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Ticks are important arthropod vectors of domestic and wild animal diseases, due to
their obligate blood-feeding behavior. They are increasingly becoming resistant to chemical
acaricides, the main current agents of tick control, leading scientists to explore alternative
strategies such as tick vaccination and the introduction of transgenic tick strains.

Oxidative stress-related molecules are promising targets for novel tick contiol
strategies, since the oxidative stress-coping mechanism is indispensable to tick survival,
development, and reproduction due to the high exposure to reactive oxygen species (ROS)
during blood feeding. These molecules are potential targets for novel vaccines to evaluate for
their effects on tick infestation, blood-feeding, development, reproduction, and acaricide
resistance, and they could also be hamessed to develop innovative contiol strategies against
ticks and tick-borme pathogens as their characteristics are better understood.

I have addressed a range of themes associated with oxidative stress-related molecules:
the identification and characterization of two oxidative stress-related glutathione
S-transferases (GSTs) active in ticks (Chapter 1); the role of the two GSTs in acaricide
resistance (Chapter 2); the 1oles of these GSTs and an oxidative stress-related ferritin in tick
embryogenesis (Chapter 3), the role of another ferritin in iron regulation (Chapter 4), and the
development of an iron-inducible promoter for production of transgenic ticks (Chapter 5).

In Chapter 1, I identify glutathione S-transferase (HIGST2), a GST active in the Asian
longhomed tick Haemaphysalis longicornis, and characterize HIGST2 and HIGST, a
previously identified similar GST. This characterization was performed in silico, in vitro
(investigating enzymatic activity and kinetics), and in vivo (investigating systemic and
organ-level expression during blood-feeding). I demonstrated that HIGST and HIGST2 are
positively correlated with oxidative stress, both in terms of degree and localization, thus
suggesting that they play a role in coping with oxidative stress during blood-feeding.

In Chapter 2, I focus on the roles of HIGST and HIGST?2 in detoxifying acaricides in
ticks, and my findings were as follows: HIGST is implicated in flumethrin detoxification, with
observable inhibition of enzymatic activity. HIGST gene expression is also induced by
sublethal doses of flumethrin, and the knockdown of HIGST results in increased susceptibility
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of larvae and male ticks to flumethrin. HIGST2 is implicated in the metabolism of
chlorpyrifos, which inhibited the GST activity of recombinant HIGST2, and then induced
HIGST2 gene expression at sublethal doses. Larval susceptibility to chlorpyrifos increased
upon HIGST2 knockdown. I also revealed a possible sex difference in acaricide-induced GST
expression. The specific GSTs were shown to play a key role in ticks’ acaricide metabolism.

In Chapter 3, I focus on the roles of HIGST, HIGST2, and secretory ferritin (Fer2) in
tick embryogenesis, which involves the formation of ROS despite the absence of direct blood
feeding. I demonstrated that HIGST, HIGST2, and Fer2 play similar oxidative stress-coping
roles in embryogenesis to that seen during blood feeding, demonstrating that these molecules
are potentially vital for the development of H. longicornis ticks.

In Chapter 4, I focus on the wle of intracellular ferritin (Ferl) in iron regulation. I
utilized the I. scapularis embryo-derived cell line (ISE6) to elucidate the phenomenon, since
Ferl had not been expressed in embryos (Chapter 3). The iron regulation is hypothetically
driven by the interaction of iron-responsive elements in the Ferl mRNA and iron regulatory
protein (IRP), and the addition of ferrous sulphate was used to liberate the IRP. I induced the
expression of the Ferl protein in ISE6 cells after exposure to ferrous sulphate (2 mM) for 48 h,
and the protein’s ferroxidase activity resembled that seen in ticks in vivo. These findings
advance our knowledge of iron metabolism in ticks and the induction of intracellular ferritin.

In chapter 5, I focus on development of an iron-inducible promoter in a tick cell line,
based on the findings described in Chapter 4. Transgenic tick development requires a
blood-feeding-inducible tick promoter because tick-borne pathogens are acquired during
blood-feeding. An increased iron environment is a promising method for simulating the
increased iron intake in blood feeding, which is difficult to recreate in cells. Such an
1ron-inducible promoter could be a valuable tool developing transgenic ticks as a tick control
strategy, and could be used in cell lines to study the effects of antimicrobial peptides against
tick-borne pathogens expressed during blood-feeding.

In the above research, I have demonstrated that oxidative stress-related molecules,
specifically GSTs, are important for the survival of ticks during blood-feeding, acaricide
metabolism, and embryonic development, and thus promising targets for tick control and
arresting acaricide resistance. Among other oxidative stress-related molecules, ferrtins also
possess unique characteristics rendering them inducible by blood-feeding. Utilizing such
characteristics could form a basis for the development of transgenic ticks, exploiting spatial
and temporal characteristics in the quest to combat ticks and tick-borne diseases.
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