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A method for the multiplexed diagnostic and genetic analy-
sis of enzymes, DNA fragments, antibodies, and other
biomolecules comprises the steps of constructing an appro-
priately labeled beadset, exposing the beadset to a clinical
sample, and analyzing the combined sample/beadset by flow
cytometry is disclosed. Flow cytometric measurements are
used to classify, in real-time, beads within an exposed
beadset and textual explanations, based on the accumulated
data obtained during real-time analysis, are generated for the
user. The inventive technology enables the simultaneous,
and automated, detection and interpretation of multiple
biomolecules or DNA sequences in real-time while also
reducing the cost of performing diagnostic and genetic
assays.
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MULTTPLEXED ANALYSIS OF CLINICAL
SPECIMENS APPARATUS AND METHODS

[0001] Microfiche appendix A contains a listing of
selected Visual Basic and C programming source code in
accordance with the inventive multiplexed assay method.
Microfiche appendix A, comprising 1 sheet having a total of
58 frames, contains material which is subject to copyright
protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent disclosure, as
it appears in the Patent and Trademark Office patent files or
records, but otherwise reserves all copyright rights whatso-
ever.

[0002] The invention relates generally to laboratory diag-
nostic and genetic analysis and, more particularly, to a flow
cytometric method for the simultaneous and multiplexed
diagnostic and genetic analysis of clinical specimens.

[0003] Analysis of clinical specimens is important in
science and medicine. A wide variety of assays to determine
qualitative and/or quantitative characteristics of a specimen
are known in the art. Detection of multiple analytes, or
separately identifiable characteristics of one or more ana-
lytes, through single-step assay processes are presently not
possible or, to the extent possible, have provided only very
limited capability and have not yielded satisfactory results.
Some of the reasons for these disappointing results include
the extended times typically required to enable the detection
and classification of multiple analytes, the inherent limita-
tions of known reagents, the low sensitivities achievable in
prior art assays which often lead to significant analytical
errors and the unwieldy collection, classification, and analy-
sis of prior art algorithms vis a vis the large amounts of data
obtained and the subsequent computational requirements to
analyze that data.

[0004] Clearly, it would be an improvement in the art to
have adequate apparatus and methods for reliably perform-
ing real-time multiple determinations, substantially simul-
taneously, through a single or limited step assay process. A
capability to perform simultaneous, multiple determinations
in a single assay process is known as “multiplexing” and a
process to implement such a capability is a “multiplexed
assay.”

[0005] Flow Cytometry

[0006] One well known prior art technique used in assay
procedures for which a multiplexed assay capability would
be particularly advantageous is flow cytometry. Flow cytom-
etry is an optical technique that analyzes particular particles
in a fluid mixture based on the particles’ optical character-
istics using an instrument known as a flow cytometer.
Background information on flow cytometry may be found in
Shapiro, “Practical Flow Cytometry,” Third Ed. (Alan R.
Liss, Inc. 1995); and Melamed et al., “Flow Cytometry and
Sorting,” Second Ed. (Wiley-Liss 1990), which are incor-
porated herein by reference.

[0007] Flow cytometers hydrodynamically focus a fluid
suspension of particles into a thin stream so that the particles
flow down the stream in substantially single file and pass
through an examination zone. A focused light beam, such as
a laser beam illuminates the particles as they flow through
the examination zone. Optical detectors within the flow
cytometer measure certain characteristics of the light as it
interacts with the particles. Commonly used flow cytometers
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such as the Becton-Dickinson Immunocytometry Systems
“FACSCAN” (San Jose, Calif.) can measure forward light
scatter (generally correlated with the refractive index and
size of the particle being illuminated), side light scatter
(generally correlated with the particle’s size), and particle
fluorescence at one or more wavelengths. (Fluorescence is
typically imparted by incorporating, or attaching a fluoro-
chrome within the particle.) Flow cytometers and various
techniques for their use are described in, generally, in
“Practical Flow Cytometry” by Howard M. Shapiro (Alan R.
Liss, Inc., 1985) and “Flow Cytometry and Sorting, Second
Edition” edited by Melamed et al. (Wiley-Liss, 1990).

[0008] One skilled in the art will recognize that one type
of “particle” analyzed by a flow cytometer may be man-
made microspheres or beads. Microspheres or beads for use
in flow cytometry are generally known in the art and may be
obtained from manufacturers such as Spherotech (Liber-
tyville, I1l.), and Molecular Probes (Eugene, Oreg.).

[0009] Although a multiplexed analysis capability theo-
retically would provide enormous benefits in the art of flow
cytometry, very little multiplexing capability has been pre-
viously achieved. Prior multiplexed assays have obtained
only a limited number of determinations. A review of some
of these prior art techniques is provided by McHugh, “Flow
Microsphere Immunoassay for the Quantitative and Simul-
taneous Detection of Multiple Soluble Analytes,” in Meth-
ods in Cell Biology, 42, Part B, (Academic Press, 1994). For
example, McHugh et al., “Microsphere-Based Fluorescence
Immunoassays Using Flow Cytometry Instrumentation,” in
Clinical Flow Cytometry Ed. K. D. Bauer, et al., Williams
and Williams, Baltimore, Md., 1993, 535-544, describe an
assay where microspheres of different sizes are used as
supports and the identification of microspheres associated
with different analytes was based on distinguishing a micro-
sphere’s size. Other references in this area include Lindmo,
et al, “Immunometric Assay by Flow Cytometry Using
Mixtures of Two Particle Types of Different Affinity,” J.
Immun. Meth., 126, 183-189 (1990); McHugh, “Flow
Cytometry and the Application of Microsphere-Based Fluo-
rescence Immunoassays,” Immunochemica, 5, 116 (1991);
Horan et al., “Fluid Phase Particle Fluorescence Analysis:
Rheumatoid Factor Specificity Evaluated by Laser Flow
Cytophotometry” in Immunoassays in the Clinical Labora-
tory, 185-198 (Liss 1979); Wilson et al., “A New Micro-
sphere-Based Immunofluorescence Assay Using Flow
Cytometry,” J. Immunological Methods, 107, 225-230
(1988); and Fulwyler et al., “Flow Microsphere Immunoas-
say for the Quantitative and Simultaneous Detection of
Multiple Soluble Analytes,” Meth. Cell Biol., 33, 613-629
(1990).

[0010] The above cited methods have been unsatisfactory
as applied to provide a fully multiplexed assay capable of
real-time analysis of more than a few different analytes. For
example, certain of the assay methods replaced a single
ELISA procedure with a flow cytometer-based assay. These
methods were based on only a few characteristics of the
particles under analysis and enabled simultaneous determi-
nation of only a very few analytes in the assay. Also, the
analytic determinations made were hampered due to soft-
ware limitations including the inability to perform real-time
processing of the acquired assay data. In summary, although
it has been previously hypothesized that flow cytometry may
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possibly be adapted to operate and provide benefit in a
multiple analyte assay process, such an adaptation has not in
reality been accomplished.

[0011] Analysis of Genetic Information

[0012] The availability of genetic information and asso-
ciation of disease with mutation(s) of critical genes has
generated a rich field of clinical analysis. In particular, the
use polymerase chain reaction (PCR) and its variants have
facilitated genetic analysis. A major advance in this field is
described in our co-pending and contemporaneously filed
U.S. Application entitled “Methods and Compositions for
Flow Cytometric Determination of DNA Sequences.” This
co-pending application describes a powerful flow cytometric
assay for PCR products, which may be multiplexed in
accordance with the present invention. A multiplexed flow
cytometric assay for PCR reaction products would provide
a significant advantage in the field of genetic analysis.

[0013] Recent advances in genetic analyses have provided
a wealth of information regarding specific mutations occur-
ring in particular genes in given disease states. Conse-
quently, use of an individual’s genetic information in diag-
nosis of disease is becoming increasingly prevalent. Genes
responsible for disease have been cloned and characterized
in a number of cases, and it has been shown that responsible
genetic defects may be a gross gene alteration, a small gene
alteration, or even in some cases, a point mutation. There are
anumber of reported examples of diseases caused by genetic
mutations. Testing of gene expression by analysis of cDNA
or mRNA, and testing of normal genes and alleles, as in
cases of tissue typing and forensics, are becoming wide-
spread. Other uses of DNA analysis, for example in paternity
testing, etc., are also important and can be used in accor-
dance with the invention.

[0014] Current techniques for genetic analysis have been
greatly facilitated by the development and use of polymerase
chain reaction (PCR) to amplify selected segments of DNA.
The power and sensitivity of the PCR has prompted its
application to a wide variety of analytical problems in which
detection of DNA or RNA sequences is required.

[0015] PCR is capable of amplifying short fragments of
DNA, providing short (20 bases or more) nucleotides are
supplied as primers. The primers anneal to either end of a
span of denatured DNA target and, upon renaturation,
enzymes synthesize the intervening complementary
sequences by extending the primer along the target strand.
During denaturation, the temperature is raised to break apart
the target and newly synthesized complementary sequence.
Upon cooling, renaturation and annealing, primers bind to
the target and the newly made opposite strand and now the
primer is extended again creating the complement. The
result is that in each cycle of heating and renaturation
followed by primer extension, the amount of target sequence
is doubled.

[0016] One major difficulty with adoption of PCR is the
cumbersome nature of the methods of analyzing the reac-
tion’s amplified DNA products. Methods for detecting
genetic abnormalities and PCR products have been
described but they are cumbersome and time consuming.
For example, U.S. Pat. No. 5,429,923 issued Jul. 4, 1995 to
Seidman, et al., describes a method for detecting mutations
in persons having, or suspected of having, hypertrophic
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cardiomyopathy. That method involves amplifying a DNA
sequence suspected of containing the disease associated
mutation, combining the amplified product with an RNA
probe to produce an RNA-DNA hybrid and detecting the
mutation by digesting unhybridized portions of the RNA
strand by treating the hybridized product with an RNAse to
detect mutations, and then measuring the size of the products
of the RNAse reaction to determine whether cleavage of the
RNA molecule has occurred.

[0017] Other methods used for detecting mutations in
DNA sequences, including direct sequencing methods
(Maxim and Gilbert, Proc. Natl. Acad. Sci. US.A., 74,
560-564, 1977); PCR amplification of specific alleles, PASA
(Botttema and Sommer, Muta. Res., 288, 93-102, 1993); and
reverse dot blot method (Kawasaki, et al.,, Methods in
Enzymology, 218, 369-81, 1993) have been described.
These techniques, while useful, are time consuming and
cumbersome and for that reason are not readily adaptable to
diagnostic assays for use on a large scale.

[0018] At least one use of flow cytometry for the assay of
a PCR product has been reported but that assay has not been
adapted to multiplexing. See Vlieger et al., “Quantitation of
Polymerase Chain Reaction Products by Hybridization-
Based Assays with Fluorescent Colorimetric, or Chemilu-
minescent Detection,” Anal. Biochem., 205, 1-7 (1992). In
Vlieger et al. a PCR product was labeled using primers that
contained biotinylated nucleotides. Unreacted primers were
first removed and the amplified portion annealed with a
labeled complementary probe in solution. Beaded micro-
spheres of avidin were then attached to the annealed comple-
mentary material. The avidin beads bearing the annealed
complementary material were then processed by a flow
cytometer. The procedure was limited, inter alia, in that
avidin beads having only a single specificity were employed.
Further, real-time analysis of the assay’s data was not
possible.

[0019] Data Manipulation

[0020] The large volume of data typically generated dur-
ing flow cytometric multiple analyte assays, combined with
the limited capabilities of prior techniques to collect, sort
and analyze such data have provided significant obstacles in
achieving a satisfactory multiplexed assay. The computing
methods used in prior art flow cytometric analyses have
generally been insufficient and unsuited for accurately and
timely analyzing large volumes of data such as would be
generated by multiplexed assays; particularly when more
than two analytes (or properties of a single analyte) are to be
simultaneously determined.

[0021] The present invention enables the simultaneous
determination of multiple distinct analytes to a far greater
degree than existing techniques. Further, the invention pro-
vides an improved data classification and analysis method-
ology that enables the meaningful analysis of highly multi-
plexed assays in real-time. The invention is broadly
applicable to multiplexed analysis of a number of analytes in
a host of bioassays in which there is currently a need in the
art.

[0022] The present invention provides improved methods,
instrumentation, and products for detecting multiple ana-
lytes in a fluid sample by flow cytometric analysis and for
analyzing and presenting the data in real-time. An advantage
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of the invention is that it allows one rapidly and simulta-
neously to detect a wide variety of analytes of interest in a
single assay step.

[0023] The invention employs a pool of bead subsets. The
individual subsets are prepared so that beads within a subset
are relatively homogeneous but differ in at least one distin-
guishing characteristic from beads in any other subset.
Therefore, the subset to which a bead belongs can readily be
determined after beads from different subsets are pooled.

[0024] In a preferred embodiment, the beads within each
subset are uniform with respect to at least three and prefer-
ably four known classification parameter values measured
with a flow cytometer: e.g., forward light scatter (C,) which
generally correlates with size and refractive index; side light
scatter (C,) which generally correlates with size; and fluo-
rescent emission in at least one wavelength (C;), and pref-
erably in two wavelengths (C; and C,), which generally
results from the presence of fluorochrome(s) in or on the
beads. Because beads from different subsets differ in at least
one of the above listed classification parameters, and the
classification parameters for each subset are known, a bead’s
subset identity can be verified during flow cytometric analy-
sis of the pool in a single assay step and in real-time.

[0025] Prior to pooling subsets of beads to form a beadset,
the beads within each subset can be coupled to a reactant that
will specifically react with a given analyte of interest in a
fluid sample to be tested. Usually, different subsets will be
coupled to different reactants so as to detect different ana-
Iytes. For example, subset 1 may be labeled so as to detect
analyte A (AnA); subset 2 may be labeled so as to detect
analyte B (AnB); etc.

[0026] At some point prior to assay, the variously labeled
subsets are pooled. The pooled beads, or beadset, are then
mixed with a fluid sample to test for analytes reactive with
the various reactants bound to the beads. The system is
designed so that reactions between the reactants on the bead
surfaces and the corresponding analytes in the fluid sample
will cause changes in the intensity of at least one additional
fluorescent signal (F,)) emitted from a fluorochrome that
fluoresces at a wavelength distinct from the wavelengths of
classification parameters C5 or C,. The F_, signal serves as
a “measurement signal,” that is, it indicates the extent to
which the reactant on a given bead has undergone a reaction
with its corresponding analyte. The F_, signal may result
from the addition to the assay mixture of fluorescently
labeled “secondary” reagent that binds to the bead surface at
the site where a reactant-analyte reaction has occurred.

[0027] When the mixture (pooled beads and fluid sample)
is run through a flow cytometer, each bead is individually
examined. The classification parameters, e.g., C;, C,, Cj,
and C,, are measured and used to classify each bead into the
subset to which it belongs and, therefore, identify the analyte
that the bead is designed to detect. The F,, value of the bead
is determined to indicate the concentration of analyte of
interest in the fluid sample. Not only are many beads from
each subset rapidly evaluated in a single run, multiple
subsets are evaluated in a single run. Thus, in a single-pass
and in real-time a sample is evaluated for multiple analytes.
Measured F_, values for all beads assayed and classified as
belonging to a given subset may be averaged or otherwise
manipulated statistically to give a single meaningful data
point, displayed in histogram format to provide information
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about the distribution of F_, values within the subset, or
analyzed as a function of time to provide information about
the rate of a reaction involving that analyte.

[0028] Ina preferred embodiment, the beads will have two
or more fluorochromes incorporated within or on them so
that each of the beads in a given subset will possess at least
four different classification parameters, e.g., C,, C,, C5, and
C,. For example, the beads may be made to contain a red
fluorochrome (C;), such as nile red, and bear an orange
fluorochrome (C,), such as Cy3 or phycoerythrin. A third
fluorochrome, such as fluorescein, may be used as a source
of the C, or F_, signal. As those of skill in the art will
recognize, additional fluorochromes may be used to generate
additional C, signals. That is, given suitable fluorochromes
and equipment, those of skill in the art may use multiple
fluorochromes to measure a variety of C, or F, values, thus
expanding the multiplexing power of the system even fur-
ther.

[0029] In certain applications designed for more quanti-
tative analysis of analyte concentrations or for kinetic stud-
ies, multiple subsets of beads may be coupled to the same
reactant but at varying concentrations so as to produce
subsets of beads varying in density of bound reactant rather
than in the type of reactant. In such an embodiment, the
reactant associated with classification parameter C,, for
example, may be incorporated directly into the reactive
reagent that is coupled to the beads, thereby allowing C,
conveniently to serve as an indicator of density of reactant
on the bead surface as well as an indicator of reactant
identity.

[0030] To prepare subsets varying in reactant density one
may, for example, select, isolate, or prepare a starting panel
of different subsets of beads, each subset differing from the
other subsets in one or more of C;, C,, or C;. Each of those
subsets may be further subdivided into a number of aliquots.
Beads in each aliquot may be coupled with a reactant of
choice that has been fluorescently labeled with a fluoro-
chrome associated with C, (e.g., Analyte A labeled with
Cy3) under conditions such that the concentration or density
of reactant bound to the beads of each aliquot will differ
from that of each other aliquot in the subset. Alternatively,
an entire subset may be treated with the C, fluorochrome
under conditions that produce a heterogeneous distribution
of C, reactant on beads within the subset. The subset may
then be sorted with a cell sorter on the basis of the intensity
of C, to yield further subsets that differ from one another in
C, intensity.

[0031] One limitation of the alternative embodiment of
using C, labeled reactant as a classification agent is that one
must design the system so that the value of C, as a classi-
fication parameter is not lost. Therefore, one must take care
to assure that the C, intensities of all subsets carrying
reagent A differs from the C, intensities of all subsets
carrying reagents B, C, and so forth. Otherwise, C, would
not be useful as a parameter to discriminate reactant A from
reactant B, etc.

[0032] With either embodiment, the number of subsets
that can be prepared and used in practice of the invention is
theoretically quite high, but in practice will depend, inter
alia, on the level of homogeneity within a subset and the
precision of the measurements that are obtained with a flow
cytometer. The intra-subset heterogeneity for a given param-
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eter, e.g., forward angle light scatter C,, correlates inversely
with the number of different subsets for that parameter that
can be discriminated by flow cytometric assay. It is therefore
desirable to prepare subsets so that the coefficients of
variation for the value of each classification parameter (C,,
C,, C5, and C,) to be used in a given analysis is minimized.
Doing this will maximize the number of subsets that can be
discriminated by the flow cytometer. Bead subsets may be
subjected to flow cytometric sorting or other procedures at
various different points in preparation or maintenance of the
bead subsets to increase homogeneity within the subset. Of
course, with simple assays designed to detect only a few
different analytes, more heterogeneity can be allowed within
a subset without compromising the reliability of the assay.

[0033] In an illustrative embodiment set forth here to
explain one manner in which the invention can work in
practice, the beads are used to test for a variety of antibodies
in a fluid sample. A panel of bead subsets having known
varying C,;, C,, C;, and C, values is first prepared or
otherwise obtained. The beads within each subset are then
coupled to a given antigen of interest. Each subset receives
a different antigen. The subsets are then pooled to form an
assay beadset and may be stored for later use and/or sold as
a commercial test kit.

[0034] In the assay procedure, the beads are mixed with
the fluid to be analyzed for antibodies reactive with the
variety of antigens carried on the beads under conditions that
will permit antigen-antibody interaction. The beads are
labeled with a “secondary” reagent that binds to antibodies
bound to the antigens on the beads and that also bears the
measurement fluorochrome associated with parameter F_
(e.g., fluorescein). A fluoresceinated antibody specific for
immunoglobulin may be used for this purpose. The beads
are then run through a flow cytometer, and each bead is
classified by its characteristic classification parameters as
belonging to subset-1, subset-2, etc. At the same time, the
presence of antibodies specific for antigen A, B, etc., can be
detected by measuring green fluorescence, F_, of each bead.
The classification parameters C,, C,, Cs, and C, allow one
to determine the subset to which a bead belongs, which
serves as an identifier for the antigen carried on the bead.
The F,, value of the bead indicates the extent to which the
antibody reactive with that antigen is present in the sample.

[0035] Although assays for antibodies were used above as
an illustration, those of ordinary skill in the art will recog-
nize that the invention is not so limited in scope, but is
widely applicable to detecting any of a number of analytes
in a sample of interest. For example, the methods described
here may be used to detect enzymes or DNA or virtually any
analyte detectable by virtue of a given physical or chemical
reaction. A number of suitable assay procedures for detec-
tion and quantification of enzymes and DNA (particularly as
the result of a PCR process) are described in more detail
below.

[0036] The present invention also provides a significant
advance in the art by providing a rapid and sensitive flow
cytometric assay for analysis of genetic sequences that is
widely applicable to detection of RNA, differing alleles, and
any of a number of genetic abnormalities. In general, the
methods of the present invention employ a competitive
hybridization assay using DNA coupled microspheresand
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fluorescent DNA probes. Probes and microsphere-linked
oligonucleotides could also include RNA, PNA, and non-
natural nucleotide analogs.

[0037] In practice of the invention, oligonucleotides from
a region of a gene of interest, often a polymorphic allele or
a region to which a disease associated mutation has been
mapped, are synthesized and coupled to a microsphere
(bead) by standard techniques such as by carbodiimide
coupling. A fluorescent oligonucleotide, complementary to
the oligonucleotide on the bead, is also synthesized. To
perform a test in accordance with the invention, DNA which
is to be tested is purified and either assayed unamplified, or
subjected to amplification by PCR, RT-PCR, or LCR ampli-
fication using standard techniques and PCR initiation probes
directed to amplify the particular region of DNA of interest.
The PCR product is then incubated with the beads under
conditions sufficient to allow hybridization between the
amplified DNA and the oligonucleotides present on the
beads. A fluorescent DNA probe that is complementary to
the oligonucleotide coupled to the beads is also added under
competitive hybridization conditions. Aliquots of the beads
so reacted are then run through a flow cytometer and the
intensity of fluorescence on each bead is measured to detect
the level of fluorescence which indicates the presence or
absence of given sequences in the samples.

[0038] For example, when beads labeled with an oligo-
nucleotide probe corresponding to a non-mutated (wild-
type) DNA segment are hybridized with the PCR product
from an individual who has a non-mutated wild-type DNA
sequence in the genetic region of interest, the PCR product
will effect a significant competitive displacement of fluo-
rescent oligonucleotide probe from the beads and, therefore,
cause a measurable decrease in fluorescence of the beads,
e.g., as compared to a control reaction that did not receive
PCR reaction product. If, on the other hand, a PCR product
from an individual having a mutation in the region of interest
is incubated with the beads bearing the wild-type probe, a
significantly lesser degree of displacement and resulting
decrease in intensity of fluorescence on the beads will be
observed because the mutated PCR product will be a less
effective competitor for binding to the oligonucleotide
coupled to the bead than the perfectly complementary fluo-
rescent wild-type probe. Alternatively, the beads may be
coupled to an oligonucleotide corresponding to a mutation
known to be associated with a particular disease and similar
principles applied. In the multiplexed analysis of nucleic
acid sequences, bead subsets are prepared with all known, or
possible, variants of the sequence of interest and then mixed
to form a bead set. The reactivity of the test sample, e.g. PCR
product, with the wild-type sequence and other variants can
then be assayed simultaneously. The relative reactivity of the
PCR product with subsets bearing the wild-type or variant
sequences identifies the sequence of the PCR product. The
matrix of information derived from this type of competitive
hybridization in which the test sequence and the entire panel
of probe sequences react simultaneously allows identifica-
tion of the PCR product as wild-type, known mutant, or
unknown mutant. The invention thus provides one with the
ability to measure any of a number of genetic variations
including point mutations, insertions, deletions, inversions,
and alleles in a simple, exquisitely sensitive, and efficient
format.
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[0039] FIG. 1 is a block diagram of an illustrative hard-
ware system for performing a multiplex assay method in
accordance with the invention.

[0040] FIG. 2 is a block diagram of an illustrative soft-
ware system for performing a multiplex assay method in
accordance with the invention.

[0041] FIG. 3 is a flow-chart for a preprocessing phase in
accordance with the inventive multiplexed assay method.

[0042] FIG. 4 shows an assay database in accordance with
the invention.

[0043] FIG. 5 shows a baseline data acquisition table for
an illustrative multiple analyte assay in accordance with the
invention.

[0044] FIG. 6 shows an assay definition table in accor-
dance with the invention.

[0045] FIG. 7 shows a discriminant table for an illustra-
tive multiple analyte assay in accordance with the invention.

[0046] FIG. 8 shows a decision tree view of the illustra-
tive discriminant function table of FIG. 7.

[0047] FIG.9is a flow-chart for a real-time analysis phase
of a multiple analyte assay in accordance with the invention.

[0048] FIG. 10 shows a results table for an illustrative
multiple analyte assay in accordance with the invention.

[0049] FIG. 11 shows a interpretation table for an illus-
trative multiple analyte assay in accordance with the inven-
tion.

[0050] FIG. 12 is a flow-chart for an interpretation phase
of a multiple analyte assay in accordance with the invention

[0051] FIGS. 134 through 13e show an assay database in
accordance with the invention for a specific experimental
example.

[0052] FIG. 14 shows a decision tree view for an illus-
trative (experimental example) discriminant table.

[0053] FIGS. 154, 15b, and 15¢ show individual inhibi-
tion assays for IgG, IgA, and IgM antibodies.

[0054] FIGS. 16a, 16b, and 16c show cross reactivity
determinations between IgG, IgA, and IgM assay compo-
nents.

[0055] FIG. 17 shows the determination of human IgG
concentrations by flow cytometry.

[0056] FIG. 18 shows the determination of human IgA
concentrations by flow cytometry.

[0057] FIG. 19 shows the determination of human IgM
concentrations by flow cytometry.

[0058] FIG. 20 shows the simultaneous determination of
human IgG, IgA, and IgM concentrations by flow cytometry.

[0059] FIG. 21 shows the specificity of monoclonal anti-
body MAB384 binding towards bead immobilized epitope
sequences.

[0060] FIG. 22 shows the specificity of monoclonal anti-
body MAB384 binding in the presence of soluble epitope
containing peptide.
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[0061] FIG. 23 shows the specificity of monoclonal anti-
body MAB384 binding in the presence of soluble biotin.

[0062] FIG. 24 shows the detection of anti-Rubella IgG
antibodies by a sandwich assay between rubella coated
beads and a fluorescent goat anti-human IgG antibody.

[0063] FIG. 25 shows a calibration assay using serial
dilutions of anti-Rubella IgG antibodies in a sandwich assay
between rubella coated beads and a fluorescent goat anti-
human IgG antibody.

[0064] FIGS. 26a and 26b show the simultaneous assay
for six anti-ToRCH IgG, and simultaneous assay for the six
anti-ToRCH IgM antibodies.

[0065] FIG. 27 shows the determination of IgG anti-grass
allergen activities for six dogs.

[0066] FIG. 28 shows the determination of IgE anti-grass
allergen activities for six dogs.

[0067] FIG. 29 shows the multiple analyte IgG and IgE
screening of dog serum A96324 for sixteen grass allergens

[0068] FIG. 30 shows the multiple analyte IgG and IgE
screening of dog serum A96325 for sixteen grass allergens

[0069] FIG. 31 shows the multiple analyte IgG and IgE
screening of dog serum A96319 for sixteen grass allergens

[0070] FIG. 32 shows the multiple analyte IgG and IgE
screening of dog serum A96317 for sixteen grass allergens

[0071] FIG. 33 shows the multiple analyte IgG and IgE
screening of dog serum A96326 for sixteen grass allergens

[0072] FIG. 34 shows the multiple analyte IgG and IgE
screening of dog serum A96323 for sixteen grass allergens

[0073] FIG. 35 shows an antibody pair analysis for use
with a human chorionic gonadotropin capture assay.

[0074] FIG. 36 shows the use of bead linked antibody
MAB602 with fluorescently labeled antibody AB633 in a
human chorionic gonadotropin capture assay.

[0075] FIG. 37a and 37b show cross reactivity analyses
between components of an anti-hCG capture system and an
anti-AFP capture system.

[0076] FIGS. 38a and 38b compare the effects of elimi-
nating wash steps in hCG and AFP capture system assays.

[0077] FIGS. 39a and 39b show the determination of hCG
and AFP concentrations in samples and standards using a
homogeneous capture assay format.

[0078] FIG. 40 shows the inhibition of Anti-IgG binding
to bead based IgG by soluble IgG antibodies. Inhibition was
determined at five concentrations of soluble IgG, and four
IgG loading levels on the beads.

[0079] FIG. 41 shows the slope of the inhibition pattern
across the four loading levels of IgG on the beads plotted
against the soluble IgG concentration.

[0080] FIG. 42 shows a five point standard curve derived
from inhibition data of the 50 ug/mL IgG bead set.

[0081] FIGS. 434 through 43¢ show DNA detection using
a double stranded competitor and a wild-type “B” oligo-
nucleotide probe.
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[0082] FIGS. 44a and 44b show DNA detection using a
single stranded competitor and a wild-type “B” oligonucle-
otide probe.

[0083] FIG. 45 shows the differentiation by orange and
red fluorescence of fourteen bead sets.

[0084] FIG. 46 shows a titration of a fluorescent oligo-
nucleotide in the presence or absence of an inhibitor. Beads
bearing complementary oligonucleotides were used in a
capture assay.

[0085] FIG. 47 shows the inhibition of binding between a
fluorescent oligonucleotide and its complementary oligo-
nucleotide bound to a bead. Varying concentrations of
complementary and point mutant competitors were used in
the determination.

