether, these findings could serve for the development of new anticancer drugs.
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Venom characterization of the aquatics bugs Ilyocoris cimicoides (Hemiptera: Naucoridae) and
Notonecta glauca (Hemiptera: Notonectidae)
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Aim
The saucer bug Ilyocoris cimicoides and the common backswimmer Notonecta glauca are heteropteran
predators of a wide variety of arthropods. They secrete venomous saliva, which they inject into their
prey to perform extra-oral digestion. Although several studies have characterized the venom
composition of true bugs, most of them focused on species belonging to the Reduviidae or
Belastomatidae family.
Methods
In this study, we analyzed transcriptomic and proteomic data of the aquatic bugs I. cimicoides and N.
glauca and performed bioassays to characterize their venom activity.
Results
In both species, the salivary glands secreted protein mixtures containing, among others, proteases,
venom protein family 2 proteins, carbohydrases, lipases and many uncharacterized proteins. While I.
cimicoides secreted hemolysin-like proteins and lyases N. glauca venom also contained serine protease
inhibitors. There were considerable differences in enzyme activity and bioactivity between the two
species. While venom extracts from both insects exhibited protease and lipase activity, only venom
from I. cimicoides showed amylase and hemolytic activity. The amylase present in I. cimicoides was able
to cleave both starch and glycogen, an unexpected result due to its strict predatory behavior.
Main Conclusions
Although I. cimicoides and N. glauca are present in similar habitats, we show that their digestive
enzymes are distinctly different. The bioactivity and composition of N. glauca and I. cimicoides venom
assist further efforts to characterize the function and pharmacological activity of insect venom and to
understand the complex biomolecular process carried on by true water bugs. Here we demonstrate the
importance of combining molecular and enzymatic profiling experiments to characterize the complexity
of the venom systems in novel taxa. Our results provide a solid foundation for understanding the role
of insect venom composition in prey capture and the extra-oral digestion process.
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Gene Cloning and Expression of Cobra Venom Cytotoxin using Bacterial Expression System
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Aim
To overcome the geographical and species variations of cobra venom cytotoxin (CTX), a conserved
sequence of cobra cytotoxin was synthesized using the E. coli expression system for downstream
characterization and functionality studies.
Methods
Cloning: The plasmid, pET-22b(+), and the CTX gene were digested with restrictive enzyme pairs, MscI
and XhoI; NdeI and XhoI. The digested plasmid and insert were subjected to gel purification before
ligation with T4 DNA ligase. The ligated recombinant plasmid was then transformed into Dh10b via the
heat shock method. The transformed colonies were screened with antibiotic selection with ampicillin
and streptomycin as well as colony PCR. The plasmids from the transformed colonies were extracted
and sent for sequencing to verify the orientation of the insert.
Expression: The recombinant plasmid was extracted and transformed into BL21 competent cells. The
expression of the CTX gene was induced with a range of IPTG concentrations (0.1, 0.5, 1.0 mM), with
varying temperatures (16, 24, 30 ℃) and time-points (8, 16, 24 hr). Four different fractions (total,
periplasmic, soluble, insoluble) were extracted from the expressed culture for SDS-PAGE and Western
blot analysis to examine the expression levels of CTX.
Results
The sequencing results indicated the start codon, promoter, 6X His-tag, and the CTX gene were in the
correct orientation for both MscI and NdeI clones. Preliminary optimization found that the MscI/XhoI
clone exhibited the optimum expression of a soluble CTX at 24 ℃ for 16 hours with 0.5 mM IPTG,
whereas no soluble CTX was expressed in the NdeI/XhoI clones. The periplasmic fraction of the
MscI/XhoI clone was thus chosen for downstream purification in terms of abundance and solubility of
the protein.
Main Conclusions
The bacteria culture can be upscaled at the optimum conditions for downstream purification using
immobilized metal affinity chromatography (IMAC) resin or column.
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The anti-platelet activity of VWA1-like proteins from the vampire snail Cumia reticulata
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Aim
Platelets play a central role in haemostasis and contribute to pathological thrombosis. Endogenous
subendothelial von Willebrand factor (VWF) as well as plasma VWF initiate platelet adhesion at sites of
vascular damage. This process depends on VWF A1 domain (VWFA1) binding to the platelet membrane
glycoprotein (GP) Ibα. Subsequently, soluble plasma VWF recruits circulating platelets creating larger
aggregates on the vessel wall. These interactions are affected by shear stress in the circulating blood.
Given its relevance in haemostasis, hematophagous animals evolved a variety of inhibitors of platelet
aggregation, generally produced in salivary glands and injected into the host. Here we investigate the
potential platelet aggregation inhibitory activity of salivary VWFA1-like proteins recently identified in
the vampire snail Cumia reticulata.
Methods
We produced recombinant forms of two polypeptide sequences deduced from transcripts identified in
Cumia, Seq5 and WD6. We used Surface Plasmon Resonance (SPR) to analyze the binding of these
proteins to purified GPIbα, and aggregometry to test their ability to inhibit dimeric VWFA1 (dA1)mediated platelet agglutination.
Results
In SPR, Seq5 and WD6 bound to human GPIb with 100-times lower affinity than human VWFA1. In the
aggregometry assay, regardless of the dA1 concentration used, both Seq5 and WD6 caused dosedependent inhibition of platelet agglutination, indicative of ability to interfere with the VWFA1-GPIb
interaction.
Main Conclusions
Our results support the hypothesis that salivary VWFA1-like proteins from the vampire snail bind to
human platelet GPIb and inhibit human GPIb-VWFA1 interaction. Their lower affinity compared to
human VWFA1 could be explained by structural differences between their native target (GPIb on fish
thrombocytes) and the human GPIb used in the test. A down-tuned binding may also ensure the
balance between impairing haemostasis to facilitate blood suction and survival of the host. To
differentiate between these hypotheses, further investigation will be carried out.
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Cholesterol modulates the cytotoxicity of Gomesin in melanoma of BRAF mutation
1

Vela-Sebastián, A., 1Moral-Sanz, J., 2Kurdyukov, S.,3Brust, A.,3Wilhelm, P., 3Alewood, P.F.A.,2Neely,
G.G.,3Deplazes, E.,1,3Ikonomopoulou, M.P.

1

Madrid Institute for Advanced Studies in Food, Madrid, E28049, Spain
University of Sydney, Camperdown, NSW 2006, Australia
3
The University of Queensland, St. Lucia, QLD 4072, Australia
2

Aim
Gomesin is an antimicrobial peptide isolated from the South American spider Acanthoscurria
gomesiana that shows potent and selective antitumoral effect in BRAF-mutated melanoma. Gomesin
has a CRAC domain, known to favor cholesterol interactions with cell membranes. The aim of this study
is to elucidate upon the occurring interactions between gomesin and lipids present in cellular
membranes, focusing on the mediation of cholesterol in the cytotoxic profile of gomesin.
Methods
Cell viability was analyzed by MTT assays comparing BRAF-mutated melanoma cells and healthy
fibroblasts, treated with gomesin in the presence of increasing concentrations of cholesterol or
modifiers of the cellular content of cholesterol. Electrochemical impedance spectroscopy (EIS)
techniques and tethered bilayer lipid membranes (tBLM)/EIS assays were used to analyze protein
binding to the membrane or membrane disruption induced by gomesin, respectively.
Results
Gomesin variants show a poor binding to POPC membranes. The presence of POPS and cholesterol
significantly improved peptide binding and reduced membrane disruption. Moreover, the cytotoxicity
of gomesin was blunted by increasing concentrations of cholesterol in both melanoma cells and
fibroblast. Surprisingly, cholesterol depletion potentiates the cytotoxicity in fibroblast but not in
melanoma cells, suggesting a specific role of cholesterol in the selective cytotoxicity of gomesin.
Main Conclusions
Our results support the selective antitumoral effect of gomesin in melanoma of BRAF mutation. We
observed that the mechanism of action of gomesin differs between cancerous and non-cancerous cells
and confirmed that cholesterol plays a key role in the binding and biological membrane disruption.

