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METHOD OF MAKING AND DECODING OF
ARRAY SENSORS WITH MICROSPHERES

This application is a continuing application of U.5. Ser.
Nos. 09/18%,543, filed Nov, 10, 1998, and of 60/090,473,
filed Jun. 24, 1998,

FIELD OF THE INVENTION

‘The invenlion 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 floids and gases. Many of these rely on specific ligand/
aniligand reactions as the mechanism of detection. That is,
pairs of substances {i.e. the binding pairs or Hgand/amili-
gands) are knowa to bind to each other, while binding little
or not at afl to other substances. This has been the foous of
a number of techniques that viilize these binding pairs for
the detection of the complexes. These generally are done by
labeling one compeonent of the complex in some way, so as
to make the entire complex delectable, using, for example,
radioisotopes, fluorescent and other optically active mol-
ecules, enzymes, efc,

Of particular use in these sensors are detection mecha-
nisms utilizing luminescence. Recenily, 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 interbational Technics! Sympostum
On Opiics and Blectro-Optics, Volume 494, 1980, Seitz, W,
R., “Chemical Sensors Based On Immobilized Indicators
and Fiber Optics” in CR.C. Crirical Reviews In Analytical
Chemisiry, Vol 19, 1988, pp. 135-173; Wolbheis, 0. 5.,
“Fiber Optical Fluorosensors In Analvtical Chemisiry™ in
Molecular Luminescence Spectroscopy, Methods and Appli-
carions (5. G, Schulman, editor), Wiley & Sons, New York
(1988); Angel, 8. M., Specrroscopy 2{4):38 (1987}, Walt, et
al., “Chemical Sensors and Microinstrumentation”, ACS
Sympostum Series, Yol. 403, 1989, p. 252, and Woltbeis, O.
S., Fiber Optic Chemical Sensors, Bd. CRC Press, Boca
Raton, Fla.,, 1991, 2nd Volume.

When using an optical fiber in an in vitrofin vivo sensor,
one or more light absorbing dyes are located near its distal
end. Typically, light from an appropriste source is used to
Hluminate 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
zot be immobilized; may or may not be directly attached 1©
the optical fiber ftself’ may ot may not be suspended in a
fiuid sample containing one or more analyies 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 varving wavelengih and intensity returns, conveyed
through either the same fiber or collection fiber(s) w0 a
detection system where it 18 observed and measured. The
intersctions between the Hght conveyed by the optical fiber
and the properties of the light absorbing dye provide an
optical basis for both qualitative and quantitative: determi-
nations.
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Of the many different classes of light absorbing dyes
which convenfienally are employed with bundles of fiber
strands and optical fibers for different analytical purposes
are those mere common compositions that emit light after
absorption termed “fluorophores™ und those which absorb
light and internaily convert the absorbed light 1o heat, rather
than emit it as light, termed “chromophores.”

Fluorescence is a physical phenomenocn based upon the
ability of some molecules to absorb light {photons) at
specified wavelengths and then emit light of a longer wave-
length and at a lower energy. Substances able to fluoresce
share a number of common characieristics: the ability 1o
ahsorb lght energy at one wavelength A ,; reach an excited
energy state; and subsequently emit light at another light
wavelength, b, The absorption and fluorescence emission
spectra are individual for each fhorophore and are ofien
graphically represented as two separate curves thai are
shightly overlapping. The same fuorescence emission spec-
trum is generally observed itrespective of the wavelength of
the exciting light and, accordingly, the wavelength and
energy of the exciting light may be varted within limits; but
the Hight emitted by the Huorophore will always provide the
same emission spectrum. Finally, the strength of the fluo-
rescence signal may be measured as the quantum yield of
light emitted. The fluorescence quantum yieid is the ratio of
the member of photons emitted in comparison to the number
of photons initially absorbed by the fluorophore. For more
detailed information regarding each of these characienstics,
the following references are recommended: Lakowicz, J. R.,
Principles of Fluorescence Spectroscopy, Plenum Press,
New York, 1983, Freifelder, [D., Physical Biochemistry,
secomd edition, W. H. Freeman and Company, New York,
1982; “Molecular Luminescence Spectrascopy Methods and
Applications: Part 1”7 (8. G, Bchulman, editor) in Chemical
Awalysis, vol. 77, Wiley & Sons, Inc., 1985; The Theory of
Luminescence, Stepanov and Gribkovskii, Hiffe Books, Ltd.,
London, 1968,

In comparison, substances which absorb light and do not
flueresce usually converi the light into heat or kinetic
energy. The ability to internally convert the absorbed light
identifies the dve as a “chromophore.™ Dves which absorb
light energy as chromophores do so at individual wave-
lengths of emergy and are characterized by & distinctive
molar absorption coefficient at that wavelength. Chemical
analysis employing fiber optic strands and absorption spec-
wroscopy using visible and vhtraviolet light wavelengihs in
combination with the ahsorption coefficient allow for the
determination of concentration for specific analyses of inter-
est by speciral messurement, The most common use of
absorbance measurement via aptical fibers is o 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 & given wavelength, the greater the optical density
for the sample. In this way, the total quantity of light
absorbed directly correlates with the guantity of the com-
position in the sample, )

Marny of the recent improvements employing optical fiber
sensors in both qualitative and quantitative analytical deter-
minations concern the desirability of depositing and/or
immobilizing various light absorbing dyves av the distal end
of the optical fiber. In this mamner, & variety of different
optical fiber chemical sensors and methods have heen
reported for specific analytical determinations and applica-
tions such as pH messvrement, oxygen detection, and car-
bon dioxide analyses. These developments are exemplified
by the foliowing publications: Freeman, et al,, 4nal Chem.
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53:98 (1983); Lippitsch et al, Anal Chem. Acta. 205:1,
{1988}; Woliheis et al., Anal. Chem. 6(:2028 {1988); Jordan,
et al., Anal. Chem. 59:437 (1987, Lubbers et al,, Sens.
Actuators 1983, Munkholm ef al., Zalania 35:109 (1988);
Munkholm et al., Anal. Chem, 58:1427 (1986); Seitz, W. R,
Anal. Chem. 56:16A-34A (1984); Peterson, et al., Awnal
Chem. 52:864 (1980): Saari, et al., Amal Chem. 54:821
(1982); Sman, et al,, Anal. Chem. 55:667 (1983); Zhujun et
al., Anal. Chem. Acta. 160047 {1984); Schwab, et al., Anal.
Chem. 56:2199 (1984}, Woltheis, C. 8., “Fiber Optic
Chemical Sensors”, Bd. CRC Press, Boca Raton, Fla., 1991,
2nd Volume; and Pantano, P, Walt, D. R., Anal. Chem.,
481A4B7A, Vol 67, (1595).

More recently, fiber optic sensars 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
o Walt, et al. disclose systems for aflixing multiple, different
dyes on the distal end of the bundie, the teachings of each
of these patents being incorporated herein by this reference.
The disclosed configurations enable separate optical fibers
of the bundie to optically access individual dyes. This avoids
the problem of deconvolving the separate signals in the
returning light from each dye, which arises when the sipnals
from two_or mmere dves are combined, each dye being
sensitive to a diflerent analyte, and there is significant
overlap ib the dyes’ emission spectra.

U.5. Ser. Nos. 08/818,199 and (9/151,877 describe array
compositions that utilize microspheres or beads an a surface
of a substrate, for example on a terminal end of 2 fiber optic

bundle, with each individual fiber comprising a bead con- :

taining an optical signature. -Since the beads go down
rapdomly, & unique optical signature is needed o “decode”
the array; Le, alter the array is made, g 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, & fast and inexpensive process as compared to either
the in situ synthesis or spotting technigues 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
oceurring afier testing, as is more fully cutlined below,

One drawback with the previous system is that il requires
a set of unique optical signatires. While large sets of such
signatures are available, for example by using different
tatios of different dyes, it would be preferabie o use
decoding systems that do not rely on the use of sets of optical
signanires, 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 inven-
ton 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 subpopulation; each subpopu-
lation conprises 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 micro-
spheres are distributed on the surface.

In a further aspect, the present invention provides array
comtpositions compnsing a substrate with a surface com-
prising discrete sites, and a population of microspheres
comprising at least a first and a second subpopulation. Bach
subpopulation comprises & bioactive apent and does not
comprise an optical signature.
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In an additional aspect, the present invention provides
methods of making an array composition as outlined above.
The methods comprise fonming a surface comprising indi-
vidual sites ona substrate and distributing microspheres on
said surface such that said individual sites contain micro-
spheres. The microspheres comprise at least a first and a
second subpopulation each comprising a bioactive agent and
do not comprise an opfical signature,

In a further aspect, the nvemtion provides methods of
mzking a composition comprising forming a surface com-
prising individual sites on a substrate and distributing micro-
spheres 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 bigactive
agent can be elucidated.

In an additional aspect, the nvention provides methods of
decoding an array composition comprising providing an
array composition as outlined above, and adding a plarality
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 4 target analyte in a sample. The
methods comprise contacting the sample with an array
composition as outlined herein, and determining the pres-
ence or ahsence of the target analyte.

DETAILED DESCRIPTION OF THE
INVENTION-

The present invention is generaily based on previous work
comprising a bead-based anatytic chemistry system in which

5 beads, also lermed microspheres, carrying different chem:i-

cal functionalities are distributed on a subsirate comprising
a patterned suweface of discrete sites that can bind the
individual microspheres. Since the beads are generally put
onto the substrate randomiy, the previous work relied on the
ncorporation of unique optical signatures, generally fuo-
rescent dyes, that could be used to identify the chemical
functionality on any particular bead. This allows the syn-
thesis of the candidate agents (i.e. compounds such as
nucleic acids and untibodies) to be divorced from their
placement on an array, i.e. the candidate agenls may be
synthesized on the besds, and then the beads are randomly
distributed op 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 mnade, 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 1o
either the in situ synthesis or spotting techniques of the prior
art,

However, the drawback to these methods is that for z large
array, the system requires a {arge number of different optical
signatures, which may be difficult or fime-consuming to
utilize, Accordingly, the present invention provides several
improvements over these methods, penerally directed fo
methods of coding and decoding the arrays. That is, as will
be appreciated by those in the art, the placement of the
bicactive agenis s generally random, and thus a coding/
decoding system s required W identify the bioactive agent
at each location in the wray. This may be done in # variety -
of ways, as is more fully outiined below, and generally
includes: a) the use of decoding hinding ligands (DBLs),
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generally directly labeled, that hinds to either the bioactive:

agent or o dentifier binding ligands (1Bls) attached {o the
peads; b} positional decoding, for example by either target-
ing the placement of beads (for example by using photoac-
tivaiible or photocleavable moieties to allow the selective
addition of beads to particular locations), or by using either
sub-bundlies or selective loading of the sites, as are maore
fully outlined below,; ¢) selective decoding, wherein only
those beads that bind 10 & target are decoded; or d) combi-
nations 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 targe! analyte. Similarly,
this may occur either prier to or afier addition of a target
analyte.

Onee the identity of the binactive agent and its location in
the urray has been fixed, the armay 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 analvies will bind to the bioactive agents as is more
fully cutlined below, and results in a change in the optical
signal of a particular bead.

In the present invenijon, “decoding” does not rely on the
use of optical signaiures, but rather on the use of decoding
binding ligands that are added during a deceding step. The
decoding binding lgands will bind either to a distinet
identifier binding ligand partner that is placed on the beads,
or to the bioactive agent iiself, for example when the beads
comprise single-stranded nucleic acids as the bioactive
agents. The decoding binding ligands are either directly or

indirectly lzheled, and thus decoding vecurs by detecting the

presence of the label. By using pools of decoding binding
ligands in a sequential Tashion, &t is possible 1o greafly
minimize the number of required decoding steps,
Accordingty, the present invention provides wray com-
pasitions 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 opiic 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 subsirate,
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 o about 2,000,
000,000 (all numbers are per square cm), with from about
166,000,000 to about 1,000,000,000 being preferred. High
density arravs range about 100,000 fo about 10,000,000,
with from abowt 1,000,000 fo about 5,000,000 being par-
ticolarly preferred. Moderate density arrays range from
about 10,000 10 about 100,000 being particuiarly preferred,
and from about 20,000 o about 53,000 being especially
preferred. Low density arrays are generally less than 10,000,
with from about 1,000 1o about 5,000 being preferred. Very
low density arrays are less than 1,000, with {rom abom 10
10 about 1000 being preferred, and from about 180 1o about
500 being particutarly preferred. In some embodiments, the
compositions of the invention may net be in array format;
that is, for some embodimeitts, compositions comprising a
single hicactive agent may be made as well. In addition, in
some arrays, multiple substrates may be used, either ol
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 particnlarly through the use of fiber optic technology,
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extremely high density arrays can be made. Thus for
example, because beads of 200 um 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 256,000 or more (in some
stances, 1 million) different fibers and beads in a I mm?
fiber optic bundle, with densities of greater than 15,060,000
individuat beads and fibers {again, in somie instances as
many as 25-50 million) per 0.5 cm? obtainable.

