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The three-dimensional (3D) structure of glycans dynamically fluctuates in various conformations, and lectins (sugar
recognition proteins) select and recognize the specific ones from a large number of conformers. Therefore, if the
conformational fluctuations of glycans could be rationally controlled, molecules with high affinity and specificity to
lectin could be created. The sequence information and the 3D atomic structure of glycans are essential for drug
discovery targeting the glycan recognition systems. However, since the 3D structures of glycans fluctuate dynamically
in aqueous solutions, it is not easy to design molecules that target them. Under these circumstances, theoretical
approaches, such as molecular dynamics (MD) calculations, have been used to understand the dynamics of the 3D
structures of glycans. However, since the results of the simulations are highly dependent on the protocol used (force
field, initial structure, computational time, etc.), there is no guarantee that the results represent the true state of the
glycans. The nuclear magnetic resonance (NMR) method is widely used for the structural analysis of biomolecules in
aqueous solutions, and it is expected to be useful in evaluating the dynamic conformation of glycans. To date, we have
developed a new method to extract their structural information by paramagnetic NMR, by which the spatial
arrangement of the constituent atoms from the paramagnetic ion was extracted.

This research and development (R&D) aimed to establish a systematic technique for a precise throughput analysis of
the 3D structural dynamics of complex glycans through a combination of NMR experimental data and computational
calculation using our technology platform and to apply it to the dynamic structural analysis of glycans.

In this R&D, a computational protocol was established for the molecular simulation of glycans, including metal-
binding glycans, sulfated glycans, and artificial glycans, which were difficult to handle in molecular simulation at the
beginning of this study. In addition, a method was developed to analyze the dynamic structural ensemble of glycans
for all degrees of freedom by mapping into reproductive kernel Hilbert space. In this study, a basic technology was
established to understand the dynamic structural ensemble of glycans revealed by MD simulations, considering the
dynamics of the whole molecule.

In addition, we have succeeded in designing molecules that improve the affinity and specificity of glycans for lectins
by controlling the conformational dynamics of glycans. In designing such molecules, it is necessary to evaluate the
conformation of a protein among various conformers by docking the dynamic conformational ensemble of glycans
with the crystal structure of proteins. To accelerate this analysis, a software application was developed to evaluate the
collisions between the dynamic ensemble of glycans and proteins.

This R&D provides a method to precisely determine the 3D structure of complex glycans, including their fluctuation.
As an application of this method, we carried out the molecular design of molecules with high affinity to lectins by
regulating the dynamic conformational space of glycans. In creating high-affinity compounds targeting the lectin-
glycan recognition, a common strategy is to design molecules introducing the substituent groups to form a more stable
interaction between the lectins and glycans based on their crystal structures. Our developed strategy to control the
dynamic conformational space of glycans is complementary to the conventional approach to optimize the
conformation of bound states. This R&D will lead to a more efficient design and structural evaluation of glycans and
molecules with internal degrees of freedom of motion, such as oligopeptides, opening up new avenues for drug

discovery research in general.



