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The release of a biological agent by
terrorists represents a serious threat to the
safety of US citizens. At present there are
over 50 pathogens and toxins on various
agency threat lists. Most of these pathogens
are rarely seen by public health personnel so
the ability to rapidly identify their infection
is limited. Since many pathogenic infections
have symptomatic delays as long as several
days, effective treatment is  often
compromised. This translates into two major
deficiencies in our ability to counter
biological terrorism (1) the lack of any
credible technology to rapidly detect and
identify all the pathogens or toxins on
current threat lists and (2) the lack of a
credible means to rapidly diagnose
thousands of potential victims.

In this SI we are developing a rapid,
flexible, inexpensive, high throughput, and
deeply multiplex-capable biological assay
technology. The technology, which we call
the Liquid Array (LA), utilizes optical
encoding of small diameter beads which
serve as the templates for biological capture
assays. Once exposed to a fluid sample these
beads can be identified and probed for target
pathogens at rates of several thousand beads
per second. Since each bead can be
separately identified, one can perform
parallel assays by assigning a different assay
to each bead in the encoded set. The goal for
this development is a detection technology
capable of simultaneously identifying 100s
of different bioagents and/or of rapidly
diagnosing several thousand individuals.

We are pursuing this research in three
thrusts. In the first we are exploring the
fundamental interactions of the beads with
proteins and nucleic acids in complex
mixtures. This will provide us with a
complete understanding of the limits of the
technology with respect to throughput and
complex environment. A major spin-off of

this activity is in the rapidly emerging field
of proteomics where we may be able to
rapidly assess the interactions responsible
for cell metabolism, structural organization,
and DNA replication and repair.
Understanding the complexities of these
interactions is a fundamental step towards
comprehending key aspects of disease
biochemistry. This past year, using the LA
technology, we were able to confirm the
dynamics of a well characterized three
protein, bacterial DNA repair mechanism -
UvrABC. Next fiscal year we will begin
studying the less characterized mammalian
homologous recombinational DNA repair
pathway examining the protein/protein and
protein/DNA interactions of RAD51B/C.

In the second thrust, we are looking at a
model human disease state to assess the
application of the LA in highly parallel and
rapid medical diagnostics. In collaboration
with researchers at UCSF and the California
Department of Public Health we are
developing a multiplex assay for the
determination of Herpes-8 exposure (a
cancer inducing virus) in aids patients. We
have successfully demonstrated a 8-plex
assay and will extend to 20-plex in the near
future. In a parallel effort we will develop an
18-plex assay for detecting antibodies to all
vaccine-preventable childhood viral
infections.

Finally we are developing a concept that
would utilize the bead assay in the simplest
possible form. After microbead capture of
the biomarker sample and a fluorescent
reporter in solution, the beads are trapped on
an ordered dipstick array (Fig. 1). The color
of each bead is used to identify the
biomarker, while the fluorescent reporter
measures its concentration. This concept,
MIDS, would enable widespread use of the
technology by reducing the capital
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investment  required  while  greatly
simplifying its operation and maintenance.
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Figure 1 (a) Conceptual design for the Microbead
Immunoassay Dipstick System (MIDS), where (b)
sample and fluorescent molecules are trapped and
detected on a disposable dipstick.
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