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Directed, controllable, and simultaneous manipulation of large numbers of individual cells is an important task in achieving the goals of a nanofactory. Our research has focused on developing a new approach, based on microscopic programmable magnetic traps imprinted on a surface, to apply directed forces on fluid-borne cells or magnetic micro-/nano-particles. 

Transporting micro-particles and cells with mobile traps: We have successfully developed a magnetic platform to transport inert magnetic and biological entities. Central aspects of our accomplishments are demonstrated by remotely manipulating (joystick) the static and dynamic potential energy landscape to maneuver magnetic microparticles or T-lymphocyte cells on a silicon surface. 

Figure 1 shows the transport of a 2µm magnetic bead between two zigzag wires. The externally controlled directed force moves the particle along the desired route from the vertex of one wire to the vertex of the neighboring wire. The particle tracks along with the mobile magnetic trap as it is steered between the two vertices. The maneuverability of cells was done in collaboration with Professor Jeff Chalmers. To demonstrate the transport of individual cells on the platform surface, previously separated T-cells (CD3 positive) from human blood cells were labeled with anti-CD3 Dynabeads. Figure 2 shows multiple cells aligned on parallel wires and simultaneously transported along parallel wires. The cells are transported at an average speed of 10 µm/sec.

In addition to using wires, we have expanded our study to take advantage of magnetization profiles associated with discrete elements such as disks and ovals. The external fields can be programmed so as to move the trap around the circumference of the disk, and to tune the trap strength. This approach has been used to detrap and move magnetic particles to neighboring disks. 
Advantages of mobile magnetic traps: 

(A) Platform’s two dimensionality eases: (1) lithographic creation with nanoscale precision, (2) creation of large trapping densities, (3) real-time microscope viewing, (4) programmable control over trajectory of cells, (5) ready integration into micro-fluidic devices. 

(B) The miniature, biocompatible and disposable platform can be developed as “on-chip” platforms to facilitate standardized biological experiments with small volumes of cell samples at low cost.
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(C) Dynamic control of these forces offers more precise selection, and thus understanding, of individual cell properties than data-averaging a population of cells. 
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Figure 1. The manipulation of a single magnetic micro-particle between parallel zigzag wires. Reversing a 100 Oe external out-of-plane field weakens the upper trapping site while strengthening the trap on the lower wire. This tunability coupled with a guiding magnetic field provides the directional control need to transport the micro-particle from the upper to the lower wire.
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Figure 2. Transport of seven T-cells on a Si platform along a zigzag wire. The cells are conjugated to 1 µm magnetic spheres. (a), (b) and (c) show cells at different times during their movement down the arrays. 
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