By "substraie™ or “solid support” or other grammaticsl
equivalents herein is meant any material that can be modi-
fied fo comain discrete individual sites appropriate for the
attachment or association of beads and is amenable 1o at
lezst one detection method, As will be appreciated by those
in the art, the number of possible substrates is very large.
Possihle substrates include, but are not limited to, plass and
modified or functionalized glass, plastics (including acryl-
ics, polystyrene and copolymers of styrene and other mate-
riats, polypropylene, polyethylene, polybutyiene, polyure-
thanes, Teflon, etc.), polysaccharides, nylon or
nitrocelliniose, resins, silica or silica-based materials includ-
ing silicon and modified silicon, carbon, metals, inorganic
glasses, plastics, optical fiber bundies, 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), aithough as will be
appreciated by those in the art, other configurations of
substrates may be used as well; for example, three dimen-
sional configurations can be used, for example by embed-
ding the beads in & porous block of plastic that allows
sarmple access to the beads and using a confocal microscope
for detection. Similarly, the beads may be placed on the
inside surface of & be, for flow-through sample analysis to
minimize sample volume. Preferred substrates include opti-
cal fiber bundles as discussed below, and fat planar sub-

5 sirates such as glass, polystyrene and other plastics and

acrylics.
Ina preferred embodiment, the substrate is an optical fiber

" bundle or array, as is generally deseribed in U.S, Ser, Nos,

A(

08/544,850 and 08/519,062, PCT U.S. Pat. No. 98/05025,
and PCT U.S. Pat. No. 98/09163, all of which are expressly
incorporated herein by reference. Preferred embodiments
utilize preformed unitary Gber optic arrays. By “preformed
wnitary fiber opiic array” herein 18 meant an array of discrete
individual fiber optic strands that are co-axially disposed and

s joined along therr lengths. The fiber strands are generally

individually clad. However, one thing that distingnished a
preformed unitary array trom other fiber aptic formars is that
the fibers are not individuslly physicaily manipulatable; that
18, one strand generally cannot be physically separated at any
point along its length from another fiber strand.

Al least one surface of the substrate is modified to contain
discrete, mdividual sites for later association of micro-
spheres. These sites may comprise physically alfered sites,
i.e. physical configurations such as wells or small depres-
sions 1n the substrate that can retain the beads, such that 2
microsphere can rest in the well, or the use of other forces
(magnetic or compressive), or chemically altered or active
sites, such as chernically functionalized sites, clectrostati-
cally altered sites, hydrophobically/hydrophilically func-
tionalized sites, spots of adhesive, ete.

The sites may be a pattern, ie. a regular design or
configuration, or randomly distributed. A preferred embadi-
ment utilizes a regular pattern of sites such that Lthe sifes may
be addressed in the X-Y coordinate plane. “Patiern” in this
sense includes a repeating unit cell, preferably one that
allows a high density of beads on the substrate. However, it
should be noted that these shes may oot be discrete sites,
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That is, it is possible 10 use a uniform surface ol adhesive or
chemical fanctionalities, for example, that allows the asso-
ciation of beads at any position. That is, the surface of the
substrate is modified 1o allow association of the micro-
spheres at individual sites, whether or not those sites are
configuous or non~contignous with other sites, Thus, the
surface of the substrate may be modified such that dscrete
sites are formed that can ondy have a single associated bead,
or alternatively, the swrface of the substeate s 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
arl using & variety of techniques, including, but not Himited
o, photdlithography, stamping techniques, molding lech-
nigues snd microeiching techniques. As will be appreciated
by those in the art, the techuigue used will depend on the
compesition and shape of the substrate.

i a preferred embodiment, physical alterations are made
m a surface of the substrate to produce the sites. In a
preferred embodiment, the substrate iz a fiber optic bundle
and the surface of the substrate is & terminal end of the fiber
bundle, as is generally described in U.S. Ser. Nos, 08/818,
199 and 09/151,877, both of which are hereby expressly
incorporated by reference. In this embodiment, wells are
made in & 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 wells or depressions are formed at
one end of the fibers. The required depth of the wells will
depend on the size of the beads o be added to the wells.

Crenerally in this embodiment, the microspheres are non-

- covalently associated in the wells, although the wells may
sdditionslly be chemicelly 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 0 associate, either cavaieatly or non-covalently, the
microspheres of the invention to the discrete sites or loca-
tions on the substrate. “Chemically modified sites™ in this
context includes, but is not limited to, the addition of a
pattern of chemical functional groups Inciuding amino
groups, carboxy groups, oxo groups and thiol groups, that
can be used fo covalently attach microspheres, which gen-
erally 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 pettern of charged groups
(similar to the chemical functionalities) for the electrostatic
agsociation of the microspheres, i.e. when the microspheres
comprise charged groups oppesite 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 simiarly hydrophobic or hydrophilic micro-
spheres under suitable experimental canditions will result in
association of the microspheres to the sites on the basis of
hvdroafiinity. For example, the use of hydrophaobic sites with
hydrophobic beads, in an aqueocus system, drives the asso-
cistion of the beads preferentially onto the sites. As outlined
abave, “pattern” in this sense includes the use of a uniform
treatment of the surface to allow association of the beads at
discrete sites, as weill as treatment of the surface resulting in
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discrete sites. As will be appreciated by those in the art, this
mtay be accomplished in & varety of ways.

The compositions of the invention further comprise a
population of microspheres. By “populaticn’ herein is
meant z plurality of beads as outlined above for arravs,
Within the population are separate subpopulations, which
can be a single microsphere or multiple identical micro-
spheres. That is, in some embodiments, as is more fully
outlined below, the array may contain only a single head for
each bioacuve agent; preferred embodiments utilize a plu-
rality of beads of each type.

By “microspheres” or “beads” or “particles” or grammalti-
cal 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 o peptide, nucleic
acid and organic moiety synthesis, including, but not Hmited
to, plastics, ceramics, glass, polystyrene, methylsiyrene,
acryhic polymers, paramagnetic materials, thoria sol, carbon
graphite, titanium dioxide, latex or cross-linked dextrans
such as Sepharose, cellulose, nvlon, cross-linked micelies
and Teflon may all be used. “Microsphere Detection Guide™
from Bargs Laboratories, Fishers Ind. is a helpful guide.

The beads need not be spherical; irregular particles may
be used. In addition, the beads may be porous, thus increas-
ing the surface area of the bead available for either bioactive
agent attachment or IBL attachment. The bead sizes range
from nanometers, L.e. 100 am, to millimeters, Le. 1 mun, with
peads from about 6.2 micron to aboul 200 micrens being
preferred, and from about 0.5 to about 5 micron being
particularly preferred, althougl in some embodiments
smaller beads may be used.

It should be poted that a key component of the invention
is the use of 4 substrate/bead pairing that allows the asso-
ciation 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 2 bicactive agent, although
as will be appreciated by those in the an, there may be some
microspheres which do not comntain 2 bioactive agent,
depending on the synthetic methods. By “candidate bicac-
tve agent” or “bioactive agent” or “chemical functionality”
or “binding ligand” herein 15 meant as used herein descrihes
any molecule, e.g., protein, oligopeptide, small organic
molecule, coordination complex, polysaccharide, polynucie-
otide, 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 embodi-
ment, as is more fully cutlined below, the compositions are
used to detect the presence of a particular target analyte; for
example, the presence or absence of & particular nucleotide
sequence or a particular protein, such as an enzyme, an
antibody or ap antigen. In an alternate preferred embodi-
ment, the compoesitions are used (o screen bioactive agents,
ie. drug candidates, for binding to a particular target analyte.

Bicactive agents encompass numercus 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
inferaction with proleins, particularly hydrogen honding,
and typically include at least an amine, carbonyl, hydroxyl
or carboxyl group, preferably at least two of the functional
chemieal groups, The bioactive agents often comprise cyeli-
cal carbon or heterocyclic structures and/or aromatic or
polyaromatic structures substifuted with one or more of the
above functiopal groups. Bioactive agents are aiso found
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among biemolecules including peptides, nucleic acids, sac-
charides, fatty acids, steroids, purines, pyrimidines, deriva-
tives, structural analogs or combinations thereof. Particu-
tarly preferred are nueleic acids and proteins,

Bioactive agents can be obtained from a wide variety of
sources including libraries of synthetic or natural com-
pounds, Por example, numerous means are available for
random and directed synthesis of a wide variety of organic
compounds and biomolecules, inelnding expression of ran-
domized oliponucieotides. Alternatively, libraries of natural
compeunds in the form of bacterial, fungal, plant and animal
extracts are available or readily produced. Additionally,
natural or synthetically produced ibraries and compounds
are reacily modified through conventional chemical, physi-
cal and hiochemical means. Known pharmacological apents
may be subjecled to direcied or mandom chemical modifi-
cations, such as acylation, alkylation, esterification and/or
amidification to produce structural analogs.

In a prefemed embodiment, the bioactive agents are

proteins, By “protein” herein is meant at least two covalently 2

attached amino acids, which includes proteins, polypeptides,
oligopeptides and peplides. The protein may be made up of
naturally occurring amine acids and peptide bonds, or syn-
thetic peptidomimetic structures, Thus “amino acid”, or
“peptide residue”™, as used herein means both naturally
occurring and synthetic amino acids, For example, homo-
phenvialanine, citrulline and nporleucine are considered
amino acids for the puposes of the invention. The side
chaing may be in cither the (R) or the (S) configuration. In

the preferred embodiment, the amino acids are in the (8) or 3

L-configuration. If non-nanwally occurring side chains are
used, non-amino acid substituents may be used, for example
o prevent or retard in vivo degradations.

In one preferred embodiment, the bioactive agents are
naturally occurring proteins or fragments of naturally oceur-
ing proteins, Thus, for exampie, 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 screen-
ing in the systems described herein. Particularly preferred in
this embodiment are fibraries 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 1o about 30 amino acids, with from
about 5 1o about 20 amino acids being preferred, and from
about 7 to about 15 being particularly preferred. The pep-
tides may be digests of naturally cccurming proteins as is
outlined above, randorm peptides, or “biased” random pep-
tides, By “randomized” or grammatical equivalents herein is
meant that each nucleic acid and peptide consists of essen-
tially random mucleotides and amino acids, respectively,
Since generally these randons peptides (or nucleic acids,
discussed below) are chemically synthesized, they may
incorporate any nuclectide or amino acid at any position.
The synthetic process can be designed to generate random-
ized proteins or nuecleic acids, 1o allow the formation of ali
or most of the possible combinations over the length of the
sequence, thus forming a library of randomized bioactive
proteinacecus agents.

