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“Controlling cells precisely”

The development of approaches that control cellular activities has made it
possible to dissect the underlying mechanisms of cellular events and to offer
potential therapeutic applications. We recently have built a series of tools to
manipulate molecular components and activities in living cells using various external
stimuli such as chemicals or focused ultrasound. One of these tools, STRIP,
overcomes a long-standing technical challenge in biology which spatiotemporally
rewrites tubulin post-translational modifications (PTMs) in living cells (Hong et al.,
2018, Nat Commun). With this new tool, we, for the first time, provided evidence of
how tubulin spatiotemporally regulates cellular activities through its PTMs. Moreover,
the ability of tubulin manipulation may offer far-reaching implications for the
progression of various diseases caused by the deregulation of tubulin PTMs,
including cancers, neurodegenerative diseases, and ciliopathies.

The focused ultrasound (FUS) has been globally used for diagnosis and non-
invasive treatments due to its high spatiotemporal resolution with good penetration
depth and low cost. To expend its applications, we established a new ultrasound-
chemical hybrid system to remotely control cellular activities by FUS excitation and
named it the SonoCID. Owing to the great penetration depth of FUS we used in
SonoCID (~400 mm in depth), this system can be potentially applied to deep tissues
in large animals like primates (Fan et al., ACS Syn Biol, 2017).



Very recently, with collaboration with Professor Chih-Kuang Yen’s group in the
Department of Biomedical Engineering and Environmental Sciences at NTHU, we
identified an ultrasound sensing protein (USP). Heterogeneous expression of USP
endows transfected human cells with ~11 folds better of ultrasound sensitivity
compared to control cells. Ultrahigh sensitivity of USP makes it possible to remotely
control cellular activities by a short pulse of FUS (as short as 3 seconds) under low
acoustic pressure. We are developing a series of sonogenetics approaches to
precisely manipulate cellular activities for various therapeutic applications.
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