
Evolution of molecular resistance to snake venom α-
neurotoxins in vertebrates
Khan, M.A.

Citation
Khan, M. A. (2022, February 16). Evolution of molecular resistance to snake
venom α-neurotoxins in vertebrates. Retrieved from
https://hdl.handle.net/1887/3275084
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3275084
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3275084


 

 

 

 

Evolution of Molecular Resistance to Snake 
Venom α-Neurotoxins in Vertebrates 

 

 

Muzaffar Ali Khan 

خاں  ع�  مظفر    

 

 

 

 

 

 

 

 



Evolution of Molecular Resistance to Snake Venom α-Neurotoxins in Vertebrates 

Muzaffar Ali Khan 

PhD thesis, Institute of Biology (IBL), Leiden University, the Netherlands 

Layout  by Muzaffar Ali Khan 

Printing Ridderprint BV, Alblasserdam



Evolution of Molecular Resistance to Snake 
Venom α-Neurotoxins in Vertebrates 

Proefschrift 

ter verkrijging van 

de graad van doctor aan de Universiteit Leiden, 

op gezag van rector magnificus prof.dr.ir. H. Bijl, 

volgens besluit van het college voor promoties 

te verdedigen op woensdag 16 februari 2022 

klokke 11:15 uur 

door 

Muzaffar Ali Khan 

geboren te Khanewal, Pakistan 

in  1978 



Promotores  

Prof. Dr. M. K. Richardson 

Dr. J. W. Arntzen 

Promotiecommissie 

Prof. dr. G. P. van Wezel  

Dr. S. Balazadeh         

Prof.dr. N.I. Martin 

Prof. dr. M. Schilthuizen  

Dr. A. van der Meijden (Centro de Investigação em Biodiversidade e Recursos 

Genéticos, Portugal) 

Front cover: secretary bird attacking a model of a snake. Drawing by Sven 
Bellanger from an original photo by Jason Shallcross, with permission.  



CHAPTER 1. Introduction and Thesis Outline ................................................ 1 

CHAPTER 2: A Biological Arms Race: Animal Venoms, Resistance and 

Evolution ........................................................................................................ 7 

CHAPTER 3: Molecular and Functional Study of Cobra Alpha-Neurotoxin 

Resistance in Lizards, Fish and the Chicken ................................................. 55 

CHAPTER 4:  A Search for Evidence of Cobra Alpha-Neurotoxin Resistance in 

the Nicotinic Acetylcholine Receptor of Snake-Eating Birds and Crocodilians

 ...................................................................................................................... 87 

CHAPTER 5: Evolution of Molecular Resistance to Snake Venom Alpha-

Neurotoxins in Snakes, and the Broader Implications of this Thesis Research

 .................................................................................................................... 111 

CHAPTER 6: Thesis Summary and General Discussion .............................. 150 

Samenvatting Proefschrift En Algemene Discussie ................................... 153 

Curriculum Vitae  ....................................................................................... 155 

Publications ................................................................................................ 157 

TABLE OF CONTENTS 