In a preferred embodiment, & library of biosctive agents
are used. The library should provide a sufficiently stroctus-
ally diverse population of bioactive agents to eflect u proba-
bilisticaily suflicient range of binding to {arget analytes.
Accordingly, an inleraction 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 1t is difficult
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to gauge the required absolute size of an interaction library,
nature provides a hint with the immune response a diversity
o 10°-10® different antibodies provides at least cne com-
bination with sufficient affinity fo interact with most poten-
ttal antigens faced by an organism. Published in vitro
selection techniques have alse shown that a library size of
10 to 10% is sufficient to find siructures with affinity for the
target. Thus, in & preferred embodiment, at least 10%, pref-
erably at least 107, more preferably at least 10° and most
preferably at least 107 different bioactive agents are simul-
tanecusly analyzed in the subject methods, Preferred meth-
ods maximize library size and diversity,

In & preferred embodiment, the lbrary is fully random-
ized, with no sequence preferences or constants af any
position. In a preferred embodiment, the library is biased.
That is, some positions within the sequence are either held

. constanf, or are selected from a limited number of possi-

bilities. For example, in & preferred embodiment, the nucle-
otides or amino acid residees are randomized within a
defined class, for example, of hydrophobic amine acids,
hydrophilic residues, sterically biased (either small or large)
residues, towards the ¢reation of cysteines, for cross-linking,
prolines for SH-3 domains, serines, threonines, tyrosines or
histidines for phosphorylation sites, efc., or to purines, e,

In a preferred embodiment, the bioactive agents are
nucleic acids (generally called “probe nucleic acids” or
“candidate probes” herein). By “nucleic acid” or “oligo-
nucleotide” or grammatical equivalents herein means at least
wo sncleotides covalently linked together. A nucleic acid of
the present invention will generaily contain phosphodiester
bonds, although in some cases, as outlined below, nucleic
acid analogs are included that may have alternate hackbones,
somprising, for example, phosphoramide (Beancage, ef al.,
Tetrahedron, 49(10%1925 (1993) and references therein;
Letsingey, /. Org. Chem., 35:3800 (1970); Sprinzi, et al.,
Eur. J. Biochem., B1:579 {1977}, Letsinger, et al, Nucl
Acids Res., 14:3487 (1985); Sawal, et al., Chem. Leu., 805
(1984), Letsinger, et al, J Am. Chem. Soc., 110:4470
(1988); and Pauwels, et al, Chemica Seripta, 26:141
{19867}, phosphorothicste (Mag, et al., Nucleic Acids Res.,
19:1437 (1991}, and U.S. Pat. No. 5.644,048), phospho-
rodithicate (Briu, et al, J 4m. Chem. Soc, 111:2321
(1989}, O-methylphophoroamidite linkages {see Heksieln,
Oligonucleotides and Analogues: A Practical Approach,
Onford Universily Press), and peptide nucleic acid back-
bones and linkages (see BEgholm, J. Am. Chem. Soc.. 114:
1895 (1992); Meijer, et al.,, Chem. Jni. Ed Engl, 31:1008
{19092y, Nielsen, Namre, 365566 (1993); Carlsson, et al.,
Nature, 380:207 (1996), all of which are incorporated by
reference)). Other analog nucleic acids include those with
positive backbones {Denpey, et al,, Proc. Nad. Acad. Sci.
US4, 92:6097 (1995)); non-ionic backbones (U.S. Pat. Nos.
5,386,023, 5,637,684; 5,602,240, 5,216,141, and 4,469,863,
Kiedrowshi, et al., Argew Chem. Dul Ed. Englisk. 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 Aniisense Research”,
Bd. ¥. S. Sanghui and P. Dan Cook; Mesmaeker, et al.,
Bioorganic & Medicinal Chem, Letr., 4:395 (1064); Jefls, et
al., J. Biomolecular NMR, 34:17 {1994); Tetrahedron Lett.,
37743 (1996)) and non-ribose backbones, including those
described in 1.8, Pat. Nos. 5,235,033 and 5,034,506, and
Chapters 6 and 7, ASC Sympostum Series 580, “Carbohy-~
drate Modifications in Anlisense Research”, Bd. Y. S, San-
ghui and P. Dan Caok. Nucleic acids containing one or more
carbocyclic sugars are also inciided within the definition of
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nucleic acids {see Jenkins, et al., Chem. Soc. Rew, {1995} pp.
169-176). Several nucleic acid analogs are described in
Rawis, C & E News, Jun, 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
ag labels, or to increase the stability and half-life of such
moiecules in physiclogical environments, for example, PNA
is particularly preferred. In addition, mixtures of naturally
occurying nocleic acids and analogs can be made. Alterna-
tvely, mixtures of different nuchelc seid analegs, and mix-
tres of naturally occurring nucleic acids and analogs may
be made. The nucleic 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 & hybrid, where
the nucleic acid contains any combination of deoxyribu- and
ribo-nucleotides, and any combination of bases, including
aracil; ademne, thymine, cytosine, guamne, mosine, xantha-
nine, hypoxanthapine, isocviosine, 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, buf not
limifed to, propagation in plasmid or phage vectors, ampli-
fication technigues including PCR, etc.). The nucleic acids
are preferably arrayed in some format, such as a microtiter
plate format, and beads added for sttachment of the lbrares,

Arachment of the clonal Hbraries {or any of the nucleic -

acids outlined herein) may be done in a vanety of ways, as
will be appreciated by those in the ar, including, but not
fimited to, chemical or aflinity capture (for example, includ-
ing the imcorporation of derivatized nucleotides such as
AminoLink or biotinylated nucleotides that can then be used
to attach the nucleic acid fo a surface, as well as aflinity
capture by hybridization), cross-linking, and elecirostalic
attachment, etc.

In a preferred embodiment, afinity capture is used to
attach the clonal nucleic acids 1o 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 herein for IBL/DBL pairs. For example, the
claned nucleic acids may be biotinylated (for example using
enzymatic incorporate of blotinylated nucleotides, for by
photoactivated cross-linking of biotin), Biotinylated nucleic
acids can then be eaptured on streplavidin-coated beads, as
is known in the art. Similarly, other hapten-receptor com-
binations can be used, such as digoxigenin and anti-digoxi-
genin antibodies, Altematively, chemical groups can be
added in the form of derivatized nucleotides, that can them
be used ic add the nucleie acid to the surface,

Preferred attachments are covalent, aithough even rela-"

tively weak interactions (i.e. non-covalent) can be suflicient
to attach a nucleic acid to a surface, if there are multiple sites
of attachnient per each mucleic acid. Thus, for example,
electrostatic inferactions 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 lo atlach clonad nucleic seids to beads. For example, as
is known in the arf, polyA+RNA is routinely captured by
hybridization o oligo-dT beads; this may include oligo-dT
capture followed by a cross-linking step, such as psoralen
crosshinking). If the nucleic acids of interest do not contain
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a poly A tract, one can be allached 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 crosshinking of thymidine fo
reactive groups, as is known in the art.

In general, special methods are required to decode clonal
arrays, @5 is more fully outiined below.

As described above generafly for proteins, nuclele acid
bioactive agents may be namrally occurring nucleic acids,
rapdom nucleie acids, or “blased” random nucleic acids. For
example, digests of procaryotic or eukaryotic genomes may
be used as is onthined above for proteins.

in general, probes of the present invention are designed to
be complementary to a target sequence {gither the target
analyte sequence of the sample or to vther probe sequences,
as is described herein), such that hybridization of the target
and the probes of the presen invention occurs. This comple-

-mentarily need not be perfect; there may be any number of

hase pair mismatches that will laterfere with bybridization
between the target sequence and the single stranded nucleic
acids of the present invention. Howevey, if {he 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 s meant that the
probes are sufficiently complementary te the target
sequences to hybridize under the selected reaction condi-
tions. High stringency conditions are known in the art; see
for example Maniatis et al., Molecular Cloning: 4 Labora-
tory Manual, 2d Edition, 1989, and Short Profocols in
Malecular Biology, ed. Ausubel, et al., both of which are
hereby incorporaied by reference. Sinngent conditions are
sequence-dependent and will be different in different cir-
cumstances, Longer sequences hybnidize specifically at
higher temperatures. An extensive gaide to the hybridization
of nucleic acids is found in Tijssen, Technigues in Biochem-
istry and Molecular Biology—Hybridization with Nucleic
Acid Probes, “Overview of principles of hybridization and
the strategy of nucleic acid assays™ (1993). Generaily,
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 pHL. The T,, is the temperature
{under defined ionic strength, pH and nucleic acid concen-
tration) at which 50% of the probes compiementary to the
target hybridize to the target sequence at equilibrivm (as the
target sequences are present in excess, at T, 30% of the
probes are occupied at equilibrium). Stringent conditions
will be those in which the salt concentration is less than
about 1.0 M sodium ion, tvpically about 0.01 o 1.6 M
sodium ton concentration {or other salts) at pH 7.0 t0 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 condi-
tions 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 stringeney conditions may be used, as are
known in the art, see Manistis and Ausubel, supra, and
Tijssen, supra.

The tern “target sequence” or grammatical equivalents
herein means & nucleic acid sequence on a single strand of
nucleic acid. The target sequence may be a portion of a gene,
4 regulatory sequenice, genomic DNA, cDNA, RNA mclud-
ing mRMNA 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 complemen-
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lury target sequence may lake many forms. For example, it
may be contained within a larger nucleic acid sequence, Lo
all or part of & gene or mRNA, a restriction fragment of a
plasmicd or genomic DNA, among others. As is cutlined
more fully below, probes are made to hybridize to target
sequences fo 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 bioacilve agents are
organic chemical moieties, a wide vanety of which are
available In the literature.

In a preferred embodiment, each bead comprises a single
type of bicactive agent, although a plurality of individual
bioactive agents are preferably attached to each bead. Simi-
farly, preferred embodiments utilize more than one micro-
sphere containing a unique bioactive agent; that is, there is
redundancy buiit into the system by the use of subpopula-
tions of microspheres, each microsphere in the subpoputa-
ficn containing the same bipactive agent,

As will be appreciated by those in the art, the bicactive
agents may either be synthesized directly on the beads, or
they may be made and then attached after synthesis. In a
preferred embodinent, linkers are vsed to attach the bioac-
tive agents 1o the beads, lo allow bath good attachient,
sufficient flexibility to allow good interaction with the target
molecule, and 1o avoid undesirabie binding reactions.

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

&

20

many classes of chemical compounds are cumrently syathe- -

sized on solid supports, inchuding beads, such as peptides,
organic moieties, and nucleic acids.

in a preferred embodiment, the bionctive agemts are
synthesized first, and then covalently atiached to the beads,
As will be appreciaied by thoese in the art, this will be done
depending on the composition of the bicactive agents and
the beads. The functionalization of solid suppeort 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 finctionality by the user. Some examples of these
surface chemistries for blank micrespheres inchude, but are
not limited to, amino groups inciuding aliphatic and aro-
malic amines, catboxvlic acids, aldehydes, amides, chio-
romethyl groupe, hydrazide, hydroxyl gronps, sulfonates
and sulfates,

These functional groups can be used 1o add any number
of different candidate agents to the beads, generally using
known chemisiries. Por example, candidate agents contain-
ing carbelydrates may be attached to an amino-functional-
ized support; the aldehyde of the carbohydrate 13 made using
siandard techniques, and then the aldehyde is reacted with an
amino group on the surfice. In an alternative embediment,
a2 sulfhydryl linker may be used. There are a number of
sulibydryl reactive linkers known in the art such as SPDP,
maleimides, c-haloacetyls, and pyridy! disulfides (see for
example the 1994 Plerce Chemical Company catalog, tech-
nical section on cross-linkers, pages 135-200, incorporated
herein by reference} which can be used to attach cysteine
containing proteinaceous agents to the support. Alterna-
tively, an amino group on the candidate agent may be used
for attachment io an amino group on the surface. For
example, a large number of stahle bifunctional groups are
well known in the art, including homobifunctional and
helerobifunctional hnkers (see Pierce Catalog and Hand-
book, pages 155-200). In an additional embediment, car-
boxyl groups (either from the surface or from {he candidate
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agent) may be derivatized using well known linkers (see the
Pierce catalog). For example, carbodiimides activate car-
boxy! groups for attack by good nucleophiles such as amines
(see Torchilin et al., Critical Rew. Therapeulic Drug Carvier
Systems, H4R275-308 (1991), expressly incorporated
herein). Proteinaceons candidate agenls may aisc be
attached using other techniques known in the art, for
example for the attachment of antibodies 1o polymers; see
Stinkin et al,, Biocon). Chem. 2:342-348 (1991}, Torchilin et
al.,, supra; Trubetskoy et al., Bioconj. Chem. 3:323-327
{1592), King et al., Cancer Res. 54:6176-6185 (1994} and
Wilbur et al., Bivconfugate Chem. 5:220-235 (1994), alt 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 attactument does not significantly
alier the functionality of the candidate agent; that is, the
candidate agent should be attached in such a flexible mammer
as to allow ifs interaction with a target.

