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DECODING OF ARRAY SENSORS WITH MICROSPHERES

This application is a continuing application of U.S.S.N.s 09/189,543, filed November 10, 1998, and of
60/090,473, filed June 24, 1998.

FIELD OF THE INVENTION
The invention relates to compositions and methods for decoding microsphere array sensors.
BACKGROUND OF THE INVENTION

There are a number of assays and sensors for the detection of the presence and/or concentration of
specific substances in fluids and gases. Many of these rely on specific ligand/antiligand reactions as
the mechanism of detection. That is, pairs of substances (i.e. the binding pairs or ligand/antiligands)
are known to bind to each other, while binding little or not at al! to other substances. This has been the
focus of a number of techniques that utilize these binding pairs for the detection of the complexes.
These generally are done by labeling one component of the complex in some way, so as to make the

entire complex detectable, using, for example, radioisotopes, fluorescent and other optically active
molecuies, enzymes, etc.

Of particuiar use in these sensors are detection mechanisms utilizing luminescence. Recently, the
use of optical fibers and optical fiber strands in combination with light absorbing dyes for chemical
analytical determinations has undergone rapid development, particularly within the last decade. The
use of optical fibers for such purposes and techniques is described by Milanovich et al., "Novel Optical
Fiber Techniques For Medical Application”, Proceedings of the SPIE 28th Annual International
Technical Symposium On Optics and Electro-Optics, Voiume 494, 1980; Seitz, W.R., "Chemical
Sensors Based On Immobilized Indicators and Fiber Optics" in C.R.C. Critical Reviews In Analytical

Chemistry, Vol. 19, 1988, pp. 135-173; Wolfbeis, O.S., "Fiber Optical Fluorosensors In Analytical
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Chemistry" in Molecular Luminescence Spectroscopy, Methods and Applications (S. G. Schulman,
editor), Wiley & Sons, New York (1988); Angel, S.M., Spectroscopy 2 (4).38 (1987), Walt, et al.,
"Chemical Sensors and Microinstrumentation”, ACS Symposium Series, Vol. 403, 1989, p. 252, and

Wolfbeis, O.S., Fiber Optic Chemical Sensors, Ed. CRC Press, Boca Raton, FL, 1891, 2nd Volume.

When using an optical fiber in an in vitro/in vivo sensor, one or more light absorbing dyes are iocated
near its distal end. Typically, light from an appropriate source is used to illuminate the dyes through the
fiber's proximal end. The light propagates along the length of the optical fiber; and a portion of this
propagated light exits the distal end and is absorbed by the dyes. The light absorbing dye may or may
not be immobilized; may or may not be directly attached to the optical fiber itself, may or may not be

suspended in a fluid sample containing one or more analytes of interest; and may or may not be

retainable for subsequent use in a second optical determination.

Once the light has been absorbed by the dye, some light of varying wavelength and intensity returns,
conveyed through either the same fiber or collection fiber(s) to a detection system where it is observed
and measured. The interactions between the light conveyed by the optical fiber and the properties of

the light absorbing dye provide an optical basis for both qualitative and quantitative determinations.

Of the many different classes of light absorbing dyes which conventionally are employed with bundles
of fiber strands and optical fibers for different analytical purposes are those more common
compositions that emit light after absorption termed "fluorophores" and those which absorb light and

internally convert the absorbed light to heat, rather than emit it as light, termed "chromophores.”

Fluorescence is a physical phenomenon based upon the ability of some molecules to absorb light
(photons) at specified wavelengths and then emit light of a longer wavelength and at a lower energy.
Substances able to fluoresce share a number of common characteristics: the ability to absorb light
energy at one wavelength A,,; reach an excited energy state; and subsequently emit light at another
light wavelength, A,,,. The absorption and fluorescence emission spectra are individual for each
fluorophore and are often graphically represented as fwo separate curves that are slightly overlapping.
The same fluorescence emission spectrum is generally observed irrespective of the wavelength of the
exciting light and, accordingly, the wavelength and energy of the exciting light may be varied within
limits; but the light emitted by the fluorophore will always provide the same emission spectrum. Finally,
the strength of the fluorescence signal may be measured as the quantum vyield of light emitted. The
fluorescence quantum yield is the ratio of the number of photons emitted in comparison to the number
of photons initially absorbed by the fluorophore. For more detailed information regarding each of these
characteristics, the following references are recommended: Lakowicz, J. R., Principles of

Fluorescence Spectroscopy, Plenum Press, New York, 1983; Freifelder, D., Physical Biochemistry,
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second edition, W. H. Freeman and Company, New York, 1982; "Molecular Luminescence
Spectroscopy Methods and Applications: Part I" (S.G. Schulman, editor) in Chemical Analysis, vol. 77,

Wiley & Sons, Inc., 1885; The Theory of Luminescence, Stepanov and Gribkovskii, Hiffe Books, Ltd.,
London, 1968.

In comparison, substances which absorb light and do not fluoresce usually convert the light into heat
or kinetic energy. The ability to internally convert the absorbed light identifies the dye as a
"chromophore." Dyes which absorb light energy as chromophores do so at individual wavelengths of
energy and are characterized by a distinctive molar absorption coefficient at that wavelength.
Chemical analysis employing fiber optic strands and absorption spectroscopy using visible and
ultraviolet light wavelengths in combination with the absorption coefficient allow for the determination
of concentration for specific analyses of interest by spectral measurement. The most common use of
absorbance measurement via optical fibers is to determine concentration which is calculated In
accordance with Beers' law; accordingly, at a single absorbance wavelength, the greater the quantity
of the composition which absorbs light energy at a given wavelength, the greater the optical density for

the sample. in this way, the total quantity of ight absorbed directly correlates with the quantity of the
composition in the sample.