[0086] FIG. 48 shows the efficacy of inhibitors across
fourteen DNA sequence binding sets.

[0087] FIG. 49 shows the typing of four simulated alleles
of DQAL.

[0088] FIG. 50 shows the typing of five known, homozy-
gous DQAL alleles.

[0089] FIGS. 51 a through 51f show the results of an
exemplary multiplexed assay according to the invention.

[0090] According to the present invention, assay compo-
nents and methods for the measurement of enzymes, DNA
fragments, antibodies, and other biomolecules are provided.
The inventive technology improves the speed and sensitivity
of flow cytometric analysis while reducing the cost of
performing diagnostic and genetic assays. Further, and of
tremendous significance, a multiplexed assay in accordance
with the invention enables the simultaneous automated assay
of multiple (at least an order of magnitude greater than
available in the prior techniques) biomolecules or DNA
sequences in real-time.

[0091] As those of ordinary skill in the art will recognize,
the invention has an enormous number of applications in
diagnostic assay techniques. Beadsets may be prepared, for
example, so as to detect or screen for any of a number of
sample characteristics, pathological conditions, or reactants
in fluids. Beadsets may be designed, for example, to detect
antigens or antibodies associated with any of a number of
infectious agents including (without limitation, bacteria,
viruses, fungi, mycoplasma, rickettsia, chlamydia, and pro-
tozoa), to assay for autoantibodies associated with autoim-
mune disease, to assay for agents of sexually transmitted
disease, or to assay for analytes associated with pulmonary
disorders, gastrointestinal disorders, cardiovascular disor-
ders, and the like. Similarly, the beadset may be designed to
detect any of a number of substances of abuse, environmen-
tal substances, or substances of veterinary importance. An
advantage of the invention is that it allows one to assemble
a panel of tests that may be run on an individual suspected
of having a syndrome to simultaneously detect a causative
agent for the syndrome.

[0092] Suitable panels may include, for example, a tumor
marker panel including antigens such as prostate-specific
antigen (PSA), carcinoembryonic antigen (CEA), and other
suitable tumor markers; a regional allergy panel including
pollen and allergens tested for by allergists of a particular
region and comprising allergens known to occur in that
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region; a pregnancy panel comprising tests for human chori-
onic gonadotropin, hepatitis B surface antigen, rubella virus,
alpha fetoprotein, 3' estradiol, and other substances of inter-
est in a pregnant individual; a hormone panel comprising
tests for T4, TSH, and other hormones of interests; an
autoimmune disease panel comprising tests for rheumatoid
factors and antinuclear antibodies and other markers asso-
ciated with autoimmune disease; a blood borne virus panel
and a therapeutic drug panel comprising tests for
Cyclosporin, Digoxin, and other therapeutic drugs of inter-
est.

[0093] Bead Technology

[0094] An important feature of the flow cytometric tech-
nology and techniques described here is the fabrication and
use of particles (e.g., microspheres or beads that make up a
beadset). It is through the use of appropriately labeled
homogeneous bead subsets, combined to produce a pooled
beadset, that the instant multiplexed assay method is prac-
ticed. Beads suitable for use as a starting material in accor-
dance with the invention are generally known in the art and
may be obtained from manufacturers such as Spherotech
(Libertyville, I11.) and Molecular Probes (Eugene, Oreg.).
Once a homogeneous subset of beads is obtained, the beads
are labeled with an appropriate reactant such as a biomol-
ecule, DNA sequence, and/or other reactant. Known meth-
ods to incorporate such labels include polymerization, dis-
solving, and attachment.

[0095] A Method for the Multiplexed Assay of Clinical
Samples

[0096] Development of a multiplexed assay for use in
accordance with the invention can be divided into three
phases: (1) preprocessing, (2) real-time analysis, and (3)
interpretation. During the preprocessing phase, baseline data
is collected independently, via flow cytometric techniques,
for each of an assay’s bead subsets. Baseline data is used to
generate a set of functions that can classify any individual
bead as belonging to one of the assay’s subsets or to a
rejection class. During the analysis phase, flow cytometric
measurements are used to classify, in real-time, each bead
within an exposed beadset according to the aforementioned
functions. Additionally, measurements relating to each sub-
set’s analyte are accumulated. During the interpretation
phase the assay’s real-time numerical results are associated
with textual explanations and these textual explanations are
displayed to a user.

[0097] The inventive method allows the detection of a
plurality of analytes simultaneously during a single flow
cytometric processing step. Benefits of the inventive multi-
plex assay method include increased speed and reduced cost
to analyze a clinical sample.

[0098] System Hardware

[0099] FIG. 1 shows, in block diagram form, a system for
implementing the inventive multiplexed assay method. Flow
cytometer 100 output consists of a series of electrical signals
indicative of one or more specified measured characteristics
on each bead processed. These measurement signals are
transmitted to computer 105 via data bus 110 and interface
board 115. During the preprocessing phase, the signals are
used by the computer to generate an assay database. During
the real-time analysis phase, the signals are processed by the
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computer (using the assay database) in accordance with the
inventive method to produce a multiplexed/simultaneous
assay of a clinical sample.

[0100] Flow cytometer 100 operates in a conventional
manner. That is, beads are processed by illuminating them,
essentially one at a time, with a laser beam. Measurements
of the scattered laser light are obtained for each illuminated
bead by a plurality of optical detectors. In addition, if a bead
contains at least one appropriate fluorescing compound it
will fluoresce when illuminated. A plurality of optical detec-
tors within the flow cytometer measure fluorescence at a
plurality of wavelengths. Typical measured bead character-
istics include, but are not limited to, forward light scatter,
side light scatter, red fluorescence, green fluorescence, and
orange fluorescence. One of ordinary skill in the use of flow
cytometric techniques will recognize that the use of green
fluorescent markers or labels can cause cross-channel inter-
ference between optical detectors designed to detect green
and orange wavelengths (e.g., approximately 530 nanom-
eters and approximately 585 nanometers respectively). A
training set of beads, in combination with standard data
manipulation, can correct for this cross-channel interference
by providing the physical measurements required for math-
ematical correction of the fluorescence measurements.

[0101] One of ordinary skill will further recognize that
many alternative flow cytometer setups are possible. For
instance, additional color sensitive detectors could be used
to measure the presence of other fluorescence wavelengths.
Further, two or more laser beams can be used in combination
to illuminate beads as they flow through the cytometer to
allow excitation of fluorochromes at different wavelengths.

[0102] Computer 105 can be a conventional computer
such as a personal computer or engineering workstation. In
one embodiment, the computer is a personal computer
having an Intel “486” processor, running Microsoft Corpo-
ration’s “WINDOWS” operating system, and a number of
ISA expansion slots.

[0103] Interface board 115 is designed to plug into one of
the computer’s 100 ISA (Industry Standard Architecture)
expansion slots. While the design of an interface board is, in
general, different for each specific type of flow cytometer
100, its primary functions include (1) receiving and parsing
measurement data signals generated by the flow cytometer’s
detectors, (2) receiving control parameter status information
from the flow cytometer, and (3) sending control parameter
commands to the flow cytometer. The precise manner in
which these functions are carried out are dependent upon the
type (make and model) of the flow cytometer used. In one
embodiment, employing a Becton-Dickinson “FACSCAN”
flow cytometer (San Jose, Calif.), the interface board uses
control signals generated by the flow cytometer to distin-
guish measurement data and flow cytometer parameter and
control signals. Measured data include forward light scatter,
side light scatter, red fluorescence, green fluorescence, and
orange fluorescence. Parameter and control signals include
flow cytometer amplifier gain adjustments and status infor-
mation.

[0104] While the design of an interface board 115 for use
with the inventive assay method would be a routine task for
one skilled in the art of diagnostic medical equipment design
having the benefit of this disclosure, an important aspect for
any interface board is its ability to accommodate the trans-

Mar. 25, 2004

mission data rate generated by whatever flow cytometer is
used. For example, the “FACSCAN” flow cytometer can
transmit a 16-bit (2 byte) word every 4 microseconds
resulting in burst data rates of 500,000 bytes per second.
Microfiche appendix A provides a detailed source code
embodiment of the inventive assay method for use with the
“FACSCAN” flow cytometer.

[0105] Data bus 115 provides a physical communication
link between the flow cytometer 100 and the interface board
110. Its physical and electrical characteristics (e.g., data
width and bandwidth) are dependent upon the capabilities of
the flow cytometer. It is noted that the data bus need not be
a totally digital bus. If the flow cytometer does not include
analog-to-digital conversion of measured bead characteris-
tics (e.g., light scatter and fluorescence signals), then the
data bus must communicate these analog signals to the
interface board. It is then necessary that digital conversion
of these signals be provided by either the interface board, or
another peripheral device before the data is transmitted to
the computer 105.

[0106] System Software

[0107] As shown in FIG. 2, the software architecture for
the inventive assay method can be divided into two parts. A
graphical user interface (GUI) 200 provides the means by
which a user (1) receives assay results and (2) interacts with
the flow cytometer. A dynamically linked library (DLL) 205
provides the means through which the inventive real-time
assay is performed and includes routines necessary to (1)
interact with interface board 115 and (2) send and receive
information to the flow cytometer 100.

[0108] An important aspect of the inventive assay method
is that it performs a simultaneous analysis for multiple
analytes in real-time. One of ordinary skill in the art of
computer software development will realize that real-time
processing can impose severe time constraints on the opera-
tional program code, i.e., the DLL 205. For example, the
“FACSCAN” flow cytometer can process, or measure,
approximately 2,000 beads per second, where each bead is
associated with eight 16-bit data values. Thus, to process
flow cytometer data in real-time from a “FACSCAN,” the
DLL should be able to accept, and process, at a consistent
data rate of at least 32,000 bytes per second. The need to
accommodate this data rate, while also having sufficient time
to perform real-time analysis based on the data, will gener-
ally necessitate that some of the DLL code be written in
assembly language.

[0109] In a current embodiment, the GUI 200 is imple-
mented in the visual basic programming language and the
DLL 205 is implemented in C and assembly language
programming. Microfiche appendix A contains source code
listings for one embodiment of the GUI and DLL.

[0110] Preprocessing

[0111] A function of the preprocessing phase is to generate
an assay database for use during the real-time analysis of an
exposed beadset (clinical sample). Thus, preprocessing is
performed prior to combining separately labeled bead sub-
sets to form assay beadsets. Assay definition, discriminant
function definition, and interpretation tables are created at
the time an assay beadset is created. FIG. 3 shows, in flow
chart form, the steps taken during the preprocessing phase.
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[0112] A bead subset is characterized by (1) the analyte it
is designed to identify, (2) one or more classification param-
eters C, . . . C,, and (3) one or more measurement param-
eters F,-F__. During the preprocessing phase the classifi-
cation parameters are used to generate a set of functions,
referred to as discriminant functions, that can classify a bead
as belonging to one of the assay’s subsets or a rejection
class. Measurement parameters are used during the real-time
analysis phase to determine if a specified analyte is present
in the clinical sample being analyzed.

[0113] The precise number of individual beads contained
in any given subset is relatively unimportant, the only
significant criterion being that a sufficient number are used
so that a good statistical characterization of the subset’s
parameters can be achieved during the real-time analysis
phase. In a current embodiment, each bead subset contains
an equal number of beads. One of ordinary skill in the field
will recognize that the precise number of beads within any
given bead subset can vary depending upon many factors
including, but not limited to, the number of analytes an assay
beadset is designed to detect, the uniformity of the labeled
beads (with respect to each of the measured parameters C;.
..CL,F_, ...F_.),and the penalty of misclassifying (e.g.,
making a type 1 or type 2 classification error) a bead during
analysis.

[0114] During preprocessing, each bead in an unexposed
subset is measured by a flow cytometer 100 and the resulting
data values accumulated for later use 300. For example, if
the flow cytometer measures n classification parameters and
X measurement parameters, i.e., generates (n+x) values for
each bead, data for each of the subset’s (n+x) parameters are
updated based on each bead’s measurements. This data
collection step is repeated independently for each subset in
the assay’s beadset 305. The collection of such data for each
of an assay’s subsets constitutes an assay’s baseline data.

[0115] After an assay’s baseline data has been collected, a
set of discriminant functions are determined 310. During
real-time analysis, the discriminant functions are used to
classify a bead into one of the assay’s bead subsets or a
rejection class based solely on the measured classification
parameters, C, . .. C,. This step, in principle and practice,
is a problem of multi-dimensional classification or cluster
analysis. Many prior art techniques and commercial soft-
ware programs eXist to perform this task.

[0116] Beads are generally manufactured in large quanti-
ties referred to as batches. Each bead in a batch is of nearly
identical size and has substantially the same dye absorption
capacity. In light of this manufacturing process, bead subsets
can be created using precise dilutions of chosen dyes and,
because of their nearly identical size, all classification
parameters will exhibit essentially equal variances. By cor-
recting for scaling of the photo-multipliers within a flow
cytometer, a linear classification rule can be generated.
Further, since there are equal quantities of beads in each
subset, the prior probabilities will be equal. This allows use
of Fisher’s linear discriminant technique to calculate the
discriminant functions which define classification bound-
aries. See, Fisher, “The Use of Multiple Measurements in
Taxonomic Problems,” Annals of Eugenics, 7, 179-188
(1936). For instance, linear hierarchical discriminant func-
tions may be chosen which are equidistant, in a Euclidean
sense, between the centers or centroids of any two of an
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assay’s bead subsets. Notwithstanding the present example,
other types of discriminant functions, such as quadratic
functions and those discriminating on more than two clas-
sification parameters at once, are also possible.

[0117] In addition to the discriminant functions, a set of
threshold values are chosen which are used during the
real-time analysis phase to detect the presence of a target
analyte. For example, assume measurement parameter F_, is
used to detect analyte-A. During preprocessing, the baseline
or unexposed value for F,, is measured and accumulated for
that subset’s beads. Analyte-A’s threshold could then, for
example, be set to F_,’s baseline mean value plus one
standard deviation of F_,’s baseline value. One of ordinary
skill will recognize that the precise function or value
selected for a threshold depends upon the parameter being
measured (e.g., its distribution) and the cost of making a
classification error (e.g., a type 1 or a type 2 error). It is
routine that such values be based on an empirical review of
the baseline data. The important criterion is that the thresh-
old reliably distinguish between the presence and absence of
the target analyte in an exposed assay beadset.

[0118] After baseline data for each of an assay’s bead
subsets are collected and discriminant functions and analyte
threshold values are established, an assay database is gen-
erated 315.

[0119] Assay Database

[0120] Asshown in FIG. 4, an assay database 400 consists
of an assay definition table 405, a discriminant function table
410, a results table 415, and an interpretation table 420. See
FIG. 4.

[0121] The assay definition table 405 defines an assay
which, as described above, comprises two or more bead
subsets each of which is designed to detect a specified
analyte. Each row in the assay definition table describes a
bead subset and contains the following entries: (1) assay
name, (2) subset name, (3) subset token, (4) baseline values
for each of the subset’s measurement parameters F_-F,__,
and (5) test-type token. The subset name entry is a text string
identifying the subset by, for example, the type of analyte it
is labeled to detect. The subset token is a unique subset
identifier. The measurement parameter baseline entries are
used during the interpretation phase to associate a numerical
result (collected during the real-time analysis of a clinical
sample) with a textual output string. Finally, the test-type
token identifies which one of a possible plurality of inter-
pretation tests to perform on the collected (real-time) data
during the interpretation phase.

[0122] The discriminant function table 410 is used to
systematically set forth an assay’s set of discriminant func-
tions. Each row in the discriminant function table imple-
ments a single discriminant function and includes entries for
(1) the assay’s name, (2) a unique row identifier, (3) one or
more classification parameters upon which to evaluate, (4)
high and low discriminant values for each of the listed
classification parameters, and (5) evaluation tokens which
are assigned as a result of evaluating the discriminant
function.

[0123] The results table 415 is used to store, or accumu-
late, data on an assay’s beadset during the real-time analysis
phase of the inventive method and is discussed further in
Section 6.2(d).
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[0124] The interpretation table 420 provides a means to
associate text messages with each enumerated assay result
and is discussed further in Section 6.2(e).

[0125] Preprocessing Example

[0126] Consider an assay beadset designed to simulta-
neously detect four analytes: analyte-A, analyte-B, analyte-
C, and analyte-D. Thus, the assay’s beadset is comprised of
four bead subsets, each labeled for a different analyte.
Suppose further that the assay beadset is to be processed by
a Becton-Dickinson Immunocytometry Systems “FACS-
CAN” flow cytometer, For each bead processed, the “FAC-
SCAN” measures forward light scatter, side light scatter, red
fluorescence, orange fluorescence, and green fluorescence.
Let classification parameter C, be forward light scatter,
classification parameter C, be side light scatter, classifica-
tion parameter C; be red fluorescence, classification param-
eter C, be orange fluorescence, and measurement parameter
F,.; be green fluorescence. (This notation implies that each
bead in a subset is labeled with a green fluorophore bearing,
for example, an antibody or dye specifically targeted to that
subset’s analyte.)

[0127] After preparing each of the four subsets and before
they are combined to form the assay beadset, they are
processed by the flow cytometer and their measured data are
accumulated: values for each of the parameters C,, C,, Cj,
C,, and F_, are recorded for each bead. Each bead subset is
similarly processed. Completion of this task constitutes
completion of baseline data acquisition.

[0128] Using baseline data, the assay’s beads are clustered
in the four-dimensional parameter space defined by C,, C,,
C;, and C,. The result of this cluster analysis is that each
subset is characterized by a mean () and standard deviation
(C) for each of its four classification parameters. See FIG.
5. As previously noted, the precise number of individual
beads contained in any given bead subset can be calculated
by those of ordinary skill in the art. This calculation is
required to obtain good statistical characterization of the
subset’s parameters—e.g., small, or relatively fixed, coeffi-
cient of variations for each parameter.

[0129] As shown in FIG. 6, the assay definition table 405
is comprised of general information relevant to the overall
diagnostic function of the assay. For instance, in a genotyp-
ing assay, each of the assay’s subset’s may be assigned a
token used for identification: e.g., token 46 represents the
bead subset labeled to detect a wildtype coding sequence for
a specified gene; subset tokens 21, 50, and 5 represent
subsets labeled to detect various mutant type coding
sequences for a specified gene(s). Additionally, measure-
ment parameter F_’s baseline (in this example the mean)
and standard deviation values are listed. Finally, a test-type
token is listed. In the current embodiment a test-type token
of ‘0’ means an OVER/UNDER interpretation test is to be
performed and a test-type token of ‘1° means a SHIFT
interpretation test is to be performed. See Section 6.2(f) for
further discussion of these issues.

[0130] Discriminate functions are generated by viewing
the assay’s baseline data graphically in three dimensions and
creating planes to separate the different subset clusters.
These “planes” are created by applying Fischer’s Linear
Discriminant to the n-dimensional classification parameter
space. A populated discriminate function table based on the
baseline data of FIG. 5 is shown in FIG. 7.
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[0131] The discriminant function table provides a system-
atic means of evaluating a series of classification values (C;,
C,, C5, C)) in order to classify a bead. In general bead
classification proceeds by entering the discriminant function
table at row 0, performing a test on a specified parameter
(e.g., C;, C,, C;, or C,) and then, depending upon the result,
either classifying the bead or proceeding to another test
which involves evaluating a different row in the table. For
example, suppose bead A has the following measured clas-
sification parameter values: C,=V,, C,=V,, C;=V;, and
C,=V,. Classification of bead A via the discriminant func-
tion table of FIG. 7 begins as follows (the pseudo-code
below would demonstrate to those skilled in the art of
programming the logic involved in the classification pro-
cess):

[0132] 1. Enter table at row 0 with measured values for
C,, C,, C;, and C,,.

[0133] 2. If (LOW VALUE=500)=(PARAMETER=
C,=V,)<(HIGH VALUE=620) then (resuli=TRUE),
else (result=FALSE).

[0134] 3. If (result=TRUE) and (TRUE ROW ID=0),
then re-enter table at TRUE ROW ID, else

[0135] 4. If (result=TRUE) and (TRUE ROW ID=0),
then (class=TRUE TOKEN).

[0136] 5. If (result=FALSE) and (FALSE ROW ID=0),
then re-enter table at (row=FALSE ROW ID), else

[0137] 6. If (result=FALSE) and (FALSE ROW ID=0),
then (class=FALSE TOKEN).

[0138] 7. If (TRUE TOKEN or FALSE TOKEN)=0,
then (class=reject class).

[0139] One of ordinary skill will recognize from the above
discussion that a discriminant function table embodies a
(classification) decision tree. FIG. 8 shows this relationship
for the discriminant function table of FIG. 7 explicitly. A
discussion of the discriminant function table as it relates to
the real-time processing of an exposed assay beadset is
provided in Section 6.2(d). Once a beadset is preprocessed,
the data may be employed in real-time analysis of many
assays using that set. One of ordinary skill in the art will also
recognize that instead of a decision tree, a bitmap or look up
table could be used to classify the bead sets.

[0140] Real-Time Analysis

[0141] Once a collection of bead subsets have been char-
acterized as described above and combined to form an assay
beadset, the beadset may be exposed to a test sample. That
is, they may be used to analyze a clinical sample. After
exposure the beadset is ready for real-time analysis. The
real-time analysis phase is initiated by installing the exposed
beads into a conventional flow cytometer for processing.

[0142] As described above, for each bead processed a flow
cytometer 100 generates electrical signals indicative of a
plurality of measured parameters, C, ... C, F_, ... F__.
These values are transmitted to computer 105 via data bus
110 and interface board 115. Values for a bead’s classifica-
tion parameters C, . . . C are used to evaluate the assay’s
discriminant functions, as encoded in a discriminant func-
tion table 410, the result of which is an initial classification
of the bead into one of the assay’s bead subsets or a reject
class.
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[0143] After this initial classification, a bead’s measured
classification parameter values C; . . . C, can be checked
against their (C; . . . C,) baseline values to determine if it is
“reasonable” to classify the bead as belonging to the initially
identified class. In a current embodiment, this reasonable-
ness test is implemented by computing the distance between
the measured classification parameter values and the mean
values obtained during preprocessing. If the measured val-
ues for C, . .. C, for a particular bead are sufficiently distant
from the identified subsets baseline values, the bead is
assigned to a reject class. Use of this technique allows for the
rejection of beads that were initially misclassified and
improves the overall reliability of the analysis.

[0144] To ensure proper classification, a preferred
embodiment’s pooled beadset will include a bead subset
which has no bound reactants (e.g., a placebo bead subset)
in a known ratio to the beadset’s other subsets.

[0145] 1t is noted that when a beadset is comprised of
beads manufactured in a single batch, the above described
reasonableness test can be incorporated into the linear
discriminant functions by creating reject space between all
subsets. However, when a beadset is comprised of beads
from more than one batch a Euclidean (or similar) distance
measure is needed to validate the classification result.

[0146] Once a bead is assigned its final classification, the
assay’s results table 415 is updated to reflect the newly
classified bead’s measurement parameter valuesF_ ;.. . F__.
This data acquisition, classification, and update process is
repeated for each bead in the assay beadset in real-time.
FIG. 9 shows, in block diagram form, the general steps
performed during the real-time analysis phase of a method
in accordance with the invention.

[0147] In one embodiment the following data are accu-
mulated in the results table for each class (subset) of bead in
the assay: (1) total count of the number of beads detected in
the specified class, (2) a running sum for each measurement
parameter F_;-F__, (3) for each measurement parameter the
total count of the number of beads in the class whose
measurement value is less than the parameter’s baseline
value, and (4) for each measurement parameter the total
count of the number of beads in the class whose measure-
ment value is more than the parameter’s baseline value.

[0148] Real-Time Analysis Example

[0149] In the illustrative embodiment introduced in Sec-
tion 6.2(c), the assay beadset is designed to simultaneously
detect four analytes using four classification parameters (C,
represents forward light scatter, C, represents side light
scatter, C; represents red fluorescence, and C, represents
orange fluorescence) and one measurement parameter (F,
representing green fluorescence). After exposing the beadset
to a suitable biological sample, it is placed into a flow
cytometer 100 which processes each bead (e.g., measures
parameters C,, C,, C;, C,, and F_)) and transmits to
computer 105 signals indicative of these measurements via
data bus 110 and interface board 115.

[0150] For each bead processed by the flow cytometer,
values for C,, C,, C;, and C, are evaluated in accordance
with the discriminant function table shown in FIG. 7 to
initially classify the bead as belonging to a particular subset,
for example, in a genetic analysis intended to detect muta-
tions in the Kras oncogene, the classification could proceed
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as follows: (1) class 46, Kras CODON 46 WILDTYPE, (2)
class 21, Kras CODON 21 MUTANT, (3) class 50, Kras
CODON 50 MUTANT, (4) class 5, Kras CODON 5
MUTANT, or (5) a reject class. (See FIG. 8 for a decision
tree representation of the discriminate function table of FIG.
7.) If the bead is initially classified as belonging to any class
except the reject class, a reasonableness test is performed on
the bead’s classification parameter values, C;-C,. For
example, if the bead received an initial classification of class
50 and its C; value is more than two standard deviations
away from its mean, the bead is given a final classification
of reject. Otherwise the bead’s final classification is the same
as its initial classification—50.

[0151] If the bead’s final classification is other than reject,
its F_, value is used to update the assay’s results table in the
following manner (see FIG. 10):

[0152] 1. Identifying, based on the bead’s classification
token (i.e., subset token 46, 21, 50, or 5), the row in the
results table which is to be updated.

[0153] 2. Incrementing the identified row’s COUNT
value. The COUNT value reflects the total number of
beads of the specified class that have been identified
during the analysis.

[0154] 3. Adding the bead’s F_; value to the value
contained in the row’s SUM column. The SUM value
reflects a running sum of the identified classes mea-
surement values.

[0155] 4. If the bead’s F,; value is greater than F_;’s
base value (determined during the preprocessing phase,
see FIG. 6), then incrementing the row’s OVER
COUNT value. The OVER COUNT value reflects the
total number of beads of the specified class that have
been processed whose F_; values are above that of
baseline.

[0156] 5. If the bead’s F,; value is less than F_;’s base
value (as determined during the preprocessing phase,
see FIG. 6), then incrementing the row’s UNDER
COUNT value. The UNDER COUNT value reflects the
total number of beads of the specified class that have
been processed whose F_; values are below that of
baseline.

[0157] In a preferred embodiment, data (i.e., count, and
measured F_, values) for each bead classified as a reject can
also be collected.

[0158]

[0159] Following the real-time classification and accumu-
lation of results as described above, the user may select to
see a text based presentation or interpretation of the assay’s
numerical results. During the interpretation phase the
assay’s real-time numerical results are associated with tex-
tual explanations. These textual explanations can be dis-
played to the user.

[0160] It is the function of the interpretation table 420 to
associate textual descriptions of an assay’s possible out-
comes with an actual assay’s numerical results. Each row in
the interpretation table provides the necessary information to
make a single interpretation and typically includes entries
for (1) the assay’s name, (2) a subset token identifying the
class or subset on which the interpretation is based, (3) an
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outcome identifier for the identified subset, (4) a test-type
token, (5) high and low discriminant values for each mea-
surement parameter utilized in the identified test, and (6) a
text string describing the row’s result.

[0161] The test-type token identifies which one of a pos-
sible plurality of interpretation tests to perform on the
collected (real-time) data during the interpretation phase. In
a current embodiment the test-type token is either ‘0’ or ‘1°.
A value of ‘0’ indicates an OVER/UNDER interpretation
test is to be performed. A value of ‘1’ indicates a SHIFT
interpretation test is to be performed. These tests are defined
in the following manner:

OVER COUNT
UNDER COUNT” ™
SUM

COUNT
Baseline F),, Value’

OVER/UNDER Test Value = d

SHIFT Test Value =

[0162] where the variables OVER COUNT, UNDER
COUNT, SUM, COUNT, and baseline F_ are described
above in Section 6.2(d).

[0163] The OVER/UNDER test is generally used for
qualitative measurements where the level of reactivity of
beads is an indication of the condition or concentration of a
biomolecule present in the sample. The shift test is used
where the result sought is a determination of the a minimally
detectable level of a particular biomolecule. One of ordinary
skill will recognize that many other tests could be per-
formed. Examples include ranking, stratification, ratio of
means to a standard, or to each other, etc.

[0164] In general an interpretation table 420 may associate
any number of entries or interpretations (e.g., rows within
the table) with a single assay class or bead subset. For
instance, bead subset Y could have a single measurement
parameter (F ) associated with it and this measurement
parameter could indicate, depending upon its value, that one
or more interpretations are appropriate.

[0165] Note, the contents of the interpretation table 420
are generated during the preprocessing phase. This implies
that the target assay be understood and that the various assay
results be considered prior to construction of multiplexed
assays.

[0166]

[0167] Consider again the assay beadset, introduced
above, designed to simultaneously detect four analytes.
FIG. 11 shows a sample interpretation table for this assay.
Interpretation of the assay’s real-time numerical results is
initiated by, for example, the user selecting “interpret
results” via the inventive method’s graphical user interface.

[0168] As described above, each bead subset (class)
within an assay has an entry or row in the results table, FIG.
10. The general procedure for interpreting an assay’s real-
time numerical results is shown in flow-chart form in FIG.
12. In general, each row of the results table is matched
against every row in the interpretation table with the same
subset token. If the result of performing the specified test is
between the identified row’s low and high values, then the
associated textual message is displayed to the user. When all
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rows in the interpretation table for a single results table row
have been checked, the next results table row is evaluated.
This process is repeated until the every row in the interpre-
tation table has been compared to the appropriate results
table entry.

