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Abstract: We usually consent, consciously or not, to the restriction of looking at biological systems through disciplinary lenses. In our siloed ecosystem, biochemists, geneticists, molecular cell biologists, neuroscientists, statisticians, etc. focus on the processes involving the digital parts (genes, proteins, molecules, action potentials, networks, systems, -omics), while physicists, applied mathematicians and engineers often centre on biological analogue behaviour (e.g. mechanics, bioelectricity). Yet, despite its successes, the disciplinary approach to biology has limitations: important biological and medical problems cannot be solved within disciplinary silos. And, from a purely scientific perspective, the narrow disciplinary lens produces in some of us a deep unease: unlike compartmentalised science, biology emerged on Earth precisely from the dynamic coupling of biochemical and physical properties, digital and analogue. To “know” biology we must face the “coupling problem”, or as engineers put it “the multiphysics of biology”.
In my talk, I will propose that the key to understand the integration of properties within biological shapes is to investigate them using the framework of “thermodynamics” and will discuss our attempts to use the atomic force microscope (AFM) to understand how that might be achieved. I will reflect on how the shapes of biological cells, tissues and organisms emerge from a complex interplay of physics, biochemistry and genetics (evolution) by dissipating mechanical energy so they create time responses at different spatial scales that characterise the way they alter/grow/connect their shapes as they interact with their environment. Measuring viscoelasticity (i.e. mechanical/thermodynamic time) at the nanoscale in living systems remains experimentally challenging [1,2]. I will present AFM-based techniques to map the viscoelasticity of living tissues, cells, membranes, collagen, extracellular matrices, and tissue engineering matrices across the spatial and temporal scales, and chirp-based nanospectroscopic techniques [3] developed in my lab. Our results have uncovered that extracellular matrices of both living plants and tumours present an almost perfect linear viscoelastic behaviour that is key to understand their growth and shape. I will present our work showing how the growth and shape of the roots, leaves and hypocotyl of living Arabidopsis thaliana living plants are related to the nanoscale viscoelasticity of plant cell walls [4] and how this can be understood using concepts and theories from non-equilibrium thermodynamics, based on Onsager’s variational principle. I will also show how this knowledge can be used to understand how neurons need to couple electrophysiology and mechanics [5] and finally how we can use this knowledge to create “smart” bioinspired, low energy materials/computers , which will progressively harness biological properties, such as adaptation, and eventually learning/processing information [6].
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