Many of the recent improvements employing optical fiber sensors in both qualitative and quantitative
analytical determinations concern the desirability of depositing and/or immobilizing various light
absorbing dyes at the distal end of the optical fiber. In this manner, a variety of different optical fiber
chemical sensors and methods have been reported for specific analytical determinations and
applications such as pH measurement, oxygen detection, and carbon dioxide analyses. These
developments are exemplified by the following publications: Freeman, et al., Anal Chem. 53:98 (1983),
Lippitsch et al., Anal. Chem. Acta. 205:1, (1988); Wolfbeis et al., Anal. Chem. 60:2028 (1988), Jordan,
et al., Anal. Chem. 59:437 (1987); Lubbers et al., Sens. Actuators 1983; Munkholm et al., Talanta
35:109 (1988); Munkholm et al., Anal. Chem. 58:1427 (1986); Seitz, W. R., Anal. Chem. 56:16A-34A
(1984); Peterson, et al., Anal. Chem. 52:864 (1980): Saari, et al., Anal. Chem. 54:821 (1982), Saarn, et
al., Anal. Chem. 55.667 (1983); Zhujun et al., Anal. Chem. Acta. 160:47 (1984), Schwab, et al., Anal.
Chem. 56:2199 (1984), Wolfbeis, O.S., "Fiber Optic Chemical Sensors", Ed. CRC Press, Boca Raton,
FL, 1991, 2nd Volume; and Pantano, P., Walt, D.R., Anal. Chem., 481A-487A, Vol. 67, {1995).

More recently, fiber optic sensors have been constructed that permit the use of multiple dyes with a
single, discrete fiber optic bundle. U.S. Pat. Nos. 5,244,636 and 5,250,264 to Walt, ef al. disclose
systems for affixing multiple, different dyes on the distal end of the bundle, the teachings of each of
these patents being incorporated herein by this reference. The disclosed configurations enable

separate optical fibers of the bundle to optically access individual dyes. This avoids the problem of
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deconvolving the separate signals in the returning light from each dye, which arises when the signals
from two or more dyes are combined, each dye being sensitive to a different analyte, and there Is

significant overlap in the dyes' emission spectra.

U.S.S.N.s 08/818,199 and 08/151,877 describe array compositions that utilize microspheres or beads
on a surface of a substrate, for example on a terminal end of a fiber optic bundle, with each individual
fiber comprising a bead containing an optical signature. Since the beads go down randomly, a unique
optical signature is needed to “decode” the array; i.e. after the array is made, a correlation of the
location of an individual site on the array with the bead or bioactive agent at that particular site can be
made. This means that the beads may be randomly distributed on the array, a fast and inexpensive
process as compared to either the in situ synthesis or spotting techniques of the prior art. Once the

array is loaded with the beads, the array can be decoded, or can be used, with full or partial decoding

occurring after testing, as is more fully outlined below.

One drawback with the previous system is that it requires a set of unique optical signatures. While
large sets of such signatures are available, for example by using different ratios of different dyes, it
would be preferable to use decoding systems that do not rely on the use of sets of optical signatures.

Accordingly, it is an object of the invention to provide methods to allow decoding of bead arrays

without relying solely on unique optical signatures.
SUMMARY OF THE INVENTION

In accordance with the above objects, the present invention provides array compositions comprising a

-substrate with a surface comprising discrete sites. The composition further comprises a population of

microspheres comprising at least a first and a second subpopuiation; each subpopulation comprises a
bioactive agent; and an identifier binding ligand that will bind a decoder binding ligand such that the

identity of the bioactive agent can be elucidated. The microspheres are distributed on the surface.

In a further aspect, the present invention provides array compositions comprising a substrate with a
surface comprising discrete sites, and a population of microspheres comprising at least a first and a

second subpopulation. Each subpopulation comprises a bioactive agent and does not comprise an
optical signature.

in an additional aspect, the present invention provides methods of making an array composition as
outlined above. The methods comprise forming a surface comprising individual sites on a substrate
and distributing microspheres on said surface such that said individual sites contain microspheres.

The microspheres comprise at least a first and a second subpopulation each comprising a bioactive
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agent and do not comprise an optical signature.

In a further aspect, the invention provides methods of making a composition comprising forming a
surface comprising individual sites on a substrate and distributing microspheres on the surface such
that the individual sites contain microspheres. The microspheres comprise at least a first and a
second subpopulation each comprising a bioactive agent and an identifier binding ligand that will bind

a decoder binding ligand such that the identification of the bioactive agent can be elucidated.

In an additional aspect, the invention provides methods of decoding an array composition comprising
providing an array composition as outlined above, and adding a plurality of decoding binding ligands to

the array composition to identify the location of at least a plurality of the bioactive agents.

