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Modern molecular biology, with its emphasis on analysis of entire genomes, has provided a ‘parts 
list’ of cellular proteins as well as an enumeration of many of their associations, including receptor 
and ligand interactions. Missing from the molecular biological approaches, however, is an analysis 
of how mechanical forces affect the function of cells and protein complexes. For instance, when 
cells make adhesive contacts, they exert mechanical forces. With this sense of “touch”, cells are 

able to feel and influence their local environment. Since cells - via mechanical forces - arrange proteins laterally, regulate 
the protrusive activity at the interface, and probe the mechanical properties of the opposing surface, it is fair to assume 
that every interaction of cell surface proteins, including the extracellular matrix and membrane proteins, is put under 
tension in vivo. From this point of view, it appears surprising that molecular forces have been largely overlooked in ligand 
discrimination processes; particularly, when one considers that receptor-ligand interactions are hugely driven and indeed 
regulated by cell-applied mechanical stress.  

There are strong indications that mechanical forces are particularly relevant in immune recognition. For the adoptive 
immune system, the enormous variety of antigenic ligands imposes a fundamental challenge to the discriminative power; 
the mechanism for discriminating between activating and non-activating ligands has remained enigmatic. I hypothesize 
that it is the mechanical forces between T-cell receptors (TCRs) and their ligands that allows T-cells to distinguish 
between pathogenic antigens and being, so-called self-peptides. To do so I developed/employ new biological systems to 
control antigen presentation to T cells both biochemically (i.e. ligand density and affinity) and biophysically (i.e. matrix 
stiffness) and new quantitative imaging approaches to measure mechanical forces that include traction force microscopy, 
FRET force sensors and super-resolution microscopy.  

Furthermore, cellular mechanotransduction has traditionally been considered to 
take place at the cell periphery. However, there is growing evidence that the 
mechanical forces can be transmitted and influence even intranuclear events. The 
mechanical stress has been shown to be transduced from the cell surface and 
influence nucleus shape and intranuclear structures including nucleoli and Cajal-
bodies. Since the chromatin compaction state is already been altered when cell 
actin cytoskeleton is depolymerized, mechanical forces must be transduced from 
the cells exterior via the cytoskeleton into the nucleus through the dual lipid 
bilayer and protein rich nuclear lamina. However, little is known about the details 
of the force transduction processes and how they ultimately regulate gene 
expression i.e. during T-cell activation.  

In summary the understanding of antigen recognition and the following gene 
regulation may lead to better designs of immune-modulating therapeutics and 
vaccines. 

Figure 1. Super-resolution microscopy to reveal the path of  
mechanotransduction from extracellular events into the nuclear organization. 
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