99

1st International Congress
online
European Venom Network

14th -16th September 2021
www.euven-congress.eu

Venomous spiders of Albania – Does the increase of the air temperature influence the toxicity of
the spider venom?
Vrenozi, B.
Research Center of Flora and Fauna, Faculty of Natural Sciences, University of Tirana, Tirana, Albania

Aim
Venomous spiders encountered in Albania belong to the families of Sicariidae: the Mediterranean
brown recluse Loxosceles rufescens (Dufour, 1820), and Theridiidae: the black widow Latrodectus
tredecimguttatus Rossi, 1790. Although their venom is rarely fatal, their bite is medically significant,
raising questions about the influence of the higher air temperatures on their toxicity. Therefore, this
retrospective study will highlight the importance of the spiders’ venom severity and raise awareness to
prevent their morbidity.
Methods
The description of the 125 case studies during a decade, from the villages of Fier County, hospitalized
in the regional hospital, is presented. Detailed data on the localities, age, gender, bitten location,
symptoms, supportive treatment, bite date, and hospitalized time, are analyzed. The spider bites were
during the seasonal fieldwork, from April till November. Spiders were identified as black widows or
simply as a spider bite.
Results
The hospitalized patients from the spider bites were mainly farmers from the agricultural areas in the
Western Lowland. Based on the fieldwork time, the venom severity is higher in August (29.6%). The
spider bite localities were particularly the lower and upper limbs of the age groups of 15-59 years old,
although there were also kids helping their parents (5.6%). The main symptoms were limb pain followed
by abdominal pain, swelling, itching, redness, vomiting, tiredness, and difficulties in breathing. Patients
were discharged mainly 72h after their hospitalization, although 8% of the case studies had more than
three days of hospitalization.
Main Conclusions
The morbidity of the spider venom in Albania raises awareness to consider the distribution map of the
venomous spiders and detailed data on their venom severity based on the air temperature, including
black widows and brown recluses. Nevertheless, other medically significant spiders are identified in
Albania, although there is no clear evidence from the patients.
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Potentials in the neglected Molluscivorous and Vermivorous Conus Species
1,2

Zhao,Y., 1,2 Antunes, A.

1

CIIMAR/CIMAR, Interdisciplinary Centre of Marine and Environmental Research, University of Porto, Av. General Norton
de Matos, s/n, 4450-208 Porto, Portugal.
2
Department of Biology, Faculty of Sciences, University of Porto, Rua do Campo Alegre, 4169-007, Porto, Portugal.

Aim
Currently, piscivorous Conus species represent a research hotspot in the area of drug discovery and
venom application. In this study, we are focusing on other groups of the cone snails with different
feeding habits, to uncover the potential values hidden in the neglected molluscivorous and vermivorous
Conus species.
Methods
Conus species from three others genera (Californiconus, Conasprella and Profundiconus) in the Conidae
family are assessed. We revisited online database and constructed a phylogeny tree with available
feeding habit information labeled. We assembled a cone snail distribution map based on their feeding
habits. Pharmaceutical attempts and the relevant omics data have been counted to demonstrate the
current research trends.
Results
Noticeably, many species in the warm and shallow waters are adapted to hunt both fish and worms
independently. We have also discussed the Conotoxin-drug discovery potentials and the urgency of
protecting the resources of Conus species.
Main Conclusions
The findings of this work shed light on the Conus evolution, and emphasize the importance of further
omics study and more behavior observation studies on the future.
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Tuesday, September 14th
Session Opening: The 1° International Congress of the European Venom Network EUVEN
CHAIR:
Figen Caliskan (Eskisehir Osmangazi University, Turkey)
Session 1: DIVERSITY OF VENOMS AND VENOMOUS ORGANISMS
Session Keynote: Nicholas Casewell - Liverpool School of Tropical Medicine
CHAIR:
Giulia Zancolli (University of Lausanne, Switzerland)
Nicholas Casewell (Liverpool School of Tropical Medicine, UK)
Venom evolution in spitting cobras: integrating diverse data types and harnessing the power of
collaboration in venom research
Session 1: ORAL 1
CHAIR:
Yiannis Sarigiannis (University of Nicosia, Cyprus)
Maike Fischer (Max-Planck-Institute for Chemical Ecology, Germany)
Yannick Pauchet (Max-Planck-Institute for Chemical Ecology, Germany)
Natalie Wielsch (Max-Planck-Institute for Chemical Ecology, Germany)
David Heckel (Max-Planck-Institute for Chemical Ecology, Germany)
Andreas Vilcinskas (Justus-Liebig-University Gießen, Germany)
Heiko Vogel (Max-Planck-Institute for Chemical Ecology, Germany)
A bug's secrets – Characterization of toxic venom components from the African assassin bug
Psytalla horrida
PRESENTER: Maike Fischer
Vanessa Schendel (The University of Queensland, Australia)
Eivind Undheim (University of Oslo, Norway)
Venom modulation in the red-headed centipede Scolopendra morsitans
PRESENTER: Vanessa Schendel
Ondřej Michálek (Department of Botany and Zoology, Faculty of Science, Masaryk University,
Czechia)
Andrew A. Walker (Institute for Molecular Bioscience, The University of Queensland, Australia)
Ondrej Šedo (Mendel Centre for Plant Genomics and Proteomics, CEITEC; National Centre for
Biomolecular Research, Masaryk University, Czechia)
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Zbyněk Zdráhal (Mendel Centre for Plant Genomics and Proteomics, CEITEC; National Centre for
Biomolecular Research, Masaryk University, Czechia)
Glenn F. King (Institute for Molecular Bioscience, The University of Queensland, Australia)
Stano Pekár (Department of Botany and Zoology, Faculty of Science, Masaryk University, Czechia)
The composition and specific toxicity of venom of araneophagous white-tailed spiders
PRESENTER: Ondřej Michálek
Anna Klompen (Ecology and Evolutionary Biology, University of Kansas, United States)
Paulyn Cartwright (Ecology and Evolutionary Biology, University of Kansas, United States)
Venom variation in functionally distinct tissues of Hydractinia symbiolongicarpus through a
nematocyst-enriched transcriptome
PRESENTER: Anna Klompen
Giulia Zancolli (University of Lausanne, Switzerland)
Maarten Reijnders (University of Lausanne, Switzerland)
Robert M. Waterhouse (University of Lausanne, Switzerland)
Marc Robinson-Rechavi (University of Lausanne, Switzerland)
Convergent evolution of venom gland transcriptomes across Metazoa
PRESENTER: Giulia Zancolli
Session 1: POSTER 1
CHAIR:
