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1 INTRODUCTION

M ethods to generate mesoscopic patterns of viable cells
and active biomaterials are required to fabricate next
generation cell, protein, or antibody-based microfluidic
biosensors as well as gene and protein recognition
microarrays [1-8]. These applications also often require
biomaterials to be placed onto electronic circuits or other
detection devices, producing interfaces between abiotic and
biotic materials. At present there are severa technologies
capable of writing adjacent patterns or three-dimensional
structures of different biomaterials, but fewer techniques
exist that produce patternsthat are software generated, have
micron resolution, and are written at sub-millisecond times.
We have developed a laser-based transfer process that is
capable of forming patterns and 3D structures of living cells
and active biomaterials with resolution of less than 10
microns [9, 10]. This laser transfer technique is also
capable of forming interfaces between biological and
electronic materials by forming patterns of biotic (living
microorganisms, active proteins, enzymes, DNA,
antibodies, etc.) and abiotic (passive electronic devices and
other inorganics) material adjacently on the same substrate
or in multilayers [11-13]. This technology also eliminates
the need for masks or moulds when fabricating surface
patterns of biomaterials, can be driven by computer aided
design/computer aided machining (CAD/CAM), alows
rapid prototyping without the use of mask patterning and/or
photolithography steps, and is compatible with most any
substrate.

This manuscript describes the formation of a protein
microarray and cell patterns using this laser transfer
techniqgue. These experiments provide the framework
necessary for the production of antibody microarrays and
the fabrication of living machines grown from multipotent
cell patterns.

1.1 Laser Transfer Approach

As shown in Figure 1, the laser transfer apparatus
consists of a quartz support coated with a matrix and
biomaterials (see sample preparation section below for
details), a substrate spaced 25 to 100 microns from the

support that can be cooled or kept at room temperature
during the transfer, and a Lambda Physik ArF excimer
laser. By removing the support, laser pulses can be used to
(subtractively) machine three-dimensional features in the
substrate via micro-machining and drilling. With the
support in place, laser pulses are focused at the quartz-
matrix interface to a spot size of 10° to 10° in? and a
fluence of 0.2 Jcn? to direct write (additively) three-
dimensional features of biomaterials including Chinese
hamster ovaries (CHO) and biotinylated fetal bovine serum.
The fluence used for the biomaterial transfers was 0.2 Jcn?
or lower to limit the depth of material affected by the laser
energy.
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Figure 1. Schematic of our laser transfer technique
capable of rapidly prototyping micron-scale patterns of
passive electronic devices, micro-machining fluidic
networks, and forming patterns of polymers, active
proteins, and living cells.



We use several matrices to stabilize these biomaterials
on the quartz support. One method is to freeze a 2 to 10
micron layer of an aqueous biomaterial solution onto the
transparent disk. Room temperature transfers can also be
performed by uniformly spreading a composite containing
the biological and a biocompatible material such as nutrient
agar, collagen gel, a hydro-gel, a polymer, or an inert
ceramic onto the disk. To perform the transfer, we focus
the laser pulses at the matrix-disk interface. After the pulse
passes through the transparent support, the laser energy
induces sublimation of the matrix. The vaporized
interfacial layers then propel the remaining biomaterial and
matrix towards the substrate. Depending on the matrix, this
release transfers frozen solution or solid portions of
composite material to the substrate. The observation that
frozen material is transferred for the water-based
experiments is an indication that there is little to no laser-
induced heating to the vast majority of matrix.

1.2 Sample Preparation

CHO cells were transferred at room temperature only,
using a support layered with MATRIGEL® (Becton
Dickinson Labware) and then viable CHO cells. This
layering forms a viable CHO cell culture over the entire
quartz disk. Prior to transferring living cells, we observe
the area of the culture that we desire to transfer using the
optical microscope objective discussed in Section 1.1.

Patterns of biotinylated bovine serum albumin were
formed by using a quartz support coated with a 40%
solution of glycerol and protein. We find that this is a
universal method to transfer most biomolecules of interest.