[0169] As a specific example, consider the interpretation
of subset 50’s (KRAS CODON 50 MUTANT, see FIG. 6)
results table entry. The subset’s token, 50, is used to identify
three rows in the interpretation table (having outcome IDs of
1, 2, and 3) that contain information regarding evaluation of
the mutant analyte. For the first identified row, the test-type
token indicates a SHIFT type interpretation test is to be
performed. Performing this test, as defined above, yields:

SUM 1,700,000
COUNT 1,000
SHIFT Test Value = = =10
est Value Baseline F,, Value 170

[0170] Next, the computed SHIFT test value is compared
against each interval in the identified rows of the interpre-
tation table. For the row having OUTCOME ID equal to 1,
since (LOW VALUE=10)=SHIFT Test Value=10=(HIGH
VALUE=667) is true, that row’s INTERPRETATION
entry—“identical complementary strand”—is displayed to
the user. This process is repeated for subset 50°s remaining
two rows in the interpretation table. Further, this process is
repeated for each row in the results table.

[0171] The result of the interpretation phase is a series of
textual messages that describe the results of the assay.
Conclusion of the interpretation phase marks the end of the
assay.

[0172] Operational Considerations

[0173] Assay definition, discriminant function definition,
and interpretation tables are created at the time an assay
beadset is created. Baseline classification data is collected
only once for a given assay. That is, once an assay is defined
and its baseline data is obtained, any number of beadsets can
be manufactured to perform the analysis. To allow this
“sharing” of baseline data the assay beadset may contain a
center or calibration bead subset.

[0174] As would be known to those of ordinary skill in the
field, a calibration beadset can be used to adjust any given
flow cytometer to a standard. Calibration beadsets are typi-
cally processed separately from an assay. Further, calibration
is generally performed daily. The purpose of calibration is to
adjust the sensitivity of a flow cytometer’s photomultipliers
to accommodate day to day and machine to machine differ-
ences.

[0175] Unlike prior art calibration techniques which are
performed manually, the processing of a calibration beadset
and the adjustment of flow cytometer operational parameters
(e.g., photomultiplier voltages) is performed under software
control automatically. See microfiche appendix A for
embodiment details.

[0176] Antibody Detection

[0177] Assays for antibody are widely used in medicine
and clinical analysis for an wide variety of purposes, from
detection of infections to determination of autoantibody. The
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following example illustrates use of the inventive method in
an antibody assay and assumes the use of a flow cytometer
capable of providing at least five measurements for each
bead processed: forward light scatter as classification param-
eter C,, side light scatter as classification parameter C,, red
fluorescence as classification parameter C;, orange fluores-
cence as classification parameter C,, and green fluorescence
as measurement parameter F ;.

[0178] In one method a number of bead subsets, e.g.,
subsets 1 through 10 (identified as sS1-sS10), are prepared,
for example, by using a cell sorter to sort a heterogeneous
population to collect a homogeneous subset or alternatively,
by preparing the beads using tightly controlled specifications
to ensure production of a homogeneous subset. Each subset
is distinguishable by its characteristic pattern of classifica-
tion parameters C,, C,, C;, and C,. The beads in each subset
are then labeled with a different antigen such as AgA, AgB,
etc. so as to create a collection of labeled subsets as follows:
sS1-AgA, sS2-AgB, sS3-AgC, sS4-AgD, sS5-AgE, sS6-
AgF, sS7-AgG, sS8-AgH, sS9-Agl, and sS10-AgJ.

[0179] Antigens AgA through AgJ may be attached to the
beads by any of a number of conventional procedures such
as by chemical or physical absorption as described by
Colvin et al., “The Covalent Binding of Enzymes and
Immunoglobulins to Hydrophilic Microspheres” in Micro-
spheres: Medical and Biological Applications, 1-13, CRC,
Boca Raton, Fla., 1988; Cantarero et al., “The Adsorptive
Characteristics of Proteins for Polystyrene and Their Sig-
nificance in Solid-Phase Immunoassays,” Anal. Biochem.,
105, 375-382 (1980); and Illum et al., “Attachment of
Monoclonal Antibodies to Microspheres,” Methods in Enzy-
mol., 112, 67-84 (1985).

[0180] After attachment of antigen to the beads’ surface,
aliquots from each subset are mixed to create a pooled or
assay beadset, containing known amounts of beads within
each subset. Preferably, the pooled set is prepared with equal
volumes of beads from each subset, so that the set contains
about the same number of beads from each subset.

[0181] The assay beadset may then be incubated with a
fluid sample of interest, such as serum or plasma, to test for
the presence of antibodies in the fluid that are reactive with
antigens on the beads. Such incubation will generally be
performed under conditions of temperature, pH, ionic con-
centrations, and the like that facilitate specific reaction of
antibodies in the fluid sample with antigen on the bead
surface. After a period for binding of antibody, the beads in
the mixture are centrifuged, washed and incubated (again
under controlled conditions) for another period of time with
a “secondary” antibody such as, for example, fluorescein
labeled goat anti human immunoglobulin. The secondary
antibody will bind to and fluorescently label antibodies
bound to antigen on the beads. Again after washing (or
without washing), the beads are processed by the flow
cytometer and the four classification parameters forward
light scatter, side light scatter, red fluorescence, and orange
fluorescence are measured and used to identify the subset to
which each bead in the assay beadset belongs. A simulta-
neous measurement of green fluorescence (measurement
parameter) for each bead allows one to determine whether
the bead has antibody bound to it. Because the subset to
which a bead belongs is correlated with the presence of a
particular antigen, e.g., sS1-AgA, one may readily deter-
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mine the specificity of the antibody bound to a bead as a
function of the subset to which it belongs.

[0182] Experimental Example

[0183] Three different antigen-antibody pairs were used in
a multiplex experiment demonstrating the ability to detect
the presence or absence of several antibodies in a single
sample. Antigens were coupled to latex microspheres via
carbodiimide coupling, and the corresponding antibodies
were fluorescently labeled with fluorescein isothiocyanate
(green fluorescence—F ). Each antigen was coupled to a
unique microsphere. Baseline data for the fluorescent anti-
bodies and antigen-microsphere complexes used in this
experiment are shown in FIG. 13a. Baseline data for the
three bead subsets of FIG. 134 are given in FIG. 13b.

[0184] The absence of fluorescence (C, and C;) immedi-
ately discriminates the clear beads (subset 50) from beads in
the other two subsets. Subsets 45 and 50 were further
discriminated by side light scatter (C,) and red fluorescence
(C,). Linear discriminant functions based on these observa-
tions and created as described in Section 6.2(c); are shown
in FIG. 13¢. Accepting only clear beads with side light
scatter (C,) within+0.25 standard deviations of the mean,
doublets (two beads stuck together) were eliminated from
the analyses. The remaining beads were classified by red
fluorescence (C;) at a midpoint of 59.6. A decision tree
based on the discriminant function table (FIG. 13c) is shown
in FIG. 14.

[0185] In this experiment, each of four samples (e.g.,
blood serum from four patients) contained all three antigen-
microsphere complexes and either 1 or 2 different fluores-
cent antibodies in PBS buffer. After addition of the antibod-
ies, the reactions were incubated at room temperature for 45
minutes, and then analyzed on the “FACSCAN” using side
light scatter (C,), orange fluorescence (C,), and red fluo-
rescence (C;) as classification parameters. Green fluores-
cence was used as the measurement parameter (F.); an
increase in green fluorescence by 30-fold indicates a specific
interaction between an antigen and its corresponding fluo-
rescinated antibody. In other words, if a subset’s mean
measured F value is greater than 30-fold times that subset’s
baseline F_, value, then the target analyte is determined to be
present. These “interpretive” observations are embodied in
the interpretation table shown in FIG. 134d.

[0186] Once the assay database was built, it was tested by
running 5,000 beads from each bead subset individually
through the system. After rejecting 23.8% of the beads as
doublets, the remaining crimson beads (subset 18) were
classified with 99.88% accuracy. Dark red beads (subsct 45)
were classified with 99.96% accuracy with 22.9% rejected
as doublets. Clear beads (subset 50) were classified with
100% accuracy with 9.4% of the beads rejected as doublets.

[0187] The three bead subsets were pooled to form an
assay beadset and divided into 4 sample tubes and processed
by the system shown in FIG. 1. The contents of each sample
and the mean measured fluorescence (F,) for each bead
subset are listed in FIG. 13e. The inventive method correctly
identified the antibody or antibodies present in each sample.

[0188] An Experimental Refinement

[0189] In an alternative embodiment using a C, (e.g.,
orange fluorescence) labeled reactant as a classification
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parameter, a variety (for example five) of protein antigens
are employed. Bead subsets are first generated based on
differences in one or more of C,, C,, and C;. Next, a selected
antigen labeled with Cy3NHS (an orange fluorophore) is
bound to the beads in each subset. To minimize the measured
orange fluorescence coefficient of variation for each bead
subset, the beads are sorted with a high speed cell sorter so
that only a narrow range of antigen (orange fluorophore) is
found on each bead within a subset. Care should be taken to
select or prepare the beadset so that different C, values are
measured/obtained for each of the (e.g., five) different
antigens used. In other words, the measured intensity of C,
for AgA should differ from the measured intensity of C,
from AgB, etc. To ensure that uniformity is achieved,
saturation binding with fluoresceinated monoclonal anti-
body is tested—each bead ought to have restricted ranges of
both orange and green fluorescence. While the construction
of beadsets by this method is more laborious, the increase in
measurement precision may be useful and will allow the
sampling of fewer beads to arrive at a suitable determination
of antibody concentration.

[0190] The assays previously mentioned measure any
antibody with specificity for antigen upon an appropriately
labeled bead. The antigen can be quite simple or rather
complex and thus, the inventive methods can measure a
highly restricted antibody or a broad array of antibodies. For
example, a hexapeptide just large enough to bind to a
monoclonal antibody can be employed as antigen or a large
protein with many epitopes can be used. One of ordinary
skill will recognize is that the level of antibody eventually
found associated with the bead (F,;) is a function of the
number of epitopes per bead, the concentration of epitopes,
the amount of antibody and the affinity of the antibody and
the valence of the antibody-antigen interaction.

[0191] Displacement Assays

[0192] Assays for many substances in a clinical laboratory
are based on the interference with specific ligand-ligate or
antigen-antibody interactions. In these assays, one member
of the ligand-ligate pair is labeled with the F,_ fluorophore
and one member is immobilized on the beads. Soluble,
unlabeled material (analyte) which may be ligand or ligate,
is added to the reaction mixture to competitively inhibit
interaction of the labeled component with the immobilized
component. It is usually not important which member of the
pair is labeled and which is immobilized; however, in certain
assays, functional advantages may dictate the orientation of
the assay.

[0193] In an exemplary assay of this type, each bead
subset is modified with an antigen. The antigen-coated beads
are then reacted with an F_, labeled antibody specific for the
antigen on the bead surface. Subsequent addition of a test
fluid containing soluble analyte (inhibitor) will displace the
F,, labeled antibody from the beads in direct proportion to
the concentration of the soluble analyte. A standard curve of
known analyte concentrations is used to provide accurate
quantification of analyte in the test sample.

[0194] One of ordinary skill will recognize that the time
necessary to achieve equilibrium may be quite lengthy due
to the kinetics and association constant of the interaction. To
lessen the time required for the assay, the fluid containing
the beadset may be subjected to dissociating conditions such
as a change in pH, ionic strength or temperature, after
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mixture of the beadset with the sample to be tested. Alter-
natively, the F_ labeled component may be added to the
beadset after addition of the test sample. In either case, it is
not necessary for equilibrium to be achieved to determine
analyte concentration if the kinetics and linearity of the
assays have been established.

[0195] Additional Experimental Examples

[0196] The following series of experimental examples
illustrates how the above referenced techniques can be used
in practice in effective diagnostic assays. In one embodiment
for example, a competitive inhibition analysis is used to
quantitate levels of selected analytes, here IgG, IgA, and
IgM. A second experimental refinement demonstrates the
utility of multiplexed assays in epitope mapping of a mono-
clonal antibody. In one embodiment, that approach involved
the use of antibody detection technology using a fluoresce-
inated monoclonal antibody in combinatorial epitope
screening (e.g. of peptide libraries) to map a particular
epitope to which a monoclonal antibody of interest bound,
together with a displacement (competitive inhibition) aspect
to demonstrate the specificity of the assay. Also described is
a ToRCH assay for screening of human serum for antibodies
to a number of infectious agents known to pose special
hazards to pregnant women. Allergy screening is exempli-
fied by detection of serum IgE against a panel of grass
antigens. Yet an additional experimental example reflects the
ability of the multiplexed assay in pregnancy testing, e.g. in
testing for hormones or other analytes commonly elevated
during pregnancy. Each of these examples is set forth below.
Simultaneous competitive inhibition assay of human immu-
noglobuling G, A and M levels in serum

[0197] This example illustrates the determination of mul-
tiple analyte levels in a liquid sample simultaneously using
competitive inhibition analysis. The use of a competitive
inhibition assay to accurately determine analyte levels in
liquid solutions is a commonly used format for many analyte
assays. The uniqueness of this assay is the simultaneous
determination of three distinct serum proteins at the same
time in the same tube from one serum sample.

[0198] Immunoglobulins G, A and M are three distinct
serum proteins whose levels are determined by a number of
genetic and environmental factors in human serum. As
changes to these levels may indicate the presence of disease,
clinicians often request assay determinations of IgG, A and
M using conventional techniques. The most common tech-
nique is nephelometry that depends upon the absorption of
light by precipitates formed between these immunoglobulins
and antibodies made in animals to the human immunoglo-
bulins. As these immunoglobulins are present in human
serum at fairly high levels, this type of assay is sufficient.
Nephelometry however suffers from a number of limitations
including the need for large quantities of reagents, long
reaction times for precipitation to equilibrate and an inability
to perform more than one reaction per tube or sample.

[0199] Three competitive inhibition assays are described,
one for human IgG, one for human IgM and one for human
IgA using three Differentially Fluorescent Microspheres
(DFM). Each assay consists of a DFM coated with the
immunoglobulin of choice and a polyclonal, goat anti-
human Ig labeled with a green fluorescent molecule
(Bodipy). In the absence of inhibitor, the Bodipy -antibody
causes the immunoglobulin (Ig) coated microsphere to emit
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green fluorescence (F ). In the presence of inhibitor (soluble
Ig), the green signal is reduced. Each assay is balanced to
reflect a sensitivity range near the physiological level of the
Ig in question at a 1:500 dilution of human serum. Once
balanced, the three assays were combined into a multiple
analyte format and assayed simultanecously using flow
cytometry.

[0200] Antibody Labeling:

[0201] Goat anti-human IgG, goat anti-human IgA, and
goat anti-human IgM antibodies (Cappel Division, Organon
Teknika, Durham, N.C.) were labeled with Bodipy FL-
CASE (Molecular Probes, Inc., Eugene, Oreg.) using meth-
ods described by the manufacturer of the Bodipy suc-
cinymidyl ester. The resulting Bodipy labeled antibodies
were stored in PBS containing 1 mg/ml. BSA as stabilizer.

[0202] Antigen Conjugation to Microspheres:

[0203] Four DFM (5.5 uM carboxylate, Bangs Laborato-
ries, Inc. (Carmel, Ind.), dyed by Emerald Diagnostics, Inc.
(Eugene, Oreg.)) were conjugated separately to human IgG,
human IgA, human IgM (Cappel Division, Organon
Teknika, Durham, N.C.) and BSA with a two-step EDC
coupling method (Pierce Chemicals, Rockford, I1l.) using
sulfo-NHS to stabilize the amino-reactive intermediate. 100
uL of each bead type (4.2x107 microspheres) was activated
for 20 minutes in a total volume of 500 ul. containing 500
ug of EDC and Sulfo-NHS in 50 mM sodium phosphate
buffer, pH 7.0. The microspheres were washed twice with
500 uLL PBS, pH 7.4 using centrifugation at 13,400xg for 30
seconds to harvest the microspheres. Activated, washed
beads were suspended in 250 uL. of a 0.05 mg/mL solution
of protein in PBS, pH 7.4. After 1 hour, the microspheres
were blocked by addition of 250 ul. of 1.0 mg/mL BSA,
0.02% Tween, 0.2 M glycine, in PBS, pH 7.4 and incubated
for an additional 30 minutes. Protein coated microspheres
were washed twice with 500 uL. 0.02% Tween 20, 1 mg/mL
BSA in PBS, pH 7.4 (PBSTB). and stored in PBSTB at
approximately 3,000,000 microspheres/mL. Microsphere
concentrations were determined using a hemacytometer.

[0204] Determination of Appropriate Ranges of Quantita-
tion for Each Ig Assay:

[0205] The normal range of human Ig levels in serum as
reported in Clinical Chemistry: Principles and Technics, 2nd
Edition, Edited by R. J. Henry, D. C. Cannon and J. W.
Winkleman are 569-2210 mg/dL for IgG, 51-425 mg/dL for
IgA and 18-279 mg/dL for IgM. Each inhibition assay was
designed to be sensitive to inhibition across these ranges.

[0206] Single Analyte Assay:

[0207] 10 uL of dilutions of a serum calibrator with known
Ig levels (Kamiya Biomedical, Thousand Oaks, Calif.) was
first mixed with 10 uL. of Ig loaded microspheres containing
7,500 beads. Next, 10 uL. of the Bodipy-labeled Goat Anti-Ig
was added and the mixture incubated at ambient temperature
for 30 minutes. The mixture was diluted to 300 4L in PBSTB
and assayed by flow cytometry. For IgG, the Bodipy-labeled
goat anti-hIgG was used at 30 ug/mL. For IgA, the Bodipy-
labeled goat anti-hIgA was used at 8 ug/mL. For IgM, the
Bodipy-labeled goat anti-hIgM was used at 2.5 ug/mlL.

[0208] Cross Reactivity Assay:

[0209] Equivalent amounts of each of the four protein
loaded microspheres were mixed to produce a bead mixture.
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10 uL of the bead mixture (7,500 microspheres) was mixed
with 10 ul. of diluted serum calibrators of known Ig level.
The assay was initiated by addition of 10 uL of one of the
Bodipy-labeled antibodies “spiked” with a small quantity of
soluble Ig antigen to alleviate the “hook effect”. The mix-
tures were incubated for 30 minutes, diluted to 300 uL in
PBSTB and assayed by flow cytometry. As before for the
single analyte assay, the Bodipy-labeled goat anti-hIgG was
used at 30 ug/mL. For IgA, the Bodipy-labeled goat anti-
hlgAwas used at 8 pg/mL. For IgM, the Bodipy-labeled goat
anti-hIgM was used at 2.5 ug/mL. The quantities of antigen
“spikes” were 1.6 ug/mL for IgG, 0.6 ug/mL for IgA and 0.4
ug/mL for IgM.

[0210] Multiple Analyte Assay:

[0211] Equivalent amounts of each of the four protein
loaded microspheres were mixed to produce a bead mixture.
10 uL of the bead mixture (7,500 microspheres) was mixed
with 10 uL. of diluted serum calibrators of known Ig level as
well as three other calibrator sera of known Ig level to serve
for this purpose as unknowns. The assay was initiated by
addition of 10 uL of a mixture of the three Bodipy-labeled
antibodies “spiked” with a small quantity of the three
soluble Ig antigen to alleviate the “hook effect”. The mix-
tures were incubated for 30 minutes, diluted to 300 uL in
PBSTB and assayed by flow cytometry. As before, the
Bodipy-labeled goat anti-hIgG was used at 30 ug/mL. For
IgA, the Bodipy-labeled goat anti-hIgA was used at 8
ug/mL. For IgM, the Bodipy-labeled goat anti-hIgM was
used at 2.5 ug/mL. The quantities of antigen “spikes” were
1.6 ug/mL for IgG, 0.6 ug/mL for IgA and 0.4 ug/mL for
IgM.

[0212] Results
[0213] IgG Single Analyte Assay:

[0214] Results of the single analyte inhibition analysis for
IgG level is shown in Table 1 and FIG. 15A. This assay was
designed to be most sensitive to inhibition in the anticipated
range of IgG in human serum at a 1:500 dilution. In FIG.
15A, the area of the inhibition curve between the dotted
lines, left and right, cover the range of sensitivity. In this
case, the inhibitor was known amounts of human IgG from
a serum calibrator diluted into human serum containing no
IgG, IgA or IgM. Dilutions of the calibrator were then
diluted 1:500 in PBSTB and included as inhibitor in the
assay. The Bodipy-labeled anti-hIgG was used at 30 pg/mL
in PBSTB. 7,500 microspheres were used in this experiment
and 250 were counted by flow cytometry. Note that as the
amount of soluble IgG increased, the degree of inhibition as
monitored by the MIF of F_ increased proportionally until
saturation of the system was achieved. On the other end of
the inhibition curve note that the lower levels of soluble
inhibitor caused an elevation in the MIF of F_ as compared
with the negative control (human serum with no Ig). This
“hook effect” is common in immunoassay and can be
adjusted up or down the is inhibition curve by adjusting both
the amount of antibody and antigen in the soluble portion of
the assay. The “hook effect” was most prominent in the IgG
assay due to the higher concentrations of both antigen and
antibody per microsphere. This was necessary as IgG is
found in serum at higher concentrations than IgA or IgM.

[0215] IgA Single Analyte Assay:

[0216] Results of single analyte inhibition analysis for IgG
level is shown in Table 1 and FIG. 15B. This assay was
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designed to be most sensitive to inhibition in the anticipated
range of IgA in human serum at a 1:500 dilution. In FIG.
15B, the area of the inhibition curve between the dotted
lines, left and right, cover the range of sensitivity. In this
case, the inhibitor was known amounts of human IgA from
a serum calibrator diluted into human serum containing no
IgG, IgA or IgM. Dilutions of the calibrator were then
diluted 1:500 in PBSTB and included as inhibitor in the
assay. The Bodipy-labeled anti-hIgA was used at 8 yg/mL. in
PBSTB. 7,500 microspheres were used in this experiment
and 250 were counted by flow cytometry. Note that as the
amount of soluble IgA increased, the degree of inhibition as
monitored by the MIF of F | increased proportionally until
saturation of the system was achieved. On the other end of
the inhibition curve note that the lower levels of soluble
inhibitor cause a slight elevation in the MIF of F  as
compared with the negative control (human serum with no
Ig). The “hook effect” was much less pronounced for both
IgA and IgM due to their lower concentrations in serum.

[0217] IgM Single Analyte Assay:

[0218] Results of single analyte inhibition analysis for
IgM level is shown in Table 1 and FIG. 15C. This assay was
designed to be most sensitive to inhibition in the anticipated
range of IgM in human serum at a 1:500 dilution. In FIG.
15C, the area of the inhibition curve between the dotted
lines, left and right, cover the range of sensitivity. In this
case, the inhibitor was known amounts of human IgM from
a serum calibrator diluted into human serum containing no
IgG, IgA or IgM. Dilutions of the calibrator were then
diluted 1:500 in PBSTB to be included as inhibitor in the
assay. The Bodipy-labeled anti-hIgM was used at 2.5 ug/mL
in PBSTB. 7,500 microspheres were used in this experiment
and 250 were counted by flow cytometry. Note that as the
amount of soluble IgM increased, the degree of inhibition as
monitored by the MIF of F,_ increased proportionally until
saturation of the system was achieved. On the other end of
the inhibition curve note that the lower levels of soluble
inhibitor cause a slight elevation in the MIF of F_ as
compared with the negative control (PBS with no added
IgM). The “hook effect” is much less pronounced for both
IgA and IgM due to their lower concentrations in serum.

[0219] Cross Reactivity Analysis:

[0220] To determine the cross-reactivity of the various
assay components, a multiple analyte assay was performed
using only one of the three Bodipy-labeled antibodies.
Equivalent numbers of the IgG, IgA, IgM and BSA beads
were mixed to make a GAM mixed bead set. To 10 uL of the
bead set (7,500 microspheres) was added 10 uL of dilutions
of the calibrator containing IgG, IgA and IgM. The multiple
analyte assay was then performed using only one of the
Bodipy-labeled anti-IgG, IgA or IgM preparations rather
than a mixture. Table 2 and FIGS. 16A, 16B, and 16C show
the results of these assays. Results indicated that Anti-IgG-
Bodipy only reacted with DFM-IgG Bodipy and not the IgA
or IgM beads. No cross-reactivity with IgA or IgM was
noted and the assay was validated for further multiple
analyte analysis. Also added to this analysis was the antigen
“spike”. By adding a small amount of soluble antigen to the
probe antibody solution the “hook effect” can be minimized.
Note in the IgG cross-reactivity experiment that the MIF of
F,, for negative control is higher than the lowest concentra-
tion of inhibitor. By spiking the experiment with 1.6 yg/mL
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IgG the hook effect has no effect at the lower end of inhibitor
range leading to a more accurate assay over the entire
dynamic range.

[0221] GAM Simultaneous Analysis:

[0222] Equivalent numbers of the IgG, IgA, IgM and BSA
beads were mixed to make a GAM mixed bead set. To 10 ul.
of the bead set (7,500 microspheres) was added 10 uL of
dilutions of the calibrator containing IgG, IgA and IgM. Also
included were several additional calibrators that served as
unknowns for the demonstrative purpose of this assay. The
multiple analyte assay was then initiated by adding 10 uL. of
a mixture of the Bodipy-labeled anti-IgG, IgA and IgM plus
the soluble Ig “spikes”. After a 30 minute, room temperature
incubation the reaction mixture was diluted to 300 uL. and
1000 microspheres counted by flow cytometry. Tables 3-5
and FIGS. 17-19 show the results of these assays. For each
of the inhibition curves produced, a polynomial trendline
was used as a non-linear regression analysis. The fit of this
trendline to the data was demonstrated by the R? correlation
factor (1.0 is a perfect fit). The factors of the polynomial
formula were used to predict the quantity of inhibitor in each
dilution of calibrator and “unknown” serum. The differences
between the predicted inhibitor quantities and actual
amounts were also included in Tables 3-5. Results indicate
that this multiple analyte inhibition assay can determine the
level of these 3 serum proteins with an error of less than 10
%. Coefficients of variation (CV) between the triplicate data
points indicated that the assay was highly precise (no CV
greater, than 6%). Limits of quantitation for each assay were
400-3000 mg/dL for IgG, 60-455 mg/dL for IgA, and 36-272
mg/dL for IgM. FIG. 20 shows the results of the three assays
graphically represented on the same graph as all three assays
were performed at the same time in the same tube.

[0223] A multiple analyte, competitive inhibition assay for
human serum IgG, IgA, and IgM levels has been developed.
This assay, that allows the simultaneous assay of these three
protein levels in serum diluted 1:500, demonstrated excel-
lent sensitivity, precision and accuracy.