Blerina Vrenozi (Research Center of Flora and Fauna, Faculty of Natural Sciences, University of Tirana,
Albania)
Naoual Oukkache (Institut Pasteur of Morocco, Morocco)
Bivalent antivenom against severe Scorpion envenomation in Morocco
Martha Mayela Manzano-Mora (Instituto de Química, UNAM, Mexico)
Fernando Lazcano-Pérez (Unidad Académica de Sistemas Arrecifales Puerto Morelos, Instituto de
Ciencias del Mar y Limnología, UNAM, Mexico)
Alan Gerardo Hernandez-Melgar (CICESE, Mexico)
Judith Sánchez-Rodríguez (Unidad Académica de Sistemas Arrecifales Puerto Morelos, Instituto de
Ciencias del Mar y Limnología, UNAM, Mexico)
Roberto Arreguín-Espinosa (Instituto de Química, UNAM, Mexico)
Characterization and identification of a novel protease from Palythoa caribaeorum venom
PRESENTER: Martha Mayela Manzano-Mora
Maria del Mar Cano Caballero (Universidad de Cádiz, Spain)
Juan Carlos G. Galindo (Universidad de Cádiz, Spain)
Samuel Abalde (Swedish Museum of Natural History, Sweden)
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Rafael Zardoya (Museo Nacional de Ciencias Naturales-CSIC, Spain)
Manuel J. Tenorio (Universidad de Cadiz, Spain)
Proteomic analysis of the venom duct of the West African cone snail Varioconus guanche
PRESENTER: Maria del Mar Cano Caballero
Sol Yepes (Max Planck Institute for Chemical Ecology, Germany)
Maike Fischer (Max Planck Institute for Chemical Ecology, Germany)
Natalie Wielsch (Max Planck Institute for Chemical Ecology, Germany)
Roy Kirsch (Max Planck Institute for Chemical Ecology, Germany)
David Heckel (Max Planck Institute for Chemical Ecology, Germany)
Heiko Vogel (Max Planck Institute for Chemical Ecology, Germany)
Venom characterization of the aquatics bugs Ilyocoris cimicoides (Hemiptera: Naucoridae) and
Notonecta glauca (Hemiptera: Notonectidae)
PRESENTER: Sol Yepes
Keith Lyons (National University of Ireland Galway, Ireland)
Dayle Leonard (National University of Ireland Galway, Ireland)
Michel Dugon (National University of Ireland Galway, Ireland)
Kevin Healy (National University of Ireland Galway, Ireland)
The importance of performing both LD50 and ED50 potency experiments: A case study
investigating the prey specificity of tarantula venoms
PRESENTER: Keith Lyons
Claudia Camarero-Hoyos (Departamento de Biología, Universidad Autónoma de Madrid, Spain)
Ana Riesgo (Departamento de Biodiversidad y Biología Evolutiva, Museo Nacional de Ciencias
Naturales, Spain)
Aida Verdes (Departamento de Biodiversidad y Biología Evolutiva, Museo Nacional de Ciencias
Naturales, Spain)
Differential Gene Expression analyses reveal potential novel predatory toxins in the
heteronemertean Lineus longissimus
PRESENTER: Claudia Camarero-Hoyos
Nasit Igci (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences, Department of
Molecular Biology and Genetics, Turkey)
Mehmet Zulfu Yildiz (Adiyaman University, Faculty of Arts and Sciences, Department of Biology,
Turkey)
Bahadir Akman (Igdir University, Vocational School of Higher Education for Technical Sciences,
Department of Forestry, Turkey)
Konrad Mebert (Institute of Development, Ecology, Conservation & Cooperation, Switzerland)
Mehmet Anil Oguz (Ege University, Faculty of Science, Department of Biology, Turkey)
Fikriye Seda Atasoy (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences,
Department of Molecular Biology and Genetics, Turkey)
Bayram Gocmen (Deceased, Turkey)
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Comparative venom biochemistry of Anatolian venomous snakes: protein profiles and enzyme
activities
PRESENTER: Nasit Igci
Marie Tuifua (Université d'Angers, France)
Julien Giribaldi (National Institutes of Health National Cancer Institute Center for Cancer
Research Frederick, MD, USA, United States)
Christina Schroeder (National Institutes of Health National Cancer Institute Center for Cancer
Research Frederick, MD, USA, United States)
Rosanna Mary (IBMM, Université Montpellier, CNRS, ENSCM, Montpellier, France, France)
Jean Chemin (IGF, CNRS, INSERM, Université Montpellier, Montpellier, France, France)
Emmanuel Bourinet (IGF, CNRS, INSERM, Université Montpellier, Montpellier, France, France)
Sebastien Dutertre (IBMM, Université Montpellier, CNRS, ENSCM, Montpellier, France, France)
Spider toxin PmuTx1 targets voltage-gated channels Nav1.7 and Cav3.2
PRESENTER: Marie Tuifua
Maja Lang Balija (University of Zagreb, Centre for Research and Knowledge Transfer in
Biotehnology, Croatia)
Adrijana Leonardi (Jožef Stefan Institut, Department od Molecular and Biomedical Sciences,
Slovenia)
Marija Brgles (University of Zagreb, Centre for Research and Knowledge Transfer in
Biotehnology, Croatia)
Dora Sviben (University of Zagreb, Centre for Research and Knowledge Transfer in Biotehnology,
Croatia)
Tihana Kurtović (University of Zagreb, Centre for Research and Knowledge Transfer in
Biotehnology, Croatia)
Beata Halassy (University of Zagreb, Centre for Research and Knowledge Transfer in
Biotehnology, Croatia)
Igor Križaj (Jožef Stefan Institut, Department od Molecular and Biomedical Sciences, Slovenia)
Comparative analysis of V. ursinii ssp. and V. a. ammodytes venoms which originated from
Croatia
PRESENTER: Maja Lang Balija
Nasit Igci (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences, Department of
Molecular Biology and Genetics, Turkey)
Seyma Eroglu (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences, Department of
Molecular Biology and Genetics, Turkey)
Rabia Tas (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences, Department of
Molecular Biology and Genetics, Turkey)
Tugçe Yigit (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences, Department of
Molecular Biology and Genetics, Turkey)
Investigation of the individual venom variation of Macrovipera lebetinus obtusa (Blunt-nosed
viper) in terms of protein profile, phospholipase A2 and protease enzyme activities
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PRESENTER: Rabia Tas
Aleksandra Bocian (Rzeszów University of Technology, Poland)
Konrad Hus (Rzeszów University of Technology, Poland)
Justyna Buczkowicz (Rzeszów University of Technology, Poland)
Vladimir Petrilla (University of Veterinary Medicine and Pharmacy, Slovakia)
Monika Petrillová (University of Veterinary Medicine and Pharmacy, Slovakia)
Jaroslav Legáth (University of Veterinary Medicine and Pharmacy, Slovakia)
Enzymatic activity of phospholipases A2 from Naja ashei venom
PRESENTER: Aleksandra Bocian
Ozgur Ceylan (Mugla Kocman University, Ula Ali Kocman Vocational School, Dept. of Food
Processing, Ula Mugla,, Turkey)
Rahsan Ivgin Tunca (Mugla Sıtkı Kocman University, Ula Ali Kocman Vocational School,
Apiculture Program, Ula Mugla,, Turkey)
Okan Ozgul (Mugla Sıtkı Kocman University, Ula Ali Kocman Vocational School, Apiculture
Program, Ula Mugla,, Turkey)
The Determination of Antimicrobial and Anti-quorum Sensing Activities in Honey bee Venom
Collected from Mugla in Turkey ()
PRESENTER: Ozgur Ceylan