In a further aspect, the invention provides methods of determining the presence of a target analyte in a
sample. The methods comprise contacting the sample with an array composition as outlined herein,

and determining the presence or absence of the target analyte.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally based on previous work comprising a bead-based analytic
chemistry system in which beads, also termed microspheres, carrying different chemical functionaiities
are distributed on a substrate comprising a patterned surface of discrete sites that can bind the
individual microspheres. Since the beads are generally put onto the substrate randomly, the previous
work relied on the incorporation of unique opticai signatures, generally fluorescent dyes, that could be
used to identify the chemical functionality on any particular bead. This allows the synthesis of the
candidate agents (i.e. compounds such as nucieic acids and antibodies) to be divorced from their
placement on an array, i.e. the candidate agents may be synthesized on the beads, and then the
beads are randomiy distributed on a patterned surface. Since the beads are first coded with an optical
signature, this means that the array can later be "decoded”, i.e. after the array is made, a correlation of
the location of an individual site on the array with the bead or candidate agent at that particular site
can be made. This means that the beads may be randomly distributed on the array, a fast and

inexpensive process as compared to either the in situ synthesis or spotting techniques of the prior art.

However, the drawback to these methods is that for a large array, the system requires a large number
of different optical signatures, which may be difficult or time-consuming to utilize. Accordingly, the
present invention provides several improvements over these methods, generally directed to methods
of coding and decoding the arrays. That is, as will be appreciated by those in the art, the placement of

the bioactive agents is generally random, and thus a coding/decoding system is required to identify the
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bioactive agent at each location in the afray. This may be done in a variety of ways, as is more fully
outlined below, and generally includes: a) the use of decoding binding ligands (DBLs), generally
directly labeled, that binds to either the bioactive agent or to identifier binding ligands (IBLs) attached
to the beads; b) positional decoding, for example by either targeting the placement of beads (for
example by using photoactivatibie or photocleavable moieties to allow the selective addition of beads

to particular locations), or by using either sub-bundles or selective loading of the sites, as are more

fully outlined below; c) selective decoding, wherein only those beads that bind to a target are decoded;

or d) combinations of any of these. In some cases, as is more fully outiined below, this decoding may

occur for all the beads, or only for those that bind a particular target anaiyte. Similarly, this may occur

either prior to or after addition of a target analyte.

Once the identity of the bioactive agent and its location in the array has been fixed, the array is
exposed to samples containing the target analytes, although as outlined below, this can be done prior
to or during the analysis as well. The target analytes will bind to the bioactive agents as is more fully

outlined below, and results in a change in the optical signal of a particular bead.

In the present invention, “decoding” does not rely on the use of optical signatures, but rather on the
use of decoding binding ligands that are added during a decoding step. The decoding binding ligands
will bind either to a distinct identifier binding ligand partner that is placed on the beads, or to the
bioactive agent itself, for example when the beads comprise single-stranded nucleic acids as the
bioactive agents. The decoding binding ligands are either directly or indirectly labeled, and thus
decoding occurs by detecting the presence of the label. By using pools of decoding binding ligands in

a sequential fashion, it is possible to greatly minimize the number of required decoding steps.

Accordingly, the present invention provides array compositions comprising at least a first substrate
with a surface comprising individual sites. By “array” herein is meant a plurality of candidate agents in
an array format; the size of the array will depend on the composition and end use of the array. Arrays
containing from about 2 different bioactive agents (i.e. different beads) to many millions can be made,
with very large fiber optic arrays being possible. Generally, the array will comprise from two to as
many as a billion or more, depending on the size of the beads and the substrate, as well as the end

use of the array, thus very high density, high density, moderate density, low density and very low

density arrays may be made. Preferred ranges for very high density arrays are from about 10,000,000

to about 2,000,000,000 (all numbers are per square cm), with from about 100,000,000 to about

1,000,000,000 being preferred. High density arrays range about 100,000 to about 10,000,000, with
from about 1,000,000 to about 5,000,000 being particularly preferred. Moderate density arrays range
from about 10,000 to about 100,000 being particularly preferred, and from about 20,000 to about

50,000 being especially preferred. Low density arrays are generaily less than 10,000, with from about
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1,000 to about 5,000 being preferred. Very low density arrays are less than 1,000, with from about 10
to about 1000 being preferred, and from about 100 to about 500 being particularly preferred. In some
embodiments, the compositions of the invention may not be in array format; that is, for some
embodiments, compositions comprising a single bioactive agent may be made as well. In addition, In
some arrays, multiple substrates may be used, either of different or identical compositions. Thus for

example, large arrays may comprise a plurality of smaller substrates.

In addition, one advantage of the present compositions is that particularly through the use of fiber optic
technology, extremely high density arrays can be made. Thus for example, because beads of 200 ym
or less (with beads of 200 nm possible) can be used, and very small fibers are known, it is possible to
have as many as 250,000 or more (in some instances, 1 million) different fibers and beads in a 1 mm?

fiber optic bundle, with densities of greater than 15,000,000 individual beads and fibers (again, in

some instances as many as 25-50 million) per 0.5 cm? obtainable.

By “substrate” or “solid support” or other grammatical equivalents herein is meant any material that
can be modified to contain discrete individual sites appropriate for the attachment or association of
beads and is amenable to at least one detection method. As will be appreciated by those in the art,
the number of possible substrates is very large. Possible substrates include, but are not limited to,
glass and modified or functionalized glass, plastics (including acrylics, polystyrene and copolymers of
styrene and other materials, polypropyiene, polyethylene, polybutylene, polyurethanes, Teflon, etc.),
polysaccharides, nylon or nitrocellulose, resins, silica or silica-based materials including silicon and
modified silicon, carbon, metals, inorganic glasses, plastics, optical fiber bundles, and a variety of

other polymers. In general, the substrates allow optical detection and do not themselves appreciably
fluoresce.