Specific technigues for immobilizing enzymes oh micro-
spheres are known n the prior art. In one case, NH, surface
chemistry microspheres are used. Swifsce activation is
achieved with a 2.5% glutaraidehyde in phosphate buffered
saline {10 mM) providing a pH of 6.9, (138 mM Na(l, 2.7
mM, K1}, This is stirred on a stir bed for approximately 2
hours at room temperature. The microspheres are then rinsed
with vlwapuwre water plus 0.01% tween 20 (surfactant)
~0.02%, and rinsed again with & pH 7.7 PBS pius 0.01%
mween 20, Finally, the enzyme is added to the solution,
preferably afier being prefiltered using a 0.45 pm amicon
micropure fiiter,

In some embodiments, the microspheres may additionally
comprise idemifier binding ligands for use in certain decod-
ing systems. By “identifier binding hgands™ or “IBLs”
herein is meant a compound thal will specifically bind a
corresponding decoder binding Higand (DBL) to facilitate the
ehicidation of the identity of the bioactive agent attached to
the bead. That is, the IBL and the corresponding DBL form
s binding partner pair. By “specifically bind” herein is meant
that the IBL binds its' DBL with specificity sufficient to
differentiate between the corresponding DBL and other
DRLs (that is, DBLs for other IBLs), or other components
or contaminanis of the system. The binding should be
suficient 1o remain bound wnder the conditions of the
decoding step, including wash steps fo remove non-specific
binding. In some embodiments, for example when the IBLs
and corresponding DBLs are proteins or nucleic acids, the
dissociation constants of the IBL to its DBL will be less than
about 1074-107% M~ with less than about 167 to 107% M~
being preferred and less than about 107'—107% M, being
particularly preferred.

IBL-DBL binding pairs are knows or can be readily found
using known techniques, For example, when the IBL is'a
protein, the DBLe inclode protweing (particularly including
antibodies or fragments thereof (FAbs, etc.)) or small moi-
ecules, or vice versa (the IBL is an antibody and the DBL.is
a protein}. Metal lon-metal jon Bgands or chelators pairs are
also useful. Antigen-antibody pairs, enzymes and subsirates
or inhibitors, other protein-protein interacting pairs, recep-
tor-figands, complementary nucieic acids (including nuecieie
seid molecules that form triple helices), and carhohydrates
and their binding partners are also suilable binding pairs.
Nucleic acid—nucleic acid binding proteins pairs are also
useful, including single-stranded or double-stranded nucleic
gcid binding protems, and small molecule nucleic acid
binding agents. Similarly, as 15 generally described in U.S.
Pat. Nos. 5270163, 5475098, 5,567,588, 5595877,
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5,637,459, 5,683,867, 5,705,337, and related patents, hereby
incorparated by reference, nucleic scid “aptamers” can be
developed for binding to virtually any target; such an
aptamer-target pair can be used as the IBL-DBL pair
Similarly, there is a wide body of literature relating to the
development oI binding pairs based on combinatorial chem-
istry methods.

Ity a preferred embodiment, the IBL is a molecule whose
color or Juminescence properties change in the presence of
s selectively-hinding DBL.

In one embodiment, the DBL may be attached 1o a bead,
ie. a “decoder bead”, that may carry a label such as a
flucrophore.

In a preferred embodiment, the IBL-DBL pair comprise
substantially complementary single-stranded nucieic acids,
In this embodiment, the binding ligands can be referred 1o s
“identifier probes” and “decoder probes™. Geperally, the
identifier and decoder probes range from about 4 basepairs
i length to about 1000, with from about 6 1o about 10¢
heing preferred, and from about § to about 40 being par-
gcularty preferred. What 1s important is that the probes are
long enough to be specific, ie. to distinguish between
different IBL-DBL pairs, yet short enough to ajlow both a)
dissociation, if necessary, under suitable experimental con-
ditions, and b) efficient hybridization.

in a preferred embodiment, as is more fully outlined
below, the TBLs do not bind to DBL.s. Rather, the |BLs are
used as identifier mofeties (“IMs™) that are idemtified
directly, for example through the use of mass spectroscopy.

Alernatively, in a preferred embodiment, Uie IBL and the
bicactive agent are the same moiety, thus, for example, as
outlined herein, particularly when no optical signatures are
used, the bivactive agent can serve as both the identifier and
the agent. For example, in the case of nucleic acids, the
begd-bound probe (which serves as the bioactive agent) can
atse bind decoder probes, 1o identify the sequence of the
probe on the bead. Thus, i this embodiment, the DBLs bind
to the bivactive agents. This is particularly useful as this
embodiment can give information about the array or the
assay i addition to decoding, For example, as is more fully
described below, the use of the DBLs allows array calibra-
tion and assay development. This may be done even if the
DBLs are not used as such; for example in non-random
arrays, the use of these probe sets can allow array calibration
and assay development even if decoding is not required.

in a preferred embodiment, the microspheres do not
contain an optical signature, That is, as outlined in U.S, Ser.
Nos. 08/818,199 and 09/151,877, previous work had each
subpopulation of microspheres comprising a unique optical
signature or optical 1ag that is used to identify the unigue
bioactive agent of that subpopulation of microspheres; that
is, decoding utilizes optical properties of the beads such that
a bead comprising the unique optical signature may be
distinguished from beads at other locations with different
optical signatures. Thus the previous work assigned each
bioactive agent a unique oplical signature such that any
microspheres comprising that bioaclive agent are identifi-
able on the basis of the signature. These optical signatures
comprised dyes, usually chromophores or fluorophores, that
were enirapped or attached 1o the beads themselves. Diver-
sity of optical gignatures utilized different fiuorochromes,
different ratios of mixtures of fluorochromes, and different
concentrations (intensities) of fuorochromes.

Thus, the present invention does not rely solely on the use
of optical properties 1o decode the arrays. However, as will
be appreciated by those in the art, it is possible in some
embodiments to utilize optical signatures as an additional
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coding method, i conjunction with the present system.
Thus, for example, as is more fully outlined below, the size
of the array may be effectively increased while using a single
set of decoding moieties in several ways, one of which is the
use In combination with optical signatures one beads. Thus,
for example, using one “set” of decoding molecules, the use
of two populations of beads, one with an optical signature
and one without, allows the effective doubling of the array
size. The use of multiple optical signatures similarly
mcreases the possible size of the array.

In a preferred embodiment, sach subpopulation of beads
comprises z plurality of diflerent IBLs. By using a plurality
of different IBLs to encode eanch bioactive agent, the number
of possible unique codes is substantially increased. That is,
by using one unigue 1BL. per bioactive agent, the size of the
array will be the number of unique IBLs (assuming no
“reuse” occurs, as outlined below). However, by using a
plurality of different [BLs per bead, n, the size of the array
can be increased to 27, when the presence or absence of each
IBL is used as the indicator. For exampie, the assignment of
10 IBLs per bead generates a 10 bit binary code, where each
bit can be designated as “1” (IBL is present) or “0” {IBL is
absent). A 10 bit binary code has 2'° possible variants
However, as is more fully discussed below, the size of the
array may be further increased if another parameter is
inclnded such as concestration or intensity; thus for
examptle, if two different concentrations of the IBL are used,
then the aray size increases as 37, Thus, in this embodiment,
each individual bicactive agent in the array is assigned a
combination of IBLs, which can be added to the beads prior
to the addition of the bioactive agent, after, or during the
synthesis of the bioactive agent, i.e. simultaneous addition
of IBLy 2nd bicactive agent components.

Alternatively, when the bioactive agent 18 a polymer of
different residues, Le. when the bioactive agent is a protein
or aiucleic acid, the combination of different IBLs can be
used to elucidate the sequence of the protein or nucleic acid.

Thus, for example, using two different I8Ls (IBL] and
IBL.2}, the first position of a nucleic acid can be elucidated:
for example, adenosine can be represented by the presence
of both IBL1 and IBL2; thymidine can be represented by the
presence of IBLI but not IBL2, cytosine can be represented
by the presence of IBL2 but not IBL], and guanosine can be
represenied by the absence of both. The second position of
the nucleic acid can be done in a similar manner using IBL3
and IBL4; thus, the presence of 1BL1, IBL2, IBL3 and IBL4
gives & sequence of AA; IBL1, IBLZ, and IBL3 shows the
sequence AT} IBL1, IBL3 and 1BL4 gives the sequence TA,
ete, The third position utilizes IBLS and IBLS, efc. 1n this
way, the use of 20 different identifiers can yield a vnigue
cade for every possible 10-mer.

The system is similar for proteins but requires a larger
munber of different IBLs to identify each position, depend-
ing on the allowed diversity at each position. Thus for
example, 1f every amino acid is allowed at every position,
five different 1BLs are required for each position. Flowever,
as outlined above, for example when using random peptides
as the bioactive agents, there ray be bias built inlo the
system; not all amino acids may be present at ail posiions,
and some positions may be preset; accordingly, it may be
possible to utiize four different IBLs for each amino acid.

In this way, a sort of “bar code” for each sequence can be
constiucted; the presence or absence of each distinet 1BL
will allow the identification of each bioactive agent,

In addition, the use o different concentrations or densities
of IBLs allows a “reuse” of sorts. If, for example, the bead
comprising a first agent has a 1x concentration of 1BL, and
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a second head comprising a second agent has a 10x con-
centration of 1BL, using saturating concenfrations of the
corresponding labelled DBL allows the user to distinguish
between the two beads,

Once the microspheres comprising the candidate agents
and the unique IBLs are generated, they are added fo the
substrate to form an array. It shouid be noted that while most
of the methods described herein add the beads to the
substrate prior io the assay, the order of making, using and
deceding the array can vary. For example, the array can be
made, decoded, and then the assay done. Alternatively, the
array can be made, used in an assay, and then decoded,; this
may find particular use when only a foew beads need be
decoded. Alternatively, the beads can be added to the assay
mixture, i.e. the sample containing the target analytes, prior
to the addition of the beads t¢ the substrate; after addition
and assay, the array may be decoded. This is particularly
preferred when the samnple comprising the beads is aghnted
or mixed; this can increase the amount of target analyte
bound to the beads per unit time, and thus (in the case of
nucleic acid assays) increase the hybridization kinetics, This
may {ind particular use 1n cases where tixe concentration of
target analyte in the sample is low; generally, for low
concentrations, long binding fHimes nrost be used.

In addition, adding the beads to the assay mixture can
allow sorting or selection. For example, a large library of
beads may be added 1o a sample, and only those beads that
bind the sampte may be added 1o the substrate. For example,
if the targer analyte is fluorescently labeled (either directly
(for example by the incorporation of labels into nucleic acid
amplification reactions) or ndirectly (for example via the
use of sandwich assays)), beads that exhibit fluorescence as
a result of target analyte binding can be sorted via Floores-
cence Activated Cell Sorting (FACS) and only these beads

added 1o an array and subseguently decoded. Similarly, the 3

sorting may be accomplished throngh affinity techniques;
affinity columns comprising the target analytes can be made,
and only those beads which bind are used on the array.
Similarly, two bead systems can be used; for example,
magnetic beads comprising the target analytes can be used
to “pull out™ those beads that will bind to the targets,
foilowed by subsequent release of the magnetic beads (for
example via temperature elevation) and addition to an array.

In general, the methods of making the arravs and of
decoding the amays is done to maximize the number of
different candidate agents that can be nniquely encoded. The
compositions of the invention may be made in a variety of
ways. in general, the arrays are made by adding a sohtion
or slurry comprising the beads to & surface contaning the
sites for association of the beads. This may be done in a
variety of bulfers, including aqueous and organic solvents,
and mixtares, The solvent can evaporate, and excess beads
removed.

I a preferred embodiment, when non-covalent methods
are used t0 associate the beads to the array, a novel method
of londing the beads onfo the array is used, This method
comprises exposing the array 10 a solution of particles
{including microspheres and cells} and then applving energy,
e.g. agitating or vibrating the mixture. This results in an
array comprising more tightly assoclated particles, as the
agitation is done with sufficient energy to cauvse weakly-
associated beads to fall off (or out, in the case of wells).
These sites are then available to bind a difterent head. In this
way, beads that exhibit a high affinity for the sies are
selected. Arrays made in this way have two main advantages
&5 cormpared to a more static loading: first of all, 2 higher
percentage of the sites can be filled easily, and secondly, the
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arrays thus loaded show a substantial decrease in bead loss
during assays. Thus, in a preferred embodiment, these
methods are used to generate arrays that have at least about
50% of the sites filled, with at least about 75% being
preferred, and at least about 90% being particularly pre-
ferred. Similarly, arrays generated in this manner preferably
lose less than about 20% of the beads during an assay, with
less than about 10% being preferred and less than about 5%
being particularly preferred.

In this embodiment, the substrate comprising the surface
with the discrete sites is immersed into a solution comipris-
ing the particles (beads, cells, etw.). The surface may com-
prise wells, as 13 described herein, or other types of sites on
& patterned surface such that there is a differential affinity for
the sites. This differential affinity results in a comperitive
process, such that particles that will associate more tightly
are selected. Preferably, the entire surface to be “loaded”
with beads is in fluid contact with the solution. This solution
s generally a shurry ranging from about 10,000:1 beads:
sojution (volivol) to 1:1. Genperally, the solution can com-
prise any nunber of reagents, including aqueocus buffers,
orgapic solvenis, salts, other reagent compenents, otc, In
addition, the solution preferably comprises an excess of
beads; that is, there are more beads than sites on the array.
Preferred embediments utitize two-fold te billion-old
excess of beads.

