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Overview of the Research and Development:

The research project " Extended Crystalline Sponge Method for Advanced Protein Structural Analysis "
aimed to extend the existing crystalline sponge (CS) method to the analysis of protein complexes. Led by
Kyoto University in collaboration with the University of Tokyo and Kansai Medical University, the project
spanned from October 1, 2019, to March 31, 2024. The main objective was to establish techniques for
stabilizing and evaluating weak protein-protein interactions within molecular cages.

Protein complex analysis has become a critical issue in the pharmaceutical industry. The original CS
method revolutionized the structural analysis of small molecules, and there was significant anticipation

that extending this method to macromolecules like proteins could lead to substantial progress.

Achievements and Their Significance:

One of the primary outcomes of this research was the successful stabilization of weak protein complexes
using the internal space of molecular cages. Notably, protein pairs with sub-millimolar dissociation
constants (Kd) were stabilized, significantly improving the signal-to-background (S/B) ratio for weak
interactions and enhancing the method's applicability in drug discovery. Furthermore, the research
established a new physicochemical theory allowing for the targeted stabilization of interactions with
predictable strengths. A simple simulation program was also developed to effectively match experimental
results.

The project made substantial progress in improving the platform for evaluating and collecting data on
protein complexes. Various nucleic acid structures were designed and assessed for their ability to form
assemblies, enabling the quantitative analysis of low-affinity protein interactions that were previously
difficult to measure. This advancement increased the versatility of the technique.

A computer-aided design program for nucleic acid structures was also developed and prototyped. This
program enables the quick and cost-effective design, ordering, and synthesis of structures with specified
shapes and sizes, enhancing the precision and affordability of protein interaction analysis. Additionally,

significant stabilization and refolding effects of encapsulated proteins were observed when using chemical
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cages. The project also involved demonstrating drug candidate molecule screening using nucleic acid
structures, obtaining examples that favorably facilitate technology transfer and future applications.

The development and validation of evaluation methods using cryo-electron microscopy (cryo-EM) were
another crucial aspect of this research. Using newly designed ellipsoidal structures, data were obtained for
protein complexes, demonstrating the method's capability to quantitatively evaluate weak protein
interactions previously undetectable by traditional techniques like surface plasmon resonance (SPR).
Overall, the project achieved significant progress in stabilizing and evaluating weak protein interactions.
The data collected during the project period provided a foundation for quantifying weak interactions,

offering substantial impacts on both the scientific community and the pharmaceutical industry.

Future Prospects:

The achievements of this project are expected to contribute significantly to both basic science and the
pharmaceutical industry. The technique's ability to evaluate weak protein-protein interactions is
particularly advantageous for discovering and assessing novel drug targets. The platform enables seamless
evaluation and screening of interactions, which could enhance the efficiency and accuracy of the drug
discovery process.

Future efforts will focus on deepening industry collaboration to bring the developed technology into
practical use and expand its application on a larger scale. Feedback from industry partners will be used to
refine and optimize the techniques, aiming for highly accurate interaction analysis. Continued research
will also explore new application fields based on the established technology.

Long-term goals include further expanding the analysis techniques to achieve even higher accuracy.
Optimizing the design and utilization of nucleic acid structures will allow for more efficient and precise
analysis, accelerating drug development and reducing costs. Advancing the use of cryo-EM will enable the
analysis of complex protein assemblies, contributing to the discovery and development of new drugs.
Efforts will prioritize technology transfer, leveraging the knowledge gained to drive new projects and
research developments. This will further the technology's application as a fundamental tool in drug

discovery and contribute to societal health and medical advancements.

Conclusion:

This research project successfully achieved its goal of stabilizing and evaluating weak protein-protein
interactions within molecular cages, representing significant progress in both basic science and the
pharmaceutical industry. The established techniques for evaluating weak interactions will greatly aid in
the discovery and assessment of new drug targets, improving the overall efficiency and accuracy of the drug
discovery process. The research team remains committed to advancing this technology and contributing to

societal health and scientific progress.



