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This program focuses on theoretical and experimental analysis of the physics of active biological objects such as bacteria, motor proteins interacting with biofilaments and cytoskeleton dynamics. We consider the experiments, the theory, and large-scale molecular dynamics simulations of swimming bacteria on thin film geometry, interaction of microtubules and molecular motors, and constitutive relations for cytoskeleton dynamics.  
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	b. Publications:  

2 papers in press, two in preparation (new program)

c. Purpose: 

Our goal is to provide significant contributions in the areas of new concepts, mechanisms, and theoretical and/or experimental techniques in the field biophysics and biomolecular materials. Control of bio-objects by dynamic self-assembly constitutes a new approach which can be applied to the emerging bio-chip and biofilm technology and targeted drag delivery

e. Approach: 

I. Aronson (PI) 30%, A. Sokolov  (graduate student) 100%, Falko Ziebert (post-doc)100%

f. Technical Progress: 

· Dynamical Coherence in Thin Films of Self-Propelled Microorganisms. Concentrated bacterial suspensions spontaneously develop transient spatio-temporal patterns of coherent locomotion whose correlation lengths greatly exceed the size of individual organisms.  Continuum models have indicated that a state of uniform swimming order is linearly unstable at finite wavelengths, but have not addressed the nonlinear dynamics of the coherent state, with its biological implications for mixing, transport, and intercellular communication. We investigate a specific model incorporating hydrodynamic interactions in thin-film geometries and show by numerical studies that it displays large scale persistently recurring vortices, as actually observed.

· Concentration Dependence of the Collective Dynamics of Swimming Bacteria. At concentrations near the maximum allowed by steric repulsion, swimming bacteria form a dynamical state exhibiting extended spatio-temporal coherence. The viscous fluid into which locomotive energy of individual microorganisms is transferred also carries interactions that drive the coherence.  The concentration dependence of correlations in the collective state is probed here with a novel technique that herds bacteria into condensed populations of adjustable concentration.  For the particular thin-film geometry employed, the correlation lengths vary smoothly and monotonically through the transition from individual to collective behavior.

g. Future Accomplishments:.

· Self-organization and control of active bioparticles.  We initiate a new research direction which applies the theoretical and experimental aspects of dynamic self-assembly found in granular matter to the self-organization of active bio-organisms such as Bacillus subtilis and E. coli. The self-organization takes the form of coherent structures with sizes that are many times larger than those of the individual bacteria. We investigated the emergent collective behavior in dense bacterial colonies confined in a thin liquid film of controlled thickness and developed  a new method of controlling the density of the bacteria colony by transmitting electric current, enabling studies of the scale of the emergent dynamic structures as a function of cell concentration. 
· We developed a continuum mathematical model of this phenomenon to demonstrate that the primary mechanism of self-organization is associated with the shear flow induced deflection of bacteria orientation. In the nears future we plan to develop new generation of experiments aimed  on  independent resolution of the hydrodynamic velocity field and flagellum orientation through high-speed fluorescent microscopy and elaboration of three-dimensional effects emerging in not too thin fluid films
· Rheological properties on active networks of flexible biopolymers. We are planning thorough investigation of rheological properties of biopolymers, such as purified actin filaments, interacting with multi-headed molecular motors (myosin). Molecular dynamics simulations will be primary tool of the investigation. We will rely on newly developed algorithm for implementation of molecular motors as active links attaching/detaching to the intersection points of the polymer networks with a certain probabilistic rules. The rheology in this configuration can by studied by applying oscillatory shear force to the network and monitoring corresponding viscoelastic response. We anticipate that the action of motors in many cases can be modeled as effective temperature exceeding the thermodynamic temperature by orders of magnitude.  
 h. Relationships to Other Projects: 
Theoretical support is leveraged through the Materials Theory Institute (59002) which provides funds for visiting scientists with expertise in complementary areas.  Experimental relationship of our theoretical work with vortex physics is leveraged through the Superconductivity and Magnetism Group (58906).  New programs are initiated with national grants such as MICS DOE grant on “Multiscale approach to self-organization of microtubules’’ and BES DOE grant on “Collective Dynamics, Self-Assembly, and Mixing in Active Microparticles Ensembles’’, with Prof. Ray Goldstein, Univ. Arizona, both granted in 2006.  UC San Diego; Northwestern U.; Hebrew U. of Jerusalem, Israel; CEA Saclay, Fr.; ESPCI, Paris, France; U. of Arizona, Cambridge University, UK, University of Wisconsin, Madison
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m. ES&H Considerations: 

Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply.




