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Abstract: 

Long-term goal: Our present research is to develop a multiplex small, hand-held diagnostic device to assay a variety of cellular, viral and molecular targets by measuring the change of the Brownian motion in solution of magnetically tagged nanoscale detectors. The Brownian relaxation time increases when the hydrodynamic radius of the detector attaches to the relevant target, and this is determined by a shift in the complex ac magnetic susceptibility when measured as a function of frequency, generally measured from about 10 Hz to about 10 kHz.  Measurements of ac susceptibility with existing PEG-coated  monodisperse nanoparticles (CoFe2O4) reveal ac susceptibility spectra with the narrowest lines yet reported in the literature. Proof of principle has been determined for spherical detection geometry and progress is made in attaching developing detectors with highly non-spherical geometry, which are calculated to be of a higher inherent resolution to magnetic detection techniques. This is important to multiplex diagnostics. 

Introduction: Measurement of the AC magnetic susceptibility of nanomagnets is known to yield information about the hydrodynamic behavior of the magnet and has been shown to be an effective way to detect protein binding (Chung, et.al., Appl. Phys. Let.,85(14)2971-2973, 2004). Our novel sensors are constructed of a nanomagnet attached to one end of a rigid protein rod having specific binding site(s) for protein target(s) at the other end of the rod. Target binding events are detected using AC magnetic susceptometry. The protein rod used is derived from the long tail fiber of bacteriophage T4. Purified tail fiber components are a ready source of robust, effectively monodisperse, rod-shaped particles approximately 3nm in diameter and 30 to 150nm in length. Recombinant DNA techniques can be used to create protein rods of different lengths and also to engineer peptide displays at specific locations along their length, resulting in a system of nanoscale elements that can be easily produced and site specifically modified. 

Protein Rods: The sensor is composed of a paramagnetic nanoparticle connected to a protein assembly derived from the long tail fiber (TF) of bacteriophage T4. T4 tail fibers are an assembly of three rod shaped proteins and a globular hinge protein that fixes the angle between the proximal and distal halves of the fiber. The extended 
fiber is ~150nm long. Deletion mutant fibers of 125nm in length have also been isolated and characterized (Hyman, et.al., PNAS, 99(13):8488, 2002). One function of TF in the bacteriophage is to mechanically transmit changes in cell surface binding to the baseplate in order to use a proper position for tail contraction and DNA release.  Transmission electron microscopy and analytical ultracentrifugation data support the hypothesis that the TF protein is mechanically robust. 

Assembly of Prototype Sensors: We use principally, paramagnetic CoFe2O4 nanoparticles with average diameter of 12.2 +/- 1.6 nm. The particles are made hydrophilic by surface modification with PEG3000 
(DH = 35.1 +/- 0.2 nm). These particles are then readily modified using carbodiimide chemistry with a variety of molecules. For the data presented here, NeutrAvidin (Pierce) is covalently attached using EDC/NHS 
(Xie, J., et.al., Pure Appl. Chem., 78(5):1003-1014, 2006) and these particles are bound to site-specifically biotinylated TF. The TF are biotinylated in vivo via an inserted peptide epitope recognized by native biotinylation system of E. coli. (GLNDIFEAQKIEWH), Beckett, et.al., Prot. Sci., 8:921, 1999.
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