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The Amami and Ryukyu Islands, including Okinawa Is., have a unique natural environment and a diverse biota. The
biological diversity is also linked to the diversity at the material level, which is expected to expand the scope of drug discovery
research. Okinawa Industrial Technology Center has constructed a library containing 650 raw material plant species, more
than 2,500 extracts, and more than 25,500 bioassay data, which are used for research and development. Both of SARS-CoV-
2 and HBV have a significant social impact with a large number of infections worldwide. Establishment of treatments for
these infectious diseases requires not only antiviral drugs but also multifaceted measures such as activation of the innate
immune response and antiviral activity of host cells. The research group has so far identified several candidate plant materials
with activities to inhibit membrane fusion of SARS-CoV-2, inhibit HBV, activate innate immunity by inducing ISG15, and
modulate Nrf2 activity, making full use of the library. In this study, the following (1) to (5) research and development was
conducted on the candidate materials found by these screenings. (1) Identification of SARS-CoV-2 membrane fusion
inhibitors. Twenty-five compounds were isolated and identified from materials found in the library by screening for their
ability to inhibit membrane fusion of SARS-CoV-2. Of these, compound 25, which inhibited membrane fusion at
approximately 0.1 uM, was found to have strong inhibitory activity against conventional and mutant strains of SARS-CoV-2
virus, based on infection experiments using the airway epithelial cell line Calu-3 cells and SARS-CoV-2 virus. In addition,
when we searched for compounds that inhibit SARS-CoV-2 infection among the Nrf2 activity-modulating compounds found
in the library, we found that compound 26 from Peucedanum japonica inhibited SARS-CoV-2 infection in Calu-3 cells.
Compound 26 has been reported to have butyrylcholinesterase (BuChE) inhibitory activity (IC50=30 uM) as well as Nrf2
activation. Tacrine (ICs0=25.6 nM), a more potent BuChE inhibitor than compound 26, did not inhibit SARS-CoV-2 infection,
strongly suggesting that the mechanism of inhibition of viral infection by compound 26 may be due to Nrf2 activation. (2)
Search and identification of HBV inhibitors. As a result of the activity evaluation of HPLC fractions from 10 samples with
HBYV inhibitory activity, we found that the highest anti-HBV activity was contained in specific fractions of unidentified 2
species growing on Aka Island in the Okinawa Is. These unidentified species were matched to the photographs and HPLC
chromatogram patterns at the time of collection, and were identified as plant A. Therefore, we confirmed the presence of Plant
A activity in a new collection in Onna Village, central Okinawa Is., and proceeded with the separation and purification of the
active component. So far, three triterpene glycosides (37-39) have been isolated from this active fraction, of which the planar
structure of compound 37 was determined. Detailed structural analysis, including steric structure, is currently underway using
NMR and other methods. (3) Search and identification of ISG15 inducers. Thirteen samples with ISG15-inducing activity
were fractionated by HPLC and evaluated for activity, and high ISG15-inducing activity was found in fraction 1 derived from
plant material #2570. This fraction was analyzed for actual antiviral activity and was found to inhibit influenza virus infection.
(4) Identification and mechanism of action of Nrf2 activity modulators. We found that piperine analogues derived from the
spice Piper nigrum increased HO-1 protein expression in response to Nrf2 activity and identified the intramolecular Nrf2
active site by comparing the activity of piperine analogues with that of chemically modified synthetic compounds. We also
analyzed Nrf2 signaling in HBV-infected cells and found that Nrf2 activity is high in the early stage of HBV infection and
acts as a cytoprotective agent, but that the expression of apoptotic signals such as inflammation and cell death progresses as
the infection progresses. On the other hand, in SARS-CoV-2-infected cells, suppression of HO-1 protein expression
accompanied by a decrease in Nrf2 activity and an increase in inflammation and apoptosis were observed immediately after
infection. Based on the results of this study, we proceeded to evaluate the anti-HBV and anti-SARS-CoV-2 infection effects
of two marine carotenoids, an Nrf2 activator isolated from the library, a compound isolated from the buttonflies26 , and a
piperine analog, among others. (5) Isolation and purification of substances related to SARS-CoV-2 membrane fusion
inhibition using protein bead method, and structural analysis. We proceeded to prepare affinity beads immobilized with ACE2
and Spike-RBD, proteins associated with SARS-CoV-2 infection. Beads immobilized with protein ACE2 provided by Prof.

Osawa at Keio University were created, and a screening system was successfully constructed.



