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Background:  Controlling the recognition and transport of biomolecules is critical for the design of numerous products in the pharmaceutical and biotechnology industries, among others; this proposal is driven by this critical need.  Our central idea is biologically inspired, specifically by lipid rafts.  We propose to combine theory and experiment to design actively reconfigurable nanostructured surfaces that will significantly improve our ability to separate biomolecules in a manner that is more facile and efficient than conventional separation strategies. 
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Results:  We have investigated biomolecule adsorption and transport on reconfigurable surfaces.  We first confirmed the ability to form phase-separated lipid microdomains, and then investigated the influence of membrane heterogeneity on DNA adsorption.  We were able to fabricate substrates made up of phase–separated lipid bilayers and thereby restrict DNA adsorption either on the phase separated domains or to the regions surrounding the domains (Fig. 1).  Work in progress is focusing on understanding the influence of these domains on the mobility of adsorbed DNA.  We also recently demonstrated that the clustering of peptides into “raft-like” membrane microdomains significantly enhances the efficiency of recognition of proteins (Fig. 2).  Furthermore, the ability to induce phase separation in membranes could be used to actively modulate the protein-binding capabilities.

In a first attempt to understand how the transport of DNA on surfaces is affected by the length of the DNA and other factors such as external field, we have also performed computer simulations of a polymer chain of length N strongly adsorbed at the solid-liquid interface in the presence of explicit solvent to delineate the factors affecting the chain length N dependence of the polymer lateral diffusion coefficient.  We find that surface roughness has a large influence, and D scales as D ~ N-x, with x(3/4 and x(1 for ideal smooth and corrugated surfaces, respectively. The first result is consistent with the hydrodynamics of a “particle” of radius of gyration Rg ~ N( ((=0.75) translating parallel to a planar interface, while the second implies that the friction of the adsorbed chains dominates, as in unentangled polymer melts. 
We have also met with encouraging success in using phospholipid bilayers to explore the access of a biomolecule (streptavidin) to liposome-immobilized ligand (biotin) in cases where the liposomes are stabilized against fusion by allowing nanoparticles to adsorb (Fig. 3). It was found that biomolecule binding persists over a range of nanoparticle surface coverages where liposome fusion and large-scale aggregation is prevented. This indicated that liposome outer surfaces, in the presence of stabilizers, remain biofunctionalizable, and may have bearing on explaining the long circulation time of stabilized liposomes as drug delivery vehicles.  Nanoparticles may also be used as obstacles to control the diffusion of the adsorbed biomolecules on surfaces.

[image: image2.emf]a. b.

c.

d.

Scientific Uniqueness This work is unique in that it demonstrates the ability to control biomolecule adsorption and transport on reconfigurable surfaces.  Figures 1-3 demonstrate the ability to control biomolecule recognition on reconfigurable and nanoparticle-stabilized surfaces. 

Impact on Industry The design, purification, sensing, and controlled delivery of biomolecules is a major window of opportunity in the development of new high-value industrial markets – particularly in the biotechnology and pharmaceutical sectors.  This work will combine theory and experiments to design actively reconfigurable nanostructured surfaces to control the adsorption and transport of biological molecules.  The understanding of biomolecule recognition and transport provided by this work will impact the design of novel technologies for biosensing, bioseparation, drug delivery, as well as the design of novel therapeutics.  
[image: image3.emf]An exceptionally notable aspect of this work is that for the first time a synergistic, multidisciplinary combination of theory and experiment is being used to design biologically inspired actively reconfigurable nanostructured surfaces to control biomolecule adsorption and transport.  The fundamental underpinnings resulting from this work will significantly improve our ability to separate biomolecules in a manner that is more facile and efficient than conventional separation strategies.  The ability to control biomolecule recognition and transport is critical for the design and product of a wide range of industrial products. 
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Figure 1.  Micrographs of fluorescein-labeled DNA adsorbed onto bilayers composed of (a) DOTAP; (b) 10% DSPC and 90% DOTAP; and (c) 40% DSPC and 60% DOTAP.  DNA is adsorbed only on the regions surrounding the dark DSPC-enriched domains in Figures 1b-c. 
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 Figure 2. Microdomain-containing peptide-functionalized liposomes. a) Micrographs of GUVs containing i) 5% cholesterol and ii-iv) 20% cholesterol; b) Inhibition of cytotoxicity by peptide-functionalized liposomes containing 5% cholesterol (() and 20% cholesterol (() and by control liposomes ((); c) Characterization of peptide clustering in liposomes by FRET.  Fluorescence intensity (I) as a function of wavelength for liposomes functionalized with fluorescein-labeled peptide alone ((), rhodamine-labeled peptide alone ((), and for liposomes containing 5% cholesterol (() and 20% cholesterol (() functionalized with a 1:1 mixture of fluorescein-labeled and rhodamine-labeled peptides; d) Scheme depicting: i) Homogeneous liposomes; ii) Peptide clustering in heterogeneous liposomes.
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Figure 3. Epifluorescence images (Upper row) and fluorescence correlation spectroscopy (FCS) autocorrelation functions (Lower row) showing how nanoparticle surface coverage on biotinylated liposomes influences streptavidin binding. The intensity-intensity fluorescence autocorrelation function, normalized to its level at small time lag, is plotted against logarithmic time lag. Fluorescently labeled streptavidin was mixed with phospholipid liposomes at the molar ratio of 100 to 1. On average each liposome carries 500 biotin ligands and N nanoparticles on its outer surface. (A) N=0. Streptavidin bridges liposomes to form large aggregates that settle leaving no FCS signal in the bulk; (B) N=25. Streptavidin bridges liposomes to form small clusters that enormously broaden the autocorrelation function; (C) N=50. Streptavidins bind to biotinylated liposomes and occasionally bridge them to form liposome dimers, trimers, tetramers, and other aggregates consisting of just a few liposome units; (D) N=100. Streptavidin binds to biotinylated liposomes but no bridging is observed. Diffusion is the same as for discrete liposomes; (E) N=200. Streptavidin fails to bind to biotinylated liposomes; it remains free in solution, forming a uniformly fluorescent background, and the FCS autocorrelation function is that of unbound streptavidin.
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