TABLE 1

Single analyte inhibition assays

IeG MIF of IgA MIF of IgM MIF of

Tube # mg/dL Fm mg/dL Fm mg/dL Fm
1 0 1445 0 1654 0 1765
2 0.026 1500 0.0040 1645 0.0024 1794
3 0.11 1460 0.016 1729 0.010 1929
4 0.42 1512 0.064 1734 0.038 1921
5 1.7 1426 0.26 1733 0.15 1815
6 6.8 1619 1.02 1747 0.61 1829
7 27.1 1684 4.1 1746 2.4 1833
8 108 1943 16.4 1788 9.8 1807
9 163 1898 24.6 1813 14.7 1792
10 244 1885 36.9 1806 22.0 1723
1 366 1624 553 1703 33.0 1704
12 549 1456 83.0 1391 49.6 1446
13 824 998 125 971 74.3 1267
14 1235 722 187 558 12 879
15 1853 473 280 336 167 591
16 2779 350 420 240 251 360
17 4169 313 630 140 376 269
18 6253 316 945 103 564 242
19 9380 196 1418 75 847 136
20 14070 165 2127 54 1270 102
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[0224]
TABLE 3-continued
TABLE 2
hlgG MIF  Average MIF Calculated %
Cross-reactivity analysis in multiple analyte assay Tube #  mg/dL.  of Fm MIF cv mg/dL Difference
Bead 1- Bead 2- Bead 3- Bead 4- ZUNKNOWNS”
hulgG MIF  hulgA MIF hulgM MIF  MIF 25 1691
Tube mg/dl. HulgG mg/dL HulgA mg/dL HulgM BSA 26 446 1657 1657  1.7% 411.3 78%
27 1624
1) GAM Beads reacted with anti-IgG-Bodipy @ 30 ug/mL + Ag spikes. 28 749
29 1243 737 763 3.8% 1316.8 -5.9%
1 0 1868 0 4 0 6 5 30 804
2 400 1702 60.5 4 361 7 5 31 464
3 561 1463 84.7 4 50.6 5 5 32 3045 486 476 1.9%  2947.1 32%
4 785 1218 119 3 70.8 4 5 33 479
5 1099 880 166 3 99.2 3 5
6 1538 674 233 3 139 3 5
7 2154 540 326 2 194 3 5 [0226]
8 3015 450 456 2 272 2 5
2) GAM Beads reacted with anti-IgA-Bodipy @ 8 ug/mL + Ag spikes. TABLE 4
11 0 3 0 1800 0 2 3
hIgA MIF  Average MIF Calculated %
12 400 2 60.5 1455 361 2 3 Tube # mg/dL.  of Fm MIF CV mg/dL Difference
13 561 8 84.7 1225 50.6 1 3
14 785 3 119 930 70.8 1 3 Multiple analyte IgA inhibition data
15 1099 2 166 605 99.2 1 3
16 1538 2 233 392 139 1 3 1 1954
17 2154 2 326 278 194 1 3 2 0 1941 1952 0.4% na na
18 3015 2 456 163 272 1 3 3 1960
3) GAM Beads reacted with anti-IgM-Bodipy @ 2.5 ug/mL + Ag spikes. 4 1661
5 60.5 1664 1665 0.2% 60.5 0.0%
21 0 3 0 6 0 1536 2 6 1669
22 400 3 60.5 9 361 1284 2 7 1222
23 561 3 s47 5 506 1135 5 8 847 1391 1307 53% 847 0.0%
24 785 3 119 2 708 1011 2 13 182?
25 1099 2 166 2 99.2 776 2
26 1538 9 233 1 139 620 9 i; 118.6 1?;451 1051  5.9% 118.6 0.0%
27 2154 2 326 2 194 463 2 13 615
28 3015 2 456 1o 330 2 14 1661 595 606 14% 1661 0.0%
15 607
16 376
17 232.5 426 400 5.1% 232.6 0.0%
[0225] 18 399
19 283
TABLE 3 5(1) 3255 igg 287  2.9% 325.4 0.0%
hlgG MIF  Average MIF Calculated % 22 193
Tube # mg/dL.  of Fm MIF CvV mg/dL Difference %i 455.7 igg 195 12% 455.7 0.0%
Multiple analyte IgG inhibition data “UNKNOWNS”
1 1917 25 1569
2 0 1943 1926  0.6% na na 26 65 1483 1504  3.1% 68.2 -4.9%
3 1918 27 1460
4 1811 28 455
5 4004 1737 1772 17%  399.3 0.3% 29 187 457 477 61% 1972 -5.5%
6 1767 30 518
7 1408 31 187
8 560.6 1529 1471 34% 5669 -11% 32 454 199 201 5.9%  445.4 1.9%
9 1476 33 216
10 1250
11 784.8 1163 1236  4.4% 775.3 1.2%
12 1295 [0227]
13 852
14 1099 867 862 0.8% 1102.5 -0.3%
15 368 TABLE 5
16 661
17 1538 726 691 3.9%  1556.1 -12% h[gM  MIF  Average MIF Calculated %
18 687 Tube # mg/dL.  of Fm MIF CV mg/dL Difference
19 575 . e
20 2154 575 580 1.1% 21263 1.3% Multiple analyte IgM inhibition data
21 589 1 1566
22 461
23 3015 466 468 15% 30251 —0.3% 2 0 1615 1605 1.8%  na na
2 7 ; 1545
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TABLE 5-continued

hIgM MIF  Average MIF Calculated %
Tube # mg/dL.  of Fm MIF CvV mg/dL Difference
5 36.1 1312 1328 1.0% 35.7 1.2%
6 1328
7 1133
8 50.6 1182 1155 1.8% 52.9 -4.6%
9 1151
10 1038
11 70.8 994 1035 32% 68.1 3.9%
12 1074
13 728
14 99.2 733 735 0.9% 100.7 -15%
15 744
16 514
17 138.8 585 546  5.4% 138.3 0.4%
18 539
19 424
20 194.4 414 419  1.0% 194.0 0.2%
21 418
22 298
23 272.1 339 315 5.6% 272.4 -0.1%
24 307
“UNKNOWNS”
25 1266
26 40 1248 1241 19% 42.8 -7.0%
27 1209
28 608
29 113 621 635  4.7% 116.2 -2.8%
30 677
31 289
32 268 315 306 3.9% 281.0 -4.9%
33 313

[0228] Epitope Mapping of a Monoclonal Antibody using
Flow Cytometry.

[0229] This example demonstrates the screening of com-
binatorial chemistry products for a biologically active mol-
ecule. The generation of random chemical products for
empirical discovery of biologically significant molecules is
a method that holds great promise for progress in numerous
disciplines of science including biology, pharmacology and
medicine. One general problem with the technique is the
screening of large numbers of unique molecules for a
specific activity. Screening methods are required that pro-
vide high throughput levels of screening with adequate
specificity and sensitivity for detection of the biological
event in question.

[0230] An experiment was designed to demonstrate the
screening of peptides for the epitope of a monoclonal
antibody. A monoclonal antibody (MAB 384) was chosen
that was produced using the spleen cells of a mouse hyper-
immunized with a defined peptide (amino acid 67-74) from
the amino acid sequence of human myelin basic protein
(MBP). Using the amino acid sequence of this region of
MBBP, nine overlapping octapeptides were synthesized that
covered the predicted epitope. To the carboxyl terminal end
of each peptide, glycine-lysine-biotin residues were added.
Nine Differentially Fluorescent Microspheres (DFM) were
each coated with avidin and one unique peptide of the set
was linked through the avidin-biotin interaction to one
unique member of the bead set. This resulted in a set of
microspheres that contained nine members each carrying a
unique peptide either flanking or representing the mono-
clonal antibody’s epitope. The bead carrying the epitope
peptide was detected using the MAB 384 antibody labeled
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with a green fluorescent tag in a multiple analyte analysis.
The detection was shown to be specific for the peptide in
question by competitive inhibition and was not affected by
high levels of free biotin.

[0231] Antibody Labeling:

[0232] MAB 384 (Chemicon International, Inc.,
Temecula, Calif.) was labeled with Bodipy FL-X (Molecular
Probes, Inc., Eugene, OR) using methods described by the
manufacturer of the Bodipy succinymidyl ester. Absorbance
at 280 nm and 504 nm revealed that the resulting Bodipy-
labeled antibody had a Bodipy to protein ratio of 3.31 and
was stored in PBS containing 1 mg/mL BSA as stabilizer.

[0233] Avidin Conjugation to Microspheres:

[0234] Nine distinctly dyed DFM (5.5 uM, Bangs Labo-
ratories, Inc. (Carnel, Ind.), dyed by Emerald Diagnostics,
Inc. (Eugene, Oreg.)) were conjugated separately to Neu-
travidin (deglycosylated avidin) with a two-step EDC cou-
pling method (Pierce Chemicals, Rockford, I11.) using sulfo-
NHS to stabilize the amino-reactive intermediate. 20 uL (8.4
million microspheres) of each bead type was activated for 20
minutes in a total volume of 100 ul. containing 500 ug of
EDC and Sulfo-NHS in 50 mM sodium phosphate buffer, pH
7.0. The microspheres were washed twice with 100 uL. PBS,
pH 7.4 using centrifugation at 13,400xg for 30 seconds to
harvest the microspheres. Activated, washed beads were
suspended in 50 uL of a 0.25 mg/mL solution of Neutravidin
in PBS, pH 7.4. After 2 hours, the microspheres were
blocked by addition of 50 uL. of 0.2 M glycine, 0.02% Tween
20 in PBS, pH 7.4 and incubated for an additional 30
minutes. Protein coated microspheres were washed twice
with 100 uL.0.02% Tween 20, 1 mg/mL BSAin PBS, pH 7.4
(PBSTB) and stored in PBSTB at approximately 3,000,000
microspheres/mL as determined by hemocytometer count.

[0235] Peptide Attachment to Microspheres:

[0236] Each of the nine DFM conjugated to Neutravidin
were treated separately with one of the nine biotinylated
peptides. 10 uL of biotinylated pepitides at 100-200 ng/mL
was mixed with 10 uL. of microspheres and reacted for 5
minutes followed by 2x100 ul. washes in PBSTB. The
peptide loaded microspheres were suspended in 20 ul. of
PBSTB.

[0237] Single Analyte Assay:

[0238] 10 uL of each of the peptide loaded microspheres
was reacted with 10 uL of the Bodipy-labeled MAB 384 at
15.5 ug/mL in PBSTB for 1 hour, diluted to 300 uL in
PBSTB and assayed using flow cytometry. Negative con-
trols included the microspheres without peptide and with the
Bodipy MAB 384.

[0239] Multiple Analyte Assay:

[0240] 10 uL of each of the 9 peptide loaded microspheres
was mixed to produce a bead set. 10 ul. of the set was
reacted with 10 uL of the Bodipy-labeled MAB 384 at 15.5
ug/mL in PBSTB for 1 hour, diluted to 300 uL in PBSTB and
assayed using flow cytometry. Negative controls included
the microsphere set without peptide and treated with the
Bodipy MAB 384.
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[0241] Competitive Inhibition with Soluble Peptide:

[0242] 10 uL of each of the 9 peptide loaded microspheres
was mixed to produce a bead set. 10 ul. of the Bodipy-
labeled MAB 384 at 15.5 ug/mL in PBSTB was reacted with
10 ul. of soluble peptide containing the epitope sequence
HYGSLPQK (SEQ ID NO. 1) at 10 ug/mL and incubated for
1 hr. The microsphere set was then treated with peptide
absorbed Bodipy-labeled MAB 384 at 15.5 ug/mL for 1
hour, diluted to 300 L. in PBSTB and assayed using flow
cytometry.

[0243] Examination of the Effects of Free Biotin:

[0244] 10 uL of each of the 9 peptide loaded microspheres
was mixed to produce a bead set. 10 uL. of the mixture was
reacted with 10 uL. of 10 ug/mL free biotin and incubated for
1 hr. The microsphere set was then treated with Bodipy-
labeled MAB 384 at 15.5 ug/mL for 1 hour, diluted to 300
uL in PBSTB and assayed using flow cytometry.

[0245] Results
[0246] Description of Peptides to be Screened:

[0247] The amino acid sequence upstream and down-
stream from the epitope of monoclonal antibody MAB 384
(amino acid 67-74, YGSLPQ, SEQ ID NO. 2) was deter-
mined using the published amino acid sequence (Roth, H. J.,
etal., J. Neurosci. Res., 17, 321-328, 1990). The table below
shows the amino acid sequence of the nine overlapping
peptides produced for the screening assay. Note that to the
carboxy-terminal end of all peptides was added a glycine
(G)-lysine (K)-biotin.

1 GLCNMYKDGK-biotin

2 MYKDSHHPGK-biotin

3 SHHPARTAGK-biotin

4 ARTAHYGSGK-biotin

5 HYGSLPQKGK-biotin

6 LPOKSHGRGK-biotin

7 SHGRTQDEGK-biotin

8 TQDENPVVGK-biotin

9 NPVVHFFKGK-biotin

[0248] Single vs. Multiple Analyte Analysis:

[0249] Each of the nine DFM coated with Neutravidin was
reacted for 5 minutes with one of the nine biotinylated
peptides diluted to 250 ng/mL in PBS. For single analyte
analysis, each separate microsphere was reacted with
Bodipy-labeled MAB 384 at 15.5 ug/mlL. for 60 minutes and
the mixture assayed using flow cytometry. The Mean Inten-
sity of Fluorescence (MIF) of the green fluorescence channel
(F_) is shown for each peptide-bead as the darker set of bars
in FIG. 21. The darkest bars represents single analyte
analysis of each bead in the absence of peptide as a negative
control.

[0250] For multiple analyte analysis, the nine bead-pep-
tides were mixed and then reacted with Bodipy-MAB 384 at
15.5 ug/mL. After 60 minutes, the mixture was assayed
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using flow cytometry and results (MIF of F,) are also shown
in FIG. 21. Both assays minus added peptide are shown as
a negative control. Results indicated that peptide #5 con-
tained the epitope for MAB 384. Peptides #4 and #6
although containing 3 of the epitope’s amino acids showed
little reactivity. The multiple and single analyte assays
provided identical results. Numerical data is shown in Table
6.

[0251] Competitive Inhibition Using Soluble Epitope Pep-
tide:

[0252] To further demonstrate the specificity of the assay,
soluble peptide containing the epitope (#5) was used to
inhibit the reaction shown in FIG. 21. A 10 uL aliquot of the
Bodipy-labeled MAB 384 was mixed with an equal volume
of the epitope containing peptide (HYGSLPQK) at 10
ug/mL. After 1 hour the mixture was reacted with 10 ulL of
the bead mixture for 1 hour and assayed by flow cytometry.
Results shown in FIG. 22 reveal that the reaction was
significantly inhibited to a MIF of F, of 53. Numerical data
for the inhibition assay is shown in Table 7.

[0253] Effects of Free Biotin:

[0254] The high avidity of the biotin-avidin interaction
makes it unlikely that the various peptides could be released
or exchanged from microsphere to microsphere. To demon-
strate that such a release or exchange does not occur under
strenuous conditions the following experiment was per-
formed. A 10 uL aliquot of free biotin at 10 ug/mL (40 uM)
was incubated with 10 uL of the bead-peptide mixture for 1
hour and then the microspheres reacted with the MAB 384
Bodipy at 15.5 ug/mL for 1 hour and assayed by flow
cytometry. Results shown in FIG. 23 indicate that the free
biotin at 10 ug/mL did not displace significant amounts of
the biotinylated epitope peptide. Numerical data for the
inhibition assay is shown in Table 8.

[0255] This epitope mapping example demonstrates the
useful application of the instant invention to the area of
combinatorial screening. The peptide carrying the epitope
for the mouse monoclonal antibody screened in this example
was clearly identified in a set of nine peptides. The identi-
fication was further shown to be specific by competitive
inhibition with soluble epitope peptide. In addition, the
stability of the avidin-biotin interaction for use with flow
cytometry was demonstrated in an excess of free biotin.

TABLE 6
MIF of Fm
Peptide Assayed  Single Assayed Multiple

Bead plus GL-Biotin  Single no peptide Multiple  no peptide
70/50  GLCNMYKD 72 66 28 28
60/70  MYKDSHHP 57 48 36 36
40/70 SHHPARTA 47 43 36 34
40/50  ARTAHYGS 57 47 35 27
70/70  HYGSLPQK 1381 66 1348 25
40/40  LPQKSHGR 43 44 67 25
40/60  SHGRTQDE 42 54 35 26
70/60  TQDENPVV 73 70 32 23
70/40  NPVVHFFK 60 60 29 21
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[0256]
TABLE 7
Peptide Assayed
plus GL-Biotin w/ free Biotin
GLCNMYKD 4
MYKDSHHP 7
SHHPARTA 12
ARTAHYGS 13
HYGSLPQK 53
LPQKSHGR 15
SHGRTQDE 11
TQDENPVV 9
NPVVHFFK 17
[0257]
TABLE 8
Peptide MIF MIF
Bead plus GL-Biotin Multiple w/ Biotin
70/50 GLCNMYKD 13 17
60/70 MYKDSHHP 17 19
40/70 SHHPARTA 20 22
40/50 ARTAHYGS 20 26
70/70 HYGSLPQK 915 1023
40740 LPQKSHGR 32 20
40/60 SHGRTQDE 19 23
70/60 TQDENPVV 31 34
70740 NPVVHFFK 31 36

[0258] Multiple Analyte Simultancous TORCH Assay for
Seroconversion.

[0259] This example demonstrates the utility of this inven-
tion in the screening of human serum for antibodies to
infectious disease agents. Screening of serum for antibodies
to certain infectious disease agents is often the only method
available to determine if a patient has been, or is infected
with the agent in question. For example, a common method
of diagnosing HIV infection is by detection of HIV specific
antibodies in the serum. This phenomenon known as sero-
conversion is commonly employed for diagnosis of several
important pathogenic infections. One of the most commonly
employed assay panels of this type is the ToRCH panel.
ToRCH assays detect both serum IgG and serum IgM
responses to Toxoplasma gondii, Rubella virus, Cytomega-
lovirus, and Herpes Simplex Virus Types 1 and 2. The
importance of this assay especially to the pregnant woman
has been well documented as any one of these infectious
agents is capable of crossing the placental barrier and
entering the immunologically naive fetus. These infectious
agents can cause severe damage to the fetus and must be
avoided. Currently, all TORCH panel assays for antibodies
specific to each of these pathogens is performed separately
in a unique assay tube or microtiter well. This invention
provides for a multiple analyte format that allows assay for
either IgG or IgM antibodies specific for each of the five
pathogens at the same time in the same tube with the same
sample.

[0260] A ToRCH assay using flow cytometry has been
developed by coupling purified antigens of 7. gondii,
Rubella, CMV and HSV Type 1 and Type 2 to five Differ-
entially Fluorescent Microspheres (DFM). The specificity of
the assay has been demonstrated by treating this bead set
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with human serum calibrators certified to be either positive
or negative for all five agents. After this treatment, the bead
set was treated with either Goat anti-human IgG-Bodipy or
Goat anti-human IgM-Bodipy used to develop the assay. In
addition, a third calibrator with known levels of reactivity to
each agent was assayed and the results reported.

[0261] Antibody Labeling:

[0262] Goat anti-human IgG and goat anti-human IgM
(Cappel Division, Organon Teknika, Durham, N.C.) were
labeled with Bodipy FL-CASE (Molecular Probes, Inc.,
Eugene, Oreg.) using methods described by the manufac-
turer of the Bodipy succinymidyl ester. Bodipy-labeled
antibodies were stored in PBS containing 1 mg/mL BSA as
stabilizer.

[0263] Antigen Conjugation to Microspheres:

[0264] Five DFM (5.5 uM carboxylate, Bangs Laborato-
ries, Inc., Carmel, Ind., dyed by Emerald Diagnostics, Inc.,
Eugene, Oreg.) were conjugated separately to the five
ToRCH antigens (Viral Antigens, Inc.) with a two-step EDC
coupling method (Pierce Chemicals, Rockford, IIl.) using
sulfo-NHS to stabilize the amino-reactive intermediate. All
antigens were dialyzed into PBS to remove any reactive
amino groups such as sodium azide or glycine. The 7. gondii
preparation (Chemicon, Inc., Temecula, Calif.) was soni-
cated for 2 minutes in PBS, 10 mM EDTA to lyse the
tachyzoites. 20 uL (8.4 million microspheres) of each bead
type was activated for 20 minutes in a total volume of 100
uL containing 500 ug of EDC and Sulfo-NHS in 50 mM
sodium phosphate buffer, pH 7.0. Microspheres were
washed twice with 200 ul. PBS, pH 7.4 using centrifugation
at 13,400xg for 30 seconds to harvest the microspheres.
Activated and washed beads were suspended in 100 uL of
antigen at 0.05 to 0.15 mg/mL in PBS, pH 7.4. After 2 hours,
the microspheres were blocked by addition of 100 ul. of 0.2
M glycine, 0.02% Tween 20 in PBS, pH 7.4 and incubated
for an additional 30 minutes. Antigen coated microspheres
were washed twice with 200 uL. 0.02% Tween 20, 1 mg/mL
BSA in PBS, pH 7.4 (PBSTB). and stored in PBSTB at
approximately 3,000,000 microspheres/mL as determined
by hemacytometer count.

[0265] Rubella Assay:

[0266] Rubella antigen loaded microspheres were used to
examine several parameters of the assay in a single analyte
format prior to the performance of multiple analyte assays.
10 uL (30,000 microspheres) of Rubella antigen coated
beads were reacted with 10 ul. of a 1:10 dilution of four
different Rubella calibrator sera (Consolidated Technolo-
gies, Inc., Oak Brook, Ill.) and the mixture incubated for 1
hour. These sera were defined using a standard assay for the
anti-Rubella IgG activity by the manufacturer of the cali-
brators. The units were defined as International Units/ mL or
IU/mL. Beads were washed in PBSTB by centrifugation at
13,400xg for 30 seconds and suspended in 40 uL. of a 10
ug/mL solution of Bodipy-labeled anti-human IgG. This
mixture was incubated for 1 hour, diluted to 300 ul. in
PBSTB and assayed using flow cytometry. Negative con-
trols included the microspheres with no serum treated with
the Bodipy-labeled antibodies. In addition one calibrator
serum containing 70 [U/mL of anti-Rubella IgG activity was
titrated in a single analyte assay.



US 2004/0059519 Al

[0267] Multiple Analyte Assay for IgG and IgM Activities:

[0268] Equivalent amounts of each of the 5 antigen loaded
microspheres was mixed to produce a TORCH bead mixture.
10 4L (30,000 microspheres) of the mixture was reacted with
10 uL. of a 1:400 dilution of TORCH control or calibrator sera
and incubated for 1 hour. The positive and negative ToRCH
control sera did not have defined units of activity. The
ToRCH calibrator, however, did have defined levels of
anti-ToRCH IgG activities as defined by INX and DiaMedix
diagnostic instruments. These values were provided by the
manufacturer for the lot of calibrator purchased. Beads were
washed in PBSTB by centrifugation at 13,400xg for 30
seconds and suspended in 20 uL of a 40 ug/mL solution of
Bodipy-labeled anti-human IgG or IgM. This mixture was
incubated for 1 hour, diluted to 300 uL. in PBSTB and
assayed using flow cytometry. Negative controls included
the microspheres with no serum treatment and the micro-
spheres treated with the ToRCH negative control serum.
Both negative controls were developed with the Bodipy-
labeled antibodies.

[0269] Results
[0270] Rubella Assay:

[0271] Rubella coated DFM were reacted with 4 human
serum calibrators containing known levels of IgG antibodies
specific for Rubella virions defined by International units
(IU/mL). The beads were washed and developed with goat
anti-human IgG-Bodipy. Results are shown in Table 9 and
FIG. 24. Increasing units of anti-Rubella activity were
reflected in the Mean Intensity of Fluorescence (MIF) of F,,
(green channel). Luminex Units (LU) were defined as the
MIF of F,, for each data point minus the MIF of F_ for the
negative control (no serum) multiplied by 0. 1, and are
included in Table 9.

[0272] Rubella Calibrator Titration:

[0273] The human serum calibrator containing 70 TU/mL
of anti-Rubella IgG was serially diluted in PBSTB and
assayed with the Rubella coated microspheres and Bodipy-
labeled anti-human IgG. Results shown in Table 10 and
FIG. 25 show that, as expected, the IgG antibodies specific
for Rubella were titrated with dilution.

[0274] Multiple Analyte TORCH Analysis for Serum IgG
and IgM:

[0275] Each of the five distinct DFM coated with TORCH
antigens plus one DFM coated with human serum albumin
(Miles, Inc., West Haven, Conn.) were mixed in equal
volumes and 10 uL (30,000 microspheres) of the mixture
reacted for 1 hour with triplicate, 20 uL aliquots of a 1:400
dilution of the ToORCH controls as well as the Low ToRCH
calibrator. The calibrator from Blackhawk Systems, Inc.
contained known levels of each pathogen specific antibody
as measured on other diagnostic machines. After washing,
one set of triplicates was developed with Bodipy-labeled
anti-human IgG and another set with Bodipy-labeled anti-
human IgM. Numerical results are shown in Tables 11 and
12. Results are presented graphically in FIGS. 26A and
26B. Included in the figures are standard deviation bars for
the triplicate measurements. For both IgG and IgM mea-
surements, the ToORCH negative control serum (A96601,
tubes #1-3) produced MIF of F_ similar to the negative
control with no serum (tubes #10-12). The ToORCH positive
control serum (A96602, tubes #4-6) demonstrated signifi-
cant IgG activity to all five pathogens. Conversely, the

Mar. 25, 2004

positive control serum had only slight IgM based reactivity
to the five pathogens. The known levels of anti-ToRCH IgG
reactivities for the TORCH Calibrator (A96500, tubes #7-9)
were compared to the Luminex units of each IgG activity as
determined by the multiple analyte analysis. Luminex units
were defined by subtracting the negative control serum
average MIF of F_ from the average MIF of F  for each
antigen and multiplying by 0.1. The levels of the ToRCH
calibrator were defined by the manufacturer as a factor of
activity for each antigen above the limit of detection for that
antigen on a specific diagnostic machine. These results are
listed in Table 13.

[0276] A demonstrative TORCH assay has been developed
to simultaneously assay for serum IgG or IgM specific for
the five TORCH pathogens in a single tube. Results of the
assay indicate that it is specific for each pathogen and is as
sensitive as currently available instrument based assays. The
multiple analyte format provides a uniquely powerful tech-
nology for rapid and less expensive serum testing for
seroconversion to TORCH pathogens as well as other infec-
tious agents diagnosed in this manner.

TABLE 9

Anti-Rubella calibration curve

Calibrator IU/mL MIF of Fm LU/mL
360 1419 133
225 1004 91
70 458 37
40 376 28
0 92 0
[0277]
TABLE 10
Anti-Rubella calibrator titration
70 IU/mL Calibrator
Reciprocal of Dilution MIF of Fm

1 4510

4 2554

8 1597

16 954

32 652

64 392

128 209

256 121

512 99

0 59

[0278]
TABLE 11

IgG ToRCH assay

Calibrator MIF of Fm in Triplicate

Tube # (1:400) Toxo. Rubella CMV HSVI HSVII HSA

1 A96601 21 9 12 16 17 22
2 A96601 22 8 10 17 15 26
3 A96601 25 9 11 14 17 22
4 A96602 647 1786 956 1223 664 78
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TABLE 11-continued

IgG ToRCH assay

5 A96602 590 1677 967 1511 719 81
6 A96602 620 1670 922 1348 611 72
7 A96500 103 38 50 128 64 27
8 A96500 95 43 48 127 58 43
9 A96500 87 41 49 127 56 29
10 No Serum 21 7 15 18 13 22
1 No Serum 23 8 1 15 19 19
12 No Serum 21 5 12 12 16 23
Calibrator Average MIF of Fm
(1:400) Toxo. Rubella CMV  HSVI HSVID HSA
A96601 23 9 1 16 16 23
A96602 619 1711 948 1361 665 77
A96500 95 41 49 127 59 33
No Serum 22 7 13 15 16 21
[0279]
TABLE 12
IgM ToRCH assay
Calibrator MIF of Fm in Triplicate
Tube # (1:400) Toxo. Rubella CMV HSVI HSVII HSA
1 A96601 40 10 17 17 21 16
2 A96601 36 9 15 15 20 17
3 A96601 39 9 19 18 23 20
4 A96602 68 109 53 80 52 27
5 A96602 69 112 56 84 52 23
6 A96602 77 133 81 91 64 60
7 A96500 66 15 27 34 26 20
8 A96500 67 15 23 37 29 22
9 A96500 66 15 28 31 31 29
10 No Serum 40 9 18 17 21 21
1 No Serum 36 8 20 17 19 16
12 No Serum 38 8 14 17 19 18
Calibrator Average MIF of Fm
(1:400) Toxo. Rubella CMV  HSVI HSVID HSA
A96601 38 9 17 17 21 18
A96602 71 118 63 85 56 37
A96500 66 15 26 34 29 24
No Serum 38 8 17 17 20 18
[0280]
TABLE 13
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21

[0281] Simultaneous Assay of Dog Sera for Allergic IgE
and Allergen-Specific IgG

[0282] This example demonstrates the screening of serum
for IgE antibodies specific for allergens. Screening of serum
for IgE antibodies specific to allergens is a viable option for
allergy testing as compared with skin sensitivity testing. The
instant invention provides for a format that can assay for
either IgG or IgE responses to numerous allergens at the
same time in the same tube with the same sample and is
therefore a uniquely powerful method of screening.

[0283] An allergy assay has been developed including 16
grass allergens in a multiple analyte, simultaneous format. A
panel of 16 grass allergens were attached to 16 Differentially
Fluorescent Microspheres (DFM) with one grass allergen
being coated onto one unique member of the bead set. The
allergen bead set was treated with diluted dog serum for 1
hour and treated with a solution of either Goat anti-Dog IgE
or goat anti-dog IgG-FITC for an additional hour. For the
IgE assay, beads were washed clear of this antibody and the
bead set treated with an affinity purified rabbit anti-goat
IgG-FITC antibody as probe.

[0284] Results demonstrate a uniquely powerful method
of serum screening for allergies that provides a true multiple
analyte format, as well as sensitivity and specificity.

[0285] Allergen Conjugation to Microspheres:

[0286] Sixteen DFM (5.5 uM carboxylate) were conju-
gated separately to 16 soluble grass allergens (provided by
Dr. Bill Mandy, BioMedical Services, Austin, Tex.) with a
two-step EDC coupling method (Pierce Chemicals, Rock-
ford, I11.) using sulfo-NHS to stabilize the amino-reactive
intermediate. All grass allergens were diluted 1:100 into
PBS, pH 7.4. 20 uL (8.4 million microspheres) of each bead
type was activated for 20 minutes in a total volume of 100
uL containing 500 ug of EDC and Sulfo-NHS in 50 mM
sodium phosphate buffer, pH 7.0. Microspheres were
washed twice with 100 ul. PBS, pH 7.4 using centrifugation
at 13,400xg for 30 seconds to harvest the microspheres.
Activated, washed beads were suspended in 50 uL of diluted
allergen. After 2 hours, the microspheres were blocked by
addition of 50 ul. of 0.2 M glycine, 0.02% Tween 20 in PBS,
pH 7.4 and incubated for an additional 30 minutes. Protein
coated microspheres were washed twice with 100 4L 0.02%
Tween 20, 1 mg/mL BSA in PBS, pH 7.4 (PBSTB). and
stored in PBSTB at approximately 3,000,000 microspheres/
mL as determined by hemacytometer count.