Session 1: ORAL 2
CHAIR:
Yiannis Sarigiannis (University of Nicosia, Cyprus)
Juan Carlos G. Galindo (Universidad de Cádiz, Spain)
Hassan Annaz (Universidad de Cádiz, Spain)
Jose Ramón Pardos-Blas (Museo Nacional de Ciencias Naturales-CSIC, Spain)
Rafael Zardoya (Museo Nacional de Ciencias Naturales-CSIC, Spain)
Manuel J. Tenorio (Universidad de Cádiz, Spain)
Protein diversity in the venom duct of the Mediterranean cone snail Lautoconus ventricosus
PRESENTER: Juan Carlos G. Galindo
Axel Touchard (CNRS, UMR EcoFoG, France)
Hadrien Lalagüe (CNRS, UMR EcoFoG, France)
Steven Ascoët (Institut National Universitaire Champollion, France)
Sam Robinson (IMB, The University of Queensland, Australia)
Frédéric Petitclerc (CNRS, UMR EcoFoG, France)
Valérie Troispoux (INRAE, UMR EcoFoG, France)
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Jérôme Orivel (CNRS, EcoFoG, France)
Niklas Tysklind (INRAE, EcoFoG, France)
Does arboreal life habits in Neotropical ant species impacts their venom composition and
performance?
PRESENTER: Axel Touchard
Kevin Healy (National University of Ireland Galway, Ireland)
Keith Lyons (National University of Ireland Galway, Ireland)
Alannah Forde (National University of Ireland Galway, Ireland)
Michel Dugon (National University of Ireland Galway, Ireland)
The macroecology of venom: Using phylogenetic comparative approaches to understand the
general rules of venom ecology and evolution
PRESENTER: Kevin Healy
Jonas Krämer (Institute for Zoology, University of Cologne, D-50674, Cologne, Germany,
Germany)
Steve Peigneur (Toxicology and Pharmacology, University of Leuven (KU Leuven), B-3000 Leuven,
Belgium, Belgium)
Jan Tytgat (Toxicology and Pharmacology, University of Leuven (KU Leuven), B-3000 Leuven,
Belgium, Belgium)
Ronald Jenner (Department of Life Sciences, Natural History Museum, London, United Kingdom,
UK)
Ronald van Toor (The New Zealand Institute for Plant and Food Research Limited, New Zealand)
Reinhard Predel (Institute for Zoology, University of Cologne, D-50674, Cologne, Germany,
Germany)
A Pseudoscorpion's Promising Pinch: The Venom of Chelifer cancroides Contains a Rich Source of
Novel Compounds
PRESENTER: Jonas Krämer
Maria Vittoria Modica (Stazione Zoologica Anton Dohrn, Italy)
Serena Leone (Stazione Zoologica Anton Dohrn, Italy)
Marco Gerdol (University of Trieste, Italy)
Sebastien Dutertre (CNRS, France)
A first look at soft corals' toxins: the venom of the white seafan Eunicella singularis
PRESENTER: Serena Leone
Session 1: POSTER 2
CHAIR:
Blerina Vrenozi (Research Center of Flora and Fauna, Faculty of Natural Sciences, University of Tirana,
Albania)
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Sean Rayner (National University of Ireland, Galway, Ireland)
Aiste Vitkauskaite (National University of Ireland, Galway, Ireland)
John P. Dunbar (National University of Ireland, Galway, Ireland)
Kevin Healy (National University of Ireland, Galway, Ireland)
Michel M. Dugon (National University of Ireland, Galway, Ireland)
Venom optimisation and venom potency in the globally invasive Noble false widow spider
Steatoda nobilis (Thorell, 1875)
PRESENTER: Sean Rayner
Arzu İşcan (Eskişehir Osmangazi University, Turkey)
Figen Çalışkan (Eskişehir Osmangazi University, Turkey)
Purification of antimicrobial peptides from the hemolymph of Mesobuthus gibbosus
PRESENTER: Arzu İşcan
Simon Caserman (National Institute of Chemistry, Slovenia)
Gašper Šolinc (National Institute of Chemistry, Slovenia)
Neža Koritnik (National Institute of Chemistry, Slovenia)
Marjetka Podobnik (National Institute of Chemistry, Slovenia)
Gregor Anderluh (National Institute of Chemistry, Slovenia)
MiGa an actinoporin-like protein from the Mediteranian Mussel (Mytilus galloprovincialis)
PRESENTER: Simon Caserman
Alannah Forde (National University of Ireland, Galway, Ireland)
Adam Jacobsen (National University of Ireland, Galway, Ireland)
Michel Dugon (National University of Ireland, Galway, Ireland)
Kevin Healy (National University of Ireland, Galway, Ireland)
Does size matter after all? An investigation of the relation between morphology and venom
potency in scorpions.
PRESENTER: Alannah Forde
Yihe Zhao (University of Porto, Portugal)
Agostinho Antunes (University of Porto, Portugal)
Potentials in the neglected Molluscivorous and Vermivorous Conus Species
PRESENTER: Yihe Zhao
Filipe Silva (CIIMAR/CIMAR, Interdisciplinary Centre of Marine and Environmental Research,
University of Porto, Portugal, Portugal)
Agostinho Antunes (CIIMAR/CIMAR, Interdisciplinary Centre of Marine and Environmental
Research, University of Porto, Portugal, Portugal)
Fish Venoms: the transcriptomic approach to the venom cocktail
PRESENTER: Filipe Silva
Adrijana Leonardi (Jozef Stefan Institute, Slovenia)
Aljoša Marinko (Jozef Stefan Institute, Slovenia)
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Margareta Žlajpah (Jozef Stefan Institute, Slovenia)
Neža Koritnik (Jozef Stefan Institute, Slovenia)
Robert Vidmar (Jozef Stefan Institute, Slovenia)
Marko Fonović (Jozef Stefan Institute, Slovenia)
Milan Kojić (Institute of molecular genetics and genetic engineering, Serbia)
Igor Križaj (Jozef Stefan Institute, Slovenia)
Biochemical and functional characterization of cysteine-rich secretory proteins from the venom
of the nose-horned viper
PRESENTER: Aljoša Marinko
Juan Guido (Centro de investigación y de estudios avanzados del IPN CINVESTAV-Langebio,
Mexico)
Fabien Plisson (Centro de investigación y de estudios avanzados del IPN CINVESTAV-Langebio,
Mexico)
The greatest of the small: Meta-analysis of hymenopteran venom diversity, and further
approaches for biotechnology–pharmacology.
PRESENTER: Juan Guido
Joachim Surm (The Hebrew University of Jerusalem, Department of Ecology, Evolution and
Behavior, Israel)
Guy Amir (The Hebrew University of Jerusalem, The School of Computer Science & Engineering,
Israel)
Adi Simhi (The Hebrew University of Jerusalem, The School of Computer Science & Engineering,
Israel)
Jason Macrander (Florida Southern College, Biology Department, United States)
Edward Smith (University of North Carolina, Department of Biological Sciences, United States)
Adam Reitzel (University of North Carolina, Department of Biological Sciences, United States)
Yehu Moran (The Hebrew University of Jerusalem, Department of Ecology, Evolution and
Behavior, Israel)
Dominant toxin hypothesis: Disentangling the evolution of venom as a complex trait ()
PRESENTER: Joachim Surm
Nasit Igci (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences, Department of
Molecular Biology and Genetics, Turkey)
Fikriye Seda Atasoy (Nevsehir Haci Bektas Veli University, Faculty of Arts and Sciences,
Department of Molecular Biology and Genetics, Turkey)
Fibrinogenolytic activities of Anatolian viper venoms
PRESENTER: Fikriye Seda Atasoy
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Wednesday, September 15th
Session 2: INNOVATIVE APPROACHES IN VENOM RESEARCH
Session 2: POSTER 1
CHAIR:
Evroula Hapeshi (University of Nicosia, Cyprus)
Batuhan Orman (Ege University, Turkey)
Didem Şen Karaman (Izmir Katip Celebi University, Turkey)
Ayşe Nalbantsoy (Ege University, Turkey)
Cytotoxic Activity Investigation of Anatolian Bee (Apis mellifera anatoliaca) Venom Loaded
Mesoporous Silica Nanoparticles
PRESENTER: Batuhan Orman
Yanning Yong (Monash University Malaysia, Malaysia)
Michelle Khai Khun Yap (Monash University Malaysia, Malaysia)
Gene Cloning and Expression of Cobra Venom Cytotoxin using Bacterial Expression System
PRESENTER: Yanning Yong
Konrad Hus (Rzeszow University of Technology, Poland)
Łukasz Marczak (Institute of Bioorganic Chemistry, Polish Academy of Sciences, Poland)
Vladimír Petrilla (Department of Physiology, University of Veterinary Medicine and Pharmacy,
Slovakia)
Monika Petrillová (Department of General Education Subjects, University of Veterinary Medicine
and Pharmacy, Slovakia)
Jaroslav Legáth (Department of Pharmacology and Toxicology, University of Veterinary Medicine
and Pharmacy, Slovakia)
Aleksandra Bocian (Rzeszow University of Technology, Poland)
How your research strategy can influence your data
PRESENTER: Konrad Hus
Naira Ayvazyan (Orbeli Institute of Physiology NAS RA, Armenia)
Gevorg Ghukasyan (Orbeli Institute of Physiology NAS RA, Armenia)
Lusine Ghulikyan (Orbeli Institute of Physiology NAS RA, Armenia)
Gayane Kirakosyan (Orbeli Institute of Physiology NAS RA, Armenia)
Gohar Sevoyan (Orbeli Institute of Physiology NAS RA, Armenia)
