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Abstract :

Recent breakthroughs in bioimaging technologies have enabled the visualization of intracellular
structures at the nanoscale. However, these advances in imaging resolution have not yet directly
translated into a deeper understanding of cellular functions. One major challenge lies in the trade-
off between spatial and temporal resolution in imaging techniques, as well as the underdevelopment
of manipulation technologies. In particular, there is a pressing need for methods to understand how
proteins, lipids, and peptides— molecules that cannot be amplified by PCR— are distributed and
change over time within living cells.

A conventional glass micropipette-based extraction techniques have required a high level of
manual skill and have suffered from low throughput. Consequently, many studies have relied on
experience-based assumptions— for example, that mRNAs involved in cytoskeletal organization
during cell migration tend to localize near the cell periphery— rather than high-resolution,
quantitative data. The automation of recovery techniques with spatial resolution on the order of
several hundred nanometers has the potential to shift research from inference-based approaches to
data-driven exploration of cellular functions. In this study, we focus on applying machine learning
to three key components: (1) the identification of cells and organelles, (2) the movement of

nanopipettes, and (3) the delivery of reagents and recovery of organelles. By doing so, we aim not



merely to improve throughput but to enable rapid sensing and labeling of dynamically changing
intracellular proteins, lipids, and peptides. Furthermore, by repeatedly sampling specific regions
from different cells, we seek to make it possible to apply multi-cellular analytical techniques such
as mass spectrometry— which have traditionally required larger sample quantities— to single-

organelle and single-cell studies.
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