
 
 

 

Scope of the symposium 

Recent atomic force microscopy (AFM) technology developments have led to unprecedented imaging 

speeds of 50 frames per second in fluid, setting new milestones in high-speed scanning capabilities. 

High-speed AFM not only delivers atomic resolution but now also enables the true, real-time 

visualization of dynamic biological processes. These developments are expected to make a crucial 

contribution towards gaining an in-depth understanding of single-molecule behavior and dynamic 

processes in biochemistry, molecular biology, and biomedicine. 

During the symposium, an esteemed panel of international speakers will provide an overview of the 

history and landmark developments in the pursuit of faster AFM imaging. They will focus on the use of 

High-Speed AFM to investigate the dynamics and mechanics of receptor-ligand bonds, and the study 

of membrane remodeling with correlative AFM-fluorescence microscopy. 

Learn how Atomic Force Microscopy can provide new insights into your life science research!  

 

Program – Wednesday, March 3rd, 2021 

Chair: Heiko Haschke, Head of Applications, JPK BioAFM, Bruker Nano GmbH 

10:00 – 10:10 Welcome address 

Carmen Pettersson, Senior Product Manager, JPK BioAFM, Bruker Nano GmbH 

10:10 – 10:40 The structural and dynamic analysis of intrinsically disordered proteins using  

high-speed AFM 

Prof Toshio Ando, Nano Life Science Institute, Kanazawa University, Japan  

10:40 – 11:10 Molecular to cellular mechanics probed using high-speed force spectroscopy 
Dr Felix Rico, Aix-Marseille University, Inserm, CNRS, France 

11:10 - 11:40  Membrane organization and remodeling probed using AFM 

Dr Pierre-Emmanuel Milhiet, Center of Structural Biochemistry, CNRS, Montpellier, France 

11:40 – 11:55 Open forum discussion 

Heiko Haschke  

11:55 – 12:00  Closing  

Carmen Pettersson 

 



 
 

 

Talk abstracts 
 

The structural and dynamic analysis of intrinsically disordered proteins using high-speed AFM 

The talk will focus on providing an overview of High-Speed AFM (HS-AFM). I will also report on recent 

HS-AFM studies which investigate the structure and dynamics of intrinsically disordered proteins (IDPs) 

including autophagy proteins.    

 

Speaker: Prof Toshio Ando 

Nano Life Science Institute, Kanazawa University, Japan  

 

 

After receiving his PhD in physics from Waseda University, Japan, and 
working as a postdoc and Assistant Research Biophysicist at UC San 
Francisco, Prof Toshio Ando established the Biophysics Lab at Kanazawa 
University, where he has received international recognition for his work on 
the development of High-Speed Atomic Force Microscopy and the 
visualization of the dynamics of protein molecules in liquid environments. 
He is currently a Professor at and PI of the Nano Life Science Institute, 
where he is further developing and using High-Speed AFM. Prof Ando and 
his group have received numerous prestigious research awards and grants 
including from the Human Frontier Science Program in 2020.   

 

 
Molecular to cellular mechanics probed high-speed force spectroscopy 

Mechanical forces in biological processes operate at the level of individual proteins, macromolecular 

complexes, and the whole cell. These forces operate over several decades in time, from sub-

microseconds to several minutes. Thus, deciphering the role of mechanical forces in biological systems 

requires probing mechanics over a wide range of length and time scales. High-speed atomic force 

microscopy is a unique technology which allows sub-second, nanometric imaging [1]. We have adapted 

HS-AFM to perform high-speed force spectroscopy (HS-FS) both on single molecules and living cells 

with microsecond time resolution. At the single molecule level, we probed protein unfolding and 

receptor/ligand unbinding up to the velocity of molecular dynamics simulations [2–5]. HS-FS gives access 

to previously hidden events and, combined with MD simulations, provides an atomistic understanding 

of biomolecular processes based on experimental results. At the cellular level, we have developed 

high-frequency microrheology to probe the mechanics of cells at short timescales, down to ~10 µs [6]. 

At this timescale, cells exhibit rich viscoelastic responses that depend on the cell type and the state of 

the cytoskeleton. Thus, HS-FS opens an avenue to gaining a better understanding of the mechanics of 

proteins and cells at previously inaccessible short timescales. 
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Speaker: Dr Felix Rico 

Aix-Marseille University, Inserm, CNRS, France 

 

 

Felix Rico has been an Associate Professor in the Department of Physics 
of Aix-Marseille University since 2013. The focus of his research is force 
microscopy and is developed at the LAI U1067, a joint Aix-Marseille 
University, CNRS & Inserm laboratory. He studied Physics at the 
University Autonoma of Barcelona and received his PhD in Biophysics 
from the University of Barcelona. Before moving to Marseille, he was a 
postdoc at the University of Miami, Florida, and then at the Institute 
Curie, Paris. He has been working on force measurements with Atomic 
Force Microscopy since 2001, focusing on the mechanics and adhesion 
properties of biological systems. He has developed various AFM based 
approaches for the investigation of the mechanical response of single 
molecules, membranes and cells. Recently, he adapted High-Speed AFM 
to work as a force spectroscopy tool, probing the mechanics and 
dynamics of single biomolecules and living cells at the microsecond 
timescales.  

 

 

 

Membrane Organization and Remodeling probed using AFM 

The majority of constituents of biological membranes are dynamic molecules that can diffuse in the 

membrane plane and/or induce membrane curvature that could eventually initiate the formation of 

vesicular structures. These dynamics are essential for membrane remodeling, a key mechanism in cell 

homeostasis and function. In this talk, I will illustrate the outstanding capacity of AFM to analyze the 

lateral segregation of membrane components and membrane remodeling at the nanoscale, on the 

basis of recent studies that benefited from advanced AFM including High-Speed AFM and correlative 

microscopy. 

Speaker: Dr Pierre-Emmanuel Milhiet 

Center of Structural Biochemistry, CNRS, Montpellier, France 

  

 

 



 
 

 

 

 

Dr Pierre-Emmanuel Milhiet is a pharmacist by training with a 

background in cell biology, biophysics and structural biology. He is 

Leader of the team Integrative Biophysics of Membranes and Director of 

the lab Center of Structural Biochemistry (CBS) at the University of 

Montpellier. He is also Director of the BioHealth Department of the 

Montpellier University of Excellence. His research focuses on 

the structure and dynamics of the components of biological membranes 

and how they partition, in particular, into microdomains. His studies 

intact cells and model membranes using advanced 

microscopy techniques such as AFM or single molecule fluorescence 

microscopy. 

 

Please don’t hesitate to contact us at events.bioafm@bruker.com if you have any questions. 
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