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Ticks are long-lived hematophagous arthropods and have tolerance to 

starvation. To understand how ticks obtain energy over a long period of non-feeding (starvation), we 

focused on autophagy, a crucial proteolysis system via the lysosomes for various cellular processes that 

is induced during starvation in eukaryotes. We identified the homologues of autophagy-related (ATG) 

genes, and RT-PCR results revealed that their expression of Haemaphysalis longicornis ATG (HlATG) 

genes showed higher levels during the non-feeding period than the feeding period. It was also 

demonstrated that autophagic organelles were found in the midgut digestive cells of unfed ticks. In 

conclusion, the starved condition appears to be associated with the increased expression of HlATG genes 

in the midgut of unfed ticks. 
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(1) Cloning and characterization of an 

autophagy-related gene, ATG12, from the 



three-host tick Haemaphysalis longicornis.

Autophagy is the process of bulk 

cytoplasmic degradation in eukaryotic cells.  In 

ticks, although it was reported that the autophagic 

vacuole or autophagosome were ovserved in 

midgut cells, there is no report about 

autophagy-related (ATG) genes.  The ticks feed 

meal only three times through their life.  

Generation time of the hard ticks is 1 to 2 years.  

Autophagy is induced by starvation condition and 

is essential for life-span extention, therefore we 

speculate that autophagy also occurs in ticks.  

Here, we show tick homologue of an ATG gene, 

ATG12, and examined its expression pattern from 

nymph to adult stages.  The sequence analysis 

showed that H. longicornis ATG12 (HlATG12) 

cDNA is 649 bp and has a 411 bp ORF coding 

for a 136-amino acid polypeptide with the 

carboxy-terminal glycine residue, and predicted 

molecular mass of 15.2 kDa.  Moreover, 

RT-PCR revealed that HlATG12 was 

down-regulated when beginning to feed blood.  

After engorgement, HlATG12 was up-regulated 

and it was down-regulated after molting.  The 

expression level of the HlATG12 was the highest 

at 3 months after engorgement.  By 

immunoelectron microscopy using 

anti-GST-HlAtg12 antibody, it was demonstrated 

that HlAtg12 localized at the surround of 

granule-like structure.  In conclusion, we 

consider that HlATG12 might function during the 

molting and the unfed stage. 
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(2) Increased expression of ATG genes during 

nonfeeding periods in the tick Haemaphysalis 

longicornis.

Ticks are long-lived hematophagous 

arthropods and have tolerance to starvation.   

They can survive without food during the 

host-seeking period for several months to years.   

To understand how ticks obtain energy over a 

long period of non-feeding (starvation), we 

focused on autophagy, a crucial proteolysis 

system via the lysosomes for various cellular 

processes that is induced during starvation in 

eukaryotes.  In the present study, EST databases 

for several organs of the tick Haemaphysalis 

longicornis led to the identification of HlATG3, 

HlATG4, and HlATG8, homologues of 3 

autophagy-related (ATG) genes, ATG3, ATG4, 

and ATG8/LC3/GABARAP, respectively, which 

are essential for the Atg8 conjugation system in 

some model animals.  Real-time PCR results 

revealed that the expression of HlATG3, HlATG4, 

and HlATG8 in the tick showed higher levels 

during the non-feeding period than the feeding 

period, suggesting that the Atg8 conjugation 

system is at work in unfed ticks.  Notably, their 

expression levels were higher in the midgut, a 

digestive organ, of unfed than fed adults.  

Histological analyses demonstrated that lipids 

and glycogen accumulated within the epithelial 

cells of the midgut in unfed ticks, implying that 

the midgut of unfed ticks serves as storage of 

those components as nutrients.  Furthermore, 

autophagic organelles were found in the midgut 

digestive cells of unfed ticks. The starved 

condition appears to be associated with the 

increased expression of HlATG genes in the 

midgut of unfed ticks.  Tick autophagy might 

help compensate for the loss of nutrients derived 

from host blood components during the 

non-feeding period and the molting process.
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