The immersion can mimic the assay counditions; for
example, if the array is to be “dipped” from above into a
microtiter plate comprising samples, this configuration can
be repeated for the loading, thus minimizing the beads that
are likely to fall out due 1o gravity.

Onece the surface has been immersed, the substrate, the
solution, or both are subjected to & compelitive process,
whereby ihe particles with lower aflinity can be disassoci-

ated from the substrate and replaced by particles exhibiting

a higher affinity to the site. This competitive process is done
by the introduction of energy, in the form of heat, sonication,
stirting eor mixing, vibrating or agitating the solution or
substrate, or both,

A preferred embodiment wilizes agitation or vibration. In
general, the amount of manipulation of the subsirate is
minimized to prevem damage to the array, thus, preferred
embodiments utilize the agitation of the solution rather than
the array, although either will work. As will be appreciated
by those in the art, this agitation can take on any number of
formms, with a preferred embodiment wilizing microtiter
plates comprising bead solutions being agitated using micro-
titer plate shakers.

The agitation proceeds for a peried of time sufficient to
load the array to 2 desired fill. Depending on the size and
coneentration of the beads and the size of the array, this time
may range from about 1 second to days, with from about 1
minute fo about 24 hours being preferred,

1t should be noted that not all sites of an array may
comprise & bead; that is, there may be some sites on the
substrate surface which are empty. In addition, there may be
some sites that contain more than one bead, although this is
not preferrad.

In some embodiments, for example when chemical
attachment 15 done, 1t is possible 10 associate the beads in &
nog-randem or ordered way. For example, vsing photacti-
vatible attachnient Hnkers or photloactivatible adhesives or
masks, selected sites on the array may be sequentially
rendered suiiable for attachment, such that defined popula-
tions of beads are laid down,

The arrays of the present invention are constructed such
that information about the identity of the candidate agent is
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built into the amray, such that the random deposition of the
beads in the fiber wells can be “decoded” to allow identi-
fication of the candidate agent at all positions. This may be
doge in a variety of ways, and either before, during or after
the use of the array to detect target molecules.

Thus, after the array is made, it is “decoded” in order fo
identify the location of one or more of the bivactive agents,
Le. each subpopulation of beads, on the substrate surface.

In a preferred embodiment, a selective decoding system is
used. In this case, only those microsplieres exhibiting a
change in the optical signal as a result of the binding of a

target analyte are decoded., This is conunonly done when the

mumber of “hits”, ie. the number of sites 1o decode, i
generally low, That is, the array is first scanned under
experimental conditions m the absence of the tarpet analytes.
The sample containing the target analytes is added, and only
those locations exhibiting a change in the optical signal are
decoded. For example, the beads at either the positive or
negative signal locations may be either selectively tagged or
released froni the array {for example through the use of
photocleavable linkers), and subsequently sorted or enriched
in a fluorescence-activated cell sorter (FACS). That is, either
all the negative beads are reieased, and then the positive
beads are either released or analyzed in situ, or alternatively
all the positives are released and analyzed. Alternatively, the
labels may comprise halogenated aromatic compounds, and
detection of the label is done using for example gas chro-
matography, chemical tags, isotopic tags, or mass spectral
tags.

As will be appreciated by those in the ari, this may also 3

be done in systems where the array i3 not decoded; i.e. there
need pot ever he.a correlation of bead composition with
iccation. [n this embodiment, the beads are loaded on the
array, and the assay is nun,. The “positives”™, 1.e. those beads
dispiaying a change in the optical signal as is more fully
outlined below, are then “marked” to distinguish or separate
them from the “negative™ heads, This can be done in several
ways, preferably using fiber optic arrays. In a preferred
embodiment, each bead contains a fluorescent dye. After the
assay and the identification of the “positives™ or “active
beads™, light is shown down either oaly the positive fibers or
only the negative fibers, genetally in the presence of a
light-activated reagent {fypically dissoived oxygen). In the
former case, ali the active beads are photobleached. Thus,
upon non-selective release of all the beads with subsequent
sorting, for example using a fuorescence activated cell
sorter (FACS) machine, the non-fluorescent active beads can
be sorted from tie fluorescent negative beads. Alternatively,
when Hght is shown down the negative fibers, all the
negatives are non-flucrescent and the the postives are fluo-
rescent, and sorting can proceed. The characterization of the
attached bicactive agent may be done directly, for example
" using mass spectroscopy.
Alternatively, the identification may occur through the use

of identifier moieties (*1Ms"}, which are similar to IBLs but

need not necessarily bind to DBLs. That is, rather than
elucidate the structure of the bioactive agent directly, the
composition of the IMs may serve as the identifier. Thus, for
exarnple, a specific combination of IMs can serve to code the
bead, and be vsed to identify the agent on the bead upon
release from the bead followed by subsequent analysis, for
example using & gas chromatograph or mass spectroscope.

“Altematively, rather than having each bead contain a
{luorescent dye, esch bead comprises a pon-Buorescent
precursor 0 a fuerescent dye. For example, using photo-
cleavable protecting groups, such as certain ortho-nitroben-
zyl groups, an a fiucresceni molecule, photoactivation of the

12
ti

35

40

4%

20

fluorochrome car be done. Afier the assay, Hght i$ shown
down again either the “positive” or the “negative” fibers, to
distingnish these populations. The illuminated precursors
are then chemically converted tc a fluorescent dye. All the
beads are then released from the array, with sorting, to form
populations of fluorescent and noa-fluorescent beads {either
the positives and the negatives or vice versa).

In an aktermnate preferred embodiment, the sites of asso-
ciation of the beads (for example the wells) include a
photopolymerizable reagent, or the pholopalymerizable
agent is added to the assembled array. After the test assay is
run, light s shown down again either the “positive” or the
“negative” fibers, (o distinguish these populations. As a
result of the iradiation, either all the positives or sl the
negatives are polyrmerized and trapped or bound to the sites,
while the other population of beads can be released from the
array.

1In a preferred embodiment, the location of every bicactive
agent is determined using decoder binding ligands {DBLs).
As outlined above, DBLs are binding Ligands that will either
bind fo identifier binding ligands, if present, or to the
bioactive agents themselves, preferably when the bicactive
agent is a nucleie acid or protein.

In a preferred embodiment, as outlined above, the DEL
binds 1o the IBL,

In a preferred embodiment, the bioactive agents are
single-stranded nucleic acids and the DBL 15 a substantialiy
complementary single-stranded nucleic acid that binds fhy-
bridizes) to the bioactive agent, termed a decoder probe
herein. A decoder probe that is substantially complementary
to each candidate probe is made and used to decode the
array. In- this embodiment, the candidate probes and the
decoder probes should be of sufficient length (and the
decoding step rup under suitable conditions) to allow speci-
ficity; i.e. each candidate probe binds to ils corresponding -
decoder probe with sufficient specificity to allow the dis-
tinction of each candidate probe. .

In a preferred embodiment, the DBLs are either directly
or indirectly labeled. By “labeled” herein is meant that a
compound has at least one element, isotope or chemical
compound attached to enable the detection of the compound.
io general, labels fall into three classes: a) isotopic labels,
which may be radivactive or heavy tsotopes; b) magnetic,
electrical, thermal; and ¢) colored or luminescent dyes,
although labels include enzymes and particles such as mag-
netic particles as well. Preferred labels include luminescent
labels. In o preferred embodiment, the DBL is directly
fabeled, that is, the DBL comprises a label, In an alternate
embodiment, the DBL is indirectly labeled; that 1s, a labeling
binding Hgand (LBL) that will bind to the DBL is used. ln
this embodiment, the labeling binding ligand-DBL pair cag
be as described above for IBL-DBL pairs. Suitable labels
include, but are pot Iumited to, fvorescent lanthanide com-
plexes, including those of Europium and Terbium, fluores-

‘cein, rhodamine, tetramethylrhodamine, eosin, ervthrosia,

coumarin, methyl-coumarins, pyrene, Malacite green, stil-
hene, Lucifer Yellow, Cascade Blue™, Texas Red, FITC,
PE, cy3, cv5 and others described in the 6th Edition of the
Moiecular Probes Handbook by Richard P. Haugland,
hereby expressly incorporated by reference.

" In one embodiment, the label is a molecule whose color
or luminescence properties change in the presence of the
IBL, due Lo a change in the local enviromment. For example,
the label muy be: (1) a fluorescent pH indicator whose
eniission ntensity changes with pH; (2) a fluorescent 1on
indicator. whose emission properties change with 1on con-
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centration; or {3} a Auorescent molecule such as an ethidium
salt whose flnorescence intensity increases in hydrophobic
enviromments.

Accordingly, the identification of the location of the

22
An example is illustrative. Assuming an array of 16 probe
nucleic acids (numbers 1-16), and four vnique tags (four
different fluors, for example; labels A-1)). Decoder probes
1-16 are made that correspond (o the probes on the beads,

