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Rational design of molecular glue using crystal-structure based drug screening
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ABSTRACT

Although small compounds are typically unsuitable for disrupting protein-protein interactions, we sought to address this
limitation by developing a rational design strategy for molecular glues capable of inducing non-native protein complexes.
Rather than relying on serendipity as in previous findings, we employed an automated X-ray crystallography screening
pipeline at the SPring-8 facility, specifically targeting the N-terminal (NTD) and C-terminal (CTD) domains of viral
nucleoproteins. Through in silico screening and structural analysis, we identified more than 40 NTD- and CTD-binding
compounds including SNR101. X-ray crystallography revealed that SNR101 induces a conformational change, creating a
novel binding pocket. Based on this world-first structural insight, we rationally designed and synthesized novel molecules
linking NTD- and CTD-binding agents. Additionally, we identified three novel compounds that induce non-native complex
formation, as well as several NTD-binding compounds exerting anti-SARS-CoV-2 activity comparable to Nirmatrelvir. This

study proves the feasibility of rationally designing molecular glues and validates NTD as a promising antiviral target.

Introduction

Small compounds have been highly effective at inhibiting enzymes and receptors; however, they are generally unsuitable
for blocking protein-protein interactions (PPIs) and protein-DNA/RNA interactions. While larger molecules, such as peptides,
can target PPIs, they face significant clinical challenges, including low cell membrane permeability and high costs associated
with complex drug delivery systems. To overcome these bottlenecks, this research explores a novel therapeutic strategy:
identifying small compounds that act as molecular glues to induce non-native complexes between biological macromolecules,
thereby intrinsically inhibiting the target protein's function. Because previous discoveries of such molecular glues have relied
largely on serendipity, establishing a systematic and rational design methodology remains a critical challenge in drug

discovery.

Methodological Approach

We selected the viral nucleoprotein (NP) as a model, specifically targeting its N-terminal domain (NTD) and C-terminal
domain (CTD) to design compounds capable of promoting NTD-NTD, NTD-CTD, and CTD-CTD non-native complexes. In
collaboration with BINDS, we performed in silico screening, filtering a library of over 8 million compounds down to 200
promising candidates using parameters such as molecular weight, hydrophobicity, and hydrogen-bonding properties. The Al-
based molecular docking tool AlphaFill was also employed for identifying NTD- and CTD-binding compounds. For
quantitative functional assessment, we developed evaluation systems utilizing fluorescence intensity, surface plasmon
resonance (Biacore T200), and dynamic light scattering (DLS) to detect the increased protein particle size indicative of non-
native complex formation. To elucidate the detailed interaction modes, we performed X-ray crystallography on the target

protein-binding compounds.

Results and Discussion

Our integrated approach successfully identified functional NTD- and CTD-binding compounds including SNR101.
Following the establishment of crystallization conditions, we performed X-ray crystallography to elucidate the three-
dimensional structure of the NTD complexed with SNR101. The structural analysis revealed that the binding of SNR101
induces a conformational change in the amino acid side chains of the NTD, creating a novel binding pocket optimized for the
compound. Based on these structural and functional insights, we rationally designed and synthesized over 100 novel
compounds. These included derivatives of SNR101 and bridged molecules fusing SNR101 with known CTD-binding agents
(e.g., ceftriaxone and ampicillin) via various linkers. Utilizing the established DLS method, we successfully discovered three
novel compounds that induce non-native complex formation between proteins. Furthermore, biological evaluations using
VeroE6/TMPRSS2 cells revealed that several NTD-binding compounds exhibited antiviral activity equivalent to the clinically
approved drug Nirmatrelvir, proving that the viral NTD is a highly viable novel target for SARS-CoV-2 antiviral therapeutics.
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Conclusion and Future Perspectives

This study provides a critical proof-of-concept for the rational, structure-based design of molecular glues. Future efforts will
focus on obtaining high-resolution structural information of the induced NTD-CTD complexes to visualize precise interaction
modes and elucidate the role of the linker structures. By iteratively optimizing the binding units and linkers, we aim to enhance
both the complex-inducing efficacy and antiviral activity, ultimately leading to the development of potent, low-toxicity SARS-

CoV-2 inhibitors.



