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Biopharmaceutical development requires not only improving binding affinity to the target, but also optimizing a number of
factors such as immunogenicity, structural stability, and solubility. The applicants previously developed a design technique to
improve the binding affinity of peptide drugs using machine learning. In the present study, by extending this technology, we
have developed a "multi-functional design technology"” that enables simultaneous improvement of many factors including
binding affinity. In order to demonstrate the usefulness of the multi-functional design technology, we attempted to
simultaneously improve binding affinity, solubility, and immunogenicity using a peptide targeting the malignant lymphoma
marker (the molecule X) as a model, and verified the results through experiments. In addition, peptides targeting the molecule
Y, a drug target for graft-versus-host disease (GVHD), were developed as a demonstration example of multi-functional design
technology in biopharmaceutical development. In the development of these peptides, we used fluctuation-regulated affinity

protein (FLAP), a unique drug modality based on the control of conformational fluctuations.

Development of multi-functional design technology sing multitask learning

We developed a multi-factorial complex design technique for peptide drugs using multitask learning, a method in the field of
machine learning. In addition to binding affinity, immunogenicity, structural stability, and solubility were treated as target
elements (Figure 1).

First, we developed a multi-task prediction method that simultaneously predicts multiple factors such as binding affinity
from peptide amino acid sequence information. We developed a system that automatically selects the best features and learning
model for given training data. In particular, we devised and introduced new features based on BERT, a deep learning method
in the field of natural language processing. The optimization system for features and learning models developed in this study
can be applied to biopharmaceuticals other than peptides (antibodies, nucleic acids, etc.), and is an important fundamental
technology for biopharmaceutical design using machine learning. The BERT-based features newly developed in this study are
an original technology that applies a deep learning method in the field of natural language processing to proteins, and have
been accepted for publication (Yamaguchi et al. Brief Bioinform. 2021) and received the 5 conference presentation awards,

including Best Talk Award at the international conference ISMB / ECCB 2021.

Simultaneous improvement of binding affinity, solubility, and immunogenicity of FLAPs targeting the molecule X by
the multi-functional design technology

We demonstrated the utility of a multi-functional design technique by the simultaneous improvement of binding affinity,
solubility, and immunogenicity of FLAPs targeting the malignant lymphoma marker (the molecule X) as a model.

We constructed a library of FLAP scaffold peptides where 14 residues were randomized, and selected a set of FLAPs
that bind to the molecule X by phenotypic screening using mammalian cells and next-generation sequencing analysis. Among
them, 762 sequences with a large number of reads and a significant enrichment rate between rounds of panning were selected
as FLAPs targeting the molecule X, and used as training data for the multi-functional design technology.

Using the obtained training data, we constructed a prediction method and combined it with a search algorithm to search
from a huge sequence space of 8.0 x 10'7. Among the top 10,000 sequences with high predicted binding affinity, sequences
with high predicted solubility (X-H1, X-H2) and sequences with low predicted solubility (X-L1, X-L2) were selected for later
experimental evaluation. The predicted immunogenicity of these sequences varied from high to low. Thus, the multi-
functional design technology developed in this study was able to flexibly search for sequences predicted to have the desired
properties from a vast sequence space.

The binding affinity, solubility, and immunogenicity of the designed FLAPs were evaluated experimentally, and the
solubility was all as predicted. No immunogenicity was observed in any of the evaluations using IL-2 release from mouse
spleen cells as an indicator. In addition, one of the highly soluble FLAPs was found to bind strongly to the molecule X. These
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results suggest that the multi-functional design technology developed in this study can be used to design peptides with

desirable properties for biopharmaceuticals.

Development of FLAPs targeting the molecule Y using multi-functional design technology
We developed FLAPs targeting molecule Y, a drug target for graft-versus-host disease (GVHD), using multi-component
composite design technology.

As in the case of the molecule X, a set of FLAPs binding to the molecule Y was selected by phenotypic screening using
mammalian cells and next-generation sequencing analysis. Among these, 369 sequences with a large number of reads and a
significant enrichment rate between rounds of panning were selected as FLAPs targeting the molecule Y, and used as training
data for the multi-functional design technology.

Using the obtained training data, we constructed a prediction method and combined it with a search algorithm to search
from a huge sequence space of 8.0 x 10'7. Among the top 10,000 sequences with high predicted binding affinity, sequences
with high predicted solubility (Y-H1, Y-H2) and sequences with low predicted solubility (Y-L1, Y-L2) were selected for later
experimental evaluation. The predicted immunogenicity of these sequences varied from high to low. Thus, the multi-
functional design technology developed in this study was able to flexibly search for sequences predicted to have the desired
properties from a vast sequence space.

The binding affinity, solubility, and immunogenicity of the designed FLAPs were evaluated experimentally, and the
solubility was all as predicted. No immunogenicity was observed in any of the evaluations using IL-2 release from mouse
spleen cells as an indicator. In addition, it was found that FLAP with high solubility bound strongly to the molecule Y. These
results suggest that the multi-component composite design technique developed in this study can be used to design peptides

with desirable properties as biopharmaceuticals.

Future directions

The multi-functional design technology developed in this study will be applied to middle molecule peptides other than FLAP
and various functional proteins such as antibodies. This technology will address the major problem of "simultaneous
improvement of multiple factor" in biopharmaceutical development, and will bring a breakthrough in the development process
of various drug modalities in the future. In addition, we aim to further improve the prediction accuracy by incorporating the

latest machine learning technologies, which are advancing day by day, as features and learning models.