Generally the substrate is flat (planar), although as will be appreciated by those in the art, other
configurations of substrates may be used as well; for example, three dimensional configurations can
be used, for example by embedding the beads in a porous block of plastic that allows sample access
to the beads and using a confocal microscope for detection. Similarly, the beads may be placed on
the inside surface of a tube, for flow-through sample analysis to minimize sample volume. Preferred

substrates include optical fiber bundles as discussed below, and flat planar substrates such as glass,

polystyrene and other plastics and acrylics.

In a preferred embodiment, the substrate is an optical fiber bundle or array, as is generally described
in U.S.S.N.s 08/944,850 and 08/519,062, PCT US98/05025, and PCT US98/09163, all of which are
expressly incorporated herein by reference. Preferred embodiments utilize preformed unitary fiber

optic arrays. By “preformed unitary fiber optic array” herein is meant an array of discrete individual
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fiber optic strands that are co-axially disposed and joined along their lengths. The fiber strands are
generally individually clad. However, one thing that distinguished a preformed unitary array from other
fiber optic formats is that the fibers are not individually physically manipulatable; that Is, one strand

generally cannot be physically separated at any point along its length from another fiber strand.

At least one surface of the substrate is modified to contain discrete, individual sites for later
association of microspheres. These sites may comprise physically altered sites, i.e. physical
configurations such as wells or small depressions in the substrate that can retain the beads, such that
a microsphere can rest in the well, or the use of other forces (magnetic or compressive), or chemically
altered or active sites, such as chemically functionalized sites, electrostatically altered sites,

hydrophobically/ hydrophilically functionalized sites, spots of adhesive, etc.

The sites may be a pattern, i.e. a regular design or configuration, or randomly distributed. A preferred
embodiment utilizes a regular pattern of sites such that the sites may be addressed in the X-Y
coordinate plane. “Pattern” in this sense includes a repeating unit cell, preferably one that aliows a
high density of beads on the substrate. However, it should be noted that these sites may not be
discrete sites. That is, it is possible to use a uniform surface of adhesive or chemical functionalities,
for example, that allows the association of beads at any position. That is, the surface of the substrate
Is modified to allow association of the microspheres at individual sites, whether or not those sites are
contiguous or non-contiguous with other sites. Thus, the surface of the substrate may be modified
such that discrete sites are formed that can only have a single associated bead, or alternatively, the

surface of the substrate is modified and beads may go down anywhere, but they end up at discrete
sites.

In a preferred embodiment, the surface of the substrate is modified to contain wells, i.e. depressions in
the surface of the substrate. This may be done as is generally known in the art using a variety of
techniques, including, but not limited to, photolithography, stamping techniques, molding techniques

and microetching techniques. As will be appreciated by those in the art, the technique used will

depend on the composition and shape of the substrate.

In a preferred embodiment, physical alterations are made in a surface of the substrate to produce the
sites. In a preferred embodiment, the substrate is a fiber optic bundle and the surface of the substrate
is a terminal end of the fiber bundle, as is generally described in 08/818,199 and 09/151,877, both of
which are hereby expressly incorporated by reference. In this embodiment, wells are made in a
terminal or distal end of a fiber optic bundle comprising individual fibers. In this embodiment, the cores
of the individual fibers are etched, with respect to the cladding, such that small wellis or depressions

are formed at one end of the fibers. The required depth of the wells will depend on the size of the
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beads to be added to the wells.

Generally in this embodiment, the microspheres are non-covalently associated in the weils, aithough
the wells may additionally be chemically functionalized as is generally described below, cross-linking

agents may be used, or a physical barrier may be used, i.e. a film or membrane over the beads. |

In a preferred embodiment, the surface of the substrate is modified to contain chemically modified
sites, that can be used to associate, either covalently or non-covailently, the microspheres of the
invention to the discrete sites or locations on the substrate. “Chemically modified sites” in this context
includes, but is not limited to, the addition of a pattern of chemical functional groups including amino
groups, carboxy groups, oxo groups and thiol groups, that can be used to covaiently attach
microspheres, which generally also contain corresponding reactive functional groups; the addition of a
pattern of adhesive that can be used to bind the microspheres (either by prior chemical
functionalization for the addition of the adhesive or direct addition of the adhesive); the addition of a
pattern of charged groups (similar to the chemical functionalities) for the electrostatic association of
the microspheres, i.e. when the microspheres comprise charged groups opposite to the sites; the
addition of a pattern of chemical functional groups that renders the sites differentially hydrophobic or
hydrophilic, such that the addition of similarly hydrophobic or hydrophiiic microspheres under suitabie
experimental conditions will result in association of the microspheres to the sites on the basis of
hydroaffinity. For example, the use of hydrophobic sites with hydrophobic beads, in an aqueous
system, drives the association of the beads preferentially onto the sites. As outlined above, “pattern” in
this sense includes the use of a uniform treatment of the surface to aliow association of the beads at

discrete sites, as well as treatment of the surface resulting in discrete sites. As will be appreciated by

those in the art, this may be accomplished in a variety of ways.