individual beads (or subpopulations of beads) is done using ° The first step is to label decoder probes 14 with tag A,
one or more decoding sieps comprising a binding between  decoder probes 5-8 with tag B, decoder probes 9-12 with
the labeled DBL and either the IBL or the biosctive agent 138 €, and decoder probes 13-16 with tag [. The probes are
(i. @ hybridization between the candidate probe and the  Puxedand the pool is contacted with the array containing the
decoder probe when the bicactive agent is a nuclefc acid). || beads With the attached candidate probes. The location of
After decoding, the DBLs can be removed and the array can each tag (an(l:] thus each decoder and candidate probe pair) 1s
be used; however, in some circumstances, for example when then determined. The ﬁrs:{ set of decoder' prqbes are then
the DBL binds to an IBL and not {o the bicactive agent, the removed. A second set is added, .but this time, decoder
removal of the DBL is not reguired (although fl may be probes 1,5, 9 and 13 are ]abe@eci _w“h tag A, decoder probes
desirable in some circumstances). In addition, as outlined 15 2. 6,10 and 14 are labe]{eFi with tag B, dc?oder probes 3, 7,
herein, decoding may be done either before the array is used 11 and 15 are labeled with tag C, and decoder probes 4.8,
in an assay, during the assay, or afier the assay. 12 a'n_(i 1(16 are ]abeied with g D \Thus, thosg beadsv that
In one embodiment, a single decoding step is done. In this ;ggg‘: nje t;ZgAAi;ntht;oté}rﬁeg;é@%?ngli?spcg éa;:ga;n?;dg::
embodiment, each [DBL is labeled with a unique label, such f : o i o .
that the the ;mmber of unique labels is aquaqi to or greater 4 ;iz?liiigsziilli;;eigziﬁén éa???féesfcooﬁf dzsstl;g i‘;ﬁé{lﬁ
ﬂi;}g‘f l:ii‘mtzzr ixfnb;s:c?;‘l’):?f?;; (f}ghggﬁz ”«;fogligﬁié candidate probe 3; etc. As w‘in be app'reciated by those in the
herein; similarly, minor variants of candidate probes can i?’aﬁ;e (i:ﬁc;der probes can be made in any order and added
share the same decoder, if the variants are encoded in . L.
another dimension, i.e. in the bead size or label). For each 55 In one embodiment, the decoder probles are laeled in SIS
bicactive agent or IBL., a DBL is made that will specificaliy that 5 they .ﬁeed mﬁ, be 1356}‘?‘1 pnor io the decodmg
bind 1o it and contains a unique lzbel, for example one or  [eAction. In this embodiment, the incoming CthOder pro!?:a 18
more fluorochromes. Thus, the identity of each DBL, both shorter thax the candidte probe, creating 4 5" “overhang” on
its composition (j.e, itg sequence when it is a nucleic acid) the decod".mg pro%_)e. The addition of labeled dd_NTPS {each
and iis label, is known. Then, by adding the DBLs 1o the 3 labeled with 2 un‘lquc.tag) and a polymerase will allow the
array containing the bioactive agents under conditions which addtt}on of the tags in a sequence spem.ﬁc mannet, thus
allow (he formation of complexes (termed hybridization creating a sequence-specific patiern Qf» signals. Similarly,
complexes when the components are nucleic acids) berweer other modifications can be done, including ligation, efc.
the DBLs and either the bioactive agents or the IBLs, the In addition, since the size of the array will be set by the
jocation of each DBL can be elucidated. This aliows the 35 Dumber of unigue decoding binding ligands, it is possible 1o
identification. of the location of each bioactive agent; the  “reuse” asei of unique DBLs to allow for a greater number
random array has been decoded, The DBis can then be af tes? sites. This may be done in several ways; for example,
removed, if necessary, and the target sample applied. by using some subpopulations that comprise.optical signa-
In & preferred embodiment, the number of unique labels fures. Sumllarly, the use of a positional coding scheme: within
is less than the number of vnique bicactive agents, and thus <0 20 278Y; different sub-bundles may revse the set of DB?S‘
a sequential series of decoding steps are used, To facilitate Slm]]a_rly, one embc?dm}em utilizes bead size as a coding
the discussion, this embodiment is expleined for nucleic I?Odamy' thus aﬁ}owmg the Teuse of the set of umque DBLS
acids, afthough other types of bivactive agents snd DBLs are for each bea;l size. Allematively, sequential partial Joading
useful as well. In this embodiment, decoder probes are of arrays W“I}__ beads can also allow the reuse of DBLs.
divided into n sets for decoding. The number of sets corre- 45 Furthermore, “code sharing” can occur as well.
sponds to the number of urigue togs. Each decoder probe is In a preferred embodiment, the DBLs may be reused by
lzbeled in n separate reactions with n distiner tags. Al the having some subpepulations of beads comprise oprical sig-
decoder probes share the same n tags. Each pool of decoders natures. In a preferred embodiment, the optical signature is
contains only one of the n tag versions of each decoder, and generally a mixture of reporter dyes, preferably fvorescent.
no two decoder probes have the seme sequence of tags so By varying both the composition of the mixture (i.e. the ratio
across all the pools. The number of pools reguired for thisto 0 one dye (o another) and the concentration of the dye
be true is determined by the number of decoder probes and ~ (eading 1o differences in sipnal intensity), matrices of
the n. Hybridization of each poal to the array generates 5 Vidue oplical signatures may be generated. This may be
signal at every address comprising an IBL. The sequential done by covalently attaching the dyes to the surface of the
hybridization of each pool in turn will generate a unique, 55 beads, or altematively, by entrapping the dyve within the
sequence-specific code for each candidate probe. This iden- bead. The dyes may be chromophores or phosphors but are
tifies the candidate probe at each address in the array. For preferably fluorescent dyes, which due 1o their strong signals
example, if four tags are vsed, then 4xn sequential hybrid- provide a good signal-to-noise ratio for decoding. Suitsble
izations can ideally distinguish 4" sequences, although in dyes for use in the invention inciude those listed for labeling
some cases more steps may be required. After the hybrid- 60 DBLs, above,
ization of each pool, the hybrids are denatured and the In & preferred embodiment, the encoding can be accom-
decoder probes removed, so that the probes are rendered plished in a mtio of at Jeast two dyes, although more
single-siranded for the nex! hybridization (although it is also encoding dimensions may be added in the size of the beads,
possible o hybridize hmiting amounts of target so that the for example. In addition, the labels are distinguishable from
available probe 15 not satwrated. Sequentiai hybridizations 65 one another; (hus two different labels may comprise different
can be carried out and analyzed by subtracting pre-existing molecules (i.e. two different fluors) or, altematively, one
signal from the previous hybridization), label at two different concentrations or intensity.
Exhibit A
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In & preferred embodiment, the dyes are covalently
attached to the surface of the beads. This may be done as is
generally outlined for the attachment of the bioactive agents,
using functional groups on the surface of the beads. As wil
be appreciated by those in the art, these attachments are done
to minimuze the effect on the dye.

In a preferred embodiment, the dyes are non-covalently
agsociaied with the beads, generally by entrapping the dyes
in the pores of the beads.

Additionally, encoding in the ratios of the two or more !

dves, rather than single dye concentrations, is preferred
since il provides insensitivity to the intensity of light used to
interrogaie the reporter dye's signatre and detector sensi-
tivity.

In a preferred emhodiment, a spatial or positional coding
systern is done. In this embodiment, there are sub-bundies or
subsrrays (i.e. portions of the total array) (at are utilized.
Ry anaiogy with the telephone system, sach subarray is an
“area code”, that can have the same labels (i.e. telephobie
numbers) of other subarrays, that are separated by virtue of
the iocation of the subarray. Thus, for example, the same
unigue labels can be reused from bundle to bundle. Thus, the
use of 50 vaique labels in combipation with 100 different
subarrays can form an array of 5000 different bioactive
agents. In this embodiment, it becomes important to be able
to identify one bundle from anocther; in general, this is done
either manally or through the vse of marker beads; these
can be beads containing unique tags for each subarray, or the
use of the same marker bead in differing amounts, or the use
of two or more marker beads in different ratios.

In alternative embediments, additional encoding param-
eters can be added, such as microsphere size. For example,
the use of difiereni size beads may also sllow the reuse of
sets of DBLs; that is, it is possible {0 use microspheres of
different sizes to expand the encoding dimensions of the
microspheres, Optical fiber arrays can be fabricated contain-
ing pixels with different fiber diameters or cross-sections;
alternatively, two or more fiber optic bundles, each with
different cross-sections of the individual fibers, can be added
together to form a larger bundle; or, fiber optic bundies with
fier of the same size cross-sections can be vsed, bui just
with different sized beads, With different diameters, the
Jargest wells can be filled with the largest microspheres and
then moving onto progressively smaller microspheres in the
smalier wells uniil all size wells are then filled. In this
mannet, the same dye ratio could be wsed to encode micro-
spheres of diflerent sizes therehy expanding tire number of
ditferent oligonucleotide sequences or chemical functional-
iies present in the array. Although outiined for fiber optic
substrates, this as well as the other methods outiined herein
can be used with other substrates and with other attachment
maodalities as well,

In a preferred embodiment, the coding and decoding is
accomplished by sequential loading of the microspheres into
the array. As outlined above for spatial coding, in this
embodiment, the optical signatures can be “reused”. In this
embodiment, the library of microspheres each comprising a
different bioactive agent {or the subpopulations each com-
prisc a different bicactive agent), is divided into a plurality
- of sublibraries; for example, depending on the size of the
desired array and the number of unique tags, 10 sublibraries
each comprising roughly 10% of the total library may be
made, with each sublibrary comprising roughly the same
unique tags, Then, the first sublibrary is added to the fiber
optic bundle comprising (he weils, and the location of each
bioactive agent 1s determined, generally through the use of
DBLs, The second sublibrary is then added, and the location
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of each bioactive agent 1s again determined. The signal in
this case will comprise the signal from the “first” DBL and
the “second” DBL: by comparing the two matrices the
location of each bead in zach sublibrary can be determined.
Similarly, adding the third, fourth, etc. sublibraries sequen-
tially will allow the array to be filled.

In a preferred embodiment, codes can be “shared” in
several ways. [n a first embodiment, a single code (le.
IBL/DBL, pair) can be assigned to two or more agents if the
target analytes different sufficiently in their binding
strengths, For example, two nucteic acid probes used in an
mRINA gquantitation assay can share the same code if the
ranges of their hybridization signael intensities do not over-
lap. This can occur, for example, when one of the larget
sequences is slways present al s much higher concentration
than the other, Allernatively, the two target sequences might
always be present al a similar concentration, but differ in
hybridization efficiency.

Allernatively, & single code can be assigoed to multiple
agents il the agents are {unctiopally equivalent. For
exampile, il a set of oligonucleotide probes are designed wit
the common purpose of detecting the presence of a particu-
lar gene, then the probes are functionally equivalent, even
though they may differ in sequence. Similarly, if classes or
“families” of analytes are desired, all probes for different
members of a class such as kinases or G-protein coupled
receptors could share a code. Similarly, an array of tlus type
could be used w detect homelogs of known genes. In this
embodiment, each gene is represented by a heterologous set
of probes, hybridizing to different regions of the gene (and
therefore differing in sequence}. The set of probes share a
commmon code. 1 a homolog 13 present, it might hybridize to
sorne but not all of the probes. The level of homology might
be indicated by the fraction of probes hybridizing, as well as
the average hybridization intensity, Similarly, nmltiple anti-
bodies to {iie same protein could all share the same code,

In a preferred embodiment, decoding of seif-assembled
random arrays is done on the bases of pH fitration. In this
embodiment, in addition to bioactive agents, the beads
comprise aptical signatures, wherein the optical signatures
are generated by the use of pH-responsive dyes (sometimes
referred to herein as “pH dyes™) such as fluorophores. This
embodiment is similar to that cutlined i PCT U.S Pat. No.
98/05025 and U.S. Ser. No. 09/151,877, both of which are
expressly incorporated hy reference, except that the dyes
used in the present invention exhibits changes in fluores-
cence intensity {or other properties) when the sojution pH is
adjusted from below the pKa to above the pRa (or vice
versa). In a preferred embodiment, & set of pH dyes is used,
each with a different pKa, preferably separated by at least
0.5 pH units. Preferred embodiments utilize a pH dye set of
pka's 0f 2.0,2.5,3.0,3.5,4.0,4.5,5.0,5.5,6.0,6.5,70,7.5,
8.0, 8.5, 9.4, 9.5, 14.0, 10.5, 11, and 11.5. Bach bead can
congin any subset of the pH dyes, and in this way a unique
code for the bivactive agent is generated. Thus, the decoding
of an array is achieved by titrating the array from pi 1 to pli
13, and measuring the flucrescence signal from each bead as
a function of solution pH.

Thus, the present invention provides array compositions
comprising a substrate with a surface comprising discrete
sites. A population of microspheres is distributed on the
sites, and the population comprises at least a frst and &
second subpopulation. Bach subpopulation comprises a bio-
active agent, and, in addition, at least one optical dye with
a given pKa. The pKas of the different optical dyes are
different.
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in a preferred embodiment, when for example the array
comprises cloned nucleic acids, there are several methods
that can be used to decode the armays. In a preferred
embodiment, when some sequence information about the
cloned nucteic acids is known, specific decoding probes can
be made as s generally outlined herein,

In a preferred embodiment, “random” decoding probes
can be made. By sequential hybridizations or the use of
multiple labels, as is outlined above, & unique hybridization
pattern can be generated for each sensor element. This
atlows aii the beads representing a given clone o be iden-
tified as belonging o the same group. In general, this is done
by using random or partiaily degenerate decoding probes,
that bind in & sequence-dependent but not highly sequence-
specific manner. The process can be repeated a number of
umes, each time using a different Inbeling entity, (0 generale
a different pattern of signals based on quasi-specific inter-
actions. In this way, a unigue optical signature 15 eventually
built vp for each sensor element. By applying pattern
recognition or clustering algorithms to the optical signa-
tures, the beads can be grouped into sets thaf share the same
signature (i.e. carry the same probes).

In order to identify the actual sequence of the clone iself,
additional procedures are required; for example, direct
sequencing can be done. By vsing an ordered array contain-
ing the clones, such as a spotfed cDNA array, a “key™ can be
generated that links a hybridization pattern 10 a specific
clone whose position in the set is known. In this way the
clone can be recovered and further characierized.

Alternatively, clone arrays can be decoded using binary
decoding with vector fags. For exampie, partiaily random-
ized oligos are cloned into a nucleic acid vector (e.g.
plasmid, phage, etc.}. Hach oligonucieotide sequence can-
sists of 4 subset of a limited set ol sequences. For example,
if the limites set comprises 10 sequences, each oligonucle-
otide may have some subset (or all of the 10} sequences.
Thus each of the 10 sequences can be present or absent in the
oligomucleotide. Therefore, there are 2'° or 1,024 possible
combinations, The sequences may overlap, and minor vari-
ants can also be represenied (e.g. A, C, T and G subsiitu-
tions) to increase the number of possible combinations. A
nucleic acid library is cloned into a vector containing the
sandom code sequences. Alternatively, other methods such
as PCR can be used to add the tags. In this way it is possible
to use a small number of oligo decoding probes 1o decode an
array of clones. :

Onece made, the compositions of the mvention {ind use in
a number of applications. In a preferred embodiment, the
compositions are used o probe a sample solution for the
presence or absence of a farget analyie, including the quan-
tification of the amount of target analyte present, By “target
analyte” or “analyte” or grammatical equivalents herein is
meant any aiom, molecule, ion, molecular lon, compound or
particle to be either detected or evaluated for binding
partners. As will be appreciated by those in the art, a large
number of analyies may be used in the present invention;
basically, any target analyte can be used which binds a
bioactive agent or for which a binding parter (i.e. drug
candidare) is sought.

