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Annotation: 
This work is focused on the newly described cysteine protease - the legumain-like protease 
referred as Ixodes ricinus asparaginyl endopeptidase (IrAE). It was shown to be expressed 
solely in the gut and to be localized inside the gut digestive cells and within the peritrophic 
matrix. The enzyme was fully cloned, and the active recombinant prepared in the yeast P. 
pastoris was characterized using specific substrates, inhibitors and visualization with activity 
based probes. IrAE was shown to digest hemoglobin directly in vitro in a discrete manner, but 
the overall hemoglobinolytic activity is rather weak. We suppose that IrAE resembles its 
schistosomal orthologue as a major processive enzyme activating other protease precursors in 
a network or cascade of cysteine and aspartic proteases that likely perform the major portion 
of blood protein digestion in ticks. 
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Abstract 
Ticks are ectoparasitic blood-feeders and important vectors for pathogens including 

arboviruses, rickettsiae, spirochetes and protozoa. As obligate blood-feeders, one possible 
strategy to retard disease transmission is disruption of the parasite’s ability to digest host 
proteins. However, the constituent peptidases in the parasite gut and their potential interplay 
in the digestion of the blood meal are poorly understood.We have characterised a novel 
asparaginyl endopeptidase (legumain) from the hard tick Ixodes ricinus (termed IrAE), which 
we believe is the first such characterisation of a clan CD family C13 cysteine peptidase 
(protease) in arthropods. By RT-PCR of different tissues, IrAE mRNA was only expressed in 
the tick gut. Indirect immunofluorescence and EM localised IrAE in the digestive vesicles of 
gut cells and within the peritrophic matrix. IrAE was functionally expressed in Pichia pastoris 
and reacted with a specific peptidyl fluorogenic substrate, and acyloxymethyl ketone and aza-
asparagine Michael acceptor inhibitors. IrAE activity was unstable at pH P 6.0 and was shown 
to have a strict specificity for asparagine at P1 using a positional scanning synthetic 
combinatorial library. The enzyme hydrolyzed protein substrates with a pH optimum of 4.5, 
consistent with the pH of gut cell digestive vesicles. Thus, IrAE cleaved the major protein of 
the blood meal, hemoglobin, to a predominant peptide of 4 kDa. Also, IrAE trans-processed 
and activated the zymogen form of Schistosoma mansoni cathepsin B1 – an enzyme 
contributing to hemoglobin digestion in the gut of that bloodfluke. The possible functions of 
IrAE in the gut digestive processes of I. ricinus are compared with those suggested for other 
hematophagous parasites. 2007, Australian Society for Parasitology Inc. Published by 
Elsevier Ltd. All rights reserved. 

 
 
 
 
 
 