Comparison of known levels of anti-ToRCH IgG for the TORCH calibrator

from Blackhawk BioSystems with Luminex Units

T. gondii Rubella CMV HSV 1 HSV 2
Diagnostic Machine INX INX INX Diamedix DiaMedix
used
Factor above Limit 1.7% 2.7x 1.7x 2.5% 1.1x%
of Detection
Units of Activity 11.3 TU/mL 26.9 IU/mL 24.5 TU/mL 50 EU/mL 22 EU/mL
Luminex Units/mL 7.2 LU/mL 3.2 LU/mL 3.8 LU/mL 11.1 LU/mL 4.3 LU/mL
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[0287] Multiplexed K-9 Grass Allergen IgE Assay:

[0288] Equivalent amounts of each of the 16 grass allergen
loaded microspheres was mixed to produce a bead mixture.
20 uL (60,000 microspheres) of the mixture was reacted with
60 ul of a 1:3 dilution of dog serum in PBSTB and the
mixture incubated for 1 hour. Beads were washed in 200 uL
PBSTB by centrifugation at 13,400xg for 30 seconds and
suspended in 40 ul. of a 50 ug/mL solution of anti-dog IgE
(provided by Dr. Bill Mandy, BioMedical Services, Austin,
Tex.). After incubation for 1 hour, beads were washed in 200
uL PBSTB by centrifugation at 13,400xg for 30 seconds.
Beads were then treated with 40 ul. of rabbit anti-goat
IgG-FITC (Sigma, St. Louis, Mo.) at 20 ug/mL. After one
hour the bead mixture was diluted to 300 uL. in PBSTB and
assayed using flow cytometry. Negative controls included
the microspheres with dog serum, without the goat anti-dog
IgE and with the rabbit anti-goat IgG-FITC. A negative
control of the bead set with no dog serum was also included.
Allergen specific dog IgE was determined by subtraction of
the mean intensity of fluorescence (MIF) of the green
channel (F,,) for the negative controls for each grass allergen
from the MIF of F_, for the tubes including the goat anti-dog
IgE.

[0289] Simultaneous K-9 Grass Allergen IgG Assay:

[0290] Equivalent amounts of each of the 16 grass allergen
loaded microspheres was mixed to produce a bead mixture.
20 uL (8.4 million microspheres) of the mixture was reacted
with 20 ul. of a 1:10 dilution of dog serum in PBSTB and
the mixture incubated for 1 hour. Beads were washed in 200
UL PBSTB by centrifugation at 13,400xg for 30 seconds and
suspended in 25 ul. of a 50 82g/mL. solution of goat anti-dog
IgG-FITC. After one hour the bead mixture was diluted to
300 uL in PBSTB and assayed using flow cytometry. Nega-
tive controls included the microspheres with no dog serum
and with the goat anti-dog IgG-FITC. Allergen specific dog
IgG was determined by subtraction of the mean intensity of
fluorescence (MIF) of the green channel (F ) for the nega-
tive control for each grass allergen from the MIF of F  for
the tubes including dog serum.

[0291] Results

[0292] Multiple Analyte Dog Anti-Grass Allergen IgG
Assay:

[0293] Grass allergen coated DFM were reacted with 6
dog sera provided by BioMedical Services, Austin, Tex. that
had been characterized by ELISA for anti-grass allergen IgE.
The IgG response to these grass allergens was not measured
by BioMedical Services. The beads were washed and devel-
oped with goat anti-dog IgG-FITC. Results are shown in
FIG. 27. The MIF of F_, in the absence of dog serum was
subtracted from the MIF of F, for each bead with each dog
serum. Two dogs, A96324 and A96326 demonstrated rela-
tively high IgG reactivity to most of the grass allergens. Two
dogs, A96325 and A96317 demonstrated relatively medium
IgG reactivity to most of the grass allergens. Two dogs,
A96319 and A96323 demonstrated relatively low IgG reac-
tivity to most of the grass allergens.

[0294] Multiple Analyte Dog Anti-Grass Allergen IgE
Assay:

[0295] Grass allergen coated DFM were reacted with 6
dog sera provided by BioMedical Services, Austin, Tex. that
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had been characterized by ELISA for anti-grass allergen IgE.
The beads were washed and treated with goat anti-dog IgE
for 1 hour. The assay was developed with rabbit anti-goat
IgG-FITC. Results are shown in FIG. 28. The MIF of F_ in
the absence of dog serum was subtracted from the MIF of F
for each bead with each dog serum. Two dogs, A96325 and
A96326 demonstrated relatively low reactivity to most of
the grass allergens with the exception of Wheat grass and
several others for A96326. These results agree with the
ELISA results provided by BioMedical Services. A96325
was negative for 11 grass allergens (only ones tested) and
A96326 was negative for the same 11 grass allergens except
for a “Borderline” result in ELISA against a mixture of
Wheat and Quack grass (due to the non-multiplexed format
of ELISA assays, allergens are often mixed to increase the
throughput levels). The other four dog sera demonstrated
medium to high IgE responses to several of the grass
allergens. Although agreement between ELISA and flow
cytometry assay results was not absolute, the two assays
followed the same trends. Dogs with IgE reactivity to grass
allergens were detected by both assays.

[0296] Comparison of Multiple Analyte IgG and IgE
Results:

[0297] The IgG and IgE anti-grass allergen response to
each of the 16 allergens was compared by graphing. FIGS.
29-34 demonstrate that there was no correlation between
IgG and IgE response to grass allergens in the six dogs.
Some dogs were low responders for both IgE and IgG, some
were reactive with both immunoglobulin subclasses, and
some demonstrated IgE reactivity in a low background of
IgG specific for the grass allergens. Examination of the IgG
reactivity in a serum could identify those sera in which s the
IgE reactivity could be masked by the high IgG reactivity.

[0298] A demonstrative assay for serum IgG or IgE activ-
ity to 16 grass allergens has been developed that allows
simultaneous assay of all 16 allergens at the same time in the
same tube using the same sample. Results with 6 dog sera
suggested that IgE anti-grass allergen activity as determined
by ELISA was in general agreement with results provided
using flow cytometry. In addition, the ease of determination
for IgG anti-grass allergen activity in the six dogs was
demonstrated.

[0299] A Simultaneous Immunometric Assay For Human
Chorionic Gonadotropin and Alpha-Fetoprotein

[0300] This example illustrates the determination of mul-
tiple analyte levels in a liquid sample simultaneously by
immunometric or capture-sandwich assay. The use of cap-
ture-sandwich assays to accurately determine analyte levels
in liquid solutions is a commonly used format for many
analyte assays. The technique is especially useful for those
analytes present in low quantities as the first step serves to
capture and thus concentrate the analyte. The uniqueness of
this assay is the multiple analyte format allowing the simul-
taneous determination of two distinct serum proteins at the
same time in the same tube from the same serum sample.

[0301] Human chorionic gonadotropin (hCG), a gonadot-
ropic hormone secreted by the placenta, is the primary
hormonal marker utilized for pregnancy testing. hCG is
elevated both in urine and serum during pregnancy. Alpha
fetoprotein (AFP) is the fetal cell equivalent to human serum
albumin. AFP is elevated in pregnancy and in certain types
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of malignancies. Many clinical fertility or pregnancy test
panels include immunometric assays for these two serum
proteins. Immunometric or capture-sandwich assays for
hCG and AFP were developed separately and then combined
in a multiple analyte format.

[0302] The hCG assay was developed by examining sev-
eral antibody pairs for their ability to capture and quantitate
hCG levels in solution. First, a monoclonal antibody was
coupled through carbodiimide linkage to a carboxylate sub-
stituted Differentially Fluorescent Microsphere (DFM).
Next, a polyclonal, affinity purified antibody was Bodipy-
labeled and used to probe DFM captured hormone. Once this
assay was adjusted to include physiological sensitive ranges,
the process was repeated for AFP. Cross-reactivity of the two
assays was examined to demonstrate that the two assays
would not interfere. The assays were then performed simul-
taneously. Commercially available serum calibrators were
used to demonstrate that both assays were sensitive in
clinically relevant ranges and an unknown was include to
demonstrate how the two assays work simultaneously.

[0303] Antibody Labeling:

[0304] The two affinity purified polyclonal anti-hCG
(AB633) and anti-AFP (M20077) antibodies (Chemicon,
Inc., Temecula, Calif. and Medix Division, Genzyme, San
Carlos, Calif) were labeled with Bodipy FL-CASE
(Molecular Probes, Inc., Eugene, Oreg.) using methods
described by the manufacturer of the Bodipy succinymidyl
ester. The resulting Bodipy-labeled antibodies were stored in
PBS containing 1 mg/mL BSA as stabilizer.

[0305] Antibody Conjugation to Microspheres:

[0306] Monoclonal anti-hCG (MABG602) and anti-AFP
(S10473) capture antibodies were conjugated to micro-
spheres with a two-step EDC coupling method (Pierce
Chemicals, Rockford, I11.) using sulfo-NHS to stabilize the
amino-reactive intermediate. 20 yL ( 8.4 million micro-
spheres) of each DFM was activated for 20 minutes in a total
volume of 100 uL. containing 500 ug of EDC and Sulfo-NHS
in 50 mM sodium phosphate buffer, pH 7.0. Microspheres
were washed twice with 200 ul. PBS, pH 7.4 using cen-
trifugation at 13,400xg for 30 seconds to harvest the micro-
spheres. Washed, activated beads were suspended in 50 ul.
of a 0.05 mg/mL solution of antibody in PBS, pH 7.4. After
2 hours, microspheres were blocked by addition of 50 uL. of
0.5 mg/mL BSA, 0.02% Tween 20 in PBS, pH 7.4 and
incubated for an additional 30 minutes. Protein coated
microspheres were washed twice with 200 4L 0.02% Tween
20, 1 mg/mL BSA in PBS, pH 7.4 (PBSTB) and stored in
PBSTB at approximately 3,000,000 microspheres/mlL..
Microsphere concentrations were determined using a hema-
cytometer.

[0307] Antibody Pairs Analysis of Hormone Capture
Assay:

[0308] Capture assay antibody pairs were screened by
coupling potential capture antibodies to microspheres and
assaying them using all potential combinations of capture
antibody-bead/Bodipy-labeled probe antibody. Assays were
performed using 10 ul. of capture antibody microspheres
(approximately 30,000) plus 20 uL of antigen solution at 10
ug/mL in PBSTB for a 1 hour incubation. Beads were
washed in PBSTB by centrifugation at 13,400xg for 30
seconds and suspended in 20 uL of a 25 ug/mL solution of
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Bodipy-labeled probe antibody. This mixture was incubated
for 1 hour, diluted to 300 x4l in PBSTB and assayed using
flow cytometry.

[0309] Antigen Titration Assay:

[0310] Once an antibody pair was chosen for use, the pair
was analyzed for sensitivity and limit of detection by
titration of antigen. Assays were performed using 10 uL of
capture antibody microspheres plus 20 ul. of antigen dilu-
tions in PBSTB for a 1 hour incubation. Beads were washed
in 200 ul. PBSTB by centrifugation at 13,400xg for 30
seconds and suspended in 20 uL of a 25 ug/mL solution of
Bodipy-labeled probe antibody. This mixture was incubated
for 1 hour, diluted to 300 x4l in PBSTB and assayed using
flow cytometry.

[0311] Cross-Reactivity Analysis:

[0312] To examine the possibility of cross-reactivity, 10
uL of MAB 602 anti-hCG capture beads (5,000 micro-
spheres) were treated with 20 uL dilutions of hCG or AFP.
After 1 hour the beads were washed in 200 ul. PBSTB by
centrifugation at 13,400xg for 30 seconds and suspended in
20 uL of either Bodipy-labeled anti-hCG or Bodipy-labeled
anti-AFP at 25 ug/ml. Conversely, 10 ul. of S-10473
anti-AFP capture beads (5,000 microspheres) were treated
with 20 uL dilutions of hCG or AFP. After 1 hour, beads
were washed in 200 ul. PBSTB by centrifugation at
13,400xg for 30 seconds and suspended in 20 ulL. of either
Bodipy-labeled anti-hCG or Bodipy-labeled anti-AFP at 25
ug/mL. Mixtures were incubated for 1 hour, diluted to 300
uL in PBSTB and assayed using flow cytometry.

[0313] Washed vs. No-Wash Assay Format:

[0314] An AFP/hCG capture antibody bead mixture was
made by mixing equal amounts of the two bead types. In
duplicate, 10 uL of this bead mixture (10,000 microspheres)
was mixed with 20 uL. dilutions of AFP/hCG and incubated
for 1 hour. One set of beads were washed in PBSTB by
centrifugation at 13,400xg for 30 seconds and suspended in
20 uL of a mixture of Bodipy-labeled anti-hCG and anti-
AFP both at 25 ug/mL. This mixture was incubated for 1
hour, diluted to 300 uL. in PBSTB and assayed using flow
cytometry. The second set of beads were treated directly
with 20 ul. of a mixture of Bodipy-labeled anti-hCG and
anti-AFP both at 25 ug/ml.. This mixture representing a
homogenous (no-wash) assay was also incubated for 1 hour,
diluted to 300 uL. in PBSTB and assayed using flow cytom-
etry.

[0315] Multiple Analyte Assay:

[0316] Once the AFP and hCG antibody pairs were shown
not to cross-react and were adjusted to provide clinically
relevant ranges of sensitivity in a homogenous assay, the
assays were performed simultaneously using commercially
available serum calibrators as the source of AFP and hCG
antigens. Equivalent amounts of each of the two capture
antibody loaded microspheres was mixed to produce an
AFP/hCG capture mixture. In triplicate, 10 uL of this bead
mixture (5,000 of each microsphere) was mixed with 20 uL
of three serum calibrators (high, medium and low) contain-
ing known levels of AFP and hCG and incubated for 1 hour.
Mixtures were treated directly with 20 ul. of a blend of
Bodipy-labeled anti-hCG and anti-AFP both at 25 ug/mlL..
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Mixtures were incubated for 1 hour, diluted to 300 L in
PBSTB and assayed by flow cytometry.

[0317] Results
[0318] Antibody Pair Analysis for hCG Capture Assay:

[0319] For hCG antibody pair analysis, five capture anti-
body/microspheres were prepared and the identical five
antibodies were Bodipy-labeled to serve as probes. Three of
the antibodies were specific for the alpha sub-unit of hCG
and two for the beta sub-unit. The three anti-alpha sub-unit
antibody/microspheres were assayed for utility with the two
Bodipy-labeled anti-beta hCG antibodies. Conversely, the
two anti-beta sub-unit antibody/microspheres were assayed
for utility with the three Bodipy-labeled anti-alpha hCG
antibodies. Results of this screen are shown in Table 14 and
FIG. 35. The 12 combinations of antibodies are shown with
(odd numbers) and without (even numbers) hCG at 20
ug/mL. It is apparent that the first two antibody pairs, #1 and
#3 demonstrated the highest mean intensity of fluorescence
(MIF) of the F_, (green channel). Further examination of
these two pairs led to the decision to chose the #3 pair of
MAB 602 for capture antibody and AB633-Bodipy as probe
antibody for the hCG capture/sandwich assay.

[0320] Antigen Titration:

[0321] The MAB 602/AB633 anti-hCG capture system
was assayed by hCG titration to determine if the level of
sensitivity required for clinical assay was achievable. Alimit
of detection of at least 1 ng hCG/mL was the target as this
was the level of hCG in the low serum calibrator to be used
later in this project. The results of this antigen titration is
shown in Table 15 and FIG. 36. The limit of detection was
between 20 and 200 pg/mL. This revealed that the MAB602/
AB633 anti-hCG antibody pair was sufficiently sensitive for
hCG analysis. Included in this analysis was MIF of F_
measurements from counting of 100 or 1000 microspheres.
Results were similar. A similar analysis of antibody pairs and
antigen titration for AFP identified an AFP pair that could be
further developed.

[0322] Cross-Reactivity Assay:

[0323] The MAB 602/AB633 anti-hCG capture system
and S-10473/M20077 anti-AFP capture system were exam-
ined for cross reactivity by assaying each capture bead with
each antigen and Bodipy-labeled antibody. Results are
shown in Table 16 and FIGS. 37A and 37B. No significant
cross-reactivity between the hCG and AFP capture systems
was detected.

[0324] No-Wash vs. Washed Assay Format:

[0325] The hCG and AFP assays were performed simul-
taneously and examined for the limit of quantitation or
dynamic range in both a washed format and no wash or
homogenous format. Result of these antigen titrations are
shown in Table 17 and FIGS. 38A and 38B. Results
indicated that the homogenous format provided sufficient
dynamic range for the purposes of clinical relevance.

[0326] Multiple Analyte hCG/AFP Assay:

[0327] The two assays were performed simultancously
using serum calibrators of known hCG and AFP levels to
generate a standard curve. For each standard curve one
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serum of unknown hCG and AFP level was included to
demonstrate how the assay would determine the level of
hCG and AFP in the serum.

[0328] The Randox Tri-level calibrators consisted of three
serum samples with high, medium and low levels of hCG
and AFP documented in mU or U/mL for hCG and AFP
respectively. These calibrators are used in at least 12 differ-
ent diagnostic instruments including those of Abbott (Abbott
Park, I11.), bioMerieux (St. Louis, Mo.), Ciba Corning (Med-
field, Mass.), Diagnostics Products (Los Angeles, Calif.),
Kodak (Rochester, N.Y.), Syva (San Jose, Calif.), Tosoh
(Atlanta, Ga.) and Wallac (Gaithersburg, Md.). Literature
with the Randox Tri-Level control listed the units of each
known analyte as defined by each diagnostic machine. We
calculated the average of the hCG mU/mL and AFP U/mL
for the three calibrators. In the case of the hCG, the low and
medium calibrators contained 22.8 and 26.4 mU/mL which
were extremely close considering the distance to the high
calibrator (436 mU/mL). For this reason, we included a 1:2
dilution of the high range calibrator into hCG/AFP certified
negative serum to produce a fourth level serum calibrator
termed Level 3D. Calibrator 3D was only used in construc-
tion of the hCG standard curve so each of the assays was
effectively defined by three point calibration.

[0329] Table 18 shows the results of this multiple analyte
assay. The assay was performed in triplicate and the average
MIF of F_ computed for graphing. Coefficients of variation
(CV) for the triplicates were consistently less than 10% are
shown. Also included in the table are the number of micro-
spheres correctly identified by the flow cytometry out of the
400 counted per tube. Of the 400 beads counted the expected
ratio of MAB 602 containing 60/40 beads to S-10473
containing 40/60 beads was 1:1. Therefore of the 200 beads
expected, this was the number of beads correctly identified
and used to compute the MIF of F_, for that data point.

[0330] FIGS. 39A and 39B graphically represent the data
of Table 18. For both hCG and AFP a plot of the MIF vs. the
log of antigen concentration produced a line that was best fit
using a third level polynomial equation. The fit for the hCG
curve provided an R of 1.0 and for AFP an R? of 0.9999 was
achieved. Using the polynomial equation, the concentration
of the unknowns was computed. Results of these analyses
are seen in Table 18. The unknown serum contained
218.55%6.56 mU/mL of hCG and 39.59+1.19 U/mL of AFP.

[0331] A demonstrative immunometric assay for hCG and
AFP in serum has been developed. Assays were first devel-
oped as single analyte or single bead assays, and optimized
with regards to sensitivity, limit of quantitation and cross-
reactivity. The assays were then combined to quantitatively
determine multiple analyte levels in a liquid solution in the
same tube from the same sample at the same time. Results,
using commercially available calibrator sera, has proven that
this invention is effective for this type of quantitative assay.

TABLE 14
hCG
Conc.
Sample Description (ug/mL) MIF of Fm
1 Al-Beads + B1 Ab-BD with hCG 20.0 8790
2 Al-Beads + B1 Ab-BD with no hCG 0.0 108
3 A2-Beads + B1 Ab-BD with hCG 20.0 9441
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TABLE 14-continued TABLE 16A-continued
hCG MAB602 BEADS - Anti-hCG
Conec.
Sample Description (ug/mL) MIF of Fm
Antigen hCG AFP hCG AFP
4 A2-Beads + B1 Ab-BD with no hCG 0.0 163 Samp. ng/mL anti-hCG anti-hCG anti-AFP anti-AFP
5 A3-Beads + B1 Ab-BD with hCG 20.0 3150
6 A3-Beads + B1 Ab-BD with no hCG 0.0 2984
7 Al-Beads + B2 Ab-BD with hCG 20.0 2287 3 100 530 47 47 48
8  Al-Beads + B2 Ab-BD with no hCG 0.0 37 4 1.0 104 47 48 48
9 A2-Beads + B2 Ab-BD with hCG 20.0 1232 5 0.1 55 52 49 48
10 A2-Beads + B2 Ab-BD with no hCG 0.0 42 6 0.0 48 71 72 48
11 A3-Beads + B2 Ab-BD with hCG 20.0 566
12 A3-Beads + B2 Ab-BD with no hCG 0.0 560
13 B1-Beads + A1 Ab-BD with hCG 20.0 70
14 B1-Beads + A1 Ab-BD with no hCG 0.0 23 [0334]
15 B2-Beads + A1 Ab-BD with hCG 20.0 346
16 B2-Beads + A1 Ab-BD with no hCG 0.0 20
17 Bl-Beads + A2 Ab-BD with hCG 20.0 107 TABLE 16B
18 B1-Beads + A2 Ab-BD with no hCG 0.0 33
19 B2-Beads + A2 Ab-BD with hCG 20.0 886 M20077 BEADS - Anti-AFP
20 B2-Beads + A2 Ab-BD with no hCG 0.0 56
21 B1-Beads + A3 Ab-BD with hCG 20.0 105 Antigen hCG AFP hCG AFP
22 B1-Beads + A3 Ab-BD with no hCG 0.0 196 Samp. ng/mL  anti-hCG anti-hCG anti-AFP anti-AFP
23 B2-Beads + A3 Ab-BD with hCG 20.0 143
24 B2-Beads + A3 Ab-BD with no hCG 0.0 609 1 1000.0 99 57 78 348
2 100.0 54 75 44 356
3 10.0 44 44 45 103
4 1.0 51 50 44 98
[0332] 5 0.1 42 75 49 44
6 0.0 43 61 45 45
TABLE 15
MIF of Fm MIF of Fm
Sample hCG Conc. (ng/mL) (1000 Beads) (1000 Beads) [0335]
1 20000 9337 9222
2 2000 9286 9392 TABLE 17
3 200 9233 9400
4 20 8497 8664 AFP heG
2 é 9 1%?2 1;2421 Sample AFP hCG
7 0:02 120 147 No. ng/mL.  No Wash Washed ng/ml. No Wash Washed
8 0.002 122 121 1 1000 379 1481 2000 491 3194
9 0.0002 122 149 2 500 643 1376 1000 770 3158
10 0 128 1 3 250 95 1205 500 1198 3342
4 125 1063 1052 250 1521 2755
5 62 980 814 125 2068 2949
[0333] 6 31 639 612 62 2417 3200
7 16 359 347 31 2514 3183
8 8 190 205 16 2440 2528
TABLE 16A 9 4 94 108 8 1761 1955
10 2 51 59 4 1122 1300
MAB602 BEADS - Anti-hCG 11 1 33 35 2 650 547
12 0.5 24 25 1 330 359
Antigen hCG AFP hCG AFP 13 0.25 17 24 0.5 166 175
Samp. ng/mL anti-hCG anti-hCG anti-AFP anti-AFP 14 0 15 13 0 15 18
1 1000.0 792 53 47 52
2 100.0 761 47 48 48
[0336]
TABLE 18
hCG capture system AFP capture system
Tube hCG AFP MIF of MIF MIF Beads MIF of MIF MIF Beads
No. Descript. mU/mL  U/mL FL1 AVG CV % IDed FL1 AVG CV % IDed
1 Levell 23 114 74 98
2 Levell 22.8 10.7 27 25.67 7% 130 83 78.00 5% 80
3 Levell 27 140 77 72
4  Level 2 32 93 351 58
5 Level2 264 538 34 3167 6% 85 365 362.67 2% 61
6 Level 2 29 o4 372 65



US 2004/0059519 Al

TABLE 18-continued
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hCG capture system

AFP capture system

Tube hCG AFP  MIF of MIF MIF  Beads MIFof MIF MIF  Beads
No. Descript. mU/mL U/mL FL1 AVG  CV%  IDed FL1 AVG CV%  IDed
7 Level 3D 268 92 535 56
8 Level 3D 218 1115 276 271.67 1% 101 562 55200 2% 69
9 Level 3D 271 96 559 61
10 Level 3 631 106 1109 46
11 Level 3 436 223 601 624.00 3% 99 994  1061.00 5% 38
12 Level 3 640 97 1080 40
13 Negative 8 99 11 104
14 Negative 10 2 7 7.33 6% 111 13 1233 8% 106
15 Negative 7 119 13 95
16 Unknown 270 140 268 67
17 Unknown 21855  39.59 264  272.33 3% 141 274 27600 3% 81
18 Unknown 283 113 286 84

[0337] Multiplexed Beadset Standard Curve Using an
Inhibition Assay

[0338] This example provides a demonstration of the
measurement of ligand-ligate reactions using a multiplexed
beadset standard curve. Commonly for ligand-ligate reac-
tions quantitation, known amounts of the ligand or ligate are
introduced to the reaction leading to the production of a
standard curve. Values for unknown samples are compared
to the standard curve and quantified. The true multiple assay
capability of this invention allows for an additional type of
standard to be utilized. A multiplexed beadset standard curve
for measuring analyte concentration is created by using
several Differentially Fluorescent Microspheres (DFM)
coated with either 1) different amounts of ligand (antigen),
or 2) different amounts of ligate (antibody), or 3) different
ligates possessing different avidities for the ligand (different
monoclonal antibodies). We have demonstrated an example
of the first type of multiple analyte standard curve by
developing a competitive inhibition assay for human IgG.

[0339] Four DFM were coated with human IgG at four
different concentrations. When probed with goat anti-human
IgG-Bodipy the Mean Intensity of Fluorescence (MIF) of F,,
(green channel) for each bead subset was different. The MIF
of F, correlated with the amount of hlgG used to coat the
beads in each subset. If soluble hlgG was mixed with the
reaction in a competitive manner the MIF of F_, was reduced
for each bead as less of the probe antibody was bound to the
beads. In a normal standard curve, the signal (MIF of F_) is
plotted against the concentration of the inhibitor. For the
multiplexed beadset standard curve, the slope of the MIF of
F,, across the beads within a subset is plotted against the
concentration of inhibitor. Comparison of the two types of
standard curves revealed them to be of equivalent value for
prediction of an unknown amount of inhibitor.

[0340] Human IgG Conjugation to Microspheres:

[0341] Four DFM (5.5 uM carboxylate, Bangs Laborato-
ries, Inc., Carnel, Ind., dyed by Emerald Diagnostics, Inc.,
Eugene, Oreg.) were conjugated separately to 4 different
concentrations of hIgG (Cappel Division, Organon Teknika,
Durham, N.C.) with a two-step EDC coupling method
(Pierce Chemicals, Rockford, I11.) using sulfo-NHS to sta-
bilize the amino-reactive intermediate. 20 uL (8.4 million
microspheres) of each bead type was activated for 20
minutes in a total volume of 100 ul. containing 500 ug of

EDC and Sulfo-NHS in 50 mM sodium phosphate buffer, pH
7.0. The microspheres were washed twice with 200 uL. PBS,
pH 7.4 using centrifugation at 13,400xg for 30 seconds to
harvest the microspheres. Activated, washed beads were
suspended in 50 ul. of hligG at 50, 10, 5, and 1 ug/mL in
PBS, pH 7.4. After 2 hours, the microspheres were blocked
by addition of 50 uL. of 0.2 M glycine, 0.02% Tween 20 in
PBS, pH 7.4 and incubated for an additional 30 minutes.
Protein coated microspheres were washed twice with 200 uL
0.02% Tween 20, 1 mg/mL BSA in PBS, pH 7.4 (PBSTB).
and stored in PBSTB at approximately 3,000,000 micro-
spheres/mL as determined by hemacytometer count.

[0342] Antibody Labeling:

[0343] Goat anti-human IgG (Cappel Division, Organon
Teknika, Durham, N.C.) was labeled with Bodipy FL-CASE
(Molecular Probes, Inc., Eugene, Oreg.) using methods
described by the manufacturer of the Bodipy succinymidyl
ester. The resulting Bodipy-labeled antibody was stored in
PBS containing 1 mg/mL BSA as stabilizer.

[0344] Multiplexed Beadset Standard Curve:

[0345] Equivalent amounts of each of the 4 differentially
loaded IgG microspheres was mixed to produce a bead
mixture. 10 uL of the goat anti-hIgG-Bodipy at 25 ug/mL in
PBSTB was mixed with 10 uL of a dilution of hlgG in
PBSTB. Immediately 10 4L (30,000 microspheres) of the
bead mixture was added and the mixture incubated at room
temperature for 30 minutes. Beads were diluted to 300 L in
PBSTB and assayed using flow cytometry. A negative con-
trol included the microspheres with the goat anti-hlgG-
Bodipy with no inhibitor (hIgG). Each bead subset was
assigned the value of a consecutive integer (i.e. the bead
subset coupled with the lowest concentration of IgG was
given a value of 1, the next highest concentration was given
a value of 2, etcetera) and those numbers plotted against the
MIF of each bead subset at each concentration of inhibitor
tested. The slopes (designated here as inter-bead subset
slopes) were computed using linear regression analysis. The
inter-subset slopes were then plotted against the concentra-
tion of inhibitor using a logarithmic scale for the concen-
tration of inhibitor. Results were plotted as the slope of the
MIF of F_, across the bead set against the log of higG
concentration. Curve fitting was performed using a power
function trendline and the R* correlation was reported. For
a perfect fit, R*=1.0.



US 2004/0059519 Al

[0346] Common Standard Curve:

[0347] Using the data from the assay described above, a
common standard curve was constructed to compare results
with the multiple analyte standard curve. Data from the
DFM coated at 50 ug/mL hlgG was utilized to produce a
five-point standard curve by plotting the MIF of F_ against
the log of hlgG concentration. Curve fitting was performed
using a power function trendline and the R* correlation was
reported.