Suitable analytes include organic and morgamic mel-
ecules, inchuding biomolecules. When detection of a target
analyte is done, suitable target analyres include, but are not
fimited 1o, an environmental pollutant (including pesticides,
msecticides, wxins, ele.); a chemical (including solvents,
polymers, organic materials, elc.); therapeutic molecules
{inciuding therapeutic and abused drugs, antibiotics, etc.);
biomelectles (including hormones, cyiokines, proteins,
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nucleic acids, lipids, carbohydrates, cellular membrane anti-
gens and receplors (neural, hormonal, putrient, and cell
surface receptors) or their ligands, etc); whele cells (includ-
ing procaryotic (such as pathogenic bacteria) and eukaryotic
cells, including mammalian tomor cells);, viruses (including
retroviruses, herpesviruses, adenoviruses, lentiviruses, etc.);
and spores; ete, Particularly preférred analytes are nucleic
acids and proteins.

In a preferred embodiment. the targét analyie is a protein.
As will be appreciated by those in the art, there are a large
number of possible proteinaceous target analytes that may
be detected or evalnated for binding parmers using the
present invention. Suitable protein target amalytes include,
but are not limited fo, (1) immunoglobuling; (2) enzymes
(and other proteins); (3) hormones and cytokines {many of
which serve as ligands for celiular receptors); and {4) other
proteins,

In a preferred embodiment, the target analyle is a nucleic
acid. These assays find use in o wide variety of applications.

in a preferred emboditment, the probes are used in genetic
diagnosis. For example, probes can be made using the
techpiques disclosed herein o detect target sequences such

-as the gene for nonpolyposis colon cancer, the BRCA!

breast cancer gene, P53, which is a gene associated with 2
variety of cancers, the Apo B4 gene that indicates 3 greater
risk of Alzheimer’s disease, allowing for easy presymptom-
atic sereening of patients, mutations in the cystic fibrosis
gene, cylochrome p450s or any of the others well known in
the art.

i an additional embodiment, viral and bacterial detection
is done using the complexes of the invention. In this
embodiment, probes are designed {0 detect larget sequences
from a variety of bacleria and viruses, For example, current
blood-screening tochnigues rely on the detection of apti-HIV
antibodies. The methods disclosed herein allow for direct
screening of clinical samples to detect HIV nucleic acid
sequences, particularly highly conserved HIV sequences. In
addition, this allows direct monitoring of circulating virus
within a patient as an improved method of assessing the
efficacy of anti-viral therapies, Similarly, viruses associated
with leukemia, HTLV-I and HTLV-II, may be detected in
this way. Bacterial infections such as tuberculosis, chlamy-
din and other sexuaily transmitted diseases, may also be
detected.

In a preferred embodiment, the nucleic acids of the
invention find use as prabes for toxic bacteria in the screen-
ing of water and food samples. For example, samples may
be treated to lyse the bacteria to release its nucleic acid, and
then probes designed to recognize bacterial strains, inchud-
ing, but not lmited to, such pathogenic strains as, Salmo-
nella, Campylobacter, Fibrio cholerae, Leishimania, entero-
toxic strains of E. coli, and Legionnaire’s disease bacteria.
Similarly, bioremediation strategies may be evaluated using
the compositions of the wvention.

In a further embodiment, the probes are used for forensic
“DNA fingerprinting” to match crime-scene DNA against
samples taken from victims and suspects.

In an additional embodiment, the probes in an array are
used for sequencing by hybridization.

The present invention also finds use ay a methodology Tor
the detection of mulations or mismatches in targer nucleic
acid sequences. For example, recent focus has been on the
analysis of the relationship between genetie variation and
phenotype by making use of polymorphic DNA markers,
Previous work utilized shorl iandem repeats (STRs) as
polymorphic positional markers; however, recent focus is on
the use of single nucleotide polymorphisms (SNPs), Corm-.
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mon SNPs occur at an average frequency of more than 1 per
kilobase in human genomic DNA. Some SNPs, particularly
those in and around coding sequences, are likely to be the
direct cause of therapevtically relevant phenotypic variants.
There are a number of well known polymorphisms that
cause clinicaily important phenotypes; for example, the
apoE2/3/4 variants are associated with different relative risk
of Alzheimer’s and other diseases (see Cordor et al,, Science
261(1993), Multiplex PCR amplification of SNP loci with
subsequent hybridization to oligonucleotide arravs has been
shown 10 be an accurate and reliable method of sirnulta.
peausly genotyping at least hundreds of SNPs; see Wang et
al., Science, 280:1077 (1998); see also Schafer et al., Nature
Biotechnology 16:33-39 (1998). The compositions of the
present invention may easily be substituted for the arrays of
the prior art.

1 a preferred embodiment, the compositions of the inven-
ton are used to screen bioactive agents (0 find an apent that
will bind, and preferably modify the function of, a target
molecule, As above, a wide vaniety of different assay formats
may be run, as will be appreciated by those in the art.
CGenerally, the target analyte for which a binding partner is
desired is labeled; binding of the target analyte by the
bioactive agent resulls in the recruitment of the label {o the
bead, with subsequent detection,

[n a preferred embodiment, the binding of the bioactive
agent and the target analyte is specific; that is, the bioactive
agent specifically binds to the target anslyte. By “specifi-
cally bind” herein is meant that the agent binds the analyte,

with specificity sufficient o differentiate hetween the analyte

apd other components or contaminants of the test sample.
However, as will be appreciated by those in the art, it will be
possible o detect analytes using binding which is not highly
specifie; for example, the systems may use different binding
ligands, for example an array of different ligands, and
detection of any parlicular analyle is via its “signature” of
binding to a panel of hinding figands, similar to the manner
in which “electronic noses” work., This finds particular
utility in the detection of chemical analytes. The binding
should be sufficient to remain bound vnder the conditions of
the assay, including wash steps to remove non-specific
binding, although in some embodiments, wash steps are not
desired; ie. for detecting low affinity binding pariners. In
some embadiments, for example in the detection of certain
hiomolecules, the dissociation constants of the snalyte to the
binding ligand will be less than abeut 107*-107 M™%, with
less than about 107" to 107* M~ being preferred and less
fhan about 1079 M™" being particularly preferred.
Generally, a sample containing a target analyte (whether

for detection of the tarpet apalyte or screening for binding

partners of the target analyte) is added to the array, under
conditions suitable for binding of the target analyte to at
least one of the bioactive agents, i.e. generally physiological
conditions. The presence or absence of the target analyte is
then detected. As will be appreciated by those in the ant, this
may be done in a vartety of ways, generally through the use
of a change in an optical sigoal, This change can oceur via
many different mechanisms. A few examples inciude the
binding of a dye-tagged analyte to the bead, the production
of a dye species on or near the beads, the destruction of an
existing dye species, a change in the optical signature upon
analyte interaction with dye on bead, or any other optically
inlerrogalable event. .

In # preferred embodiment, e change in optical signal
occurs as a result of the binding of a targel analyte that is
labeled, either directly or indirectly, with a detectable label,
preferably an optical label such as a fluorochrome. Thus, for
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example, when a proleinaceous targst analyte is used, it may
be either directly labeled with 2 fuor, or indirectly, for
example through the use of a labeled antibody. Similarly,
nucleic -acids are easily labeled with fluorochromes, for
example during PCR amplification as is known in the art.
Alternatively, upon binding of the target sequences, a
hybridization indicator may be used as the lazbel. Hybrid-
ization indicators preferentially assoctate with double
stranded nucleic acid, usually reversibly. Hybridization indi-
cators include infercalators and minor and/or major groove
hinding moieties. In a preferred embodiment, intercalators
may be used; since intercalation generally only occurs in the
presence of doubie stranded nucleic acid, only m the pres-
ence of target hybridization will the label light up. Thus,
upon binding of the target analyte to a bioactive agent, there
is & new oplical signal generated at (hat site, which then may
be detected.

Altematively, in some cases, as discussed above, the
target analyte such as an enzyme generates a species that is
either directly or indirectiy optically detectable,

Furthermore, in some embodiments, a change in the
optical signature may be the basis of the optical signal. For
example, the interaction of some chemical target analytes
with some fluorescent dyes on the beads may alter the
optical signature, thus generating a different optical signal.

As will be appreciated by those in the arl, in some
embodiments, the presence or absence of the target analyte
may be done using changes in other optical or non-optical
signals, including, bul not limited to, surface enhanced
Raman spectroscopy, surface plasmon resonance, radioac-
tivity, etc.

The assays may be run under a variety of experimental
conditions, as will be appreciated by those in the art. A
variely of other reagents may be included in the screening
assays. These include reagents like salts, neutral proteins,
e.g. aibumin, detergents, etc which may be used to facilitate
optimal protein-protein binding and/or reduce nen-specific
or background interactons. Also reagents that otherwise
improve the efficiency of the assay, such as protease inhibi-
tors, nuclease inhibitors, anti-microbial agents, ete., may be
used. The mixture of componen(s may be added in any order
that provides for the requisite binding. Various blocking and
washing steps may be utilized as is known in the art.

I a preferred embodiment, two-color competitive hybrid-
ization assays are run, These assays can be based on tradi-
tional sandwich assays. The heads contain a capture
sequence located on one side (upstream or downstream) of
the SNP, 10 capture the target sequence. Two SNP allele-
specific probes, each labeled with a different fiuorophor, are
hybridized to the targel sequence. The genotype can be
obtained from a ratio of the two signals, with the correct
sequence generally exhibiting better binding, This has an
advantage it that the tarpet sequence itself need not be
labeled. In addition, since the probes are competing, this
means that the conditions for binding need not be optinized.
Under conditions where a nusmatched probe would be
stably bound, a matched probe can still displace it, Therefore
the competitive assay can provide betier discrimination
under those conditions, Because many assays are carried out
in parallel, conditions cannot be optimzed for every probe
simultaneously. Therefore, 2 competitive assay system can
be used to help compensate for non-optimal conditons for

. mismatch discrimination. -
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In a preferred embodiment, dideoxypucleotide chain-
termination sequencing is done using the compositions of
the invention. in this embodiment, a DNA polymerase is
used to extend a primer using fluorescently fabeled ddNTPs.
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The 3' end of the primer is located adjacent to the SNP site,
In this way, the single base extension is complementary to
the sequence at the SNP site. By using four different
fluorophors, one for each base, the sequence of the SNP can
be deduced by comparing the four base-specific signals. This
may be done in several ways, In a first embodiment, the
capture probe can be extended; in this approach, the probe
myust efther be synthesized 5'-3' on the bead, or attached at
the 5' end, to provide a free 3' end for polymerase extension.
Alternatively, a sandwich type assay can be used; in this
embodiment, the target is captured on the bead by a probe,
then a primer is annealed and extended. Again, in the latter
case, the target sequence need not be labeted. In addition,
since sandwich assays require two specific interactions, this
provides increased specificity which is particularly helpfil
{or the analysis of complex samples,

In addition, when the target analyte and the DBL both
bind 10 the agent, it is also possible to do detection of
noa-Jabelled target analytes via competition of decoding.

In a preferred embodiment, the methods of the invention
are useful in array guality control. Prior to this invention, no
methods have been described that provide a positive test of
the performance of every probe on every array, Decoding of
the array not only provides this test, it alsc does so by
making use of the data generated during the decoding
process itselll Therefore, no additional experimental work is
required. The invention requires only a set of data analysis
algorithms that can be encoded in software.

The quality contro] procedure can identify a wide variety

of systematic and random problems in an array. For 3

example, random specks af dust or other contaminants
might cause some sensors o give an incorrect signal-—this
can be delected during decoding. The omission of cne or
more agents rom multiple arrays can aiso be detected; that
is, since the arrays formulated herein are randomly self-
assembled, arrays comprising different statistical distribu-
tions of each sensor elements may be made; the invention
allows actual QC on the arrays, for “sorting” arrays with
good distributions from those with less than ideal distribu-
tions. These procedures also allow the determination of sites
that do not comprise beads.

An advantage of this quality control procedure is that it
can be implemented imimediately prior io the assay itself (or
afier, in some instances), and is a rue functional test of each
individua} sensor. Therefore any problems that might ocour
between array assembly and actual use can be detected. In
applications where & very high level of confidence is
required, and/ar there is 2 significant chance of sensor failare
during the experimental procedure, decoding and quality
control can be conducted both before and after the actual
sample analysis,

in & preferred embodiment, the arrays can be used to do
reagent guality control. In many instances, biclogical mac-
romolecules are uvsed as reagents and must be quality
controlled, For example, large sets of oliponucleotide probes
may be provided as reagents. It is iypically difficult to
perform quality centrol on large numbers of different bio-
logical macromolecules. For example, when large popule-
tions of different random oligenuclectides are synthesized, it
may, be desirable to check that each population is repre-
sented. The approach described here can be vsed to do this
by treating the reagents (formulated as the DBLs) as variable
instead of the arrays.

