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Abstract: How can micrometer-scale organisms generate the forces and patterns of a macroscopic material? 
I will explore this question using the soil bacterium Myxococcus xanthus, whose gliding cells collectively hunt, 
reorganize, and build three-dimensional structures containing millions of individuals. I will begin with the 
physical basis of motility and the role of capillary forces in coupling cell motion to the surrounding fluid and 
substrate. I will then show how dense populations form active nematic states, in which orientational order and 
topological defects organize flows and shape the colony. These active stresses drive the formation of layers, 
holes, and fruiting bodies, revealing how a living material can sculpt its own 3-D architecture. I will close with 
rippling, a striking collective instability that has traditionally been attributed to the synchronization of cell 
motility. We find instead through three-dimensional observations that rippling is a surface-wave phenomenon 
emerging at the top of a thick active material. Treating the colony as an active nematic liquid crystal explains 
how its boundary can spontaneously undulate, and why the resulting pattern is tuned by both interfacial 
tension and the mechanical properties of the substrate. Together, these results connect bacterial motility to 
active liquid crystals, capillary phenomena, and the physics of pattern formation far from equilibrium. 
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