[0348] Results

[0349] Multiplexed Beadset Standard Curve for a Com-
petitive Inhibition Assay:

[0350] Four differentially loaded IgG microspheres were
utilized in a multiple beadset competitive inhibition assay
for hlgG at five different concentrations of soluble inhibitor
(hIgG). Results of the assay are shown in Table 19. The
inhibition pattern on each bead is plotted in FIG. 40. The
inter-bead subset slopes are plotted against the log concen-
tration of inhibitor in FIG. 41. A Power Trendline in Excel
was used to produce the R* of 0.9933.

[0351] Common Standard Curve Using One Bead of the
Multiple Analyte Assay:

[0352] Data from the 50 pg/mL hlgG bead was utilized to
produce a five-point standard curve by plotting the MIF of
F,, against the log of hIgG concentration. Results are shown
in FIG. 42. Curve fitting was performed using a Power
function trendline and R*<0.9942.

[0353] A novel type of standard curve for ligand-ligate
measurement was demonstrated. Results suggested that the
multiplexed beadset standard curve was of similar utility as
the common multi-point standard curve in quantitation of
unknown samples. Advantages of the multiplexed beadset
standard curve include the inclusion of the standard curve
microspheres in each point of a multiplexed beadset assay,
and the extension of an assay’s dynamic range. This may be
achieved by increasing the concentration range of ligand or
ligate on the microspheres or by increasing the range of
avidities for ligand on a series of microspheres.
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which permits the extremely rapid and accurate detection of
genetic sequences of interest. In a preferred embodiment of
that invention, a bead to which a nucleic acid segment of
interest has been coupled is provided. A PCR product of
interest (or any other DNA or cDNA segment) is detected by
virtue of its ability to competitively inhibit hybridization
between the nucleic acid segment on the bead and a comple-
mentary fluorescent nucleic acid probe. The method is so
sensitive and precise as to allow the detection of single point
mutations in the PCR product or nucleic acid of interest.
Although that method in itself provides a pivotal advance in
the art of analyzing PCR reaction products, the further
discovery of methods of multiplexing such an analysis,
compounds the method’s power and versatility to allow
simultaneously analysis of a number of nucleic acid prod-
ucts or a number of sequences within a single product in a
single sample.

[0357] The multiplexed DNA analysis method described
here can be applied to detect any PCR product or other DNA
of interest for specific polymorphisms or mutations or for
levels of expression, e.g. mRNA. With the multiplexed
techniques provided by the instant invention, individuals can
be screened for the presence of histocompatibility alleles
associated with susceptibility to diseases, mutations associ-
ated with genetic diseases, autoimmune diseases, or muta-
tions of oncogenes associated with neoplasia or risk of
neoplasia. The analysis of DNA sequences occurs generally
as follows:

[0358] 1. A beadset containing subsets of beads
coupled to nucleic acid sequences of interest is
prepared by coupling a unique synthetic or purified
DNA sequence to the beads within each subset.

[0359] 2. Fluorescent probes complementary to the
DNA coupled to each bead subset are prepared.

[0360] Methods known in the art, e.g., as described in U.S.
Pat. No. 5,403,711, issued Apr. 4, 1995 and incorporated
herein by reference, or other methods may be used to
fluorescently label the DNA. Since each probe will bind

TABLE 19
Inhibitor Bead 1 Bead 2 Bead 3 Bead 4
Samp Conc (ug/ml) 1.0 ug/mL IgG 5 pg/mL IgG 10 ug/mL IgG 50 ug/mL IgG SLOPE
1 100 14 77 108 288 85.3
2 50 21 100 162 428 128.3
3 25 40 166 267 844 251.3
4 12.5 110 463 747 1467 435.5
5 6.25 257 1226 1629 2316 658
6 0 134 793 1432 2217 688.8

[0354] Nucleic Acid Measurement

[0355] The power and sensitivity of PCR has prompted its
application to a wide variety of analytical problems in which
detection of DNA or RNA sequences is required. One major
difficulty with the PCR technique is the cumbersome nature
of the methods of measuring the reaction’s products-ampli-
fied DNA.

[0356] A major advance in this area is here. That advance
employs a flow cytometric bead-based hybridization assay

optimally only to its complementary DNA-containing sub-
set, under the conditions of the assay, the fluorescent probes
may be added to the subsets before or after the subsets are
pooled, and before or after addition of the DNA test
sample(s) of interest.

[0361] 3. Tissue, fluid or other material to be ana-
lyzed is obtained, and DNA is purified and/or ampli-
fied with PCR as necessary to generate the DNA
products to be tested.



US 2004/0059519 Al

[0362] 4. The DNA samples of interest are then
mixed with the pooled beadset under suitable con-
ditions to allow competitive hybridization between
the fluorescent probes and the DNA of interest.

[0363] 5. The beadset is then analyzed by flow
cytometry to determine the reactivity of each bead
subset with the DNA sample(s). If the test sample
contains a DNA sequence complementary to the
DNA of a given bead subset then that subset will
exhibit a decreased F,, value relative to the F_, value
of beads to which a control DNA has been added. A
computer executed method in accordance with the
current invention can determine the subset from
which each bead is derived, and therefore, the iden-
tity of the DNA sequence on the bead and any change
inF .

[0364] Detection of Foreign DNA

[0365] The methods of the present invention find wide
utility in the detection of foreign DNA’s in, for example,
diagnostic assays. Although the DNA segment to be ana-
lyzed can be any DNA sequence, in accordance with this
embodiment the selected segment will be a DNA segment of
a pathogenic organism such as, but not limited to, bacterial,
viral, fungal, mycoplasmal, rickettsial, chlamydial, or pro-
tozoal pathogens. The procedure has particular value in
detecting infection by pathogens that are latent in the host,
found in small amounts, do not induce inflammatory or
immune responses, or are difficult or cumbersome to culti-
vate in the laboratory. The multiplexed DNA detection
method of the present invention is likely to find particular
utility as a diagnostic assay for analysis of a sample from a
patient having clinical symptoms known to be caused by a
variety of organisms using a beadset designed to detect
DNAs from the variety of organisms known to cause such
symptoms to determine which of such organisms is respon-
sible for the symptoms. DNA would be extracted from
tissue, fluid or other sources and analyzed as described
above.

[0366] Analysis of Genetic Polymorphisms

[0367] The invention may also be used to measure a
variety of genetic polymorphisms in a target DNA of inter-
est. For example, there are several genes in the MHC and
many are polymorphic. There are at least two applications in
which determination of the alleles at each position of the
MHC is of critical importance. The first is the determination
of haplotype for transplantation, and the second is determi-
nation of haplotype as indicator of susceptibility to disease.
See Gross et al.,, “The Major Histocompatibility Complex-
Specific Prolongation of Murine Skin and Cardiac Allograft
Survival After In Vivo Depletion of VB* T Cells,” J. Exp.
Med., 177, 35-44 (1993). The MHC complex contains two
kinds of polymorphic molecules, Class I genes, HLA A, B
and D which have 41, 61 and 18 known alleles and Class 10
genes, HLA-DRI,3,4,5 HLA-DQAI and Bl HLA-DP, DPA1,
DPBI, also with many alleles. Each human can have up to
6 co-dominant Class I genes and 12 co-dominant Class 10
genes.

[0368] In the case of transplantation, the closer the match
between the donor and recipient the greater the chance of
transplant acceptance. A multiplexed assay in accordance
with the invention may be employed to perform tissue
typing quickly and accurately to identify suitable matches
for transplantation.

Mar. 25, 2004

[0369] In the situation of disease association, it has been
found that individuals bearing certain alleles are more prone
to some diseases than the remainder of the population. The
frequency of alleles of the MHC genes is not equal, and sets
of alleles are frequently found (linkage disequilibrium) so
that the identification of the exact set of alleles associated
with many diseases is feasible. As one example, insulin-
dependent diabetes mellitus (IDDM) is associated with
certain HLA-DQ alleles. The number of alleles of DQ in the
population is modest and genetic typing by PCR amplifica-
tion and hybridization with allele specific probes has been
shown to be practical. See Saiki et al., “Genetic Analysis of
Amplified DNA with Immobilized Sequence-Specific Oli-
gonucleotide Probes,” Proc. Natl. Acad. Sci. US.A,, 86,
6230- 6234 (1989).

[0370] For an assay of MHC in accordance with the
invention, DNA is obtained from blood or other extractable
source, and amplified with primers specific for the MHC
genes under analysis, for example, HLA-DQA. For a full
genotyping of the MHC, several samples of DNA would be
amplified with different sets of primers to accommodate the
large number of loci and the high degree of polymorphism.
The PCR products are then screened for specific alleles
using beadsets and fluorescent probes as described above.

[0371] Mutation Analysis of Selected Genes: Screening
Procedures

[0372] There are several methodologies for determining
and comparing DNA sequences in order to detect mutations
which are associated with disease or neoplasia. When
adapted to a bead-based, multiplexed format in accordance
with the current invention, hybridization analysis allows for
the rapid screening of multiple genetic loci for multiple wild
type and mutant sequences.

[0373] Inapreferred embodiment of the invention, a given
genetic locus, or multiple loci, can be simultaneously
screened for the presence of wild type or mutant sequences.
In the same analysis, multiple known mutations can be
distinguished from each other and from the wild type
sequence and uncharacterized mutations. In addition, the
homozygosity or heterozygosity of known sequences can be
determined.

[0374] A general approach for detecting a DNA mutation
in accordance with this aspect of the invention is as follows.
In a first step, a suitable probe for detecting a mutation of
interest is selected. In an illustrative embodiment, selected
oligonucleotides, representing wild-type and mutant
sequences, from a region of a gene known to contain a
mutation are prepared. Such oligonucleotides are coupled to
microspheres by techniques known in the art, (e.g., carbo-
diimide coupling, or other means) to produce individual
aliquots of beads having known oligonucleotides coupled
thereto. The oligonucleotides must be a sufficient length to
allow specific hybridization in the assay, e.g., generally
between about 10 and 50 nucleotides, more preferably
between about 20 and 30 nucleotides in length. In a pre-
ferred embodiment, a saturating amount of the oligonucle-
otideis bound to the bead. Fluorescent oligonucleotides,
complementary to all or part of the sequences attached to
each bead, are also prepared.

[0375] Next, PCR primers are selected to amplify that
region of the test DNA corresponding to the selected probe,
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which are then used to amplify the particular region of DNA
in the sample that contains the sequence corresponding to
the oligonucleotide coupled to the beads. Either double
stranded or single stranded PCR techniques may be used. If
double stranded product is produced, the amplified PCR
product is made single stranded by heating to a sufficient
temperature to and for a sufficient time to denature the DNA
(e.g., for about 1 to about 5 minutes at about 90-95° C. in
2.3xSSC hybridization buffer). The mixture is cooled, and
the beads are added and incubated with the PCR product
under conditions suitable to allow hybridization to occur
between the oligonucleotide on the beads and the PCR
product (e.g., at room temperature for about 10 minutes).
The fluorescent DNA probe may then be added and the
entire mixture incubated under hybridization conditions
suitable to allow competitive hybridization to occur (e.g., 5
minutes at 65° C., then cooling to room temperature over a
period of several hours in 2.3xSSC buffer). As those of skill
in the art will recognize, the concentrations of the PCR
product and fluorescent probe to be used may vary and may
be adjusted to optimize the reaction.

[0376] In general, the concentrations of PCR product and
fluorescent probe to be used are adjusted so as to optimize
the detectable loss of fluorescence resulting from competi-
tive inhibition without sacrificing the ability of the assay to
discriminate between perfect complementarity and one or
more nucleotide mismatches. In an exemplary assay, the
concentration of PCR product complementary to the oligo-
nucleotide bound to the beads may be on the order of 1 to
10 times the molar concentration of fluorescent probe used.
The fluorescent probe should preferably be added in an
amount sufficient to achieve slightly less than saturation of
the complementary oligonucleotide on the beads in order to
obtain maximum sensitivity for competitive inhibition.

[0377] In a multiplexed assay employing the above prin-
ciples, beadsets are separately prepared, pooled, and the
bead-based hybridization analysis performed. In order to
screen a given locus for mutations, beadset subsets are
prepared such that subset 1 is coupled to a DNA segment
identical to the wild type sequence, subset 2 is coupled to a
DNA segment identical to a known mutation 1 (which may
represent a single or multiple point mutations, deletions or
insertions), subset 3 is coupled to a DNA segment identical
to a second known mutation 2, and so on. The subsets are
then mixed to create a pooled beadset.

[0378] When a nucleic acid sample is analyzed with such
a beadset, only the bead subsets containing sequences iden-
tical to the test sample will show a large decrease in
fluorescence (F,,). Bead subsets containing unrelated or
greatly disparate sequences will show little or no decrease in
fluorescence (F)) and bead subsets containing very closely
related sequences, such as point mutants, will show an
intermediate decrease in fluorescence (F). Thus, a large
decrease in the F,, of only subset 1 would indicate homozy-
gous wild-type; a large decrease in the F_, of both subset 1
and subset 2 would indicate heterozygous wild-type/mutant
1 and so on. If the test sample is less inhibitory than the
perfectly complementary sequence for any of the known
sequences represented by the subsets then a new uncharac-
terized mutation is indicated. The test sample could then be
sequenced to characterize the new mutation, and this
sequence information used to construct a new subset for the
beadset to detect the newly discovered mutation.
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[0379] The present invention has wide-spread advantages
for detection of any of a number of nucleic acid sequences
of interest in the genomic DNA of an individual or organism
and has the advantages of being both rapid and extremely
accurate in effecting the detection of such mutations. The
invention will find wide applicability in diagnosis of a
number of genetically associated disorders as well as in
other applications where identification of genetic mutations
may be important. Exemplary diseases include without
limitation, diseases such as cystic fibrosis, generalized myo-
tonia and myotonia congenita, hyperkalemic periodic
paralysis, hereditary ovalocytosis, hereditary spherocytosis
and glucose malabsorption; which are associated with muta-
tions in the genes encoding ion transporters; multiple endo-
crine neoplasia, which is associated with mutations in the
MEN2a, b, and MEN1 genes; familial medullary thyroid
carcinoma, and Hirschsprung’s disease, which are associ-
ated with mutations in the ret proto-oncogene; familial
hypercholesterolemia, which is associated with mutations in
the LDL receptor gene; neurofibromatosis and tuberous
sclerosis, which are associated with mutations in the NF1
gene, and NF type 2 gene; breast and ovarian cancer, which
are associated with mutations in the BRCA1, BRCAZ2,
BRCA3 genes; familial adenomatous polyposis, which is
associated with mutations in the APC gene; severe combined
immunodeficiency, which is associated with mutations in the
adenosine deaminase gene; xeroderma pigmentosum, which
is associated with mutations in the XPAC gene; Cockayne’s
syndrome, which is associated with mutations in the ERCC6
excision repair gene; fragile X, which is associated with
mutations in the fmrl gene; Duchenne’s muscular dystrophy,
which is associated with mutations in the Duchenne’s mus-
cular dystrophy gene; myotonic dystrophy, which is associ-
ated with mutations in the myotonic dystrophy protein
kinase gene; bulbar muscular dystrophy, which is associated
with mutations in the androgen receptor genes; Huntington’s
disease, which is associated with mutations in the Hunting-
ton’s gene; Peutz-jegher’s syndrome; Lesch-Nyhan syn-
drome, which is associated with mutations in the HPRT
gene; Tay-Sachs disease, which is associated with mutations
in the HEXA gene; congenital adrenal hyperplasia, which is
associated with mutations in the steroid 21-hydroxylase
gene; primary hypertension, which is associated with muta-
tions in the angiotensin gene; hereditary non-polyposis,
which is associated with mutations in the h(NMLH1 gene;
colorectal carcinoma, which is associated with mutations in
the 2 mismatch repair genes; colorectal cancer, which is
associated with mutations in the APC gene; forms of Alzhe-
imer’s disease which have been associated with the apoli-
poprotein E gene, retinoblastoma, which is associated with
mutations in the Rb gene; Li-Fraumeni syndrome, which is
associated with mutations in the p53 gene; various malig-
nancies and diseases that are associated with translocations:
e.g., in the ber/abl, bel-2 gene; chromosomes 11 to 14 and
chromosomes 15 to 17 transpositions. The references at the
end of the specification which are expressly incorporated
herein by reference describe genetic mutations associated
with certain diseases which may be tested for in accordance
with the invention as well as sequences provided in GEN-
BANK, the contents of which are also expressly incorpo-
rated herein by reference.

[0380] Double Stranded Experiment

[0381] For the purposes of illustration, the two comple-
mentary strands of a double-stranded DNA segment are



US 2004/0059519 Al

referred to as strand “A” and strand “B”. Either strand may
be designated “A” or “B”. The wild-type “B” strand oligo
(ras codon 12) having the oligonucleotide sequence 5-GC-
CTACGCCACCAGCTCCAACTAC-3' (SEQ ID NO. 3)
was coupled to 3.0 micrometers (um) latex microspheres
(manufactured by Interfacial Dynamics, Portland, Oreg.) by
carbodiimide coupling. Double stranded competitor was
prepared by combining equal amounts of both the “A” and
“B” strands of either the wild-type or mutant version of the
oligo, mutant “B” strand having the sequence 5'-GC-
CTACGCCACAAGCTCCAACTAC-3' (SEQ ID NO. 4)
(ras codon 12) in 5xSSC buffer. Annealing was accom-
plished by heating the mixture to 65° C. for five minutes,
then cooling slowly to room temperature. Competitive
hybridization was accomplished by combining approxi-
mately 40 picomoles of the bead-attached oligo (wild-type
“B” strand) with the indicated amounts of double stranded
competitor in 2.3xSSC buffer at approximately 25° C.
Finally, 100 picomoles of the fluorescinated oligo (wild-type
“A” strand) was added to the reaction mixture. This mixture
was incubated for two hours at room temperature, and then
diluted with 300 ul of saline pH 7.3, and analyzed on the
“FACSCAN” (manufactured by Becton-Dickinson Immu-
nocytometry Systems, San Jose, Calif.). The results are
shown in Table 20 below and in FIGS. 434 through 43c.

TABLE 20

Double-Stranded Experimental Results Using Wild-Type
“B” Oligonucleotide

Percent
Double Stranded Inhibition (% Fold Competition
Competitor (picomole)  Wild-Type Mutant  Wild-Type/Mutant
10 20 9 22
100 35 12 2.9
1000 56 17 3.3

[0382] These results clearly show that the DNA containing
the single point mutation (“Mutant”) was a detectably less
effective inhibitor of hybridization between the DNA on the
beads and the fluorescent oligonucleotide probe at all con-
centrations of competitor tested.

[0383] Single Stranded Experiment

[0384] The wild-type “B” strand oligo (ras codon 12) was
coupled to 3.0 um latex microspheres (manufactured by
Interfacial Dynamics) by carbodiimide coupling. Competi-
tive hybridization was accomplished by combining approxi-
mately 40 picomoles of the bead-attached oligo with 100
picomoles of the fluorescinated oligo (wild-type “A” strand)
in 2.3xSSC buffer. Finally, the indicated amounts of single
stranded competitor (either mutant or wild-type) were added
to two separate aliquots of the reaction mixture. These
aliquots were incubated for two hours at room temperature,
and then diluted with 300 ul of saline pH 7.3. and analyzed
on the FACSCAN flow cytometer. The results of these
experiments are set forth in Table 21 below and in FIGS.
44a and 44b.
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TABLE 21

Single-Stranded Experimental Results

Percent
Single Stranded Inhibition (% Fold Competition
Competitor (picomole)  Wild-Type Mutant  Wild-Type/Mutant
100 “A” Strand 14 6 2.4
1000 “A” Strand 25 11 2.3

[0385] These results clearly show that the DNA containing
the single point mutation (“Mutant”) was a detectably less
effective inhibitor of hybridization between the DNA on the
beads and the florescent oligonucleotide probe at all con-
centrations of competitor tested.

[0386] Resequencing Analysis of PCR Products Using
Multiplexed Analysis.

[0387] This example demonstrates the ability of flow
cytometry to perform resequencing analysis of PCR prod-
ucts. As a model system, PCR products were derived from
the DQA1 gene, in the region of the gene which determines
the major alleles of DQA1. The DQAL1 gene represents the
DNA coding sequence for the alpha chain of the DQ
molecule. DQ is classified as a class II histocompatibility
locus and is expressed in allelic form in all humans. Most
individuals are heterozygous for DQA, i.e., they express two
different DQA alleles. The determination of DQA alleles is
used in identity testing for paternity and forensic purposes.

[0388] Seventeen alleles of DQA1 have been defined by
DNA sequencing; however, eight major alleles account for
the large majority of the population. These alleles are
determined by fourteen unique DNA sequences contained
within four regions of the DQAL1 gene; all four regions are
contained within a 227 base pair PCR product derived from
human genomic DNA.

[0389] Flow cytometry was used to determine the pres-
ence or absence of all fourteen DNA sequences in a PCR
product simultaneously in a single reaction tube, thereby
allowing determination of the DQA alleles expressed in a
given sample. The system is based on competitive hybrid-
ization between the PCR product and complementary oli-
gonucleotide pairs representing each of the fourteen unique
DNA sequences. One strand of each oligonucleotide pair is
coupled to a unique subset of microspheres and the comple-
mentary strand is labeled with a green emitting fluorophore.
After coupling, the fourteen unique microsphere subsets
were pooled to produce the mixed bead set. After addition of
the fourteen fluorescent oligonucleotides and the PCR prod-
uct to the beadset, the mixture is hybridized and then
analyzed by flow cytometry. The ability of the PCR product
to inhibit the hybridization of the complementary fluorescent
oligonucleotides to their respective microsphere subsets is
used to determine the DNA sequences, and thus, the allele(s)
present in the PCR product.

[0390] Microspheres:

[0391] Carboxylate-modified latex (CML) microspheres
of 5.5 micron mean diameter were obtained from Bangs
Laboratories, Inc. (Carmel, Ind.). The microspheres were
differentially dyed with varying concentrations of two fluo-
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rescent dyes with orange and red emission spectra to pro-
duce fourteen unique microsphere subsets.

[0392] Oligonucleotides:

[0393] Fourteen oligonucleotide pairs (complementary
strands designated “A” and “B”) corresponding to allelic
sequences within the DQAI gene (Table 22) were synthe-
sized by Oligos, Etc. (Wilsonville, Oreg.). using standard
automated techniques. Each eighteen-base oligonucleotide
was substituted at the 5' end with an amino-terminal linker
during synthesis.

[0394] Oligonucleotide Coupling to Microspheres:

[0395] The “B” strand of each oligonucleotide pair was
coupled to a unique subset of CML microspheres using
carbodiimide chemistry. Briefly, 0.1 mL of a 1 mM solution
of oligonucleotide in 0.1 M MES (2 N-morpholino Jethane-
sulfonic acid), pH 4.5 was added to 1.0 mL of microspheres
(1% solids) in 0.1 M MES, pH 4.5. To this mixture, 0.05 mL
of a 10 mg/mL solution of EDC (1-ethyl-3-[3-dimethylami-
nopropyl]-carbodiimide hydrochloride) was added and
mixed vigorously. The mixture was incubated for 30 minutes
at room temperature, followed by another addition of EDC,
mixing, and incubation as above. Following the second
incubation period, the microspheres were pelleted by cen-
trifugation and resuspended in 0.4 mL of 0.1 M MES, pH 4.5
and stored at 4° C.

[0396] Oligonucleotide Labeling:

[0397] The “A” strand of each oligonucleotide pair was
fluorescently labeled with Bodipy FL-X (6-((4,4-difluoro-
5,7-dimethyl-4-bora-3  a,4a-diaza-s-indacene-3-propionyl)
amino)hexanoic acid, succinimidyl ester) (Molecular
Probes, Inc., Eugene, Oreg.). Briefly, a 400 uL solution
containing 20 uM oligonucleotide in 0.1 M sodium bicar-
bonate and 5% DMSO, pH 8.2 was reacted with 30 uL
Bodipy FL-X (10 mg/mL in DMSO) for 16-18 hours at room
temperature. The mixture was desalted on a PD 10 column
equilibrated in TE (10 mM TrisHCI, 1 mM ethylenediamine
tetraacetic acid (EDTA), pH 8.0) to remove excess unreacted
dye and stored at 4° C.

[0398] DNA Extraction:

[0399] Tissue sample (template) DNA was purified using
the QIAmp Blood Kit (Qiagen, Chatsworth, Calif.) for DNA
purification. Briefly, 1x10 tissue culture cells or 200 uL
whole blood is lysed with Qiagen protease and Buffer AL.
The lysate is incubated at 70° C. for 10 minutes followed by
addition of 210 ul ethanol. The mixture is applied to a
QIAmp spin column and centrifuged at 8,000xg for 1
minute. The filtrate is discarded, 500 uL. Buffer AW is added
to the column and the centrifugation is repeated; this step is
repeated. The filtrates are discarded and the DNA is eluted
into a new tube by addition of 200 ul. Buffer AE, incubation
at room temperature for 1 minute, followed by centrifuga-
tion as above.

[0400] Polymerase Chain Reaction (PCR:

[0401] PCR primers designated DQA AMP-A (5'-ATG-
GTGTAAA CTTGTACCAGT-3', SEQ ID NO. 5) and DQA
AMP-B (5'-TTGGTAGCAG CGGTAGAGTTG-3', SEQ ID
NO. 6) (World Health Organization, 1994) were synthesized
by Oligos, Etc. (Wilsonville, Oreg.) using standard auto-
mated techniques. PCR was performed with reagents (PCR
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buffer, dNTPs, MgCl,, and TAQ DNA polymerase) from
Life Technologies, Inc.(Gaithersburg, Md.). The reaction
mixture (50 uL) contained 1 uM of each primer, 200 nM
dNTPs, 3 mM MgCl,, 4-10 ug/mL DNA template, and 2.5
units TAQ DNA polymerase in PCR buffer. The PCR
reaction was performed on an Idaho Technologies thermal
cycler (Idaho Falls, Id.) using and initial step at 94° C. for
45 sec, and 32 cycles of 94° C. for 30 sec, 48° C. for 60 sec,
and 72° C. for 60 sec followed by a final hold at 72° C. for
7 minutes. Production of the product was verified by agarose
electrophoresis and was quantified by size exclusion chro-
matography on a Superdex 75 (10/30) column (Pharmacia,
Piscataway, N.J.). The PCR product was used without puri-
fication.

[0402] Competitive Hybridization Analysis:

[0403] The hybridization reaction was performed in a total
volume of 40 ul., containing approximately 8,000 of each
bead subset for a total of approximately 110,000 micro-
spheres, 50 nM of each fluorescent oligonucleotide, and
10-200 nM PCR product, as competitor, in hybridization
buffer (3 M trimethyl ammonium chloride, 0.15% sodium
dodecyl sulfate, 3 mM EDTA, and 75 mM TrisHCI, pH 8.0).
Briefly, the beadset mixture, in hybridization buffer, was
equilibrated at 55° C. The mixture of fluorescent oligonucle-
otides and PCR product was denatured in a boiling water
bath for 10 minutes followed by quick-chilling on ice for 2
minutes. The microspheres were added, mixed well, and the
entire reaction was allowed to hybridize for 30 minutes at
55° C. Following hybridization, the mixture was diluted to
250 ul. using hybridization buffer and analyzed by flow
cytometry.

[0404] Results
[0405] Microspheres for Multiple Analytes:

[0406] FIG. 45 illustrates the classification, using orange
and red fluorescence, of the fourteen microsphere subsets
used in the DQAT1 analysis. Each distinct microsphere subset
bears one of the fourteen unique oligonucleotide capture
probes on its surface. The level of green fluorescence
associated with each subset, after hybridization with the
fluorescent oligonucleotide probes, is also determined
simultaneously, and measures the reactivity of the fluores-
cent oligonucleotides (and therefore, the reactivity of the
PCR product) with each unique oligonucleotide sequence.

[0407] Titration of Fluorescent Oligonucleotide:

[0408] To optimize the system for detection of PCR prod-
ucts, fluorescent oligonucleotide was titered in the presence
or absence of PCR competitor. FIG. 46 illustrates the
hybridization of increasing concentrations of fluorescent
oligonucleotide “5503A” to microspheres coupled to oligo-
nucleotide “5503B” in the presence or absence of a 200 nM
concentration of double-stranded 0301 PCR product which
contains the 5503 sequence. In the absence of competitor,
the level of “5503A” which hybridizes to the microspheres,
detected as FL1, increases in a linear manner and reaches
saturation at approximately 10 nM. In the presence of
competitor, the binding curve is shifted to the right indicat-
ing inhibition of “5503A” hybridization.
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[0409] Concentration Dependence of Inhibition and
Detection of Point Mutations:

[0410] FIG. 47 illustrates the inhibition of fluorescent
oligonucleotide hybridization by varying concentrations of
complementary and point mutant competitors in the pres-
ence of a fixed concentration of fluorescent oligonucleotide.
The solid lines show the inhibition of hybridization to bead
“3401B” induced by competitors 3401 (u) or 3402 (n). The
dashed lines show inhibition of hybridization to bead
“3402B” induced by competitors 3401(s) or 3402 (1). Even
at the lowest competitor concentration (10 nM), there is
approximately a two-fold difference between the reactivity
of the identical sequence versus the point mutant.

[0411] Specificity of the Multiple Analyte Assay:

[0412] The specificity of the reaction of each DNA com-
petitor sequence with the multiplexed microsphere subsets is
illustrated in Table 23 and FIG. 48, using double-stranded
oligonucleotide competitors. The pattern of reactivity is
consistent with the homology of the different oligonucle-
otides with identical sequences showing maximal reactivity,
closely related sequences showing less reactivity, and unre-
lated sequences showing little or no reactivity.