2 RESULTSAND DISCUSSION

2.1 Bovine Serum Albumin

We have successfully used this laser transfer technique
to directly write patterns of living Chinese hamster ovaries
(CHO) and biotinylated bovine serum albumin onto various
substrates ranging from nutrient culture plates to
semiconductors and functionalized glass slides. Figure 2 is
an optical micrograph of an array of active biotinylated
bovine serum albumin deposited onto an aldehyde-treated
glass slide by our laser-transfer technique. The spot size of
deposited protein by our method ranges from 50 to 100 i m,
whereas current available techniques produce spots with a
minimum diameter of several hundred microns. This test
experiment demonstrates that our technique is capable of
fabricating a high-density microarray, where each spot uses
less than 100 pL of total protein solution.  Future
experiments using the same procedure will deposit
microarrays of antibodies specific to a variety of classes of
cancer related proteins including intracellular and
extracellular matrix proteins, signaling proteins, cell cycle
proteins, growth factors, and growth factor receptors.
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Figure 2: Microarray of biotinylated bovine serum
albumin fabricated by our bser transfer technique. Spot
sizesrangefrom 50to 1001 m.

2.2 Living Céls

Patterns of cells were formed using a variety of different
materials as stabilizing agents for the transfers. Mixing
cells and cell media with nutrient agar, biocompatible
polymers, or other composite materials provided a stable
platform for room temperature experiments, and successful
transfers were also performed without adding solidifying
materials by freezing a thin film of cells and cell media to
the support. This versatility in the types of materials that
can be transferred by this technique is an advantage over
current approaches that are only capable of patterning cells
aone. Our method, for example, could be used to transfer
cells with the nutrients, proteins, or amino acids needed to
grow, adhere to the substrate, multiply, or maintain
functionality. By using a rigid, biocompatible matrix such
as collagen or hydrogels, our method could also form three-
dimensional cellular structures that encapsulate the
transferred cells and maintain the desired structure in
various environments. In addition, the serial nature of this
technique enables multiple layersto be constructed step-by-
step from various biomaterials.

Figure 3a is a micrograph of native (pre-transfer) CHO
cells, while figure 4b is an optical micrograph of severa
CHO cells after laser transfer (dotted circle outlines the
spot of transferred cells). Figure 3b shows the growth and
reproduction of the transferred CHO cells after three days
in growth media. We observe no damage to the plasma
membrane post-transfer, and the transferred cells appear
very similar to the native cells in panel (a). The increased
size and stretched appearance (attachment to the substrate)
verify the viability of the transferred cells.

Because the hydro-gel that we used as a matrix in these
experiments is aso compatible with many species of
mammalian cells, we believe this approach is a genera
method to form cell patterns. We are now performing other



experiments with the intent to pattern individual pluripotent
cells and cell structures. By differentially culturing these
cell patterns into heart, muscle, and neural tissue, we will
attempt to fabricate living microfluidic components such as
pumps, valves, and electrodes, respectively

Figure 3: (@) Micrograph of living Chinese hamster
ovaries (CHO) before laser transfer. (b) Laser-transferred
400 im diameter pattern of living CHO cells after three
days of culturing (transferred pattern before culturing was
2001 m).

3 SUMMARY

We have demonstrated the formation of novel patterns
of living cells and active proteins by a new laser transfer
technique. Previous results have demonstrated how this
laser-based technique can also be used to rapidly prototype
mesoscopic passive electronic devices and laser micro-
machine conformal, flexible, and planar substrates [11-13].
In the future, we will use this approach to produce
improved microfluidic biosensor arrays, to fabricate protein
identification antibody arrays, to electronically probe
intercellular signaling, to control the transfer and placement
of pluripotent mammalian cells for differential culturing,
and to even form three dimensional biological structures
not found in nature (e.g., combinations of unique cells or
cell arrays).
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