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The COVID-19 pandemic was the biggest threat for human being in the recent decade. To suppress COVID-19
transmission, at the early stage of the pandemic Mina and others pointed out that frequent and serial testing of large
fractions of the population using at-home screening kits is potentially the most powerful strategy (Science (2021) 371,
126-127 & the New England Journal of Medicine (2020) 383;22, €120). Although PCR assays are highly sensitive and
specific, these assays are not the best strategy for the screening of public health due to its high cost and time-consuming
analysis. Even with the immunochromatography-based kits, which are the best home-use method so far, the price is not
affordable for ordinary people including those with little scientific knowledge and those with physical disabilitiesto use
ones every day, and the operability remains complicated.

Thus motivated, | proposed to use my seed technology “ binding enhanced fluorogenic peptide (BEF peptide)”’; BEF
peptides emit fluorescence when it binds to a specific target. Specificaly, by replacing antibodiesin the dot blot method,
which has been widely used in molecular biology research, | proposed “ultimately simplified dot blot assay” which
required just three easy steps (spotting sample on a pre-hydrated membrane, immerse the membrane in a solution
containing target-specific fluorogenic peptide and then observe the membrane under blue light irradiation).

In this project, we tackled to understand the physical and chemical principles and develop elemental technologies
and conduct market research. In order to understand the physical and chemical principles, we verified the structure of
the target molecule immobilized on the membrane. Specifically, green fluorescent protein (GFP) was first dropped onto
the membrane, dried to immobilize it, hydrophilized with ethanol, and then hydrated again. Although fluorescence was
emitted after immobilization by drying, fluorescence was lost after hydrophilization with ethanol, and the original
fluorescence intensity was not restored even after rehydration. This indicates that the structure near the chromophore in
GFP and/or the whole protein structure of GFP were not significantly changed by the immobilization by drying, but
changed by the ethanol treatment. On the other hand, we found that alcohol promotes the formation of secondary
structuresin some BEF peptides, suggesting that binding to target proteins under such conditionsisentropically favorable.
Thisis considered to be the main reason why the target can be detected even with asmall number of stepsin this method.

Aselemental technology development, we proceeded with the selection of peptides suitable for ultimately simplified
dot blot assay against influenza virus and SARS-CoV-2. Specifically, we obtained peptides that bind to NP of influenza
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virus (HIN1) by evolutionary molecular engineering from a peptide library that incorporated environment-responsive
fluorescent dyes as an unnatural amino acid. The binding specificities of multiple candidate peptides were investigated
using the Bio-Layer Interferometry (BLI) method. We found that it hardly binds to nuclear proteins of human corona
viruses (HKU1, 229E, NL63, OC43), MERS, SARS-CoV-1 and SARS-CoV-2. In order to apply this peptide to the
ultimately simplified dot blot assay, we optimized the fluorescent dye and pre-modification conditions of the membrane.
Asaresult, we demonstrated the ultimately simplified dot blot assay can detect the target influenza NP specifically with
the detection limit effectively same as a commercially available immunochromatographic kit.

We aso selected peptides for SARS-CoV-2, and obtained candidate peptides that bind to the spike protein. As a
result of BLI assay, we found that one peptide strongly bound to the spike protein trimer (Kg = 1 nM). Furthermore, it
binds more strongly to the N-terminal domain of SARS-CoV -2 spike protein than to the N-terminal domains of common
human coronavirus. In order to apply this peptide to the ultimately simplified dot blot assay, we optimized fluorescent
dye and pre-modification conditions of the membrane. Compared to the peptide used in influenza, the peptide for SARS-
CoV-2 exhibits a higher binding capacity to the target, so it was expected that the sensitivity of the ultimately simplified
dot blot assay would be higher. In fact, although it is a preliminary result, we found that the ultimately simplified dot
blot assay required much less amount of target sample than acommercially available immunochromatographic kit. From
the above, we demonstrated ultimately simplified dot blot assay can detect influenza virus and SARS-CoV-2.

Through a market survey, we determined two concepts (one for home use as we initially planned and the other for
hospital use as a medical device) and fabricated prototypes for both. As described above, we believe that the ultimately
simplified dot blot assay is a promising method to solve the originally envisioned medical needs. In the future, we would

liketo aim for socia implementation of this technology.