[0413] Allele-Specific Reactivity Patterns:

[0414] In order to establish the reactivity patterns of the
DQAT1 alleles in a model system, simulated alleles were
prepared by mixing the oligonucleotides representing the
DNA sequences that would be present within a single PCR
product for a given allele. FIG. 49 illustrates the typing of
four simulated alleles of DQA1. By comparison to the allele
reactivity chart shown in Table 24, it can be seen that each
of the simulated alleles types correctly.

[0415] Typing of Homozygous Genomic DNA:

[0416] To verify the ability of flow cytometry to correctly
type PCR products prepared from genomic DNA, samples
of DNA of known, homozygous DQAL1 type were obtained
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from the UCLA Tissue Typing Laboratory, Los Angeles,
Calif. After PCR amplification, these samples were typed
using flow cytometry; the results are shown in FIG. 50. By
comparison to the allele reactivity chart (Table 24), it can be
seen that the system correctly types these samples.

[0417] Typing of Heterozygous Genomic DNA:

[0418] To determine the ability of multiplexed flow analy-
sis to accurately type heterozygous DQA1 haplotypes,
twenty-five samples of known heterozygous DQAL1 type
were obtained from the UCLA Tissue Typing Laboratory,
Los Angeles, Calif. The samples of homozygous DNA used
above were added to the panel and all of the samples were
coded and typed in a blinded study. The data from this study
are presented in Table 25. The last column of Table 25
entitled “Type™ indicates whether the haplotype indicated by
UCLA and the Luminex analysis agreed. In 34 of 35
samples, the haplotypes reported by both laboratories
agreed; sample number 19 was not typed by the UCLA
laboratory, but typed clearly as an 0501/0201 heterozygote
in the Luminex analysis. Thus, the multiplexed analysis is
capable of typing the DQA1 haplotypes with at least 97%
accuracy.

[0419] These studies have demonstrated that flow cytom-
etry can rapidly and accurately perform resequencing analy-
sis of PCR products. The model system used here required
the analysis of fourteen DNA sequences to determine eight
different DQAL alleles. Flow cytometry was able to perform
this analysis in a true simultaneous format, using a single
sample of a single PCR product in a single reaction tube. The
entire analysis, including setup, hybridization, flow analysis,
and data collection and analysis can be accomplished within
an hour after PCR amplification of the DNA sample. Thus,
it is possible to perform tissue typing or other genetic
analysis in less than three hours after obtaining a sample of
blood, tissue, etcetera, including the time required for
extraction of DNA and PCR amplification.

TABLE 22

DOAl DNA Sequences

Allele
Name Sequence “A" Strand Sequence “B” Strand Specificities
DQA2501 TGGCCAGTACACCCATGA (SEQ ID NO. 7) TCATGGGTGTACTGGCCA (SEQ ID NO. 8) 0101, 9401,
0501
DQA2502 TGGCCAGTTCACCCATGA (SEQ ID NO. 9) TCATGGGTGAACTGGCCA (SEQ ID NO. 10) 0103, 0201,
0601
DQA2503 TGGGCAGTACAGCCATGA (SEQ ID NO. 11) TCATGGCTGTACTGCCCA (SEQ ID NO. 12) 0301
DQA3401 GAGATGAGGAGTTCTACG (SEQ ID NO. 13) CGTAGAACTCCTCATCTC (SEQ ID NO. 14) 0101, 0104
DQA3402 GAGATGAGCAGTTCTACG (SEQ ID NO. 15) CGTAGAACTGCTCATCTC (SEQ ID NO. 16) 0102, 0103,
0501
DQA3403 GAGACGAGCAGTTCTACG (SEQ ID NO. 17) CGTAGAACTGCTCGTCTC (SEQ ID NO. 18) 0401, 0601
DQA3404 GAGACGAGGAGTTCTATG (SEQ ID NO. 19) CATAGAACTCCTCGTCTC (SEQ ID NO. 20) 0201, 0301
DQA4101N ACCTGGAGAGGAAGGAGA (SEQ ID NO. 21) TCTCCTTCCTCTCCAGGT (SEQ ID NO. 22) 0101, 0lo02,
0201,0301
DQA4102 ACCTGGAGAAGAAGGAGA (SEQ ID NO. 23) TCTCCTTCTTCTCCAGGT (SEQ ID NO. 24) 0103
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TABLE 22-continued
DOAl DNA Sequences
Allele
Name Sequence “A" Strand Sequence “B” Strand Specificities
DQA4103 ACCTGGGGAGGAAGGAGA (SEQ ID NO. 25) TCTCCTTCCTCCCCAGGT (SEQ ID NO. 26) 0401, 0501,
0601
DQA550 1N TCAGCAAATTTGGAGGTT (SEQ ID NO. 27) AACCTCCAAATTTGCTGA (SEQ ID NO. 28) 0101, 0l02,
0103
DQA5502N TCCACAGACTTAGATTTG (SEQ ID NO. 29) CAAATCTAAGTCTGTGGA (SEQ ID NO. 30) 0201
DQA5503 TCCGCAGATTTAGAAGAT (SEQ ID NO. 31) ATCTTCTAAATCTGCGGA (SEQ ID NO. 32) 0301
DQA5504 TCAGACAATTTAGATTTG (SEQ ID NO. 33) CAAATCTAAATTGTCTGA (SEQ ID NO. 34) 0401, 0501,
0601
[0420]
TABLE 23
Specificity of Oligonucleotide Inhibition
Bead #
Oligo 2501 2502 2503 3401 3402 3403 3404 4101 4102 4103 5501 5502 5503 5504
none 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2501 64% 10% 5% -1% -6% 4% 1% 4% 1% 3% 5% 9% 2% 3%
2502 19% T1%  -T% 2% 0% 1% -3% -3% -1% -4% -4% -4% -5% 4%
2503 7% 1%  85% 1% 2% 4% -3% 2% 4% -1% 1% -1% 5% 6%
3401 -1% -1% -3% T6% 1% 6% 1% 3% 2% 2% 5% -4% 2% 5%
3402 -1% -8% -12% 14% 83% 11% -5% -5% -3% -10% 0% -7% -4% 1%
3403 2% -3% -1% 0% 7% 73% -1% 2% 1% -1% 5% -9% -4% 2%
3404 5% 5% 4% 6% 2% 8% 62% 10% 9% 6% 10% 0% 7% 9%
4101 6% 4% 6% 10% 5% 10% 6% T9% 18% 22% 31% 5% 12% 12%
4102 0% -1% -4% 0% -3% 5% 0% 8% 79% 3% 7% -1% 5% 4%
4103 2% 11% 3% 5% 6% T% 5% 4% T% 1% 0% 8% 9% 6%
5501 -3% 3% 0% 2% 5% 5% 1% -1% 6% 1%  19% 9% 6% 4%
5502 3% 5% 5% 5% 1% 3% -1% 1% 2% -4% -T% 86% 4% 1%
5503 -5% 0% -6% 1% 2% 0% 2% -8% 0% -T% -9% 13% 80% -5%
5504 3% 8% 9% 5% 6% 5% 2% 2% 7% 6% 4% 13% 4% 93%
[0421]
TABLE 24-continued
TABLE 24
Allele Reactivity Chart
Allele Reactivity Chart
Allele Pattern Sequence
Allele Pattern Sequence 0301 (,4,1,3) 2503 3404 4101 5503
0401 1,3,3, 4 2501 3403 4103 5504
0101 11,1, 2501 3401 4101 5501 0501 1,2,3, 4 2501 3402 4103 5504
0102 1,2,1,1 2501 3402 4101 5501 0601 2,3,3,4) 2502 3403 4103 5504
0103 2,2,2,1) 2502 3402 4102 5501
0201 2,4,1,2) 2502 3404 4101 5502
[0422]
TABLE 25
Blinded typing of Genomic DNA Samples for DQA1
BEAD SUBSET
2501 2502 2503 3401 3402 3403 3404 4101 4102 4103 5501 5502 5503 5504 TYPE
1 4% 25% 35% 7% 69% 8% 58%  36% 61% -1% 78% 2% 75% -8% Y
2 13% -5% -7% 63% -4% 2% -3% 37% 2%  -9% 77% 0% 1% -11% Y
3 19% -2%  40% 66% -3% 0% 65% 51% 2% 2% 78% -2% 76%  -14% Y



US 2004/0059519 Al Mar. 25, 2004
34
TABLE 25-continued
Blinded typing of Genomic DNA Samples for DQA1
BEAD SUBSET
2501 2502 2503 3401 3402 3403 3404 4101 4102 4103 5501 5502 5503 5504 TYPE

4 2% 13% 18%  33% 68% 9% 1% -3% 6% 33% -14% 0% -11% 36% Y
5 38% 1% -7% 68% 78% 6% -1% 40% -1% 36% 76% -3% -5% 48% Y
6 -13% -10% 1% -10% -10% -7% 45% 21% -4% -12% -24% -9% 5%  -19% Y
7 -T% 8% -6% -11% -8%  19% 27% 7% 5% 16% -27% 31% -6% 30% Y
8 20% -5% -9% 1% 65% 53% 2% 3% 2% 30% 76% -2% -7% 43% Y
9 32% 5% -1% 7% 76% 5% 2% 57% 0% -1% 84% -3% -11% -25% Y
10 32% 10% 60% 4% 72% 1% 71% 60% -4% 7% 83%  -32% 76%  -40% Y
1 27% 7% 5% 10% 70% 5% 2% -14% 5% 45% -21% -6% -18% 44% Y
12 29% 3%  57% 8% 71% 6% 67%  60% 0% 3% 84% -4% 7%  -29% Y
13 25% 8% 2% 66% -4% 8% -8% 47% -1% -4% 83% -12% -22% -36% Y
14 16% 8%  33% -3% 0% 16% 29%  24% 2%  26%  -25% -7% 47% 17% Y
15 7% 19% 8%  -6% 26% 0% 31% 26% -5% 28% -31% 36% -21% 23% Y
16  32% 9% 2% 18% 76% 8% 5% -1% 2% 48% -4% -6% -17% 52% Y
17 8% 0%  35% 6% 53% 4% 58%  45% 1% 48% -13% -1% 77% 41% Y
18 1% -2%  55% 3% 1% 1% 75% 54% 4% 6% -14% -3% 84%  -12% Y
19 12% 18% 2% 5% 47% 8% 54%  37% 5% 46% -11% 46% 1% 39% ?
20 63% 15% 6%  42% 87% 17% 20%  64% 10% 65% 87% 6% 5% 60% Y
21 44% 62% 8%  23% 76% 13% 73% 70% 11% 20% 88% 64% 4% 1% Y
22 -6% 26% 5% 4% -3% 2% 55% @ 48% 6% 1% -7% 58% 1% -11% Y
23 56% 67% 13%  38% 87%  22% 24% 12% 75% 63% 89% 15% 15% 63% Y
24 15% 25% 5% 60% 58% 7% 10%  42% 61%  -4% 90% -2% -3% -17% Y
25 47% 15% 12%  75% 15% 50% 17% 56% 4%  55% 83% 2% -5% 51% Y
26 30% 8%  56% 15% 71% 5% 67%  65% 2% 9% 85% -1% 82%  -18% Y
27 13% 10% 10% 7% 27%  21% 5% 1% 3%  47% -16% 5% -5% 51% Y
28  23% 2% 0% 17% 23% 60% 14% 2% -1% 58% -18% -2% -3% 59% Y
29 24% 6% 10%  48% 46% 5% 10%  56% 5% 8% 86% 2% -2% -16% Y
30 38% 12% 1% 73% 14% 48% 7% 55% 6%  55% 84% 1% -7% 50% Y
31 -1% -1%  19% 0% 20% -1% 26% 29% -3% 31% -28% -4% 70% 31% Y
32 57% 16% 6%  83% 81% 11% 6%  59% 7% 60% 86% 9% -1% 53% Y
33 -13% 17%  24% 2% -1% 29% 47% 37% -6% 50% -11% 0% 80% 52% Y
34 33% 7% 5% 19% 75% 6% 13% 54% 1% 2% 85% 24% -3% -3% Y
35 -11% 19%  31% 10% -14% 0% 70% 46% -4% 2% -57% 44% 79% -8% Y

[0423] Measuring Enzymes With Bead-Based Assays

[0424] The invention may also be used in several formats
for measurement of enzymes, enzyme inhibitors and other
analytes. For example, bead subsets can be generated that
are modified with selected fluorescent substrates which can
be enzymatically cleaved from the bead, resulting in a loss
of fluorescence (F_). Enzymes that can be detected and
measured using the invention include but are not restricted
to, protease, glycosidase, nucleotidase, and oxidoreductase.
Any enzyme that results in selected bond cleavage can be
measured. A cartoon of the action of enzyme on a bead-
bound enzyme is shown in FIG. 51a. An enzyme that acts
upon a bead-bound substrate so that the bead-bound sub-
strate becomes fluorescent or loses fluorescence comprises
an assay for the level of enzyme affecting such a change.
FIGS. 51b and 51c depict these situations. Alteration of the
substrate could be an oxidation or reduction, alteration of a
chemical bond such a hydrolysis or other alteration of the
bead-bound substrate so that the fluorescence of the sub-
strate is altered in intensity or spectrum.

[0425] Enzymes that act upon pro-enzymes (convertases)
can be measured using a bead-bound substrate providing the
reaction mixture contains the pro-enzyme and beads bearing
a substrate that can be acted upon by the active form of the
enzyme. (Providing the specificity of each activated enzyme
is distinct, a multiplexed assay is achievable in which
several pro-enzymes can be measured at the same time.) The
sample is introduced into a mixture of pro-enzymes under
reaction conditions. After a fixed time interval during which

the convertase acts upon the pro-enzyme, the beadsets
specific for each enzyme generated from each pro-enzyme
are added and the newly generated activities measured in a
subsequent time period which is terminated when the bead-
sets are analyzed by flow cytometry. Such a process for a
single pro-enzyme to enzyme conversion is illustrated by the
cartoon in FIG. 51d.

[0426] The action of the enzyme can be measured in an
indirect but facile manner using a bead bound substrate as
depicted in FIG. 5le. The action of the enzyme on the
bead-bound substrate results in the formation or revelation
of a ligate for a fluorescent ligand present in the reaction
mixture. The bead bearing the modified substrate then
becomes fluorescent by virtue of binding of the fluorescent
ligand to the newly formed ligate. In practice, the enzyme(s)
would be added to the beadset under reactive conditions.
After a defined time period during which the enzyme acts
upon the bead bound substrate, the enzyme action would be
stopped and the fluorescent ligands added and after a period
for association of ligand with the beadsets, the mixture
analyzed by flow cytometry. The fluorescent ligands could
be of a single reactivity or multiple ligands employed, the
critical specificity is that of the enzyme for the substrate.

[0427] The bead-bound substrate may be used to detect the
activation of enzyme when the enzyme requires a cofactor
for activity. Under this circumstance, the level of the cofac-
tor becomes the limiting component of the reaction mixture
and determination of the level of cofactor can be measured.
Such a configuration is illustrated in FIG. 51f. The reaction
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mixture contains the bead-bound substrate as well as the
apo-enzyme. After introduction of the analyte (enzyme
cofactor), the reaction mixture is held under reactive con-
ditions for a fixed period of time followed by analysis of the
beads by flow cytometry, the level of cofactor limits the
level of enzyme activity. Providing the enzymes present
require different cofactors and have action on different
substrate-bearing beadsets, several cofactors could be mea-
sured in a single assay mixture.

[0428] In short, bead-borne substrates can be used as
reagent as are soluble substrates for enzymes. However,
because each type of bead bearing a unique substrate can be
distinguished, a mixture of bead subsets can be used to
measure several enzyme activities simultaneously in the
same reaction mixture.

[0429] Fluids that can be analyzed using these techniques
include plasma, serum, tears, mucus, saliva, urine, pleural
fluid, spinal fluid and gastric fluid, sweat, semen, vaginal
secretions, fluid from ulcers and other surface eruptions,
blisters, and abscesses, and extracts of tissues including
biopsies of normal, malignant, and suspect tissues. An assay
according to this aspect of the invention proceeds as follows:

[0430] 1. Beads containing reactive surface groups
(one of the following: amino, aldehyde, acid chlo-
ride, amidine, phenolic hydroxyl, phenyl amine, car-
boxyl) are obtained that can be discriminated on the
basis of, for example, forward angle light scatter, C,,
right angle light scatter, C,, and one of several
wavelengths of fluorescence C; . . . C, which are
designated as orange and red fluorescence, for
example, and comprise a number of subsets.

[0431] 2. Subsets thus obtained are derivatized with
a peptide (substrate) having a terminal fluorescent
green group, for example fluorescein (F,).

[0432] 3. Unreacted surface groups and hydrophobic
surface of the bead are blocked and the subsets are
processed by a particle analyzer and sorter (FACS-
CAN) and a uniform population of particles are
separated which have a low coefficient of variance
for F.. (e.g., 3%).

[0433] 4. A fluid to be tested is diluted with an
appropriate buffer and added to the beadset mixture
to allow enzymes present in the sample to react with
(cleave) their corresponding substrate on the sur-
faces of the beads.

[0434] 5. After a defined period of time, the reaction
is stopped and the entire mixture processed by a flow
cytometer and results are determined.

[0435] The presence of an enzyme in the clinical sample
is indicated by loss of fluorescence resulting from the
cleavage of the fluorescent F_, substrate from the bead
surface. Because the beads are analyzed in a very small
volume (e.g., about 6 picoliters) as they are passed through
the flow cytometer’s laser beam, interference from free
fluorescent molecules (cleaved substrate) will not signifi-
cantly interfere with the assay. This obviates the requirement
of washing of the beads prior to assay and simplifies the
procedure significantly.
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[0436] Time

[0437] Time measurement is an important feature of the
analysis. The essence of the measurement of an enzyme
activity is a change in substrate with time. The activity can
be determined by setting a period of time during which the
clinical sample is in contact with the beads using standard
conditions of pH, ionic composition and temperature. Two
alternative processes are available for determination of the
bead-bound substrate with time, that is the time expired
while the enzyme(s) is (are) acting on each beadset(s).

[0438] External Time

[0439] In this configuration, as each bead is measured by
the flow cytometer, the time at which each measurement was
obtained is recorded along with the bead’s other measure-
ments. Prior to the beginning of the assay, the baseline
measurement is determined. Once the enzyme (clinical
sample) is added to the bead mixture, the sample analysis
begins. As the beads proceed through the instrument, the
time data collected is used to determine the length of time
that the bead has been exposed to the clinical sample. The
F data collected over the period of the assay is used to
determine the rate of change of substrate on the beads
(kinetics) and thus the rate readily derived for each bead
subset in the mixture exposed to the clinical sample.

[0440]

[0441] Time can be determined and at the same time a
quality control internally generated by including a “timer”
bead subset that bears a substrate which is acted on by an
enzyme that does not naturally occur in the clinical sample
to be tested. The use of non-pathogenic microbial enzymes
and substrates with human samples, for example, would
suffice. The corresponding “timer” enzyme is added to the
dilution buffer so that a known concentration of the “timer”
enzyme is present in the buffer. The degree of action of the
“timer” enzyme upon the beads in the “timer” subset can be
measured as a function of the loss of fluorescence of the
beads in the subset to ensure that proper reaction conditions
are achieved. The level of fluorescence of the timer beads
can thus be used as an internal standard and an estimation of
time.

Internal Time

[0442] Determination of Enzyme Inhibitors or Regulators

[0443] In addition to direct assay of enzymes, an assay of
this type may also be used to detect enzyme inhibitors or
regulators. In accordance with this variation, samples being
tested for inhibitors are added to the beadset followed by the
corresponding enzymes. If inhibitors are present, the mea-
sured fluorescent (F,,) values will not be decreased to the
same extent as a control containing no inhibitors. In accor-
dance with FIG. 52, in a similar manner, inhibitors of
enzyme activators or binders of cofactors can be measured.

[0444] The present invention provides numerous advan-
tages and overcomes many problems associated with prior
art techniques of multiplexed diagnostic and genetic analysis
apparatus and methods. It will be appreciated by those of
ordinary skill having the benefit of this disclosure that
numerous variations from the foregoing illustration will be
possible without departing from the inventive concept
described herein. Accordingly, it is the claims set forth
below, and not merely the foregoing illustration, which are
intended to define the exclusive rights claimed in this
application program.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 34

<210> SEQ ID NO 1

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

His Tyr Gly Ser Leu Pro Gln Lys
1 5
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-continued

<210> SEQ ID NO 2

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Tyr Gly Ser Leu Pro Gln
1 5

<210> SEQ ID NO 3

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

gcctacgcca ccagctccaa ctac
<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4

gcctacgcca caagctccaa ctac
<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 5

atggtgtaaa cttgtaccag t
<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 6

ttggtagcag cggtagagtt g
<210> SEQ ID NO 7

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7

tggccagtac acccatga

<210> SEQ ID NO 8

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8

tcatgggtgt actggcca

<210> SEQ ID NO 9

<211> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

24

24

21

21

18

18
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-continued

<400>

SEQUENCE: 9

tggccagttc acccatga

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 10

LENGTH: 18

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 10

tcatgggtga actggcca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 11

LENGTH: 18

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 11

tgggcagtac agccatga

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 12

LENGTH: 18

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 12

tcatggctgt actgccca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 13

LENGTH: 18

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 13

gagatgagga gttctacg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 14

LENGTH: 18

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 14

cgtagaactc ctcatctce

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 15

LENGTH: 18

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 15

gagatgagca gttctacg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 16

LENGTH: 18

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 16

cgtagaactg ctcatctc

18

18

18

18

18

18

18

18
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<210> SEQ ID NO 17
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400>

gagacgagca gttctacg

<210>
<211>
<212>
<213>

<400>

cgtagaactg ctcgtctce

<210>
<211>
<212>
<213>

<400>

gagacgagga gttctatg

<210>
<211>
<212>
<213>

<400>

catagaactc ctcgtctce

<210>
<211>
<212>
<213>

<400>

acctggagag gaaggaga

<210>
<211>
<212>
<213>

<400>

tctecectteect ctccaggt

<210>
<211>
<212>
<213>

<400>

acctggagaa gaaggaga

<210>
<211>
<212>
<213>

<400>

SEQUENCE :

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE :

17

18

18

19

19

20

20

21

21

22

22

23

23

24

24

18

18

18

18

18

18

18
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-continued

tctcecttett ctccaggt 18

<210> SEQ ID NO 25

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

acctggggag gaaggaga 18

<210> SEQ ID NO 26

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

tctcecttecet ccccaggt 18
<210> SEQ ID NO 27

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

tcagcaaatt tggaggtt 18
<210> SEQ ID NO 28

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28

aacctccaaa tttgctga 18
<210> SEQ ID NO 29

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

tccacagact tagatttg 18
<210> SEQ ID NO 30

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

caaatctaag tctgtgga 18
<210> SEQ ID NO 31

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

tccgcagatt tagaagat 18

<210> SEQ ID NO 32
<211> LENGTH: 18
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-continued

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

atcttctaaa tctgcgga 18
<210> SEQ ID NO 33

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

tcagacaatt tagatttg 18
<210> SEQ ID NO 34

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

caaatctaaa ttgtctga 18

What is claimed is: therefore the reactant to which the bead has been
1. A method of preparing a beadset capable of detecting coupled is identifiable based on the unique classifica-

a plurality of analytes in a single fluid sample by flow tion parameter profile of the bead.

cytometric analysis comprising: 3. A method of flow cytometric analysis capable of

detecting a plurality of analytes of interest in a single fluid

(a) obtaining a plurality of subsets of beads wherein the sample comprising:

beads in each subset are sufficiently homogeneous with
respect to at least three selected classification param- (a) obtaining a beadset comprising a plurality of subsets
eters (Cy, C,, C; . .. C)) and sufficiently different in at of beads wherein the beads in each subset;

least one of said classification parameters from beads in
any other subset so that the profile of classification
parameter values within each subset detectable by flow
cytometry is unique;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C5 ... C,) values and sufficiently different from
beads in any other subset in at least one of said

(b) coupling the beads within each subset to a reactant that classification parameter values so that the profile of
will specifically react with a given analyte of interest in classification parameter Valugs Wlt.hln each subset
a fluid to be tested; and detectable by flow cytometry is unique; and

(2) are coupled to a reactant that will specifically react

(c¢) mixing the subsets of beads to produce a beadset, ! - I .
with a selected analyte of interest in a fluid to be

wherein the subset identity and therefore the reactant to

which the bead has been coupled is identifiable by flow tested;
cytometry based on the unique classification parameter (b) mixing, to produce a reacted bead sample, the beadset
profile of the beads. with the fluid to be tested under conditions that will
2. Abeadset capable of detecting a plurality of analytes in allow reactions between analytes of interest in the fluid
a single fluid sample by flow cytometric analysis comprising and the reactants on the beads in said set, wherein a
a plurality of subsets of beads wherein: reaction between a reactant and an analyte of interest

on a bead causes a change in the value of a fluorescent

(a) the beads in each subset are sufficiently homogeneous signal (F..) emitted from said bead;

with respect to at least three selected classification

parameters (Cy, C,, G5 . . . C,) and sufficiently different (¢) analyzing the reacted sample by flow cytometry to
in at least one of said classification parameters from determine the classification parameter value profile and
beads in any other subset so that the profile of classi- an F_, value of each bead analyzed,

fication parameter values within each subset detectable

by flow cytometry is unique; (d) identifying the subset to which each bead belongs and

therefore the reactant on the bead as a function of the
(b) wherein the beads within each subset are coupled to a unique profile of classification parameter values; and
reactant that will specifically react with a given analyte

of interest in a fluid to be fested: and (e) detecting the presence or absence of a particular

analyte of interest in said sample as a function of the
(c) wherein said subsets have been mixed to produce the identification in step (d) and a change in the F_, values
beadset, characterized in that the subset identity and of the beads in each of said subsets in the reacted fluid
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sample relative to the F, values of the beads in each of
said subsets not reacted with said fluid.
4. A method of flow cytometric analysis capable of
detecting a plurality of analytes of interest in a single fluid
sample comprising:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C; ... C)) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to a reactant that will specifically react
with a selected analyte of interest in a fluid to be
tested;

(b) mixing, to produce a reacted bead sample, the beadset
with the fluid to be tested under conditions that will
allow reactions between analytes of interest in the fluid
and the reactants on the beads in said set;

(¢) mixing with the reacted bead sample a fluorescent
label under conditions such that said label will bind to
and thereby increase the value of a fluorescent signal
F emitted from said bead;

(d) analyzing the reacted sample containing the fluores-
cent label by flow cytometry to determine the classifi-
cation parameter value profile and an F_, value of each
bead analyzed;

(e) identifying the subset to which each bead belongs and
therefore the reactant on the bead as a function of the
unique profile of classification parameter values; and

(f) detecting the presence or absence of a particular
analyte of interest in said sample as a function of the
identification in step (e) and an increase in the F
values of the beads in each of said subsets in the reacted
fluid sample relative to the F,, values of the beads in
each of said subsets not reacted with said fluid.

5. A method of flow cytometric analysis capable of

detecting a plurality of analytes of interest in a single sample
comprising:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C; ... C)) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique,

(2) are coupled to a reactant that will specifically react
with a selected analyte of interest in a fluid to be
tested, and

(3) are reacted with a fluorescently labeled compound
which competes with said analyte for reaction with
said reactant;

(b) mixing, to produce a reacted bead sample, the beadset
with the fluid to be tested under conditions that will
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allow reactions between analytes of interest in the fluid
and the reactants on the beads in said set and thereby to
allow the analytes to competitively inhibit or displace
the fluorescently labeled compounds from said beads,
resulting in a decrease in a fluorescent signal F,_,
emitted from a bead with which an analyte of interest
in the fluid has reacted;

(c) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_ value of each bead analyzed;

(d) identifying the subset to which each bead belongs and
therefore the reactant on the bead as a function of the
unique profile of classification parameter values; and

(e) detecting the presence or absence of a particular
analyte of interest in said sample as a function of the
identification in step (d) and an increase in the F,
values of the beads in each of said subsets in the reacted
fluid sample relative to the F,, values of the beads in
each of said subsets not reacted with said fluid.

6. The method of any one of claims 3, 4, and 5 wherein
C,, C,, and C; are each different and are selected from the
group consisting of forward light scatter, side light scatter
and fluorescence.

7. The method of any one of claims 3, 4, and 5 wherein
n is greater than or equal to 4 and C, is forward angle light
scatter, C, is side angle light scatter, C; is fluorescence at a
first wavelength and C, is fluorescence at a second wave-
length.

8. The method of claim 7 wherein said first wavelength is
red and said second wavelength is orange.

9. The method of claim 7 wherein said first wavelength is
red, said second wavelength is orange, and the wavelength
of said F_| signal is green.

10. The method of claim 3 wherein said analytes of
interest are antigens and said reactants are antibodies spe-
cifically reactive with said antigens.

11. The method of claim 3 wherein said analytes of
interest are antibodies and said reactants are antigens spe-
cifically reactive with said antibodies.

12. The method of claim 3 wherein said analytes of
interest are antigens selected from the group consisting of
bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial
and protozoal antigens and said reactants are antibodies
specifically reactive with said antigens.

13. The method of claim 3 wherein said reactants are
antigens selected from the group consisting of bacterial,
viral, fungal, mycoplasmal, rickettsial, chlamydial and pro-
tozoal antigens and said analytes of interest are antibodies
specifically reactive with said antigens.

