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ABSTRACT

Immunochromatography is a rapid, reliable, and cost effective method of detecting biowarfare agents. The format is
similar to that of an over-the-counter pregnancy test. A sample is applied to one end of a cassette and then a control line,
and possibly a sample line, are visualized at the other end of the cassette. The test is based upon a sandwich assay. For
the control, a line of Protein A is immobilized on the membrane. Gold nanoparticle bound IgG flows through the
membrane and binds the Protein A, creating a visible line on the membrane. For the sample, one epitope is immobilized
on the membrane and another epitope is attached to gold nanoparticles. The sample binds gold bound epitope, travels
through the membrane, and binds membrane bound epitope. The two epitopes are not cross-reactive, therefore a sample
line is only visible if the sample is present. In order to efficiently screen for binders to a sample target, a novel,
Continuous Magnetic Activated Cell Sorter (CMACS) has been developed on a disposable, microfluidic platform. The
CMACS chip quickly sorts E. coli peptide libraries for target binders with high affinity. Peptide libraries, are composed
of approximately ten million bacteria, each displaying a different peptide on their surface. The target of interest is
conjugated to a micrometer sized magnetic particle. After the library and the target are incubated together to allow
binding, the mixture is applied to the CMACS chip. In the presence of patterned nickel and an external magnet,
separation occurs of the bead-bound bacteria from the bulk material. The bead fraction is added to bacterial growth
media where any attached E. coli grow and divide. These cells are cloned, sequenced, and the peptides are assayed for
target binding affinity. As a proof-of-principle, assays were developed for human C-reactive protein. More defense
relevant targets are currently being pursued.
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1. INTRODUCTION

Immunochromatography is commonly employed in the hand held assay format in a device that many people are familiar
with, the over-the-counter pregnancy test. These assays have a number of advantages. They are small, inexpensive to
produce, and disposable. They also have a clear readout that can be read with the naked eye. Hand held assays typically
have a readout that consists of the presence or absence of two purple lines. The first line is a control that indicates the
assays is functioning properly. The second line indicates whether or not the target of interest is present. In the case of
pregnancy tests, this would be the beta subunit of human chorionic gonadotropin, but in the case of Army tests, these
would be biowarfare agents.

Smart Biomedical and Physiological Sensor Technology V, edited by Brian M. Cullum, D. Marshall Porterfield,
Proceedings of SPIE Vol. 6759, 67590A, (2007) - 1605-7422/07/$18 - doi: 10.1117/12.732731

Proc. of SPIE Vol. 6759 67590A-1



Absorbent

Membrane

Comugate Layer

@ @
@
=—0>.>.

D.

Figure 2. Schematic of positive and negative hand held assay tests. A. Target is present in the applied sample. B. The presence of
target results in the formation of two purple lines on the test. C. No target is present in the applied sample. D. The lack of target
results in the formation of one purple line on the test.
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The bulk material of an immunochromatographic hand held assays is a hydrophobic membrane. On one end of the
membrane are two lines of white latex beads, the control line and the sample line, which are are immobilized through
hydrophobic interactions. The latex beads in the control line are conjugated to one member of a two molecule binding
pair, such as an immunoglobulin (IgG). The latex beads in the sample line are conjugated to a molecule which binds one
of two epitopes on the target molecule. These binding molecules are typically antibodies, peptides, or nucleic acids. On
the opposite end of the membrane are a mixture of gold nanoparticles. The gold nanoparticles are a purple color and
provide the color to the control and sample lines. Part of these nanoparticles are conjugated to the second member of the
two molecule binding pair, such as Protein A. Protein A binds tightly to IgG. The remaining gold is conjugated to a
molecule which binds the second epitope on the target molecule. In the presence of the target, the binding molecule on
the latex and the binding molecule on the gold will form a sandwich and immoblize the gold. In the absence of the
target, the binding molecule on the latex will not interact with the binding molecule on the gold. The gold will flow to
the end of the membrane and no sample line will be visible.

The binding molecules used on the beads in the sample line are isolated through in vitro selection. In vitro selections are
a powerful means of producing ligands with high affinity and specificity for a target of choice. These selections may
utilize, for example, DNA, RNA, peptides, or antibodies. In this particular project, E. coli bacterial libraries displaying
peptides will be used. As an example of an E. coli surface display peptide selection, the process begins with a library.
Each bacteria displays a different peptide to create a population of 10°-10'" different species, aka the “library.” This
library is incubated with a target for a period of time to allow binding between the peptide and the target. Following this
incubation, the selection is typically loaded into a Fluorescence Activated Cell Sorter (FACS) machine. This process will
separate the selection into its two components: E. coli and E. coli bound target. The E. coli bound target will be collected
and placed in growth media. There it will grow and amplify itself for additional rounds of selection. Peptide selections
using E. coli surface display will be performed against Army relevant targets.
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Figure 3. Advantage of bacterial protein display over other protein display methods.
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Figure 4. Bacterial display selection using a microfluidic sorting device.

FACS requires large, expensive instruments and is somewhat time consuming. Therefore, a microscope sized,
microfluidic sorter, using a technique known as magnetophoretically activated cell sorting, was developed as a new
means of affinity reagent discovery (CMACS). Among other factors, there are three central parameters by which the
quality of cell sorting is evaluated. The first is throughput, which measures how many cells can be sorted per second.
The second and the third parameters are purity (the fraction of the target cell in the collection tube), and recovery (the
number of the target cell in the collection tube over the number of the cells in the original sample).

2. EXPERIMENTAL METHODS

Immunochromatographic hand held assays are conceptually straightforward, but require significant optimization.
Whatman FUSIONS membranes were chosen due to their need for little or no blocking. Lines of conjugated latex beads
are manually pipetted in two lines at one end of the membrane. A mixture of the conjugated gold beads are deposited in
a spot at the other end of the membrane. Then, the membrane is allowed to dry. Next, samples which do and do not
contain the target of interested are pipetted onto the membrane near the gold nanoparticles. Capillary action causes the
liquid to flow down the membrane, carrying the gold with it. As the gold nanoparticles flow past the lines of latex beads,
the control nanoparticles should bind and the sample nanoparticles should bind if target is present. Any non-bound
nanoparticles will continue to flow to the end of the membrane strip.

To accelerate affinity reagent isolation, we developed a new peptide library methodology utilizing display on the surface

of E. coli and construction of a large and high-complexity peptide library in a format that could serve as a single resource
for many ligand isolation applications. Large libraries ranging size from 10° - 5x10'° members have been constructed
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