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Construction of an ultra-fast natural product library and activity screening using crystalline sponge

method
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In this study, we aimed to leverage the unique features of the Crystalline Sponge method, abbreviated as CS method
(Crystalline Sponge Method, Nature 2013, 495, 461), which is an X-ray crystallography technique that does not require
crystallization. Our goal was to develop a rapid X-ray structure analysis method and screening approach for natural product

drug discovery. Specifically, we accomplished the following:

1. After its initial report in 2013, the CS method itself has demonstrated its utility in the structural analysis of natural
compounds and is considered a well-established technique to some extent. In this study, we focused on enhancing its speed
and expanding its applicability to challenging compounds, with the intention of facilitating its use in the field of drug discovery.
Building upon the advanced CS method, we first extracted natural products by CS (affinity screening). With the reduced
amount of starting materials, we achieved rapid X-ray structure analysis, thereby enabling the analysis of minute quantities

in natural product chemistry. This revolutionized the workflow of structure determination.

2. By incorporating genomic information mining into the acquisition of novel natural products, we dramatically accelerated
the bottleneck of structure determination in synthetic biology research, leading to the ultra-fast construction of a novel natural
product library. We have successfully achieved the structural analysis of oily compounds, that are challenging to analyze using
NMR and cannot be crystallized. Furthermore, we have discovered compounds with unique skeletal structures and expanded
the chemical space. These structural analyses can often be completed within approximately one month, significantly
shortening the laborious and time-consuming process that was conventionally required for structure determination.
Additionally, we have achieved unexpected success in the X-ray crystallography analysis of enzymes expressed through
genome editing, leading to a deeper understanding of enzyme functionality at a more fundamental level, which was not

initially anticipated in our research plan.

3. Furthermore, we developed a new and rapid approach for the discovery of bioactive compounds by combining the
encapsulation of complex natural product extracts (mixtures) into CS crystals with activity screening. We conducted a study
combining affinity screening and activity screening, aiming to selectively concentrate substances with activity based on their
affinity. In the case of compounds present in foods known to have antiviral and immune activation effects, we performed
affinity screening using CS and found that specific components could be extracted from the mixture. It has been discovered
that compound selectivity can be controlled by the type of CS used and the conditions such as solvent. When enzyme activity
assays were conducted on the selectively extracted compound group, high activity was observed, demonstrating the successful
concentration of active compounds from the mixture. Based on the successful proof-of-concept in this study, it is expected

that this approach can be applied as a new and rapid method for activity screening in drug discovery.