Armen Voskanyan (Orbeli Institute of Physiology NAS RA, Armenia)
Zaruhi Karabekian (Orbeli Institute of Physiology NAS RA, Armenia)
THE CONTRIBUTION OF PHOSPHOLIPASE A2 AND METALLOPROTEINASES TO THE SYNERGISTIC
ACTION OF VIPER VENOM ON THE BIOENERGETIC PROFILE OF VERO CELLS
PRESENTER: Naira Ayvazyan
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Gašper Šolinc (Department of Molecular Biology and Nanobiotechnology, National Institute of
Chemistry, Ljubljana, Slovenia)
Nada Žnidaršič (Department of Biology, Biotechnical Faculty, University of Ljubljana, Ljubljana,
Slovenia)
Gregor Anderluh (Department of Molecular Biology and Nanobiotechnology, National Institute of
Chemistry, Ljubljana, Slovenia)
Marjetka Podobnik (Department of Molecular Biology and Nanobiotechnology, National Institute
of Chemistry, Ljubljana, Slovenia)
Bryoporin from moss Physcomitrium patens is structurally related to pore-forming actinoporins
PRESENTER: Gašper Šolinc
Zafer Sancak (Kastamonu University, Turkey)
Idris Yazgan (Kastamonu University, Turkey)
Mehmet Ali Demir (Kastamonu University, Turkey)
Antibacterial properties of Androctonus crassicauda (Oliver, 1807) venom synthesized gold
nanosturctures
PRESENTER: Idris Yazgan
Florence Jungo (SIB | Swiss Institute of Bioinformatics, Switzerland)
Edouard de Castro (SIB | Swiss Institute of Bioinformatics, Switzerland)
Elisabeth Coudert (SIB | Swiss Institute of Bioinformatics, Switzerland)
Alan James Bridge (SIB | Swiss Institute of Bioinformatics, Switzerland)
The Uniprot Consortium (UniProt Consortium, Switzerland)
Two web resources on venoms and their proteins: the UniProt ToxProt program and
VenomZone
PRESENTER: Florence Jungo
Grigoris Panayi (University of Nicosia, Cyprus)
Christos Petrou (University of Nicosia, Cyprus)
Yiannis Sarigiannis (University of Nicosia, Cyprus)
Linear Scorpion Peptides: An unexplored pool for peptide hydrogels
PRESENTER: Grigoris Panayi
Session 2: ORAL 1
CHAIR:
Agostinho Antunes (University of Porto, Portugal)
José Ramón Pardos-Blas (Museo Nacional de Ciencias Naturales (CSIC), Spain)
Iker Irisarri (Institute for Microbiology and Genetics, University of Goettingen, Germany)
Samuel Abalde (Swedish Museum of Natural History, Sweden)
Carlos.M L Afonso (Centre of Marine Sciences (CCMAR), Universidade do Algarve, Portugal)
Manuel.J Tenorio (Departamento CMIM y Química Inorgánica-INBIO, Facultad de Ciencias,
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Universidad de Cádiz, Spain)
Rafael Zardoya (Museo Nacional de Ciencias Naturales (CSIC), Spain)
Genome organization and structure of venom genes of the Mediterranean cone snail Lautoconus
ventricosus (Gmelin, 1791)
PRESENTER: José Ramón Pardos-Blas
Mirijam Kozorog (National Institute of Chemistry, Slovenia)
Marc-Antoine Sani (The University of Melbourne, Australia)
Martina Lenarčič Živković (National Institute of Chemistry, Slovenia)
Janez Plavec (National Institute of Chemistry, Slovenia)
Frances Separovic (The University of Melbourne, Australia)
Gregor Anderluh (National Institute of Chemistry, Slovenia)
The use of one-dimensional fluorine (19F) NMR in membrane-protein studies of pore-forming
toxin listeriolysin O
PRESENTER: Mirijam Kozorog
Maik Damm (Technische Universität Berlin, Germany)
Benjamin-Florian Hempel (Charité Berlin, Germany)
Bayram Göcmen (Ege University, Turkey)
Ayse Nalbantsoy (Ege University, Turkey)
Roderich D. Süssmuth (Technische Universität Berlin, Germany)
Unveiling the Old World Mysteries - High Scale Proteomics of Turkish Viperine Venoms
PRESENTER: Maik Damm
Benjamin-Florian Hempel (Charité – Universitätsmedizin Berlin, Germany)
Aida Verdes (Museo Nacional de Ciencias Naturales, Spain)
Eivind Andreas Baste Undheim (Norwegian University of Science and Technology, Norway)
Ronald Jenner (Natural History Museum, UK)
Spatial venomics: Toxin production and functional biology of glycerid toxins by mass
spectrometry imaging
PRESENTER: Benjamin-Florian Hempel
Aida Verdes (Museo Nacional de Ciencias Naturales MNCN-CSIC, Spain)
Sami Saarenpää (KTH Royal Institute of Technology, Sweden)
Eivind Undheim (Norwegian University of Science and Technology, Norway)
Juan Junoy (Universidad de Alcalá, Spain)
Ana Riesgo (Museo Nacional de Ciencias Naturales MNCN-CSIC, Spain)
Stefania Giacomello (Norwegian University of Science and Technology, Spain)
Combining Spatial Transcriptomics and Mass-Spectrometry Imaging to identify and visualize
novel nemertean toxins within histological sections
PRESENTER: Aida Verdes
Session 2: POSTER 2
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CHAIR:
Evroula Hapeshi (University of Nicosia, Cyprus)
Sophie Laugesen (University of Copenhagen, Denmark)
Helena Safavi-Hemami (University of Copenhagen, Denmark)
Lars Ellgaard (University of Copenhagen, Denmark)
Lea Cecilie Christensen (University of Copenhagen, Denmark)
Recombinant expression of cone snail venom insulins
PRESENTER: Sophie Laugesen
Fiorella Tonello (CNR of Italy, Istituto di Neuroscienze, Padova, Italy, Italy)
Maria Lina Massimino (CNR of Italy, Istituto di Neuroscienze, Padova, Italy, Italy)
Julian Fernandez (Instituto Clodomiro Picado, Universidad de Costa Rica, San José, 11501, Costa
Rica.,)
Barbara Spolaore (Department of Pharmaceutical and Pharmacological Sciences, University of
Padova, Padova, Italy, Italy)
Enzymatic conjugation with transglutaminase to label venom toxins: method and applications
PRESENTER: Fiorella Tonello
Rafael Amigot-Sánchez (Complutense University of Madrid, Spain)
Diego Heras-Márquez (Complutense University of Madrid, Spain)
Ana Robles (Barcelona Supercomputing Center, Spain)
Sergi Roda (Barcelona Supercomputing Center, Spain)
Laura Fernandez-Lopez (Institute of Catalysis, CSIC, Spain)
Cristina Coscolín (Institute of Catalysis, CSIC, Spain)
Álvaro Martínez-del-Pozo (Complutense University of Madrid, Spain)
Manuel Ferrer (Institute of Catalysis, CSIC, Spain)
Víctor Guallar (Barcelona Supercomputing Center and Institució Catalana de Recerca i Estudis
Avançats, Spain)
Sara García Linares (Complutense University of Madrid, Spain)
Engineering of the actinoporin FraC confers hydrolytic activity to the pore channel: building the
foundations towards pore-based nanoreactors
PRESENTER: Sara García Linares
Ayse Nalbantsoy (Ege University, Turkey)
İsmail Hakkı Akgun (Ege University, Turkey)
Ayse Bercin Barlas (Ege University, Turkey)
Gülşah Sunal (İzmir Katip Çelebi University, Turkey)
Gunnur Onak Pulat (İzmir Katip Çelebi University, Turkey)
Ozan Karaman (İzmir Katip Çelebi University, Turkey)
Fulya Unalp (Ege University, Turkey)
Batuhan Orman (Ege University, Turkey)
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Cytotoxic Effects of Selected Cyclic Peptides Based on Venom Mimetics on Glioblastoma
(U87MG) Cells
PRESENTER: Ayse Nalbantsoy
Erick-Fernando Huerta Romero (CICESE, Mexico)
Nadia-Lizeth Caram Salas (CICESE, Mexico)
Samanta-Mireya Jiménez Flores (CICESE, Mexico)
Alexei-Fedorovish Licea Navarro (CICESE, Mexico)
Joaquin Lopez-Carrillo (CICESE, Mexico)
Miryam Ochoa Agredano (CICESE, Mexico)
Natalia-Denisse Cardona Morales (CICESE, Mexico)
Purification and evaluation of a novel analgesic peptide isolated from the venom of Centruroides
exilicauda
PRESENTER: Erick-Fernando Huerta Romero
Evelyne Benoit (Service d’Ingénierie Moléculaire pour la Santé, ERL CNRS/CEA 9004, Gif-surYvette, France, France)
Michel De Waard (Institut du Thorax, Inserm UMR 1087 / CNRS UMR 6291, Nantes, France,
France)
Rémy Béroud (Smartox Biotechnology, Saint-Egrève, France, France)
Michel Partiseti (Sanofi R & D, Integrated Drug Discovery – High Content Biology, Vitry-sur-Seine,
France, France)
Denis Servent (Service d’Ingénierie Moléculaire pour la Santé, ERL CNRS/CEA 9004, Gif sur
Yvette, France, France)
Multi-scale evaluation of spider toxins as potential anti-nociceptive agents: Example of
Cyriotoxin-1a
PRESENTER: Evelyne Benoit
Figen Caliskan (Eskisehir Osmangazi University, Turkey)
A new approach to antivenom preparation: Using Androctonus crassicauda venom loaded
biodegradable nanoparticles as an immunoadjuvant.
Jia Jin Hiu (Monash University Malaysia, Malaysia)
Shun Qi Teoh (Monash University Malaysia, Malaysia)
Michelle Khai Khun Yap (Monash University Malaysia, Malaysia)
The transition of apoptosis to necroptosis by cobra venom cytotoxin is associated with
concentration-dependent membrane permeabilization.
PRESENTER: Michelle Khai Khun Yap

