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1. Project overview

In this project, we focused on developing a platform which leveraging both laboratory automation
and computational technologies to solve the bottleneck in discovering potent next-generation
antibodies, including multi-specific antibodies and antibody-drug conjugates (ADC). Specifically,
the number of candidate DNA sequences generated using the recent technologies, including
generative Al for designing possible protein sequences, far exceed the practical number of
sequences that can be evaluated, hampering the efficient discovery of highly potent next
generation antibodies. To address this, we have developed a novel, integrated platform for
developing next generation antibodies, by leveraging, advancing, and further integrating the
technologies we have developed before, such as the microbial platform producing small antibodies,
the laboratory automation platform for the high-throughput antibody screening, the protein
structure simulation, and the machine-learning-based techniques. We demonstrated the
platform is highly advantageous by applying this to complete all the process for developing highly
potent next-generation antibodies within almost a year, including the process to identify the
antibody candidates through the animal immunization followed by the process for antibody
maturation, characterization, and preclinical efficacy evaluation using animal cells (in vitro) and

animals (in vivo), and ADC.

2. Project overview for “development of a platform leveraging both laboratory automation and

computational technologies to enable to rapidly discover next-generation antibodies”

The main achievements are as follows: (1) We have established a rapid, automation platform
to enable the construction of plasmids and strains in parallel and applied this to produce
different bivalent-bispecific antibodies, followed by the high-throughput characterization using

the automated protein purification system. (2) We have established a multi-task machine-
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learning platform to rapidly optimize expression levels and binding affinities of antibodies. (3)
We have established a pipeline to predict antibody stability using molecular dynamics
simulation and free energy perturbation simulation and demonstrated its utility by using the

model antibodies.

3. Project overview for “development of technologies for rapidly discover next-generation antibodies”
Through the discovery and maturation of various antibody modules and the screening of multi-
specific and multi-valent antibodies, we have developed several technologies to rapidly improve
binding affinity, productivity, and stability of antibody modules, as well as to enable site-specific
modification of antibodies to create antibody-drug conjugates. The main achievements are as follows:
(1) We have established a rapid evolutionary platform based on yeast cell-surface display technology
using yeast Pichia pastoris for the maturation of antibody candidates. (2) We have established a
streamlined workflow including all processes from virus antigen production using highly efficient
protein secretion system using yeast Pichia pastoris to avian immunization to identify antibodies.
The workflow demonstrated by discovering a specific antibody against omicron mutant of SARS-Co-

V2 virus.

4. Project overview for “development of technologies toward the practical production of next-
generation antibodies using microbial hosts”

We focused on the establishment of the practical production platform for next-generation
antibodies using yeast Pichia pastoris. The main achievements are as follows: (1) We have
established a fermentation procedure to precisely control the antibody productivity depending on the
substrate feeding rate, enabling high-cell density fermentation followed by a continuous antibody
production. (2) We have identified possible host cell proteins derived from yeast and successfully
engineered yeast to alleviate the secretion of one the major host cell proteins without affecting the
antibody productivities and functionalities. (3) We found no detectable difference between the
antibody functionalities produced with yeast and Chinese Hamster Ovary (CHO) cells. (4) We have
evaluated the glycosylation pattern of different antibody modules derived from both mouse and avian
immunization produced using yeast Pichia pastoris and found that in some case the specific residues
are glycosylated, which could be alleviated by mutating the glycosylated residues without affecting
the antibody productivities and functionalities. By comparing the antibody production using CHO
cells, we obtained additional insights into the difference in glycosylation pattern between the case for

CHO and yeast.