14. The method of any one of claims 10 or 12 wherein
said antigens are antigens borne by pathogenic agents
responsible for sexually transmitted disease.

15. The method of any of claims 10 or 12 wherein said
antigens are antigens borne by pathogenic agents respon-
sible for a pulmonary disorder.

16. The method of any of claims 10 or 12 wherein said
antigens are antigens borne by pathogenic agents respon-
sible for a gastrointestinal disorder.

17. The method of claim 3 wherein said analytes of
interest are substances of abuse.

18. The method of claim 3 wherein said analytes of
interest are therapeutic drugs.
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19. The method of claim 3 wherein said analytes of
interest are antigens or antibodies associated with one or
more selected pathological syndromes.

20. The method of claim 19 wherein said syndromes are
selected from the group consisting of malignancy, allergy,
autoimmune diseases, and blood borne viruses.

21. The method of claim 19 wherein at least one said
syndrome is a cardiovascular disorder.

22. The method of claim 3 wherein said analytes of
interest are selected from the group consisting of analytes
testing for pregnancies and hormones.

23. The method of claim 3 wherein said fluorescent signal
is emitted from fluoresceinated antibodies specific for anti-
bodies coupled to said beads in said set.

24. The method of claim 3 wherein said fluorescent signal
is emitted from a fluoresceinated compound specifically
reactive with an immunoglobulin molecule.

25. The method of claim 3 wherein said fluorescent signal
is emitted from an agent selected from the group consisting
of a fluoresceinated anti-immunoglobulin antibody or a
specifically reactive fragment thereof, fluoresceinated pro-
tein A, and fluoresceinated protein G.

26. The method of claim 19 wherein said analyte com-
prises autoantibodies and said antigens comprise oligopep-
tide epitopes reactive with said autoantibodies, said fluores-
cent labels comprise fluorescent monoclonal antibodies
reactive with said epitopes and wherein the presence of the
analyte autoantibodies is detected as a result in a decrease of
F_.

27. The method of claim 3 wherein said analytes are
enzymes, said reactants are fluorescently labeled substrates
for said enzymes, said change in F_ results from cleavage of
said substrates from said beads.

28. The method of claim 27 wherein said enzymes are
selected from the groups consisting of proteases, glycosi-
dases, nucleotidases, oxidoreductases, hydrolyases,
esterases, convertases, ligases, transferases, phosphorylases,
lyases, lipases, peptidases, dehydrogenases, oxidases, phos-
pholipases, decarboxylases, invertases, aldolases, transami-
nases, synthetases, and phosphotases.

29. The method of claim 3 wherein the fluid to be tested
is selected from the group consisting of plasma, serum, tears,
mucus, saliva, urine, pleural fluid, spinal fluid and gastric
fluid, sweat, semen, vaginal secretions, fluid from ulcers and
other surface eruptions, blisters, and abscesses, and extracts
of tissues including biopsies of normal, malignant, and
suspect tissues.

30. A method of flow cytometric analysis for detection of
immunoglobulins in a fluid sample comprising the steps of:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C; ... C,) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to an immunoglobulin that corresponds
to the immunoglobulin to be assayed for in the fluid
sample;
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(b) obtaining a fluorescently labeled immunoglobulin-
binding reagent capable of reacting with the immuno-
globulins to be detected;

(c) mixing, to produce a reacted bead sample, the beadset
with the fluid sample to be tested and the fluorescently
labeled immunoglobulin-binding reagent under condi-
tions that will allow competitive binding reactions
between the immunoglobulin-binding reagent and
immunoglobulin in the fluid to be tested and between
the immunoglobulin-binding reagent and the immuno-
globulin on the beads in said set, wherein a reaction
between a bead-bound immunoglobulin and the fluo-
rescently labeled immunoglobulin-binding reagent
causes an increase in the value of a fluorescent signal
(F_) emitted from said bead,

(d) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_ value of each bead analyzed;

(e) identifying the subset to which each bead belongs and
therefore the immunoglobulin on the bead as a function
of the unique profile of classification parameter values;
and

(f) detecting a corresponding immunoglobulin in said
sample as a function of the identification in step (e) and
a change in the F,_ values of the beads in each of said
subsets in the reacted fluid sample relative to the F
values of the beads in each of said subsets not reacted
with said fluid.

31. The method of claim 30 wherein said immunoglobu-
lins to be detected are immunoglobulins belonging to dif-
ferent immunoglobulin classes.

32. The method of claim 31 wherein said classes are
selected from the group consisting of IgG, IgM, IgA, and
IgE.

33. The method of claim 32 wherein said immunoglobu-
lins to be detected are immunoglobulins belonging to dif-
ferent immunoglobulin sub-classes.

34. The method of claim 33 wherein said subclasses are
selected from the group consisting of human IgG,, IgG,,
IgG;, 1gG,, IgA,, and IgA,.

35. A method of flow cytometric analysis for detection of
immunoglobulin specific for a particular epitope of interest
in a sample comprising the steps of:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C5 ... C,) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to a monoclonal antibody preparation
which is specific for an epitope that is the same
epitope as that epitope which binds to an immuno-
globulin to be assayed for;

(b) obtaining a plurality of fluorescently labeled reagents
wherein each of said reagents bears an epitope to which
the monoclonal antibody preparation coupled to the
beads within a subset binds;



US 2004/0059519 Al

(¢) mixing, to produce a reacted bead sample, the beadset
with the fluid sample to be tested and the fluorescently
labeled reagents under conditions that will allow com-
petitive binding reactions between the fluorescently
labeled reagents and immunoglobulin in the fluid to be
tested and between the fluorescently labeled reagents
and the monoclonal antibodies on the beads wherein a
reaction between a bead-bound antibody and the fluo-
rescently labeled reagent causes an increase in the
value of a fluorescent signal (F,)) emitted from said
bead;

(d) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_, value of each bead analyzed;

(e) identifying the subset to which each bead belongs and
therefore the monoclonal antibody on the bead as a
function of the unique profile of classification param-
eter values; and

(f) detecting the presence or absence of an immunoglo-
bulin in said sample specific for said particular epitope
as a function of the identification in step (e) and a
change in the F, values of the beads in each of said
subsets in the reacted fluid sample relative to the F_
values of the beads in each of said subsets not reacted
with said fluid.
36. The method of claim 35 wherein the epitopes are
epitopes located on viral antigens.
37. The method of claim 36 wherein said viral antigen is
an antigen from HIV.
38. A method of flow cytometric analysis for detection of
analytes commonly elevated in pregnancy in a fluid sample
comprising the steps of:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C; ... C,) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to an antibody which is specific for an
analyte to be assayed for in the fluid sample;

(b) obtaining a plurality of preparations of antibody
molecules wherein each of said preparations contains
fluorescently labeled antibodies specific for an analyte
to be assayed for in the fluid sample;

(¢) mixing, to produce a reacted bead sample, the beadset
with the fluid sample to be tested and the fluorescently
labeled antibodies under conditions that will allow
binding reactions between the antibody that is coupled
to the bead, the analyte of interest in the fluid to be
tested, and the fluorescently labeled antibodies so as to
bind said fluorescent antibodies to said beads though
binding to said enzymes which are in turn bound to said
beads though said bead-bound antibodies and wherein
a bridging reaction between a bead-bound antibody, the
analyte to which that antibody binds, and the fluores-
cently labeled antibody specific for said enzyme causes
an increase in the value of a fluorescent signal (F,,)
emitted from said bead;

46
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(d) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_ value of each bead analyzed;

(e) identifying the subset to which each bead belongs and
therefore the antibody on the bead as a function of the
unique profile of classification parameter values; and

(f) detecting the analyte in said sample as a function of the
identification in step (¢) and a change in the F_ values
of the beads in each of said subsets in the reacted fluid
sample relative to values of the beads in each of said
subsets not reacted with said fluid.

39. The method of claim 38 wherein said analytes are
selected from the group consisting of human chorionic
gonadotropin, alpha fetoprotein, and 3' estradiol.

40. A method of flow cytometric analysis for determining
the epitope to which a monoclonal antibody binds compris-
ing the steps of:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C5 ... C,) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to a peptide which provides a given
epitope;

(b) obtaining a fluorescently labeled monoclonal antibody
of interest;

(c) mixing, to produce a reacted bead sample, the beadset
with the fluorescently labeled monoclonal antibody
under conditions that will allow binding reactions
between the bead-bound peptide which provides the
epitope to which the monoclonal antibody is capable of
binding and said monoclonal antibody, wherein a reac-
tion between a bead-bound peptide and the fluores-
cently labeled monoclonal antibody causes an increase
in the value of a fluorescent signal (F,,) emitted from
said bead;

(d) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_ value of each bead analyzed;

(e) identifying the subset to which each bead belongs and
therefore the peptide on said bead as a function of the
unique profile of classification parameter values; and

(f) detecting the particular epitope to which the mono-
clonal antibody binds as a function of the identification
in step (e) and a change in the F_, values of the beads
in each of said subsets in the sample relative to the F,
values of beads not reacted with said monoclonal
antibody.
41. The method of claim 40 where said peptides are from
2 -100 amino acids in length.

42. A method of flow cytometric assay for antibodies
reactive with given pathogens of interest in a fluid sample
comprising the steps of:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;



US 2004/0059519 Al

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C; ... C,) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to an antigen derived from one of said
pathogens of interest:

(b) obtaining a fluorescently labeled immunoglobulin-
reactive reagent;

(¢) mixing, to produce a reacted bead sample, the beadset
with the fluid sample and the fluorescently labeled
immunoglobulin-reactive reagent under conditions that
will allow binding reactions between the bead-bound
antigen and antibody in said sample and the fluores-
cently labeled immunoglobulin-reactive reagent
wherein a reaction between a bead-bound antigen,
antibody in said fluid sample and the fluorescently
labeled reagent causes an increase in the value of a
fluorescent signal (F ) emitted from said bead,

(d) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_, value of each bead analyzed;

(e) identifying the subset to which each bead belongs and
therefore the peptide on said bead as a function of the
unique profile of classification parameter values; and

(f) detecting the particular epitope to which the mono-
clonal antibody binds as a function of the identification
in step (e) and a change in the F_, values of the beads
in each of said subsets in the sample relative to the F,
values of beads not reacted with said fluid sample.

43. The method of claim 42 wherein said antigens com-
prise one or more of the following antigens: Toxoplasma
gondii, Rubella virus, Cytomegalovirus, and Herpes Sim-
plex virus.

44. The method of claim 43 wherein said fluorescently
labeled immunoglobulin-reactive reagent is anti-Human
IgG.

45. The method of claim 43 wherein said fluorescently
labeled immunoglobulin-reactive reagent is anti-Human
IgM

46. A method of flow cytometric assay for antibodies
reactive with allergens of interest in a fluid sample com-
prising the steps of:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C; ... C,) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to an antigen derived from an allergen
of interest;

(b) obtaining a fluorescently labeled IgE reactive reagent;

(¢) mixing, to produce a reacted bead sample, the beadset
with the fluid sample and the fluorescently labeled
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reagent under conditions that will allow binding reac-
tions between the bead-bound allergen and antibody in
said sample and the fluorescently labeled IgE reactive
reagent wherein a reaction between a bead-bound aller-
gen, antibody in said fluid sample and the fluorescently
labeled IgE-reactive reagent causes an increase in the
value of a fluorescent signal (F,)) emitted from said
bead,

(d) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_ value of each bead analyzed;

(e) identifying the subset to which each bead belongs and
therefore the allergen on said bead as a function of the
unique profile of classification parameter values; and

(f) detecting the particular epitope to which the mono-
clonal antibody binds as a function of the identification
in step (e) and a change in the F_ values of the beads
in each of said subsets in the sample relative to the F,
values of beads not reacted with said fluid sample.

47. The method of claim 46 wherein said allergen com-

prise one or more of the following antigens: Junegrass, Red
Top, Brome, Orchard, Timothy, Rye, Fesque, What, Quack,
Bermuda, Johnson, Canary, Velvet, Saltgrass, Bahia, and
Vernal.

48. The method of claim 46 wherein said fluorescently

labeled IgE reactive reagent is anti-human IgE

49. The method of claim 46 wherein said fluorescently

labeled IgE reactive reagent is anti-canine IgE.

50. A method of flow cytometric analysis capable of

quantitating the concentration of an analyte of interest in a
fluid sample comprising:

(a) obtaining a beadset comprising a plurality of subsets
of beads, wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C;, ... C)) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to a reactant that will specifically react
with the selected analyte of interest in the sample to
be tested; and

wherein the beads in a plurality of said subsets are
coupled to the same reactant but at concentrations
which differ among said subsets;

(b) mixing, to produce a reacted bead sample, the beadset
with the fluid sample to be tested under conditions that
will allow reactions between the analyte of interest in
the fluid sample and the reactants on the beads in said
set, wherein a reaction between a reactant and an
analyte of interest on a bead causes a change in the
value of a fluorescent signal (F,)) emitted from said
bead,

(c) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_ value of each bead analyzed;

(d) identifying the subset to which each bead belongs and
therefore the concentration of reactant with which the
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bead was coupled as a function of the unique profile of
classification parameter values; and

(e) detecting the concentration of the analyte of interest in
said sample as a function of the identification in step (d)
and the F_ values of the beads in each of said subsets
relative to the F_ values of a second set of the beads in
each of said subsets, wherein said beads in said second
set have not been reacted with said fluid sample but
have been reacted with a known concentration of the
analyte of interest.

51. A method of flow cytometric analysis capable of

quantitating the concentration of an analyte of interest in a
fluid sample comprising:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C5, ... C)) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to a reactant that will specifically react
with the analyte of interest in the sample to be tested;
and

wherein the beads in a plurality of said subsets are
coupled to the same reactant but at concentrations
which differ among said subsets;

(b) mixing, to produce a reacted bead sample, the beadset
with a fluorescently labeled competitive inhibitor of the
reaction between the analyte of interest and the reactant
on the beads and with the fluid sample under conditions
that will allow reactions between the analyte of interest
in the fluid sample and the reactants on the beads in said
set, wherein a reaction between an analyte of interest
and a reactant on a bead causes a decrease in the value
of a fluorescent signal (F,,) emitted from said bead,

(c) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_, value of each bead analyzed;

(d) identifying the subset to which each bead belongs and
therefore the concentration of reactant with which the
bead was coupled as a function of the unique profile of
classification parameter values;

(e) assigning a bead subset value to each bead subset with
correlates relatively with the concentration of analyte
with which the bead subset was coupled;

(f) determining an inter-bead subset slope from a plot of
mean F_ for each bead subset versus bead subset value
to produce an inter-bead subset slope; and

(g) determining the concentration of the analyte of interest
in the sample by interpolation of the slope determined
in step (f) into a standard assay curve wherein the
inter-bead subset slopes of beads incubated with known
concentrations of the analyte of interest are plotted
against the log of the known concentration of the
analyte of interest.
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52. A method of generating a multiplexed standard assay
curve for use in quantitating the concentration of an analyte
of interest in a fluid sample comprising the steps of:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in said subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C;, . . C) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
classification parameter values within each subset
detectable by flow cytometry is unique; and

(2) are coupled to a reactant that will specifically react
with a selected analyte of interest in a fluid to be
tested; and

(3) wherein the beads in a plurality of said subsets are
coupled to the same reactant but at concentrations
which differ among said subsets;

(b) mixing, to produce a reacted bead sample, the beadset
with a fluorescently labeled competitive inhibitor of the
analyte of interest and a known concentration of the
analyte of interest under conditions that will allow
reactions between the analyte of interest in the fluid and
the reactants on the beads in said set, wherein a reaction
between a reactant and an analyte of interest on a bead
causes a decrease in the value of a fluorescent signal
(F_) emitted from said bead,

(c) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_ value of each bead analyzed;

(d) identifying the subset to which each bead belongs and
therefore the concentration of reactant with which the
bead was coupled as a function of the unique profile of
classification parameter values; and

(e) assigning a bead subset value to each bead subset with
correlates relatively with the concentration of analyte
with which the bead subset was coupled; and

(f) determining an inter-bead subset slope from a plot of
mean F_, for each bead subset versus bead subset value;
and

(g) repeating steps (a)-(f) at least one time but with a
known concentration of analyte of interest that differs
from said concentration of analyte of interest employed
in any other step (b); and

(h) plotting to produce a standard curve the inter-bead
subset slopes at each known concentration of analyte of
interest against the log of each known concentration of
analyte of interest.

53. A method for flow cytometric analysis to detect a

plurality of nucleic acid analytes of interest in a single
sample comprising:

(a) obtaining a beadset comprising a plurality of subsets
of beads wherein the beads in each subset;

(1) are sufficiently homogeneous with respect to each
of at least three selected classification parameter (C,,
C,, C5 ... C,) values and sufficiently different from
beads in any other subset in at least one of said
classification parameter values so that the profile of
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classification parameter values within each subset
detectable by flow cytometry is unique,

(2) are coupled to a nucleic acid that will specifically
hybridize with a selected nucleic acid analyte of
interest in a fluid to be tested,

(3) are reactive with a fluorescently labeled nucleic acid
probe which competes with said nucleic acid analyte
for hybridization with said nucleic acid coupled to
the bead;

(b) mixing, to produce a reacted bead sample, the beadset
with the fluid to be tested under conditions that will
allow hybridization between nucleic acid analytes of
interest in the fluid and the nucleic acids coupled to the
beads in said beadset and thereby to allow the nucleic
acid analytes in said fluid to inhibit hybridization
between the fluorescently labeled nucleic acids with the
nucleic acids coupled to said beads, resulting in a
decrease in a fluorescent signal F, | emitted from a bead
with which a nucleic acid analyte of interest in the fluid
has reacted,

(c) analyzing the reacted sample by flow cytometry to
determine the classification parameter value profile and
an F_, value of each bead analyzed;

(d) identifying the subset to which each bead belongs and
therefore the reactant on the bead as a function of the
unique profile of classification parameter values; and

(e) detecting the presence or absence of a particular
analyte of interest in said sample as a function of the
identification in step (d) and an increase in the F,,
values of the beads in each of said subsets in the reacted
fluid sample from the F,, values of the beads in each of
said subsets not reacted with said fluid.

54. The method of claim 3 wherein said analytes are
enzymes, said reactants are fluorescent molecules which
upon reaction with the enzyme lose fluorescence, said
change in F_ results from alteration of said substrates
attached to said beads.

55. The method of claim 3 wherein said analytes are
enzymes, said reactants are non-fluorescent molecules
which upon reaction with the enzyme become fluorescent,
and said change in F_, results from alteration of said sub-
strates attached to said beads.

56. The method of claim 3 wherein said analytes are
convertases which produce active enzymes from inactive
precursors, said reactants are inactive precursors that are
converted to active enzyme which in turn are reactants of
fluorescently labeled substrates for said newly activated
enzymes, and said change in F,_, results from cleavage of
said substrates from said beads.

57. The method of claim 5 wherein said analytes are
enzymes, said reactants are molecules attached to a bead
which, upon reaction with the enzyme, become ligates for a
fluorescently labeled ligand, and wherein said change in F,
results from reaction of the new ligate with the fluorescently
labeled ligand.

58. The method of claim 3 wherein said analyte is a
cofactor which produces an active enzyme from an inactive
apo-enzymes, said reactant is a fluorescently labeled sub-
strate for said activated enzyme, and said change in F,
results from cleavage of said substrate from said active
enzyme.
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59. A method of processing a plurality of data signals
generated by a flow cytometer in real-time, each said data
signal being associated with a specific cytometric target and
encoding a forward light scatter value, a side light scatter
value, a red fluorescence value, an orange fluorescence
value, and a green fluorescence value, comprising:

(a) receiving a data signal;

(b) extracting from said data signal (1) a forward light
scatter value, (2) a side light scatter value, (3) a red
fluorescence value, (4) an orange fluorescence value,
and (5) a green fluorescence value;

(¢) classifying said cytometric target into one of a plural-
ity of classes, referred to as an identified class, said
classification being a function of said extracted (1)
forward light scatter value, (2) side light scatter value,
(3) red fluorescence value, and (4) orange fluorescence
value;

(d) incrementing a class-count value associated with said
identified class, said class-count value encoding the
number of cytometric targets classified as belonging to
said identified class;

(e) accumulating a green-fluorescence-sum value associ-
ated with said identified class, said green fluorescence
sum-value encoding an arithmetic sum of said extracted
green fluorescence value for all cytometric targets
classified as belonging to said identified class;

(f) repeating the operations described in paragraphs (a)
through (e) for subsequent data signals;

(g) generating, for each of said plurality of classes, one or
more outcome-description signals encoding textual
information correlated with the class-count value and
with the green-fluorescence-sum value for said class;
and

(h) displaying said textual information.

60. The method of claim 59 wherein said specific cyto-
metric target is an appropriately labeled bead.

61. The method of claim 60 wherein each one of said
plurality of classes is associated with one bead subset, said
bead subset formed in accordance with claim 2.

62. The method of claim 59 wherein the operation of
paragraph © is further comprised of performing a reason-
ableness test on said cytometric target’s identified class, said
reasonableness test being a function of one or more of said
identified class’ (1) forward light scatter value, (2) side light
scatter value, (3) red fluorescence value, and (4) orange
fluorescence value.

63. A method of processing a plurality of data signals
generated by a flow cytometer, each said data signal being
associated with a specific flow cytometric target and encod-
ing a plurality of classification parameter values and one or
more measurement parameter values, comprising:

(a) receiving a data signal;

(b) extracting said plurality of classification parameter
values and said one or more measurement parameter
values from said data signal;

(¢) classifying said cytometric target into one of a plural-
ity of classes, referred to as an identified class, said
classification being a function of said plurality of
extracted classification parameter values;
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(d) incrementing a class-count value associated with said
identified class;

(e) accumulating each of said one or more extracted
measurement values into one or more respective accu-
mulation-values for said identified class;

(f) repeating the operations described in paragraphs (a)
through (e) for subsequent data signals;

(g) generating, for each of said plurality of classes, one or
more outcome-description signals encoding informa-
tion correlated with the class-count and with the one or
more accumulation-sum values for said class; and

(h) displaying said textual information.

64. The method of claim 63 wherein said processing in
performed in real-time.

65. The method of claim 64 wherein each one of said
plurality of classes is associated with one bead subset, said
bead subset formed in accordance with claim 2.

66. The method of claim 63 wherein said specific cyto-
metric target is an appropriately labeled bead.

67. The method of claim 63 wherein said data signal
encodes a plurality of classification parameter values
selected from the group consisting of forward light scatter,
side light scatter, red fluorescence, and orange fluorescence.

68. The method of claim 63 wherein said data signal
encodes one or more measurement parameter values
selected from the group consisting of orange fluorescence
and green fluorescence.

69. The method of claim 63 wherein said one or more
outcome-description signals encodes textual information.

70. The method of claim 63 wherein each of said one or
more outcome-description signals is determined by either an
OVER-UNDER test or a SHIFT test.

71. An machine readable assay database, stored in a
storage device, for the processing of flow-cytometric mea-
surement data comprising:

(2) an assay definition table, said assay definition table
encoding (1) one or more measurement subset token
identifiers, (2) for each subset token identifier, one or
more baseline measurement parameter values, and (3)
for each subset token identifier, an interpretation test-
type token;

(b) a discriminant function table, said discriminant func-
tion table encoding a classification decision tree based
on one or more classification measurement parameters,
said one or more classification measurement param-
eters encoded in said flow-cytometric measurement
data;

(c) an interpretation table, said interpretation table encod-
ing textual assay outcome-description information; and

(d) a results table, said results table capable of encoding
statistical accumulation of real-time flow-cytometric
measurement data.

72. A method of processing a plurality of data signals, in
real-time, generated by a diagnostic device, each of said
plurality of data signals being associated with a specific
diagnostic target and encoding a plurality of classification
parameter values and one or more measurement parameter
values, comprising:
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(a) receiving a data signal;

(b) extracting said plurality of classification parameter
values and said one or more measurement parameter
values from said data signal;

(¢) classifying said diagnostic target into one of a plurality
of classes, referred to as an identified class, said clas-
sification being a function of said plurality of extracted
classification parameter values;

(d) incrementing a class-count value associated with said
identified class;

(e) accumulating each of said one or more extracted
measurement values into one or more respective accu-
mulation-values for said identified class;

(f) repeating the operations described in paragraphs (a)
through (e) for subsequent data signals;

(g) generating, for each of said plurality of classes, one or
more outcome-description signals encoding informa-
tion correlated with the class-count and with the one or
more accumulation-sum values for said class; and

(h) displaying said outcome-description signals.

73. The method of claim 72 wherein said diagnostic
device is selected from the group consisting of a flow
cytometer and a cell sorter.

74. A program storage device that is readable by a
computer, said program storage device having encoded
therein a program of instructions that includes instructions
for executing the method steps of a specified one of claims
59, 63, 71, and 72.

75. A method for flow cytometric analysis to detect
genetic mutations in a DNA comprising:

(a) obtaining beads coupled to an oligonucleotide mol-
ecule designed to hybridize with a selected PCR prod-
uct of interest;

(b) mixing the beads with said PCR product under con-
ditions that will allow hybridization between said PCR
product and the oligonucleotide coupled to the beads
and thereby to allow the PCR product to inhibit hybrid-
ization between a fluorescently labeled nucleic acid
probe that is completely complementary to said oligo-
nucleotide coupled to said beads;

(c) adding said fluorescent probe to the mixture;

(d) analyzing the reacted sample by flow cytometry to
determine the fluorescence of each bead analyzed; and

(e) detecting the genetic mutation or absence thereof as a
result of the degree of fluorescence on the beads.
76. A method to detect a genetic mutations in a DNA
comprising:

(a) obtaining beads coupled to an oligonucleotide mol-
ecule, said oligonucleotide molecule designed to
hybridize with a selected PCR product of interest;

(b) mixing said beads with said PCR product, under
conditions that will allow hybridization between said
PCR product and the oligonucleotide coupled to the
beads, to form a reacted mixture;

(c) adding a fluorescent probe to said reacted mixture;

(d) determining the fluorescence of the beads by flow
cytometry; and
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(e) detecting the genetic mutation, or absence thereof, as
a result of the degree of the determined fluorescence on
the beads.
77. A method of detecting a genetic mutation in a DNA
comprising the steps of:

(a) selecting an oligonucleotide probe for said genetic
mutation;

(b) preparing a fluorescent DNA probe complementary to
the oligonucleotide probe coupling said selected probe
to each one of a plurality of beads to form a bead
aliquot;

(c) selecting PCR primers to amplify a region of said
DNA corresponding to said selected probe;

(d) amplifying said genetic mutation by PCR to form PCR
products;

(e) mixing said bead aliquot, said PCR products and said
fluorescent probe to form a mixture;

(f) incubating said mixture to promote under competitive
hybridization conditions;

(g) measuring the fluorescence said beads by flow cytom-
etry; and

(h) detecting said genetic mutation, or absence thereof, as
a function of the measured fluorescence of said beads.
78. The method of claim 77 wherein said genetic mutation
is selected from the group consisting of mutations in
MEN2a, MEN2b, MENI1, ret proto-oncogene, LDL recep-
tor, NF1, NF type 2, BRCA1, BRCA2, BRCA3, APC,
adenosine deaminase, XPAC, ERCC6 excision repair gene,
fmrl, Duchenne’s muscular dystrophy gene, myotonic dys-
trophy protein kinase, androgen receptor, Huntington’s,
HPRT, apolipoprotein E, HEXA, steroid 2-hydroxylase,
angiotensin, ANMLH1, 2 mismatch repair, APC, Rb, p53,
ber/abl, bel-2 gene, chromosomes 11 to 14 and chromo-
somes 15 to 17 gene transpositions, and genes encoding ion
transporters.
79. The method of claim 77 wherein said oligonucleotide
probe has a length of between 5 and 500 nucleotides.
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80. The method of claim 77 wherein said PCR primers are
designed to amply a region of said DNA corresponding to
said oligonucleotide probe.

81. The method of claim 77 wherein said fluorescent
probe is selected from the group consisting of DNA
sequences complementary to wild-type or mutant sequences
coupled to the beads.

82. A kit for detection of a genetic mutation in a DNA
comprising:

(a) a first container comprising beads coupled to an
oligonucleotide designed to hybridize with a selected
PCR product of interest;

(b) a second container comprising a PCR primer designed
to amplify a section of DNA complementary to said
oligonucleotide; and

(c) a third container comprising a fluorescent labeled
DNA probe capable of selectively hybridizing said
oligonucleotide.

83. The kit of claim 82, wherein said genetic mutation is
selected from the group consisting of mutations in MEN2a,
MEN2b, MENT1, ret proto-oncogene, LDL receptor, NF1,
NF type 2, BRCA1l, BRCA2, BRCA3, APC, adenosine
deaminase, XPAC, ERCC6 excision repair gene, fmrl,
Duchenne’s muscular dystrophy gene, myotonic dystrophy
protein kinase, androgen receptor, Huntington’s, HPRT,
apolipoprotein E, HEXA, steroid 2-hydroxylase, angio-
tensin, ANMLH1, 2 mismatch repair, APC, Rb, p53, ber/abl,
bel-2 gene, chromosomes 11 to 14 and chromosomes 15 to
17 gene transpositions, and genes encoding ion transporters.

84. The kit of claim 82 wherein said fluorescent labeled
DNA probe has a length of between 5 and 500 nucleotides.

85. The method claim 3 where the analytes of interest are
DNA segments, the reactant on the bead are DNA segment
capable of specifically hybridizing to said analytes, and the
fluorescent label is a fluorescent DNA segment also capable
of specifically hybridizing with said reactant to compete
with the hybridization of said reactant to said label.
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