Session 2: ORAL 2
CHAIR:
Agostinho Antunes (University of Porto, Portugal)
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Richard Stenner (University of Bristol, UK)
Huan Sun (University of Bristol, UK)
Imre Berger (University of Bristol, UK)
Christiane Berger-Schaffitzel (University of Bristol, UK)
Using Ribosome Display to Generate a Safe, Efficient and Affordable Antivenom to treat Snakebite
Envenoming ()
PRESENTER: Richard Stenner
Joshua Torres (Department of Biomedical Sciences University of Copenhagen, Denmark)
The King’s Gambit: Small Molecule Arsenal of Conus imperialis
Fernanda Gobbi Amorim (University of Liège, Belgium)
Damien Redureau (University of Liège, Belgium)
Nicholas Casewell (Liverpool School of Tropical Medicine, UK)
Loïc Quinton (University of Liège, Belgium)
Application of Multi-Enzymatic Limited Digestion for inventorying the snake venom arsenal
PRESENTER: Fernanda Gobbi Amorim
Steven Trim (Venomtech Limited, UK)
Improving the utility of venoms in high throughput screening for drug discovery
Alexis Panagiotopoulos (Foundation for Research & Technology Hellas, Patras 26504, GREECE,
Greece)
George Mitsainas (University of Patras, Patras 26504, GREECE, Greece)
Maria Klapa (Foundation for Research & Technology Hellas, Patras 26504, GREECE, Greece)
Snake venom metabolomics: Comparative analysis between Vipera ammodytes meridionalis and
Malpolon insignitus fuscus in the Peloponnese
PRESENTER: Alexis Panagiotopoulos

