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Life generates diverse biological states, including
development, differentiation, tissue homeostasis, aging,
and disease, despite sharing a common genomic blueprint.
These differences are determined by when and where
molecules act, what structures they adopt, and how
they dynamically interact with one another. In this sense,
biological phenomena emerge through the spatiotemporal
integration of molecular position, structure, and dynamics.
While enormous progress has been made in characterizing
individual molecular and cellular components, understanding
how these elements collectively generate dynamic biological
functions remains a major challenge.

The Department of Nakatani Multiscale Biological
Dynamics aims to establish a new research framework for
understanding life across multiple biological scales, from
molecules to cells, tissues, and organisms. By integrating
advanced imaging and omics technologies, we seek to
capture molecular position, structure, dynamics, and
temporal information within their native biological context.
Mathematical modeling and Al-based approaches are used
to reveal the molecular networks and causal mechanisms
underlying biological systems.

Our research particularly focuses on aging, cancer,
and other intractable diseases, in which disruptions of
multiscale biological dynamics lead to pathological states.
Through integrative multiscale analyses, we aim to identify
disease-associated molecular states and elucidate disease
mechanisms. Ultimately, our goal is to establish a new
academic foundation for understanding life as a dynamic
multiscale system and to translate these discoveries into
innovative strategies for diagnosis, therapy, and drug
development, thereby contributing to the realization of
next-generation precision medicine.
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