
GRADUATE AND POSTDOCTORAL STUDIES 
 

MCGILL UNIVERSITY 
 

 
 

FINAL ORAL EXAMINATION 
FOR THE DEGREE OF  

DOCTOR OF PHILOSOPHY 
 

OF 
 

SHOAIB ASHRAF 
INSTITUTE OF PARASITOLOGY 

Tubulin and Ivermectin Pharmacology in the Parasitic 
Nematode Haemonchus contortus 

 
 

20-February-2015 
2:00-5:00 PM 

 
Institute of Parasitology, Room P-117. 

McGill University, Macdonald Campus 
 
 

COMMITTEE: 
Dr. M. Waterway (Pro-Dean) (Dept of Plant Science) 
Dr. T. Geary (Chair) (Institute of Parasitology) 
Dr. R. Prichard (Supervisor) (Institute of Parasitology) 
Dr. E. Georges (Internal Examiner) (Institute of Parasitology) 
Dr. J. Xia (Internal Member) (Institute of Parasitology) 
Dr. G. Matlashewski (External Member) (Dept of Microbiology & Immunology) 
 
 

 
Dr. Martin Kreiswirth, Dean of Graduate and Postdoctoral Studies 

Members of the Faculty and Graduate Students 
are invited to attend 



ABSTRACT 
 

Ivermectin (IVM) is a macrocyclic lactone (ML) endectocide. It acts on the 
glutamate gated chloride channels and causes paralysis and death of nematode 
parasites. It is used in veterinary and human health as well as in agriculture. 
Haemonchus contortus (H. contortus) is a very pathogenic nematode of livestock. 
Attempts to control it with anthelmintic pharmaceuticals, such as IVM, has 
rapidly led to the development of drug resistance against most of the known 
anthelmintics. Caenorrhabditis elegans (C. elegans) is a free living nematode 
that can be easily grown and cultivated on culture plates. Both of these 
nematodes have proven excellent models to study drug resistance mechanisms. 
Observations that IVM selects on β-tubulin in some nematodes, including H. 
contortus led me to study recombinant H. contortus β- and α-tubulins, and 
microtubules formed when these tubulins polymerize. Unlike mammalian 
microtubules, we report that H. contortus microtubules do not depolymerize 
under cold conditions. This microtubule resistance to cold may help the free-
living stages of this parasite to survive cold climatic conditions. Because of 
reports that IVM is selecting on nematode tubulin we investigated a possible 
direct relationship between IVM and tubulins. We demonstrate that IVM is 
binding at low micromolar concentrations to both H. contortus and mammalian 
tubulins in the taxol binding pocket and that this IVM-mediated effect is 
reversible. We also demonstrate that the single nucleotide polymorphisms 
(F200Y and F167Y) on the H. contortus β-tubulin, previously reported to 
increase in frequency with IVM selection, had no apparent effect on IVM binding. 
We did not find any significant differences in the binding of IVM and moxidectin, 
another ML, to H. contortus and mammalian tubulins. The C. elegans strains N2 
(IVM susceptible) and IVR-10 (IVM resistant) were used for lipophilic dye 
filling and IVM uptake experiments. We found that the IVR-10 strain was dye 
filling defective, that is the fluorescent dye did not enter the nematode amphids to 
the same extent as in susceptible nematodes. We also found that IVM may enter 
through the amphidial pore. The amphids are sensory structures, rich in dendrites 
and microtubule bundles. These studies provide novel information on nematode 
tubulins, the role of tubulin in IVM and ML pharmacology and the possible role 
of amphids and microtubules in IVM uptake in nematodes. The findings advance 
knowledge of IVM pharmacology and are relevant to better understanding 
nematode biology. 
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