The compositions of the invention further comprise a population of microspheres. By “population”
herein is meant a plurality of beads as outlined above for arrays. Within the popuiation are separate
subpopulations, which can be a single microsphere or multiple identical microspheres. That is, in
some embodiments, as is more fully outlined below, the array may contain only a single bead for each

bioactive agent; preferred embodiments utilize a plurality of beads of each type.

By "microspheres” or "beads” or “particles” or grammatical equivalents herein is meant small discrete
particles. The composition of the beads will vary, depending on the class of bioactive agent and the
method of synthesis. Suitable bead compositions include those used in peptide, nucleic acid and
organic moiety synthesis, including, but not limited to, plastics, ceramics, glass, polystyrene,
methylstyrene, acrylic polymers, paramagnetic materials, thoria sol, carbon graphite, titanium dioxide,

latex or cross-linked dextrans such as Sepharose, cellulose, nylon, cross-linked micelles and Teflon
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may all be used. "Microsphere Detection Guide" from Bangs Laboratories, Fishers IN is a helpful

guide.

The beads need not be spherical; irregular particles may be used. In addition, the beads may be
porous, thus increasing the surface area of the bead available for either bioactive agent attachment or
IBL attachment. The bead sizes range from nanometers, i.e. 100 nm, to millimeters, i.e. 1 mm, with
beads from about 0.2 micron to about 200 microns being preferred, and from about 0.5 to about 5

micron being particularly preferred, although in some embodiments smaller beads may be used.

It should be noted that a key component of the invention is the use of a substrate/bead pairing that

allows the association or attachment of the beads at discrete sites on the surface of the substrate,

such that the beads do not move during the course of the assay.

Each microsphere comprises a bioactive agent, although as will be appreciated by those in the art,
there may be some microspheres which do not contain a bioactive agent, depending on the synthetic
methods. By “candidate bioactive agent” or "bioactive agent” or “chemical functionality” or “binding
ligand” herein iIs meant as used herein describes any molecule, e.g., protein, oligopeptide, small
organic molecule, coordination complex, polysaccharide, polynucleotide, etc. which can be attached to
the microspheres of the invention. It should be understood that the compositions of the invention have
two primary uses. In a preferred embodiment, as is more fully outlined below, the compositions are
used to detect the presence of a particular target analyte; for example, the presence or absence of a
particular nucleotide sequence or a particular protein, such as an enzyme, an antibody or an antigen.

In an alternate preferred embodiment, the compositions are used to screen bioactive agents, 1.e. drug
candidates, for binding to a particular target analyte.

Bioactive agents encompass numerous chemical classes, though typically they are organic molecules,
preferably small organic compounds having a molecular weight of more than 100 and less than about
2,500 Daltons. Bioactive agents comprise functional groups necessary for structural interaction with
proteins, particularly hydrogen bonding, and typically include at least an amine, carbony!, hydroxyl or
carboxyl group, preferably at ieast two of the functional chemical groups. The bioactive agents often
comprise cyclical carbon or heterocyclic structures and/or aromatic or polyaromatic structures
substituted with one or more of the above functional groups. Bioactive agents are also found among
biomolecules including peptides, nucleic acids, saccharides, fatty acids, steroids, purines, pyrimidines,

derivatives, structural analogs or combinations thereof. Particularly preferred are nucleic acids and
proteins.

Bioactive agents can be obtained from a wide variety of sources including libraries of synthetic or
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natural compounds. For example, numerous means are available for random and directed synthesis
of a wide variety of organic compounds and biomolecules, including expression of randomized
oligonucleotides. Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant
and animal extracts are available or readily produced. Additionally, natural or synthetically produced
libraries and compounds are readily modified through conventional chemical, physical and biochemical
means. Known pharmacological agents may be subjected to directed or random chemical

modifications, such as acylation, alkylation, esterification and/or amidification to produce structural
analogs.

In a preferred embodiment, the bioactive agents are proteins. By “protein” herein is meant at least two
covalently attached amino acids, which includes proteins, polypeptides, oligopeptides and peptides.
The protein may be made up of naturally occurring amino acids and peptide bonds, or synthetic
peptidomimetic structures. Thus "amino acid", or "peptide residue”, as used herein means both
naturally occurring and synthetic amino acids. For example, homo-phenylalanine, citrulline and
norieucine are considered amino acids for the purposes of the invention. The side chains may be in
either the (R) or the (S) configuration. In the preferred embodiment, the amino acids are in the (S) or

L-configuration. |If non-naturally occurring side chains are used, non-amino acid substituents may be

used, for example to prevent or retard in vivo degradations.

In one preferred embodiment, the bioactive agents are naturally occurring proteins or fragments of
naturally occuring proteins. Thus, for example, cellular extracts containing proteins, or random or
directed digests of proteinaceous cellular extracts, may be used. In this way libraries of procaryotic

and eukaryotic proteins may be made for screening in the systems described herein. Particularly
preferred in this embodiment are libraries of bacterial, fungal, viral, and mammalian proteins, with the

latter being preferred, and human proteins being especially preferred.