Session Keynote: Mandë Holford - City University of New York / American Museum of Natural History
CHAIR:
Manuel J. Tenorio (University of Cadiz, Spain)
Mande Holford (City University of New York - American Museum of Natural History, United States)
Killer Snails: Agents of change and innovation
Session 2: POSTER 3
CHAIR:
Evroula Hapeshi (University of Nicosia, Cyprus)
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Joana S Rodrigues (University of Lisbon, Portugal)
Andreia Faria-Pereira (University of Lisbon, Portugal)
Sérgio P Camões (University of Lisbon, Portugal)
Vanessa Morais (University of Lisbon, Portugal)
Joana P Miranda (University of Lisbon, Portugal)
Towards a physiologically relevant human stem cell-derived hepatic in vitro model for evaluating
venom pharmacology, toxicology and pathology
PRESENTER: Joana S Rodrigues
Ewa Ciszkowicz (Rzeszow University of Technology, Poland)
Aleksandra Bocian (Rzeszow University of Technology, Poland)
Anna Miłoś (Rzeszow University of Technology, Poland)
Konrad Hus (Rzeszow University of Technology, Poland)
Justyna Buczkowicz (Rzeszow University of Technology, Poland)
Vladimir Petrilla (University of Veterinary Medicine and Pharmacy, Slovakia)
Monika Petrillova (University of Veterinary Medicine and Pharmacy, Poland)
Jaroslav Legath (Rzeszow University of Technology, Poland)
Cytotoxicity of Phospholipases A2 and 3FTxs from Naja ashei venom )
PRESENTER: Anna Miłoś
Nadia Caram Salas (Centro de Investigación Científica y de Educación Superior de Ensenada,
Mexico)
Joaquín López Carrillo (Centro de Investigación Científica y de Educación Superior de Ensenada,
Mexico)
Natalia Morales Cardona (Centro de Investigación Científica y de Educación Superior de
Ensenada, Mexico)
Alexei F. Licea Navarro (Centro de Investigación Científica y de Educación Superior de Ensenada,
Mexico)
Erick Huerta Romero (Centro de Investigación Científica y de Educación Superior de Ensenada,
Mexico)
Samanta Jiménez Flores (Centro de Investigación Científica y de Educación Superior de Ensenada,
Mexico)
Johanna Bernáldez Sarabia (Centro de Investigación Científica y de Educación Superior de
Ensenada, Mexico)
Miryam Ochoa Agredano (Centro de Investigación Científica y de Educación Superior de
Ensenada, Mexico)
A new w-conotoxin from Californiconus californicus with analgesic effect after systemic
administration in chronic inflammatory pain
PRESENTER: Joaquín López Carrillo
Ana Crnkovic (National Institute of Chemistry, Slovenia)
Gašper Šolinc (National Institute of Chemistry, Slovenia)
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Marija Srnko (National Institute of Chemistry, Slovenia)
Marjetka Podobnik (National Institute of Chemistry, Slovenia)
Gregor Anderluh (National Institute of Chemistry, Slovenia)
Upgrading biological nanopores with unnatural amino acids
PRESENTER: Ana Crnkovic
Simona Saponara (University of Siena, Italy)
Amer Ahmed (University of Siena, Italy)
Maria Frosini (University of Siena, Italy)
Beatrice Gorelli (University of Siena, Italy)
Fabio Fusi (University of Siena, Italy)
In vitro assessment of venom cardiovascular pharmacology and safety: a trip from single cells to
isolated organs
PRESENTER: Simona Saponara
Tania Cebrero-Cangueiro (Institute of Biomedicine of Seville, Spain)
Soraya Herrera-Espejo (Institute of Biomedicine of Seville, Spain)
Ana Belén Guisado-Gil (Institute of Biomedicine of Seville, Spain)
Javier Sánchez-Céspedes (Instituto de Biomedicine de Seville, Spain)
Jerónimo Pachón (Instituto de Biomedicine de Seville, Spain)
María Eugenia Pachón-Ibáñez (Instituto de Biomedicine de Seville, Spain)
In Vitro activity of melittin from honey bee venom alone and in Combination with antibiotics
against carbapenemases-producing Gram-negative bacilli
PRESENTER: Tania Cebrero-Cangueiro
Federica Cavion (Department of Life Sciences, University of Trieste, Italy)
Marco Pelin (Department of Life Sciences, University of Trieste, Italy)
Michela Carlin (Department of Life Sciences, University of Trieste, Italy)
Silvio Sosa (Department of Life Sciences, University of Trieste, Italy)
Aurelia Tubaro (Department of Life Sciences, University of Trieste, Italy)
Effects of the marine toxin palytoxin on human induced pluripotent stem cells
PRESENTER: Federica Cavion
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Thursday, September 16th
Session 3: APPLICATIONS AND BIOMEDICAL IMPLICATIONS OF VENOM
Session Keynote: Glenn KING - Institute for Molecular Bioscience - University of Queensland
CHAIR:
Gregor Anderluh (National Institute of Chemistry, Slovenia)
Glenn King (Institute for Molecular Bioscience - University of Queensland, Australia)
Deadly cures: a spider-venom peptide for treating ischemic injuries of the heart and brain
Session 3: ORAL 1
CHAIR:
María Ikonomopoulou (Imdea-food institute, Spain)
Goran Gajski (Institute for Medical Research and Occupational Health, Croatia)
Tamara Čimbora-Zovko (Ruđer Bošković Institute, Croatia)
Sanjica Rak (Ruđer Bošković Institute, Croatia)
Maja Osmak (Ruđer Bošković Institute, Croatia)
Vera Garaj-Vrhovac (Institute for Medical Research and Occupational Health, Croatia)
Mutual anticancer effects of bee venom and cisplatin on human cervical and laryngeal carcinoma
cells and their drug resistant sublines
PRESENTER: Goran Gajski
Javier Moral-Sanz (Imdea-food institute, Spain)
Manuel Alejandro Fernandez-Rojo (IMDEA-Food Institute, Spain)
Gonzalo Colmenarejo (Imdea-food institute, Spain)
Sergey Kurdyukov (University of Sydney, Australia)
Andreas Brust (The University of Queensland, Australia)
Lotten Ragnarsson (The University of Queensland, Australia)
Asa Andersson (The University of Queensland, Australia)
Sabela Vila (University of Santiago Compostela, Spain)
Pablo Cabezas (University of Santiago Compostela, Spain)
Patrick Wilhelm (The University of Queensland, Switzerland)
Yanni Chin (The University of Queensland, Australia)
Yaiza Lopez (IMDEA-Food Institute, Spain)
Taylor Smallwood (The University of Queensland, Australia)
Richard Clark (The University of Queensland, Australia)
Bryan Fry (The University of Queensland, Australia)
Glenn King (The University of Queensland, Australia)
Grant Ramm (QIMR Berghofer, Australia)
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Paul Alewood (The University of Queensland, Australia)
Richard Lewis (The University of Queensland, Australia)
John Miles (James Cook University, Australia)
Maria Ikonomopoulou (Imdea-food institute, Spain)
The anti-tumoral profile of an octopus peptide in BRAF-melanoma cells is mediated by the
conformation of the neurokinin 1 receptor-binding domain
PRESENTER: Maria Ikonomopoulou
Mathilde Wells (University of Mons, Belgium)
Stéphanie Hambye (University of Mons, Belgium)
Bertrand Blankert (University of Mons, Belgium)
Identifying new potential antimalarial compound in toad venoms through a bio-guided
fractionation process
PRESENTER: Mathilde Wells
Ehsan Alirahimi (University Hospital of Cologne, University of Cologne, Germany)
Marianne van Cann (University Hospital of Cologne, University of Cologne, Germany)
Jörg Isensee (University Hospital of Cologne, University of Cologne, Germany)
Alexey Kuzmenkov (Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian
Academy of Sciences, Moscow, Russia, Russia)
Andreev-Andrievskiy Alexander (Biological Faculty, Lomonosov Moscow State University, Russia,
Russia)
Steve Peigneur (Toxicology and Pharmacology, KU Leuven, Belgium, Belgium)
Georgii Khusainov (Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian
Academy of Sciences, Moscow, Russia, Russia)
Antonina Berkut (Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian
Academy of Sciences, Moscow, Russia, Russia)
Jan Tytgat (Toxicology and Pharmacology, KU Leuven, Belgium, Belgium)
Vanessa O. Zambelli (Laboratório de Dor e Sinalização, Instituto Butantan, Avenida Vital Brasil,
1500, 05503-900, São Paulo, SP, Brazil, Brazil)
Gisele Picolo (Laboratório de Dor e Sinalização, Instituto Butantan, Avenida Vital Brasil, 1500,
05503-900, São Paulo, SP, Brazil, Brazil)
Queren Apuque Alcantara (Laboratório de Dor e Sinalização, Instituto Butantan, Avenida Vital
Brasil, 1500, 05503-900, São Paulo, SP, Brazil, Brazil)
André C. Morandini (Departamento de Zoologia, Instituto de Biociências, Universidade de São
Paulo, São Paulo, 05508-220, Brazil., Brazil)
Antonio Carlos Marques (Departamento de Zoologia, Instituto de Biociências, Universidade de
São Paulo, São Paulo, 05508-220, Brazil, Brazil)
Juliana Mozer Sciani (Multidisciplinary Research Laboratory, São Francisco University (USF),
Avenida São Francisco de Assis,, Brazil)
Alexander Vassilevski (Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian
Academy of Sciences, Moscow, Russia, Russia)
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Tim Hucho (Translational Pain Research, University Hospital of Cologne, University of Cologne,
Germany, Germany)
High Content Microscopy Screening for Potentially Pain Modulating Toxins
PRESENTER: Ehsan Alirahimi
James Boncan (Patrick G Johnston Centre for Cancer Research, UK)
Samantha Bann (School of Chemistry and Chemical Engineering, Queen's University Belfast, UK)
Stephen Cochrane (School of Chemistry and Chemical Engineering, Queen's University Belfast,
UK)
Diego Cobice (Mass Spectrometry Centre, Ulster University, UK)
Stephen McClean (School of Biomedical Sciences, Ulster University, UK)
Anne Jordan (Patrick G Johnston Centre for Cancer Research, UK)
Karen McCloskey (Patrick G Johnston Centre for Cancer Research, UK)
Ken Mills (Patrick G Johnston Centre for Cancer Research, UK)
Purification of novel phospholipase A2 enzymes with anticancer activity from Pseudechis
australis snake venom
PRESENTER: James Boncan
Session 3: POSTER 1
CHAIR:
Beata Halassy (Centre for research and knowledge transfer in biotechnology, University of Zagreb,
Croatia)

