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Antibodies possess a Fab region responsible for antigen recognition and an Fc region that mediates effector
functions. Previous efforts to enhance the functionality of therapeutic antibodies have focused primarily on
the interaction interfaces between antibodies and effector molecules, particularly the canonical binding sites.
However, as the limitations of this approach have become increasingly apparent, novel effector molecule—
specific subsites within antibodies have recently been identified.

This study aimed to comprehensively explore these subsites and to enhance antibody function through
targeted molecular modifications. In designing these modifications, we took into account the higher-order
structure of antibodies, the roles of glycans, and allosteric networks, with the goal of regulating antibody
activity toward effector molecules. Subsites were identified through structural analyses integrating advanced
measurement techniques and computational methods, and the effects of molecular modifications were
evaluated at both molecular and cellular levels. Through this approach, we sought to establish a new
foundation for next-generation antibody development by enabling the selective modulation of specific effector
functions.

This work establishes, for the first time, a systematic technological platform for the identification and
modification of novel subsites hidden within antibody molecules, thereby surpassing conventional canonical
site—dependent strategies for enhancing antibody therapeutics. While antibodies recognize antigens via the
Fab region and exert effector functions through the Fec region, traditional engineering approaches have
focused predominantly on common sites on Fe, limiting the scope of functional enhancement. In this study,
we identified multiple subsites involved in interactions with Fcy receptors and the complement component
Clq, and demonstrated a novel strategy for selectively controlling antibody functions through targeted
modifications of these subsites.

Using high-speed atomic force microscopy (AFM), NMR spectroscopy, mass spectrometry, and molecular
simulations, we identified subsites located in the Fab and CL domains. Furthermore, we analyzed the effects
of glycan modifications in the Fc region on molecular dynamics and visualized allosteric networks within the
antibody molecule. These findings enabled rational molecular design based on structural dynamics.

In the generation and functional evaluation of modified antibodies, we achieved marked enhancement of
ADCC activity through modifications that strengthened interactions with FeyRIIIa, and further increases in
activity were confirmed through combinatorial modifications. Additionally, analyses under serum conditions
highlighted the importance of evaluating molecular behavior under physiologically relevant environments in
which therapeutic antibodies actually function.

The applicability of this approach was demonstrated across multiple antibodies, including trastuzumab
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and cetuximab, confirming both the generality and practical utility of the technology. These achievements
are expected to significantly enhance the international competitiveness of biopharmaceutical development,
particularly antibody therapeutics. The results have been filed for patent protection and are being
disseminated globally through manuscript submissions to international journals and presentations at
domestic and international conferences. This work introduces a new perspective into structural studies of
antibodies and has a direct impact on innovation in therapeutics and diagnostics as a foundational technology

for next-generation antibody design.



