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(1) Support
Ehime University has developed a wheat cell-free protein synthesis system. By making full use of the cell-free
system, seven cases of protein production support were carried out. In addition, support was provided to search
for interaction partners of target proteins by utilizing the screening facility that can perform 60,000 assays of
AlphaScreen per day on 28,000 human protein arrays, protein kinase arrays, transcription factor arrays, and
ubiquitin ligase arrays maintained at Ehime University. We also provided support for the search for interaction
partners of target proteins. In addition, Ehime University's screening facilities and know-how on the construction
of drug discovery assay systems using protein-protein interactions as an indicator were provided to the client to
support drug discovery. As a result of the support, several therapeutic drug candidates targeting aging, cancer,
and sepsis, as well as candidates for compounds regulating hormone signaling and aging in plants were found.

Using the ISAAC method developed by the Toyama University, it is possible to identify antigen-specific
antibody-producing cells from human, mouse, and rabbit lymphocytes, and to isolate antibody genes from a single
B cell. The technology has been used to support the production of a number of human, mouse, and rabbit
monoclonal antibodies. In addition, as research support for pandemic novel coronavirus infection, antibodies
against the spike protein of SARS-CoV-2 were obtained from patients recovering from novel coronavirus infection,
and 28 types of monoclonal antibodies were obtained. One of these antibodies was shown to have neutralizing
activity against mutant strains up to delta strain, and also against omicron strain, although the activity was
attenuated.

The University of Tokyo group's X-ray crystallography, NMR, and high-pressure refolding technologies were
used to successfully support the determination of the three-dimensional structures of protein complexes.

(2) Advancement

As an advancement of protein complex analysis technology, screening was conducted using 24,000 human protein
arrays generated using wheat cell-free systems and screening technology to comprehensively identify drug-
dependent interacting proteins in vitro, which resulted in the identification of thalidomide's drug-induced We
newly discovered the PLZF protein, a transcription factor directly involved in one of the teratogenic effects
(Yamanaka, et al., EMBO J 2021, AMED press release). Furthermore, PLZF is a master regulator of limb formation
in humans, mice, and tori, and administration of thalidomide and the formation of its metabolite, thalidomide 5-
hydroxylated, results in interaction with the thalidomide receptor CRBN, which induces PLZF degradation. As a
result, limb formation does not proceed properly and teratogenesis is induced. In humans, we proposed a model in
which both PLZF and another teratogen, SALL4, are degraded by thalidomide to increase susceptibility.
Furthermore, the complex structure of SALL4 and CRBN was determined at 1.8 A and 1.7 A resolution for both
thalidomide and 5-hydroxythalidomide (University of Tokyo group), and the selective binding of thalidomide and
5-hydroxythalidomide and the complex formation induced by it were successfully visualized (Furihata, et al., Nat
Commun 2020, AMED press release).

In this project, we have been searching for complex partners using human protein arrays based on wheat cell-
free system. Furthermore, we have an idea that if we could find candidate interaction partners in cells or in vivo,
biological analysis could be accelerated by combining them with protein array data. We decided to use proximal-
dependent biotinyltransferases that can biotin-label interacting proteins. Therefore, we designed an Al using a
vast amount of genomic information and created an AirID enzyme optimized for completely novel protein-protein
interaction analysis (Kido et al., eLife 2020, AMED press release).

Among antibody-bearing organisms, sharks are the most evolutionarily distant from higher mammals,
including humans, and shark immunization is an attractive antibody production technology with features not
found in mouse immunization, such as the ability to produce single-domain antibody VNAR from shark heavy
chain antibodies. However, the development of VNAR has lagged behind other antibodies because sharks are not
model organisms and are difficult to obtain and breed, and bioresources such as DNA sequence information and
secondary antibodies have not been developed. Therefore, we focused on small sharks of no commercial value
(Hemitriakis japanica) caught off the coast of Matsuyama, Ehime, which are not consumed as food, and developed
a technology to produce VNARs using H. japanica. We named the VNAR derived from H. japanica "Fukabody" and
succeeded in creating a technology to prepare a large amount of highly pure and active Fukabody as a result of
technological advancement. Furthermore, the detailed crystal structure of the complex of anti-Venus Fukabody
and Venus was clarified, proving that the Fukabody rewound by this technology retains high binding ability and
homogeneity.