Carole Yaacoub (Aix marseille université, France)
Ziad Fajloun (Université Libanaise , EDST, Centre AZM, rue Miaten, 1300 Tripoli, Liban, Lebanon)
Coutard Bruno (UVE-UMR 190 Unité des Virus Emergents , IHU, 19-21 Boulevard Jean Moulin
13005, Marseille, French Guiana)
The Cytotoxic Effect of Apis mellifera Venom with a Synergistic Potential of Its Two Main
Components-Melittin and PLA2-On Colon Cancer HCT116 Cell Lines
PRESENTER: Carole Yaacoub
Alexey Averin (Institute of Cell Biophysics, Russian Academy of Sciences, Russia)
Miroslav Nenov (Institute of Theoretical and Experimental Biophysics, Russian Academy of
Sciences, Russia)
Vladislav Starkov (Shemyakin–Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of
Sciences, Russia)
Tatyana Andreeva (Shemyakin–Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy
of Sciences, Russia)
Victor Tsetlin (Shemyakin–Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of
Sciences, Russia)
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Yuri Utkin (Shemyakin–Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of
Sciences, Russia)
Cardiovascular effects of snake toxins: new data for known toxins
PRESENTER: Yuri Utkin
Adrián Marcelo Franco Vásquez (Instituto de Química, Mexico)
Fernando Lazcano Pérez (Unidad Académica de Sistemas Arrecifales Puerto Morelos, Mexico)
Giovanny Blandón Marín (Universidad Católica de Manizales, Colombia)
Roberto Arreguín Espinosa (Instituto de Química, Mexico)
Isolation, identification and characterization of phospholipases A2 from Lachesis acrochorda
snake venom with activity on central nervous system glioma cancer cells
PRESENTER: Adrián Marcelo Franco Vásquez
Sanja Mateljak Lukacevic (University of Zagreb, Centre for Research and Knowledge Transfer in
Biotechnology, Croatia)
Tihana Kurtovic (University of Zagreb, centre for Research and Knowledge Transfer in
Biotechnology, Croatia)
Marija Brgles (University of Zagreb, Centre for Research and Knowledge Transfer in
Biotechnology, Croatia)
Stephanie Steinberger (Institute of Chemical Technologies and Analytics, Austria)
Martina Marchetti-Deschmann (Institute of Chemical Technologies and Analytics, Austria)
Beata Halassy (University of Zagreb, centre for Research and Knowledge Transfer in
Biotechnology, Croatia)
Quality-related properties of the whole IgG snake antivenoms obtained by different refinement
protocols
PRESENTER: Sanja Mateljak Lukacevic
Tihana Kurtović (Centre for research and knowledge transfer in biotechnology, University of
Zagreb, Croatia)
Maja Lang Balija (Centre for research and knowledge transfer in biotechnology, University of
Zagreb, Croatia)
Miran Brvar (Centre for Clinical Toxicology and Pharmacology, University Medical Centre
Ljubljana, Slovenia)
Mojca Dobaja Borak (Centre for Clinical Toxicology and Pharmacology, University Medical Centre
Ljubljana, Slovenia)
Sanja Mateljak Lukačević (Centre for research and knowledge transfer in biotechnology,
University of Zagreb, Croatia)
Beata Halassy (Centre for research and knowledge transfer in biotechnology, University of
Zagreb, Croatia)
Comparison of preclinical properties of several available antivenoms in the search for effective
treatment of Vipera ammodytes and Vipera berus envenoming
PRESENTER: Tihana Kurtović
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Iuliana Codreanu (University of Agronomic Sciences and Veterinary Medicine of Bucharest,
Faculty of Veterinary Medicine, Romania)
Ștefania Raita (University of Agronomic Sciences and Veterinary Medicine of Bucharest, Faculty
of Veterinary Medicine, Romania)
Mario Darius Codreanu (The General Association of Romanian Veterinarians, Romania)
Simona Nicolae (University of Agronomic Sciences and Veterinary Medicine of Bucharest, Faculty
of Veterinary Medicine, Romania)
Ion Rădoi (University of Agronomic Sciences and Veterinary Medicine of Bucharest, Faculty of
Veterinary Medicine, Romania)
Ciprian Ilie Ivas (University of Life Sciences Iași, Faculty of Veterinary Medicine, Romania)
Implications of bee venom administration on some biochemical and haematological parameters
in Wistar rats
PRESENTER: Mario Darius Codreanu
Nika Žibrat (National Institute of Chemistry, Slovenia)
Marjetka Podobnik (National Institute of Chemistry, Slovenia)
Gregor Anderluh (National Institute of Chemistry, Slovenia)
Is mechanistic action of NLP-induced plant membrane damage universal?
PRESENTER: Nika Žibrat
Session 3: ORAL 2
CHAIR:
María Ikonomopoulou (Imdea-food institute, Spain)
Kity Požek (Jožef Stefan Institute, Department of Molecular and Biomedical Sciences, Ljubljana,
Slovenia, Slovenia)
Adrijana Leonardi (Jožef Stefan Institute, Department of Molecular and Biomedical Sciences,
Ljubljana, Slovenia, Slovenia)
Igor Križaj (Jožef Stefan Institute, Department of Molecular and Biomedical Sciences, Ljubljana,
Slovenia, Slovenia)
Milan Kojić (University of Belgrade, Institute of Molecular Genetics and Genetic Engineering,
Laboratory for Molecular Microbiology, Serbia)
VaaMPIII-3, a disintegrin-like/cysteine-rich protein from the Vipera a. ammodytes venom, and its
toxic effects on blood
PRESENTER: Kity Požek
John Dunbar (National University of Ireland Galway, Ireland)
Damien Redureau (University of Liège, Belgium)
Neyaz Kahn (National University of Ireland Galway, Ireland)
Antoine Fort (National University of Ireland Galway, Ireland)
Ronan Sulpice (National University of Ireland Galway, Ireland)
Aoife Boyd (National University of Ireland Galway, Ireland)
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Loic Quinton (University of Liège, Belgium)
Michel Dugon (NUI Galway, Ireland)
New kids on the block: Envenomation occurrence, medical significance and venom profile of the
Noble false widow spider Steatoda nobilis
PRESENTER: Michel Dugon
Adrijan Ivanušec (Jožef Stefan Institute, Slovenia)
Jernej Šribar (Jožef Stefan Institute, Slovenia)
Peter Veranič (Faculty of Medicine, University of Ljubljana, Institute of Cell Biology, Slovenia)
Maja Zorović (Faculty of Medicine, University of Ljubljana, Institute of Pathophysiology, Slovenia)
Marko Živin (Faculty of Medicine, University of Ljubljana, Institute of Pathophysiology, Slovenia)
Igor Križaj (Jožef Stefan Institute, Slovenia)
A presynaptically neurotoxic secreted phospholipase A2 group IIA from snake venom and its
mammalian orthologue bind to the same mitochondrial receptor
PRESENTER: Adrijan Ivanušec
Alexander Vassilevski (Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian
Academy of Sciences, Russia)
Design and production of subtype-selective ligands of voltage-gated potassium channels
Yasmine Boughanmi (UMR7273 CNRS-LATOXAN SAS, France)
Harold de Pomyers (LATOXAN, France)
Kamel Mabrouk (UMR7273 CNRS, France)
From venom to bioactive peptide: Identification, Synthesis and Structure-Activity Relationship
Study
PRESENTER: Yasmine Boughanmi
Session 3: POSTER 2
CHAIR:
Beata Halassy (Centre for research and knowledge transfer in biotechnology, University of Zagreb,
Croatia)
Javier Moral-Sanz (Imdea-food institute, Spain)
Ana Vela-Sebastian (Imdea-food institute, Spain)
Manuel Fernandez-Rojo (Imdea-food institute, Spain)
Jeremy Potriquet (QIMR Berghofer Medical Research Institute, Australia)
Andreas Brust (The University of Queensland,, Australia)
Patrick Wilhelm (The University of Queensland, Australia)
Taylor B Smallwood (The University of Queensland, Australia)
Richard J Clark (The University of Queensland, Australia)
Bryan G. Fry (The University of Queensland, Australia)
Paul F. Alewood (The University of Queensland, Australia)
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John J. Miles (QIMR Berghofer Medical Research Institute, Australia)
Jason P Mulvenna (QIMR Berghofer Medical Research Institute, Australia)
Maria Ikonomopoulou (Imdea-food institute, Spain)
Unraveling the cytotoxic mechanism of the Octpep-1 venom-derived peptide in BRAF(V600E)
mutated melanoma and its synergy with mTORC1 and ERK inhibitors
PRESENTER: Javier Moral-Sanz
Magdalena Kulma (National Institute of Chemistry, Slovenia)
Aleksandra Šakanović (National Institute of Chemistry, Slovenia)
Simon Caserman (National Institute of Chemistry, Slovenia)
Marjetka Podobnik (National Institute of Chemistry, Slovenia)
Gregor Anderluh (National Institute of Chemistry, Slovenia)
Equinatoxin II-D4 fusion protein as a promising tool to study organization of plasma membrane
lipids in mammalian cells during viral infection
PRESENTER: Magdalena Kulma
Ana Vela-Sebastian (IMDEA FOOD INSTITUTE, Spain)
Javier Moral-Sanz (IMDEA FOOD INSTITUTE, Spain)
Sergey Kurdyukov (University of Sydney, Australia)
Andreas Brust (The University of Queensland, Austria)
Patrick Wilhelm (The University of Queensland, Australia)
Paul F. Alewood (The University of Queensland, Australia)
G. Gregory Neely (University of Sydney, Australia)
Evelyne Deplazes (The University of Queensland, Australia)
María Ikonomopoulou (IMDEA Food Institute, Spain)
Cholesterol modulates the cytotoxicity of Gomesin in melanoma of BRAF mutation
PRESENTER: Ana Vela-Sebastian
Hakan Caliskan (Eskisehir Osmangazi University, Turkey)
Figen Caliskan (Eskisehir Osmangazi University, Turkey)
Adolfo Rafael de Roodt (Primera Cátedra de Toxicología, Facultad de Medicina, Universidad de
Buenos Aires, Argentina)
Horse selection and immunization for effective production of polyclonal antibodies against
venom from venomous animals
PRESENTER: Hakan Caliskan
Adam Jacobsen (National University of Ireland, Galway, Ireland)
Alannah Forde (National University of Ireland, Galway, Ireland)
Kevin Healy (National University of Ireland, Galway, Ireland)
Michel Dugon (National University of Ireland, Galway, Ireland)
Exploring global trends in the clinical manifestations of scorpion envenomations
PRESENTER: Adam Jacobsen
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Blerina Vrenozi (Research Center of Flora and Fauna, Faculty of Natural Sciences, University of
Tirana, Albania)
Venomous spiders of Albania – Does the increase of the air temperature influence the toxicity of
the spider venom?
Gülay Sezer (Erciyes University, School of Medicine, Department of Pharmacology, Turkey)
Figen Calıskan (Eskişehir Osmangazi University, Faculty of Science and Letters, Department
of Biology, TR-26040 Eskisehir, Turkey)
Tuncay Türkeş (Niğde Ömer Halisdemir University, Science and Art Faculty, Biology Department,,
Turkey)
Ertuğrul Şahmetlioğlu (Kayseri University, Safiye Çıkrıkçıoğlu Vocational School, Turkey)
Anticancer activity of Argiope bruennichi spider venom
PRESENTER: Gülay Sezer
Quirino Attilio Vassalli (Scripps Research institute La Jolla, CA, United States)
Zaverio Marcello Ruggeri (Scripps Research institute La Jolla, CA, United States)
Maria Vittoria Modica (Stazione Zoologica Anton Dohrn, Naples, Italy, Italy)
Marco Oliverio (Sapienza University Roma, Italy)
Manuela Cervelli (Roma Tre University, Italy)
Jonathan Reinoso Sanchez (Roma Tre University, Italy)
Yunfeng Chen (Scripps Research institute La Jolla, CA, United States)
The anti-platelet activity of VWA1-like proteins from the vampire snail Cumia reticulata
PRESENTER: Quirino Attilio Vassalli
Session Q&A: QUESTION & ANSWER - POSTER LIVE SESSION
CHAIRS:
Blerina Vrenozi (Research Center of Flora and Fauna, Faculty of Natural Sciences, University of Tirana,
Albania)
Evroula Hapeshi (University of Nicosia, Cyprus)
Beata Halassy (Centre for research and knowledge transfer in biotechnology, University of Zagreb,
Croatia)
Session AWARDS: EUVEN 2021 AWARDS
CHAIR:
Manuel J. Tenorio (University of Cadiz, Spain)
Session CLOSING: Congress closing
CHAIRS:
Figen Caliskan (Eskisehir Osmangazi University, Turkey)
Maria Vittoria Modica (Stazione Zoologica Anton Dohrn, Italy)
Manuel J. Tenorio (University of Cadiz, Spain)
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