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Fig. 1 Schematic diagrams of atomic force microscopy (a) and approach and retraction curves of force

vs piezo position/displacement in the z direction (b). PSPD in (a) represents position-sensitive photodetector
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Fig. 2 Schematic diagrams of stretching a polymer on a substrate (a) and

the recorded force curve simultaneously (b), using AFM-SMFS
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Fig. 3 Schematic diagrams of (a) the worm-like chain model (WLC), (b) the freely jointed
chain model (FJC), and (c) the freely rotating chain model (FRC)
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Fig. 4 The analysis of stretching force curves using the WLC model®*
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Fig. 5 Chemical modifications of the surface of silicon or nitride silicon AFM tips
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Fig. 6 Coupling reactions between the surface of functionalized AFM tips and chemical groups
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Fig. 8 Rituximab-induced antibody-dependent cellular cytotoxicity (ADCC) mechanism
and two types of molecular recognition interactions using SMFS?
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Fig. 9 Spatial organization and conformational properties of the different polysaccharide molecules detected on

LGG using lectin concanavalin A(ConA) and the lectin from Pseudomonas aeruginosa (PA- 1) terminated tips™
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Fig. 10 Schematic diagrams of the wild-type and mutated Streptococcus agalactiae cell wall™
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Fig. 11 Proposed mechanism for the AlsSp nanoadhesome™!
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Fig. 12 Use of single-molecule AFM and fluorescence methods for probing the density,

distribution and extension of yeast cell wall glycoconjugates™
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AFM Single Molecule Force Spectroscopy and Recent Progress of
Its Applications in The Study of Biomolecules on Live
Mammalian, Bacterial and Fungal Cell Surfaces’

YU Xiao-Ting”, YANG Zhong-Bo?, WANG Xin-Yan?, TANG Ming-Jie?,
WANG Zhan-Zhong?”, WANG Hua-Bin?"
(Y School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China;
2 Chongging Key Laboratory of Multi-Scale Manufacturing Technology, Chongging Institute of Green
and Intelligent Technology, Chinese Academy of Sciences> Chongqing 400714, China;
3 Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Mechanical forces are always involved in a biological process in which intra- and/or inter-
biomolecular interactions are essential. Atomic force microscopy (AFM) is an ideal technique that can be used to
investigate the mechanical interactions occurred in biological system, due to its high resolution in force
measurement and its capability of working in near-physiological conditions. Single-molecule force spectroscopy
based on AFM (AFM-SMFS) has an extraordinary ability to interrogate the intra- and/or inter- biomolecular
interactions at the single-molecule and/or single-cell level. In this review, the basic principle of AFM-SMFS, and
the techniques including AFM tip modifications (silicon/nitride silicon and gold-coated silicon tips), force
spectroscopy measurement and data analysis (the worm-like chain model, the freely jointed chain model and the
freely rotating chain model) required in AFM-SMFS, are briefly introduced. The emphasis is given on the recent
progress made in investigating biomolecules, including proteins (transforming growth factor g1, CD20, Heat
Shock Proteins, PTK7, heparin-binding haemagglutinin adhesion and Als5p adhesion proteins) and carbohydrates
(glucose, mannose, galactose, group B carbohydrate, capsular polysaccharide, a-mannans, 3-mannans, g-glucans
and chitin) existing on mammalian, bacterial and fungal cell surfaces. Finally, the limitations of AFM-SMFS and
its future applications have been summarized.

Key words atomic force microscope, single molecule force spectroscopy, biomacromolecule, cell, bacteria,
fungus
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