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1. Title: Emergent Behavior, Large-Scale Coherence and Hydrodynamics of Active Bioparticles
2. Contact: Igor Aronson
3. ANL Divisions Involved: MSD
4. Sponsor: DOE, BES
5. Outside Collaborations and Especially Interested Parties: Raymond Goldstein (University of Arizona); Lev Tsimring (UCSD); Michael Graham (University of Minnesota); Eberhard Bodenschatz (MPI/Goettingen); Jacques Prost (ESPCI); Victor Steinberg, (Weizmann Institute)
6. Goal: To develop a comprehensive world-class theoretical and experimental program on hot problems of emergent coherent behavior and bio-hydrodynamics in a wide class of biological and biomolecular systems formed by interacting active biological particles, such as microtubules and molecular motors, swimming bacteria and some types of eukaryotic cells. The interactions, ranging from simple hydrodynamic entrainment to highly-developed chemotaxis, often results in the onset of highly-ordered large-scale structures formed from individual objects. Presently, the fundamentals and design of this new generation of biomolecular materials based on self-assembling simple elements lack a clear theoretical understanding. We plan performing the following tasks aimed at elucidating the general mechanisms of biological self-organization and assembly: a) based on controlled  “physical” experiments  with biological objects, we propose to study the interaction and self-organization of the simplest bioparticles -- swimming bacteria -- in confined geometries, such as microchannels or thin fluid films; b) determine the  collective response of interacting bioparticles on external magnetic and electric fields by creating “magnetically-active’’ bacteria using magnetic marker attached on live cells. These studies will introduce a new methodology for controlling spatial cell concentration and separation; c) simulation of collective behavior of “biological particles’’ by inanimate objects (charged rods, magnetic beads etc). It will allow performing highly-controlled experiments at much faster time scales than that of the living cells and will help identify the important physical mechanisms responsible for the bio-collective behavior; d) develop a continuum description of the emergent large-scale coherent behavior from the microscopic interaction rules governing the behavior between the particles. All these tasks will be performed in close collaboration between theory, experiment and large-scale simulations embedded in one research team.  
7. Costs: $800K in new operational funding 

8. Status: Partially funded by BES program on Physics of Granular Materials.   An early accomplishment highlighting an initial breakthrough in the description of asters and vortices in ensembles of microtubules has been published.
9. Next Steps: Submitted full-fledged proposal to DOE-BES on bio-hydrodynamics.
10. Expectations: This research proposal will open a new scientific frontier of quantitative biology and soft condensed matter.
11. Benefit Perspective: Scientific leadership in this emerging new synergistic approach of combining quantitative biology with soft condensed matter physics will provide the knowledge base for a new generation of tunable biomolecular materials. 

12. Risk Perspectives: 
a. Scientific – Low: synergy of experiment and theory in the highly successful program on physics of granular materials has already produced a breakthrough in our understanding of self-assembly behavior in dense granular systems, microtubules, molecular motors. 
b. Funding – High: BES must find new resources to fund this  program at an adequate level
13. Discussion: This program builds on ANL’s existing strengths in granular physics which has rapidly matured in the past few years. Funds are needed to hire junior staff members and to invite long-term visitors with expertise in soft condensed matter physics and biophysics; both experimentalists and theorists.