In a preferred embodiment, the bioactive agents are peptides of from about 5 to about 30 amino
acids, with from about 5 to about 20 amino acids being preferred, and from about 7 to about 15 being
particularly preferred. The peptides may be digests of naturally occurring proteins as is outlined
above, random peptides, or “biased” random peptides. By "randomized” or grammatical equivalents
herein is meant that each nucleic acid and peptide consists of essentially random nucleotides and
amino acids, respectively. Since generally these random peptides (or nucleic acids, discussed below)
are chemically synthesized, they may incorporate any nucleotide or amino acid at any position. The
synthetic process can be designed to generate randomized proteins or nucleic acids, to allow the

formation of ali or most of the possible combinations over the length of the sequence, thus forming a

library of randomized bioactive proteinaceous agents.
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In a preferred embodiment, a library of bioactive agents are used. The library should provide a
sufficiently structurally diverse population of bioactive agents to effect a probabilistically sufficient
range of binding to target analytes. Accordingly, an interaction library must be large enough so that at
least one of its members will have a structure that gives it affinity for the target analyte. Although itis
difficult to gauge the required absolute size of an interaction library, nature provides a hint with the
immune response: a diversity of 10”-10°® different antibodies provides at least one combination with
sufficient affinity to interact with most potential antigens faced by an organism. Published in vitro
selection techniques have also shown that a library size of 10’ to 10° is sufficient to find structures with
affinity for the target. Thus, in a preferred embodiment, at ieast 10°, preferably at least 10”, more
preferably at least 10° and most preferably at least 10° different bioactive agents are simultaneously

analyzed in the subject methods. Preferred methods maximize library size and diversity.

In a preferred embodiment, the library is fully randomized, with no sequence preferences or constants
at any position. in a preferred embodiment, the library is biased. That is, some positions within the
sequence are either held constant, or are selected from a limited number of possibilities. For example,
in a preferred embodiment, the nucleotides or amino acid residues are randomized within a defined
class, for example, of hydrophobic amino acids, hydrophilic residues, sterically biased (either small or
large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3 domains,

serines, threonines, tyrosines or histidines for phosphorylation sites, etc., or to purines, etc.

In a preferred embodiment, the bioactive agents are nucleic acids (generally called “probe nucleic
acids” or “candidate probes” herein). By “nucleic acid” or "oligonucleotide” or grammatical equivalents
herein means at least two nucleotides covalently linked together. A nucleic acid of the present
invention will generally contain phosphodiester bonds, although in some cases, as outlined below,
nucleic acid analogs are included that may have alternate backbones, comprising, for example,
phosphoramide (Beaucage, et al., Tetrahedron, 49(10):1925 (1993) and references therein; Letsinger,
J. Org. Chem., 35:3800 (1970), Sprinzl, et al., Eur. J. Biochem., 81:579 (1977); Letsinger, et al., Nucl.
Acids Res., 14:3487 (1986); Sawai, et al.,, Chem. Lett., 805 (1984), Letsinger, et al., J. Am. Chem.
S0c¢., 110:4470 (1988); and Pauwels, et al., Chemica Scripta, 26:141 (1986)), phosphorothioate (Mag,
et al., Nucleic Acids Res., 19:1437 (1991); and U.S. Patent No. 5,644,048), phosphorodithioate (Briu,
etal, J. Am. Chem. Soc., 111:2321 (1989)), O-methylphophoroamidite linkages (see Eckstein,
Oligonucleotides and Analogues: A Practical Approach, Oxford University Press), and peptide nucleic
acid backbones and linkages (see Eghoim, J. Am. Chem. Soc., 114:1895 (1992); Meier, et al., Chem.
Int. Ed. Engl., 31:1008 (1992); Nielsen, Nature, 365:566 (1993); Carisson, et al., Nature, 380:207
(1996), all of which are incorporated by reference)). Other analog nucleic acids include those with

positive backbones (Denpcy, et al., Proc. Natl. Acad. Sci. USA, 92:6097 (1995)): non-ionic backbones
(U.S. Patent Nos. 5,386,023, 5,637,684; 5,602,240; 5,216,141; and 4,469,863; Kiedrowshi, et al.,
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Angew. Chem. Intl. Ed. English, 30:423 (1991); Letsinger, et al., J. Am. Chem. Soc., 110:4470 (1988),
Letsinger, et al., Nucleosides & Nucleotides, 13:1597 (1994); Chapters 2 and 3, ASC Symposium

Series 580, “Carbohydrate Modifications in Antisense Research”, Ed. Y.S. Sanghui and P. Dan Cook;
Mesmaeker, et al., Bioorganic & Medicinal Chem. Lett., 4:395 (1994); Jeffs, et al., J. Biomolecular
NMR, 34:17 (1994); Tetrahedron Lett., 37:743 (1996)) and non-ribose backbones, inciuding those
described in U.S. Patent Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7, ASC Symposium
Series 580, “Carbohydrate Maodifications in Antisense Research’, Ed. Y.S. Sanghui and P. Dan Cook.

