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Degrader technology is a new modality that has attracted much interest in the field of drug discovery,
and is an innovative method that utilizes medium-sized molecular compounds. PROTAC is a typical
example of this type of molecule.

Degraders reduce the levels of disease-causing proteins in cells, similar to knockdown techniques such
as RNAi, which are routinely used in basic medical research. Therefore, it enables direct drug
development for drug targets that have been proven to be effective in basic research. Some PROTACs
are currently undergoing clinical trials. Good results have been reported so far, and interest in Degrader
is expected to further increase.

At the beginning of this research and development, all of the existing degraders were based on a
degradation mechanism based on the ubiquitin-proteasome system. The proteasome is a protein complex
with a cylindrical cavity inside, and it is necessary for a protein to be sterically small, such as a soluble
protein, in order to be incorporated into this cavity. Protein aggregates and cellular organelles are not
proteosomally degraded as they are, and biopolymers other than proteins (e.g., nucleic acids) are not
substrates. Autophagy is mainly responsible for the degradation of substrates that are not subject to
proteasomal degradation. In macroautophagy, which is the main mechanism, a sequestrated membrane
generated in the cytoplasm envelops the surrounding materials and sequesters them in autophagosomes,
which are then degraded through fusion with lysosomes. Since autophagosomes have a diameter of about
1 pum, they can take in sterically large substrates such as mitochondria and other cellular organelles.
Lysosomes can also be responsible for the hydrolysis of biopolymers other than proteins.

If we can utilize autophagy, which is complementary to the ubiquitin-proteasome system, in the design
of degraders, it will be a completely unique technology. The principal investigator previously worked on
small molecules that control selectivity in selective autophagy. In this study, we worked on the
development of a degrader based on the results of these studies. AUTAC technology (2019), which was
published in a paper during this research period, has attracted much attention as the world's first
autophagy-based degrader. For example, Altmetrics, an index reflecting social interest, is 141 (as of May
2021), and FWCI, a measure of the number of citations in a research field, has a score of 7.33 (as of May
2021); the FWCI result means that a paper is cited 733% more often than the average paper in a research
field, which is the top 2% in the database Scopus. The following is a description of the main results of
this research and development.

In order to develop a proteolytic agent (degrader), it is important to bring the disease-relating
substances to close proximity to the intracellular degradation system. For example, PROTACs are
chimeric medium molecules consisting of a "targeting ligand" that binds to disease-causing substances
and a "degradation tag" that binds to ubiquitin ligases. The autophagy-based degrader (AUTAC) can be
basically designed in the same way. In 2013, we examined the autophagic elimination of group A
Streptococcus bacteria and found that ¢cGMP modification (S-guanylation) accumulated around the
bacteria (Ito, Saito et al. Molecular Cell, 2013). The starting point of this development was the realization
that ¢cGMP modification of proteins is the key to recruiting the autophagy system to the bacterial
periphery. Chimeric molecules were synthesized by combining various targeting ligands with guanine
derivatives (degradation tags) and established as AUTAC technology.

In the AUTAC publication in 2019, the first generation degradation tag (FBnG) (effective at
concentrations above 10 pM) was used. In the 2019 AUTAC paper, we used the first generation
degradation tag (FBnG) (effective at concentrations above 10 pM). We improved the efficiency of
compound screening by installing a fluorescence microscopy that enables simultaneous observation of
multiple samples, and eventually created various next-generation AUTACs that are 100 times more
active than FBnG tags in vitro.

In the field of degrader development, pharmaceutical companies all over the world are working hard on
the development of protein degraders. In this study, we consciously focused on the degradation of cell
organelles. Under physiological conditions, various cell organelles including endoplasmic reticulum and
lysosomes are known to undergo selective autophagy. Among them, mitochondrial degradation
(mitophagy) is the most studied field. Mitochondria play an important role in energy production as well
as in the regulation of cell death. Mitochondria gradually lose their function due to disease and aging.
These dysfunctional mitochondria produce reactive oxygen species, leading to damage of the surrounding
biomolecules. Decreased mitophagy activity can further accelerate aging and disease.

Dysfunctional mitochondria are generally fragmented. As mentioned above, the diameter of
autophagosomes is about 1 pm, so it was expected that AUTAC could preferentially degrade these small
and fragmented mitochondria. 2019 publication used fibroblasts derived from Down syndrome. In our
2019 publication, we used fibroblasts derived from Down syndrome, because mitochondrial
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fragmentation had been reported in Down syndrome cells (2017). When cells were treated with AUTAC4
molecules for 3 days, we observed enhanced mitophagy. Eliminating mitochondrial fragmentation,
restoring membrane potential, and increasing ATP production were also observed. In this research, we
also conducted a study using cells derived from human diseases other than Down syndrome. The similar
improvement in cell function was observed, and the results are being prepared for publication.

The mechanism of action of AUTAC was the main research topic in the latter half of this R&D. Since
more than 100 proteins work together in macroautophagy, we are interested in which proteins AUTAC
acts on. We analyzed the recognition mechanism of guanylated proteins by chemical biology methods. It
is expected that the obtained molecular mechanism can be applied to the rational design of better AUTAC
degradation tags.

In this research and development, we mainly conducted in vitro studies such as cultured cells in order
to establish AUTAC technology. This was unavoidable in order to establish the technology within the
specified research period and resources. Throughout the entire research period, we actively exchanged
opinions with many pharmaceutical companies both in Japan and overseas, and we received responses
that indicated a very strong interest. On the other hand, we also received several requests for data from
in vivo experiments. Therefore, we decided to change the original plan and prepare a large amount of
AUTAC compound samples for distribution. We proceeded with the investigation of the large-scale
synthesis and were able to prepare more than 10 grams of test AUTAC samples within the period of the
research. We plan to use these samples to conduct in vivo evaluations in industry and other fields.

As described above, we have established the world's first autophagy-based degrader technology, AUTAC,
while exchanging opinions with industry, and it has been highly recognized internationally. Drug
discovery is not something that can be advanced solely in an academic group, but requires a lot of
laborious work such as improving the physical properties of compounds. With the support of this project,
the foundation for rapid screening of derivatives and detailed analysis of mitochondrial functions has
been established for the first time. The AUTAC sample synthesized in this project will be a powerful tool
for the collaboration with the industry.



