
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 

   

 

Downloaded from orbit.dtu.dk on: Dec 18, 2017

Discovery and optimization of peptide-based anti-cobratoxins

Sola , M.; Laustsen, Andreas Hougaard; Johannesen, J.; Lynagh, T.; Clausen, Mads Hartvig; Lohse, B.

Publication date:
2015

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Sola , M., Laustsen, A. H., Johannesen, J., Lynagh, T., Clausen, M. H., & Lohse, B. (2015). Discovery and
optimization of peptide-based anti-cobratoxins. Poster session presented at Symposium for Biological and Life
Science Students (SymBLS) 2015, Cambridge, United Kingdom.

http://orbit.dtu.dk/en/publications/discovery-and-optimization-of-peptidebased-anticobratoxins(59efb8fa-215e-40b9-903d-7975cce763e3).html


F A C U L T Y   O F   H E A L T H   A N D   M E D I C A L   S C I E N C E S 
U N I V E R S I T Y   O F  C O P E N H A G E N 

 

 

Discovery and optimization of peptide-based 
anti-cobratoxins

M. Sola1, A. H. Laustsen2, J. Johannesen2 ,T. Lynagh2, S. A. Pless2, M. Clausen,3 B. Lohse2



1 Department of Systems Biology, Technical University of Denmark

2 Department of Drug Design and Pharmacology, University of Copenhagen

3 Department of Chemistry, Technical University of Denmark




References

[1] Laustsen AH et al. Submitted to Current Pharmaceutical Design (2015).

[2] Gutiérrez JM et al. Biologicals 39.3 (2011): 129-142.

[3 ] Laustsen AH et al. Toxicon 99 (2015): 23-35. 

[4] Maupetit J et al. Nucleic Acids Research 37. Web Server (2009): W498-W503.

[5] Kurcinski M et al. Nucleic Acids Research 43. W1 (2015): W419-W424.

[6] Laustsen AH et al. Toxicon 99 (2015): 23-35.


M13


α-cobratoxin


α-cobratoxin + P1


 Fully synthetic antitoxins -  The antivenoms of the future


Future perspectives – Optimizing Peptide 1


B) 



Extracellular


Intracellular


α-CTX


nACh receptor


Ca2+

Na+


Ca2+

Na+


0


1


2


3


4


1
 2
 3
 4
 5

Rounds of Panning


Sequencing 


Peptide P1


A) 

 B) 



peptide


Figure 6. Models of two truncated versions and a truncated and cyclic version of Peptide 1, 
obtained through the PEP-FOLD server. 


Cobratoxins target and inhibit the nicotinic acetylcholine receptors (nAChRs), 
thus efficient anti-cobratoxins must block this interaction.  

Peptide P1 was identified by phage display selection. 
According to docking studies Peptide 1 binds to the same α-CTX 
residues that are involved in the interaction with nAChRs. 

More than 5.5 million people per year are victims of snake envenomation, resulting in 125,000 deaths and 400,000 
amputations worldwide [1],[2]. Antivenoms are still produced by animal immunization procedures, and they are 
associated with a high risk of severe adverse reactions. Alternatively, synthetic peptides may open the possibility for new 
therapies with better efficacy and safety. Here, we report the discovery and optimization of a synthetic peptide directed 
against α-cobratoxin (α-CTX), the most toxic component of Monocled cobra (Naja kaouthia) [3].  

Figure 2. A) Crystallized structure of 5 α-CTX molecules (shown in blue, interaction regions in 
yellow) bound to the pentameric nAChR (in dark red) (PDB: 1YI5). B) Schematic overview of 
the physiological mechanism: α-CTX inhibits transmission of post-synaptic signals.   
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Figure 3. A) ELISA tests of panning rounds coupled to next generation sequencing lead to the 
discovery of Peptide 1. A tridimensional model of the peptide was obtained by the PEP-FOLD 
server [4]. 
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Figure 5. A) A tridimensional model of the interaction between Peptide 1 and α-CTX was 
obtained using the CABS-dock web server [5]. Peptide 1 binds to the II loop of α-CTX (shown 
in yellow), which is also involved in the interaction with nAChRs residues.  


Truncated and cyclic versions of Peptide 1 are expected to show increased affinity 
and neutralization capacity.

 

Other elapid venoms are rich in α-neurotoxins structurally similar to α-CTX, thus 
Peptide 1 and its optimized versions may provide protection against the neurotoxic 
effects exerted by α-neurotoxins present in a broad range of venoms.
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Figure 1: Naja kaouthia


4


Figure 4. A) The Kd between Peptide 1 and α-CTX was determined by Isothermal Titration 
Calorimetry (ITC). B) Neutralization capacity was confirmed by two electrode voltage clamp 
(TEVC) assays: measured ion currents through the nAChR in Xenopus laevis oocytes show that 
Peptide P1 prevents α-CTX from inhibiting the ion current.  


Peptide 1 binds to α-CTX and inhibits its interaction with nAChRs 
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