Nucleic acids containing one or more carbocyclic sugars are also included within the definition of
nucleic acids (see Jenkins, et al., Chem. Soc. Rev., (1995) pp. 169-176). Several nucleic acid analogs
are described in Rawls, C & E News, June 2, 1997, page 35. All of these references are hereby
expressly incorporated by reference. These modifications of the ribose-phosphate backbone may be
done to facilitate the addition of additional moieties such as labels, or to increase the stability and half-
life of such molecules in physiological environments; for example, PNA is particularly preferred. In
addition, mixtures of naturally occurring nucleic acids and analogs can be made. Alternatively,
mixtures of different nucleic acid analogs, and mixtures of naturally occurring nucleic acids and
anaiogs may be made. The nucléic acids may be single stranded or double stranded, as specified, or
contain portions of both double stranded or single stranded sequence. The nucleic acid may be DNA,
both genomic and cDNA, RNA or a hybrid, where the nucleic acid contains any combination of
deoxyribo- and ribo-nucleotides, and any combination of bases, including uracil, adenine, thymine,

cytosine, guanine, inosine, xanthanine, hypoxanthanine, isocytosine, isoguanine, and base analogs

such as nitropyrrole and nitroindole, etc.

In a preferred embodiment, the bioactive agents are libraries of clonal nucleic acids, including DNA
and RNA. In this embodiment, individual nucleic acids are prepared, generally using conventional
methods (including, but not limited to, propagation in plasmid or phage vectors, ampiification
techniques including PCR, etc.). The nucleic acids are preferably arrayed in some format, such as a

microtiter plate format, and beads added for attachment of the libraries.

Attachment of the clonal libraries (or any of the nucleic acids outlined herein) may be done in a variety
of ways, as will be appreciated by those in the art, including, but not limited to, chemical or affinity
capture (for example, including the incorporation of derivatized nucleotides such as AminoLink or
biotinylated nucleotides that can then be used to attach the nucleic acid to a surface, as well as affinity

capture by hybridization), cross-linking, and electrostatic attachment, etc.

In a preferred embodiment, affinity capture is used to attach the clonal nucleic acids to the beads. For
example, cloned nucleic acids can be derivatized, for example with one member of a binding pair, and

the beads derivatized with the other member of a binding pair. Suitable binding pairs are as described
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herein for IBL/DBL pairs. For example, the cloned nucleic acids may be biotinylated (for example
using enzymatic incorporate of biotinylated nucleotides, for by photoactivated cross-linking of biotin).
Biotinylated nucleic acids can then be captured on streptavidin-coated beads, as is known in the art.
Similarly, other hapten-receptor combinations can be used, such as digoxigenin and anti-digoxigenin
antibodies. Alternatively, chemical groups can be added in the form of derivatized nucleotides, that can

them be used to add the nucleic acid to the surface.

Preferred attachments are covalent, although even relatively weak interactions (i.e. non-covalent) can
be sufficient to attach a nucleic acid to a surface, if there are multiple sites of attachment per each
nucleic acid. Thus, for example, electrostatic interactions can be used for attachment, for example by

having beads carrying the opposite charge to the bioactive agent.

Similarly, affinity capture utilizing hybridization can be used to attach cloned nucleic acids to beads.
For example, as is known in the art, polyA+RNA is routinely captured by hybridization to oligo-dT
beads; this may include oligo-dT capture followed by a cross-linking step, such as psoralen
crosslinking). If the nucleic acids of interest do not contain a polyA tract, one can be attached by

polymerization with terminal transferase, or via ligation of an oligoA linker, as is known in the art.

Alternatively, chemical crosslinking may be done, for example by photoactivated crosslinking of

thymidine to reactive groups, as is known in the art.

In general, special methods are required to decode clonal arrays, as is more fully outiined below.

As described above generally for proteins, nucleic acid bioactive agents may be naturally occurring
nucleic acids, random nucleic acids, or “biased” random nucleic acids. For example, digests of

procaryotic or eukaryotic genomes may be used as is outlined above for proteins.

In general, probes of the present invention are designed to be complementary to a target sequence
(either the target analyte sequence of the sample or to other probe sequences, as is described
herein), such that hybridization of the target and the probes of the present invention occurs. This
complementarily need not be perfect; there may be any number of base pair mismatches that will
interfere with hybridization between the target sequence and the single stranded nucleic acids of the
present invention. However, if the number of mutations is so great that no hybridization can occur
under even the least stringent of hybridization conditions, the sequence is not a complementary target
sequence. Thus, by "substantially complementary” herein is meant that the probes are sufficiently
complementary to the target sequences to hybridize under the selected reaction conditions. High

stringency conditions are known in the art; see for example Maniatis et al., Molecular Cloning: A
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Laboratory Manual, 2d Edition, 1989, and Short Protocols in Molecular Biology, ed. Ausubel, et ai.,
both of which are hereby incorporated by reference. Stringent conditions are sequence-dependent
and will be different in different circumstances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the hybridization of nucleic acids is found in Tijssen, Techniques
in Biochemistry and Molecular Biology--Hybridization with Nucleic Acid Probes, “Overview of principles
of hybridization and the strategy of nucleic acid assays” (1993). Generally, stringent conditions are
selected to be about 5-10°C lower than the thermal melting point (T,,) for the specific sequence at a
defined ionic strength pH. The T,, is the temperature (under defined ionic strength, pH and nucleic
acld concentration) at which 50% of the probes complementary to the target hybridize to the target
sequence at equilibrium (as the target sequences are present in excess, at T,,, 50% of the probes are
occupied at equtlibrium). Stringent conditions will be those in which the salt concentration is less than
about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium ion concentration (or other salts) at pH
7.0 to 8.3 and the temperature is at least about 30°C for short probes (e.g. 10 to 50 nucleotides) and
at least about 60°C for long probes (e.g. greater than 50 nucleotides). Stringent conditions may also
be achieved with the addition of destabilizing agents such as formamide. in another embodiment, less

stringent hybridization conditions are used; for example, moderate or low stringency conditions may be

used, as are known in the art; see Maniatis and Ausubel, supra, and Tijssen, supra.

