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論文内容の要旨 

〔目 的(Purpose)〕 

Voltage-gated proton channel (Hv1/VSOP) is the membrane protein that mediates the rapid flow of 

protons across the cell membrane. Thus far, most researchers have used mammalian model for studying the 

function of Hv1. However, the mammalian model has limitations in performing in vivo experiments. This study, 

therefore, aims to establish the in vivo platform for functional analysis of Hv1 by using zebrafish, which 

are transparent during development, as an alternative animal model. 

 

〔方法ならびに成績(Methods/Results)〕 

Since zebrafish Hv1 protein (DrHv1) has never been studied, I started by exploring its biophysical 

properties using the heterologous expression system. Patch-clamp recording of DrHv1-expressing HEK293T 

cells confirmed the voltage-dependent proton conductance of DrHv1 with differences in voltage-threshold 

and activation kinetics as compared to mouse Hv1. Further analysis indicated that DrHv1 preserves all 

essential biophysical properties of voltage-gated proton channel, except that it is relatively resistant 

to extracellular Zn2+, a potent inhibitor of mammalian Hv1. Notably, the serum Zn2+ concentration is 

significantly higher in zebrafish than in mouse. This evidence raises the possibility that Zn2+ sensitivity 

was acquired following a change in serum Zn2+ concentration during the evolution. 

Moving from the in vitro analysis to the in vivo model, I revealed the expression of DrHv1 in various 

organs of zebrafish. The RT-PCR results indicated that DrHv1 is highly expressed in the kidney which is 

the primary hematopoietic organ. Subsequent electrophysiological recording confirmed the functional 

expression of DrHv1 in zebrafish neutrophils, providing the first evidence for the conserved role of Hv1 

in phagocytes of non-mammalian vertebrates.  

I applied CRISPR-Cas9 technology to generate DrHv1-/- zebrafish for comparative functional analysis 

of Hv1. The gRNA targeting DrHv1-encoding gene was co-injected with Cas9 endonuclease into the fertilized 

one-cell stage wild-type zebrafish embryos. Sequences analysis revealed frameshift mutation and premature 

stop codon in DrHv1-encoding gene, causing early termination of DrHv1 translation. Patch-clamp recording 

confirmed no proton current in neutrophils derived from DrHv1-/- zebrafish, indicating successful 

CRISPR-Cas9-mediated mutagenesis. I also provided evidence proving that DrHv1-/- zebrafish are available 

as the in vivo platform for comprehensive investigation of Hv1. 

 

〔総 括(Conclusion)〕 

This study has explored for the first time that zebrafish Hv1 protein is the voltage-gated proton 

channel. The expression of DrHv1 in zebrafish neutrophils indicates the conserved role of Hv1 in 

non-mammalian phagocytic cells. CRISPR-Cas9-mediated genome editing of DrHv1-encoding gene also shows 

successful outcomes. The study of DrHv1 spotlights the biological variation in diverse animal species and 

illustrates the power of zebrafish as the excellent in vivo model for studying the physiological function 

of Hv1 in the living animal. 

 
 


