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Ticks are notorious parasitic arthropods, known for their completely host-blood-dependent
lifestyle. Female hard ticks (Acari: Ixodidae) can feed for several days and ingest blood more than
a hundred times their unfed weight. Their blood-feeding habit facilitates the transmission of various
pathogens. It is remarkable how ticks cope with the toxic nature of their blood meal, which
contains several molecules that can promote oxidative stress, including iron. While it is required in
several physiological processes, high amounts of iron can be dangerous because iron can also
participate in the formation of free radicals that may cause cellular damage and death. Therefore,
iron-binding proteins involved in iron metabolism must be very crucial for tick survival. The
functions of the iron-storage protein ferritin and iron metabolism in ticks need to be further
elucidated. Here, I studied the functions a newly identified secreted ferritin from the hard tick
Haemaphysalis longicornis (HIFER2), together with the previously identified intracellular ferritin
(HIFERT) and evaluated their potential as target molecules for tick control.

In Chapter 1, I characterized HIFER1 and HIFER2 and evaluated their importance in blood
feeding and reproduction through RNA interference (RNAi). Gene and protein expressions in
developmental stages and different organs were investigated through RT-PCR and Western blot
analysis, respectively. The localization of HIFERs in different organs was also demonstrated
through an indirect immunofluorescent antibody test. The effect of RNAi on midgut function and
expression of vitellogenin genes (H/Vgs) was also examined. RT-PCR showed differences in gene
expression in some organs and developmental stages. Interestingly, only HIFER2 was detected in
the ovary during oviposition and in egg despite the low mRNA transcript. RNAi induced reduced
post-blood meal body weight, high mortality, and decreased fecundity. Abnormalities in digestive
cells, including disrupted microvilli, and alteration of digestive activity were also observed. The
expression of H/Vgs was also affected by silencing Hifers. These results showed that the iron
storage HIFERSs are critical to successful blood feeding and reproduction of H. longicornis.

In Chapter 2, the role of ferritin in protecting the hard ticks from oxidative stress was
demonstrated. Evaluation of oxidative stress in Hlfer-silenced ticks was performed after blood

feeding or injection of ferric ammonium citrate (FAC) through detection of the lipid peroxidation
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product, malondialdehyde (MDA) and protein oxidation product, protein carbonyl. FAC injection
in Hifer-silenced ticks resulted in high mortality. Higher levels of MDA and protein carbonyl were
detected in Hlfer-silenced ticks compared to Luciferase-injected (control) ticks both after blood
feeding and FAC injection. Ferric iron accumulation demonstrated by increased staining on native
HIFER was observed from 72 h after iron injection in both the whole tick and the midgut.
Furthermore, weak iron staining was observed after Hlfer knockdown. These results show that tick
ferritins are crucial antioxidant molecules that protect the hard tick from iron-mediated oxidative
stress during blood feeding.

In Chapter 3, I determined whether HIFERs have a role in tick innate immunity. Iron
sequestration is a known component of innate immunity against many pathogens. After Hlfer
silencing, ticks were injected with live or heat-killed EGFP-E. coli, and then monitored for survival
rate. Hemolymph was also collected for hemocyte examination and E. coli culture to demonstrate
bacterial viability. Low survival rates were observed in Hlfer-silenced ticks after live or heat-killed
GFP-E. coli injection. The number of E. coli inside and outside the hemocytes of Hlfer-silenced
ticks was also very high compared to that of the control ticks. Cultures of hemolymph from
Hifer-silenced ticks also yielded more colonies than the control ticks. These results indicate that
HIFERs may limit the multiplication of some pathogens through their iron-binding function.

The good results of RNAi experiments suggested that HIFERs might be good candidate
vaccine antigens for tick control. In Chapter 4, rabbits were immunized with recombinant HIFERs
(rHIFERSs) before tick infestation to investigate the effects of antibodies against HIFERs to ticks.
Tick feeding and reproduction parameters were evaluated to determine vaccine efficacy. To
demonstrate the effects of host antibodies, oxidative stress was detected in the eggs and larvae.
rHIFERs stimulated host antibody production as demonstrated by ELISA. After infestation,
significantly lower bodyweight was observed in the ticks infested from the rHIFER2-immunized
rabbit compared to those from the control rabbit. Reduced oviposition and hatching rate were
observed in both rHIFER-immunized groups. rHIFER2 showed a higher vaccine efficacy. The
antibodies against rHIFERs were detected in the eggs, and higher levels of oxidative stress
biomarkers in the eggs and larvae, of ticks from rHIFER vaccinated rabbits. These results showed
that HIFER2 has a good potential as an anti-tick vaccine antigen that may affect multiple tick
species.

Taken altogether, the results of my studies show that both types of HIFERs prevent
oxidative stress in H. lomgicornis during blood feeding, which is essential for reproduction.
Through their iron storage function, the intracellular HIFER1 also serves as an “in-house”
antioxidant of cells, whereas the secretory HIFER2, which can be transported within the tick, may
also serve as a systemic antioxidant molecule. The results of vaccination trial suggest that HIFER2
can be a good candidate molecule as an anti-tick vaccine antigen that may possibly affect multiple

tick species.
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