The term 'target sequence” or grammatical equivaients herein means a nucleic acid sequence on a

single strand of nucleic acid. The target sequence may be a portion of a gene, a regulatory sequence,
genomic DNA, cDNA, RNA including mRNA and rRNA, or others. It may be any length, with the
understanding that longer sequences are more specific. As will be appreciated by those in the art, the
complementary target sequence may take many forms. For example, it may be contained within a
larger nucleic acid sequence, i.e. all or part of a gene or mRNA, a restriction fragment of a plasmid or
genomic DNA, among others. As is outlined more fully below, probes are made to hybridize to target

sequences to determine the presence or absence of the target sequence in a sample. Generally

speaking, this term will be understood by those skilled in the art.

In a preferred embodiment, the bioactive agents are organic chemical moieties, a wide variety of which
are available in the literature.

In a preferred embodiment, each bead comprises a single type of bioactive agent, although a plurality
of individual bioactive agents are preferably attached to each bead. Similarly, preferred embodiments
utilize more than one microsphere containing a unique bioactive agent; that ié, there Is redundancy

built into the system by the use of subpopulations of microspheres, each microsphere in the
subpopulation containing the same bioactive agent.
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As will be appreciated by those in the art, the bioactive agents may either be synthesized directly on
the beads, or they may be made and then attached after synthesis. In a preferred embodiment,
linkers are used to attach the bioactive agents to the beads, to allow both good attachment, sufficient

fiexibility to allow good interaction with the target molecule, and to avoid undesirable binding reactions.

In a preferred embodiment, the bioactive agents are synthesized directly on the beads. As is known In

the art, many classes of chemical compounds are currently synthesized on solid supports, inctuding

beads, such as peptides, organic moieties, and nucleic acids.

In a preferred embodiment, the bioactive agents are synthesized first, and then covalently attached to
the beads. As will be appreciated by those in the art, this will be done depending on the composition
of the bioactive agents and the beads. The functionalization of solid support surfaces such as certain
polymers with chemically reactive groups such as thiols, amines, carboxyls, etc. is generally known in
the art. Accordingly, "blank” microspheres may be used that have surface chemistries that facilitate
the attachment of the desired functionality by the user. Some examples of these surface chemistries
for blank microspheres include, but are not limited to, amino groups including aliphatic and aromatic

amines, carboxylic acids, aldehydes, amides, chloromethyl groups, hydrazide, hydroxyt groups,
sulfonates and sulfates.

These functional groups can be used to add any number of different candidate agents to the beads,
generally using known chemistries. For example, candidate agents containing carbohydrates may be
attached to an amino-functionalized support; the aldehyde of the carbohydrate is made using standard
techniques, and then the aldehyde is reacted with an amino group on the surface. In an alternative
embodiment, a sulfhydryl linker may be used. There are a number of sulfhydryl reactive linkers known
in the art such as SPDP, maleimides, a-haloacetyls, and pyridyl disulfides (see for example the 1994
Pierce Chemical Company catalog, technical section on cross-linkers, pages 155-200, incorporated
herein by reference) which can be used to attach cysteine containing proteinaceous agents to the
support. Alternatively, an amino group on the candidate agent may be used for attachment to an
amino group on the surface. For example, a iarge number of stable bifunctional groups are well
known in the art, including homobifunctional and heterobifunctional linkers (see Pierce Catalog and
Handbook, pages 155-200). In an additional embodiment, carboxyl groups (either from the surface or
from the candidate agent) may be derivatized using well known linkers (see the Pierce catalog). For
example, carbodiimides activate carboxy! groups for attack by good nucleophiles such as amines (see
Torchilin et al., Critical Rev. Therapeutic Drug Carrier Systems, 7(4):275-308 (1991), expressly
iIncorporated herein). Proteinaceous candidate agents may also be attached using other technigues

known in the art, for example for the attachment of antibodies to polymers; see Slinkin et al., Biocon.

Chem. 2:342-348 (1991); Torchilin et al., supra; Trubetskoy et al., Bioconj. Chem. 3:323-327 (1992);
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King et al., Cancer Res. 54:6176-6185 (1994); and Wilbur et al., Bioconjugate Chem. 5:220-235
(1994), all of which are hereby expressly incorporated by reference). It should be understood that the
candidate agents may be attached in a variety of ways, including those listed above. Preferably, the
manner of attachment does not significantly alter the functionality of the candidate agent; that Is, the

candidate agent should be attached in such a flexible manner as to allow its interaction with a target.

Specific techniques for immobilizing enzymes on microspheres are known in the prior art. In one case,
NH., surface chemistry microspheres are used. Surface activation is achieved with a 2.5%
glutaraldehyde in phosphate buffered saline (10 mM) providing a pH of 6.9. (138 mM NaCl, 2.7 mM,
KCI). This is stirred on a stir bed for approximately 2 hours at room temperature. The microspheres
are then rinsed with ultrapure water pius 0.01% tween 20 (surfactant) -0.02%, and rinsed again with a

pH 7.7 PBS plus 0.01% tween 20. Finally, the enzyme is added to the solution, preferably after being
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