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Exploration and functional analysis of cell membrane-permeable protein families
based on histidine conformation
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Histidine-rich proteins produced by microorganisms exhibit cell membrane
permeability towards human cells and demonstrate behaviors associated with diseases. In this study,
a comprehensive search for similar histidine-rich proteins in human blood identified Histidine-rich
glycoprotein (HRGP) as a cell membrane-permeable histidine-rich protein. Furthermore, this study
showed that HRGP, when bound to zinc ions, is internalized in human cells, increasing intracellular
zinc ion concentration and suppressing the gene expression of mitochondrial respiratory chain
complexes. The results suggest that cell membrane-permeable histidine-rich proteins in humans also
exhibit behaviors associated with diseases.
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Histidine-rich glycoprotein NP_000403.1 60 kDa 525 66 12.6 %
Serotransferrin NP_001054.1 77 kDa 698 19 2.7%
Apolipoprotein A-l NP_000030.1 31 kDa 267 6 22%
Polyubiquitin-B NP_001268645.1 26 kDa 229 3 1.3 %
Lactotransferrin NP_002334.2 78 kDa 710 9 1.3 %
Annexin A2 NP_000691.1 39 kDa 339 4 1.2%
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