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ABSTRACT 
lxodid ticks have a crucial impact on people and domestic animals worldwide. These parasites also 
pose a serious threat to livestock. To date, vaccination of hosts against ticks is a safer, more sustain
able alternative to chemical control of ticks and the disease agents they transmit. Because of their 
roles in tick physiology, serpins (serine protease Inhibitors) from tick saliva are among the candidates 
for anti-tick vaccines. Inhibitory serpins employ a suicide inhibition mechanism to inhibit proteases, 
where the serpin reactive centre loop (RCL) is cleaved, by the targeted protease, and then inserted 
into the main !3-sheet of the serpin. This causes a massive conformational change called the 'stressed 
to relaxed' (S-+R) transition, leading to the breakdown of serpin into two regions (core domain and 
cleaved polypeptide). Recently, the first tick serpin crystal structure from lxodes ricinus in R-state was 
reported. We thus employed molecular dynamics simulations to better understand serpin structure 
and dynamics in atomic detail. Overall, R-state serpin showed high rigidity, especially the core domain. 
The most flexible region is the terminal of the cleaved polypeptide, due to its high-water exposure, 
while the rest of the cleaved polypeptide is stably trapped behind the core domain. T363, 0367 and 
N375 are found to play a vital role in protein-protein attachment. This finding can be used to explain 
the high stability of the R-state serpin at the atomic level and provides insight into this tick serpin 
which will be useful for rational anti-tick vaccine development 

Abbreviations: MD: Molecular Dynamics; RCL: Reactive centre loop 
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Introduction needed for sustainable tick control, the most promising of 
which is vaccination of the vertebrate host to interfere with 
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tor-borne pathogens to domestic animals worldWide 
(Jongejan & Uilenbe,g, 2004). Among people, tick-borne dis- Opdebeeck, 1994). Thus, considerable effort has been dedi-

00 Ot·c ty · II d b th th t cated to identification and characterization of tick vaccine eases are z n 1 , pica y cause y pa ogens a are 
infectious to a relatively bro~d range of vertebrates (Eisen, candidate antigens to induce protective immunity among 
Kugeler, Eisen, Beard, & Paddock, 20l?). fxodes ricinus, the domestic· hosts (Kay & Kemp, 1994; Opdebeeck, 1994; 
European 'sheep tick', vectors several important pathogens Rodriguez-Valle, Xu, Kurscheid, & Lew-Tabor, 2015). In 
including agents of Lyme disease, babesiosis, granulocytic ana- Thailand, several Rhipicephalus (Boophilus) microplus tick pro
plasmosis and tick-borne encephalitis (Sprong et al., 2018). This teins have been studied as vaccine candidate antigens, 
tick species is a model for closely related members of the /, rici- including concealed midgut antigens, Bm86/95 and Bm91, 
nus/persuculatus species complex, which is distributed through- and salivary gland proteins, calreticulin and serpins 
out the Northern Hemisphere, from Europe to Russia to North (Jittapalapong, Jansawan, Barriga, & Stich, 2004; Jittapalapong, 
America (Xu, Fang, Keirans, & Durden, 2003). Jansawan, Gingkaew, Barriga, & Stich, 2004; Jittapalapong, 

Tick control strategies involve acaricides and repellents,. Kaewhom, Kengradomkij, et al., 2010; Jittapalapong, Kaewhom, 
which offer short-term protection, have a profound environ- Pumhom, et al., 2010; Jittapalapong, Phichitrasilp, Chanphao, 
mental impact ahd result in the emergence of acaricide Rerkamnuychoke, & Stich, 2008; Kaewhom, Sirinarumitr, 
resistance in many tick species (De Meneghi, Stachurski, & Chantakru, & Jittapalapong, 2009; Kaewhom, Sirinarumitr, 
Adakal, 2016; Rosario-Cruz et al., 2009). New approaches are Jantakru, & Jittapalapong, 2007; Kaewhom, Sirinarumitr, Stich, & 
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