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Cell polarity – anisotropy in shape, structure, or distribution of cellular components - is a near-universal feature of cells, and is essential for the development and physiology of single- and multi-cellular organisms. For example, polyhedral plant cells position nutrient and hormone transporters at different cell faces, which allows the establishment of organ-level directional fluxes and molecular gradients1. In addition to cell faces, it has emerged more recently that cell edges (Figure 1A) are also polar domains in plants that can accumulate proteins involved in cell wall modification, cytoskeletal organization, membrane trafficking, and signalling2. Loss or inhibition of edge-polarised molecules causes severe defects in morphogenesis, indicating a central role of cell edges in plant morphogenesis3,4. Although molecular actors are not conserved, molecules involved in cytoskeletal organization, signalling, and extracellular matrix organisation can also localize to cell edges in animals5,6 and the brown algae Saccharina latissima7. This suggests conservation of cell edge polarity in at least three very distantly related eukaryotic lineages separated by over 1.2 billion years of evolution. Despite mounting evidence that cell edges are polarized and may carry important functions in development, how cell edge polarity is established is an open question. In this presentation, we develop the hypothesis that heterogeneities at cell edges are a basic physical constraint in multicellular organisms, and may act as a polarity system.
Materials and methods
Using Arabidopsis lateral roots as a model system, we combine experimental and computational techniques to map molecular patterning and material properties at subcellular resolution in cells with different geometries. We present confocal microscopy-based quantitative maps of protein distribution, maps of apparent stiffness acquired using Atomic Force microscopy, Brillouin Spectra, and 3D quantifications of molecular rotor probes for free space. Our experimental data is complemented by Finite Element Modelling to predict stress and strain patterns in idealized cellular systems. We test model predictions with experimental interventions that to alter cell shape via through pharmacological and micromechanical approaches.
results
In this presentation, we present evidence that both extracellular and intracellular proteins in Arabidopsis lateral roots systematically localize to specific cell edges. We show that these patterns are rapidly re-established after perturbation, indicating that they reflect intrinsic properties of specific cell edges. Such cell edge properties and the molecular polarities they pattern are directly linked to intracellular turgor pressure and cell geometry. Based on in silico and in vivo data, we propose that stress and strain patterns at cell edges are highly sensitive to variations in cell geometry, and such heterogeneities may pattern protein localization. Depending on the subcellular localization of the protein (extracellular, intracellular, or at the interface), proteins may be sensitive to different stresses and strains, resulting in the establishment of distinct edge patterns for different proteins within the same tissue. We present evidence that inherent biophysical heterogeneities have been exploited in the plant lineage to position an edge-based growth control module at the surface of 3-D organs.
Discussion
The data presented here provides a mechanistic explanation for how cells in multicellular organisms can establish polarities de novo (without existing subcellular polarity). In this presentation, we focus on the biophysical mechanisms establishing cell edge polarity and its functionalisation in Arabidopsis. However, we will also discuss the perspective that biophysical heterogeneities at cell edges may exist in other eukaryotic lineages, representing a broad polarity principle independent of molecular identities.
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