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Fig. 1 The principle of AFM imaging and cellular mechanical properties measurement
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Fig. 2 The mechanisms of lymphoma
rituximab targeted therapy
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Fig. 3 In situ visualizing the physiological activities of adherent cells by AFM imaging™ %
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Fig. 5 Changes of cellular mechanical properties during rituximab's Killing mechanisms quantified by AFM 5.7
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Fig. 6 Visualizing the physiological activities of single cells by high-speed AFM imaging

[60, 84-85]
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In situ Imaging The Cellular Ultra-microstructures and Measuring The
Cellular Mechanical Properties Using Atomic Force Microscopy”

LI Mi?, LIU Lian-Qing”™, XI Ning~?", WANG Yue-Chao?
(Y State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China;

2 Department of Electrical and Computer Engineering, Michigan State University, East Lansing, MI 48824, USA)

Abstract Due to the unique advantages (e.g., nanometer spatial resolution, picoNewton force sensitivity,
label-free, can work in aqueous conditions), atomic force microscopy(AFM) has become an important instrument
in cell biology. AFM can not only visualize the ultra-microstructures on the surface of living cells, but also can
quantify the cellular mechanical properties (such as Young's modulus) by indenting technique, opening the doors to
in situ explore the dynamical physiological activities and mechanical behaviors of single living cells at the
nanoscale. In the past decades, researchers have carried out extensive investigations in imaging the cellular
ultra-microstructures and measuring the cellular mechanical properties using AFM, yielding novel insights into our
understanding of cellular physiological activities and providing a new idea to solve the related issues in the field of
biomedicine. The AFM's own performances have also been steadily improved, which further promote its
applications in biology. In this paper, based on our own research in investigating the killing effects of targeted
cancer drugs at the nanoscale using AFM, the principle of AFM imaging and measuring the cellular mechanical
properties was presented, the progress in visualizing the cellular ultra-microstructures and quantifying the cellular
mechanical properties using AFM was summarized, the challenges facing AFM single-cell assay and its future
directions were discussed.

Key words atomic force microscopy, cell, ultra-microstructure, imaging, mechanical properties, Young's
modulus
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