In a preferred embodiment, the methods oullined herein
are used in array calibration, For many applications, such as
mRNA quantitation, 11 is desirable to have a signal that is a
linear response to the concentration of the target analyte, or,
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alternatively, if' non-linear, to determine & relationship
betwesn concentration and signal, so that the concentration
of the target analyte can be estimated, For example, different
probes can show differences in hybridization efficiencies,
etc., and it may be desirable to choose appropriste probes
under experimental conditions. Thus, for example, when
expression profiling is done, and guantitation is desirable,
calibration curves can be done to see how individual probes
react, and then the probes that give the best response (.e.
linearity at the concentrations and conditions of interest) can
be chosen for further assays. Accordingly, the present inven-
ton provides methods of creating calibration curves in
parallel for muitiple beads in an array. The calibration curves
can be created under conditions that simulate the complexity
of the sample to be analyzed. Each curve can be censtructed
independently of the others (e for a different range of
concentrations), but at the same time as all the other curves
for the array.

Thus, in these embodiments, different types of experi-
ments can be done. For example, the sequential decoding
scheme can be implemented with different concentrations
being used as the vode “labels”, rather than different fluo-

rophores. In this way, signal a8 a response to concentration

can be measured for each bead. This calibration can be
carried put just prior to amay use, so that every probe on
every array is individually calibrated as needed, Alterna-
tively, different concentrations of the decoding probe can
have different labels.

It showid be noted that the assay calibration methods find
use in non-random arrays, as well; that is, other types of
support-bound nucleic acid arrays can he calibrated using
these methods as well. Thus, for example, the sequential
additien of different pools of probes, wherein the concen-
wation of the probes is varied, 1o biochips can allow cali-
bration of any assay system, This type of analysis can also
be done on non-random arrays for quality conirol, to verify
the infegrity and sequence of the suppert bound probes, and
1 assay development fo identify good probes.

In @ preferred embodiment, the methods of the invention
can be used in amssay development as well, Thus, for
example, the methods allow the identification of good and
bad probes; as is understoed by those in the art, some probes
do net function well because they do not hybridize well, or
because they cross-hybridize with more than one sequence.
These problems are ensily detected during decoding. The
ability 10 rapidly assess probe performance has the potential
o greatly reduce the time and expense of assay develop-
ment. Thus, probes that respond linearly with concentration,
show low non-specific binding, or give signals in a particular
range, can be chosen for addition to a new array for assays.

Similarly, in a preferred embodiment, the methods of the
invention are useful ix quantitation mn assay development.
Major challenges of many assays is the ability to defect
differences in analyte concentrations between samples, the
ability 1o quantitate these differences, and to measure ahso-
lute concentrations of analytes, all in the presence of a
complex mixture of related analyles. An example of this
preblem is the quantitation of # specific mRNA in the
presence of total cellular mRNA. One approach that has
been developed as & basis of mRNA quantitation makes use
of a multiple match and mismatch probe pairs (Lockbart et
al. 1996), hereby incorporated by reference in its entirety.
While this approach s simple, it requires relatively large
numbers of probes. In this approach, a gquantitative response
to concentration is obiained by averaging the signals from a
set of different probes to the gene or sequence of interest,
This is necessary because only some probes respond quan-
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litatively, and it is not possible to predict these probes with
certainty. ln the asbsence of prior knowiedge, only the
average response of an appropriately chosen collection of
probes ts guantitative. However, .in the present invention,
that cat be applied generally to nucleic acid based assays as
well as other assays. In essence, the approach is to identify
the probes that respond quantjtatively in a particular assay,
rather than average them with other probes. This is done
using the array calibration scheme outlined above, in which
concentration-based codes are used. Advantages of this
approach include: fewer probes are needed; the accuracy of
the measurement is less dependent on the number of probes
used; and that the respouse of the sensors is known with a
high level of certainty, since each and every sequence can be
tested in an efficient manner. It s important o note that
probes that perform well are selected empirically, which
avoids the dificulties and uncertainties of predicting probe
performance, particularly in complex sequence mixtures. In
coptrast, in experiments described to daie with ordered
arrays, relatively smail aumbers of sequences are checked
by performing quantitaiive spiking experiments, tn which a
known mRNA is added (o a mixture.

In a preferred embodiment, cDNA arrays are made for
RNA expression profiling. In this embodiment, individual
cDNA clones are amplified {for example, using PCR) from
cINA lbraries propagated in a host-vector system. Each
amplified DNA is attached to a population of beads. Diffes-
ent populations are mixed togetheér, to create a collection of
beads representing the cDNA Iibrary. The beads are arraved,

decnded a5 outlined above, and used in ag assay (although :

as outlined herein, decoding may occur after assay as well).
The assay is done using RNA samples (whole cell or
mRNA) that are extracted, lubeled if necessary, and hybrid-
ized to the array. Comparative analysis allows the detection
af differences in the expression levels of individual RNAs.
Comparison to an appropriate set of calibration standards
allows quantification of absolute amounts of RNA.

The cDINA array can also be used for mapping, e.g. to map
deletions/insertions or copy number changes in the genome,
for example from twmors or other tssue samples, This can
be done by hybridizing genomic DNA. Instead of cDNAs
{or BSTs, etc.), other STS (sequetice tagped sites), including
random genomic fragiments, can also be arrayed for this
purpose.

All references cited herein are incorporated by reference
in their entirety.

We claim:

lazAsniethodsofmraking:a:bead-array: compmmg

a).contacling.a;subsitate with-a.surface-comprisiag: dxs-

grefe sifes.at.a de; it tleast 100:sites. per i amm,
with.a. S{}iutmn omprsing 4-population-of .di
beads, wherein said-beads o Not:Comprise: an-oplical
signature; and

h)-applyingrenergy: to-said substrate or: sald golution; or

both,-such:that=at ledst-asubpipulation-ofsaid-different
beads:randomly-asseciate-onte:sites,
. 2. A method according to claim 1 wherein said discrete
sites comprise wells.

3. A method aceording to claim 1 wherein said energy is
in the form of agitation.

£, A method according to claim I, wherein said energy is
dipping said substrate into said beads.

5. A methad according to claim 4, wherein said substrate
is a fiber optic bundle.

6. A method of determining the presence of a target
apalyte in a sample comprising:

a} conmacting said sample with an array comprising:

5
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i) substrate with a surface comprising discrete sites al
a density of at least 100 sites per 1 mm?, wherein said
sites are wells; and

ii} a population of microsphetes randomly distributed -
on said sites, wherein said population comprises at
least a first and a second subpopulation each com-
prising:
(a) a different bioactive agent; and
(b) a different identifier binding ligand;

b) determining the presence or sbsence of said target

analyte; and

¢) decoding a locarion of said bioactive agent by corre-

lating said bicactive agent with said location, whereby
said decoding comprises contacting sald arrmy with at
least first and second different decoder binding ligands,
whereby said Hrst and second decoder binding lgands
bind to # frst and second identifier binding ligands,
wihiereby said first and second identifier binding ligands
identify said first and second bioactive agents, respec-
tively, to thereby identify a location of said first and
second bioactive agents to thereby decode said array.

7. The method according to claim 6, wherein said first and
second bioactive agents comprise nucleic acids.

8&. The methad according 1o claim 7, wherein said nucleic
acids comprise DNA,

9, The method according to claim 7, wherein said nucleic
acids comprise-single stranded nucleic acids.

H). The methnd according to clatm 7, wherein said nucleic
acids comprise double stranded nucleic acids.

11. The method according to cinim &, wherein said first
and second bicactive agents comprise proteins.

12. The method according 1o claim 6, wherein said
subgtrate comprises 2 fiber optic bundle:

13. The method according to claim 1, wherein said
population of different beads comprises at least a first and
second subpopulation.

14. The method according to claim 13, wherein said first
and second subpopulations each comprise & different bioac-
tive agent.

15. The method according to claim 14, wherein said
bloactive agent comprises a protein.

6. The method according to claim 14, wherein said
bioactive agent comprises a nucleic acid.

17. The method according to claim 16, wherein said
nucleic acid comprises DNA.

18. The method according to claim 14, wherein said first
and second subpopulations of beads each comprise a differ-
ent identifier binding fgand.

19, The method according to claim 18, wherein said
identifier hinding ligand comprises a protein.

26. The method according to claim 18, wherein said
identifier binding ligand comprises a nucleic acid.

21. The method according to claim 20, wherein said
bioactive agent and said identifier binding ligand within the
same subpopulation each comprise an identical nucleic acid
sequence for binding a decoder binding ligand.

22. The method according to claim 18 further comprising
decoding a location of said bioactive agent on said array by
correlating said bioactive agent with said location, whereby
said decoding comprises contacting said amray with at least
first and second different decoder binding ligands, whereby
said first and second decoder binding ligands bind to first
and second identifier binding Jigands, whereby said first and
second identifier binding ligands identily said first and
second bioactive agents, respectively, to thereby identify a
location of said first and sccond bicactive agents to thereby
decode said array.
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23, The method according to claim 22, wherein

decoder binding ligands comprise proteins,

24, The method according fo claim 22, wherein

decoder binding ligands comprise nucleic acids.

25, The method according to claim 1, wherein

substrate comprises a flat planar substrate.

26. The method according to claim &, wherein

identifier binding ligands comprise proteins.

27. 'The method according to clamn 6, wherein

identifier binding ligands comprise nucleic acids.

28. The methed according to claim 6, wherein comprise

decoder binding ligands are proteins,

29, The method according to claim 6, wherein comprise

decoder binding ligands are nucleic acids.

30. The method according to claim 6, wherein said

substrate comprises a flat planar substrate.

31. A method of determining the presence of a largel

analyle in a sample comprising:

&) contacting said sample with an array comprising:

i} a substrate with a surface comprising sites al a
density of at least 100 sites per | mm?, wherein said
sites are present in a depression; and

i) & population of particles randomiy distributed on
said sites, wherein said population comprises at least
g first and a second subpopulation each comprising:
(ay o different bioactive agent; and
(b} a different identifier binding ligand,

b} decoding a lccation of said bioactive agenl by corre-
lating said bioactive agent with said location, whereby
said decoding comprises contacting said array with at
least first and second different decoder binding higands,
whereby said first and second decoder binding ligands
bind to a first and second identifier binding lgands,
whereby said first and second identifier binding ligands
idemify said first and second bloactive agents, respec-
tively, fo thereby identify a location of said first and
second bioactive agents to thereby decode said array;
and

c) determining the presence or absence of said target
analyte.

32. The method according to claim 31, wherein said

bioactive agents comprise nucleic acids.

33, The method according to claim 32, wherein

nucleic acids comprise DNA,

3. The method according o claim 32, wherein

nucleic acids comprise singie stranded nucleie acids.

35. The method according to clsim 32, wherein

nucleic acids comprise double stranded nucleic acids.

36. The method accerding to claim 331, wherein

bioactive agenis comprise profeins.

37, The method according to claim 31, wherein

identifier binding ligands comprise proteins.

38. The method according to claim 31, wherein

identifier hinding ligands comprise nucleic acids.

3% The method according to claim 31, wherein

decoder binding ligands comprise proteins.

40. The method according to claim 31, wherein

decoder binding ligands comprise nuclele acids.

41, The method according to claim 31, wherein

substrate comprises & fiber optic bundle.

42. The method according to claim 31, wherein

subsirate comprises a flat planar substrate,

43, The method according to claim 31, wherein

particles are beads.

44. The methed according to claim 31, wherein said sites

are contiguous.
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45 A method of determining the presence of a target

analyte in a sample comprising:

a) comtacting satd sample with an array comprising:

1) a substrate with a surface comprising sites at a
density of at least 100 sites per 1 mm?; wherein said |
sites comprise wells; and

i} & population of particles randomly distributed on
said sites, wherein said population comprises at least
a first and a second subpopulation each comprising:
(a) a different bioactive agenf; and
(b} a different identifier binding Hgand;

b) decoding a location of said bioactive agent by corre-
lating said bicactive agenl with said location, whereby
said decoding comprises contacting said array with at
least first and second different decoder hinding lgands,
whrereby said first and second decoder binding ligands
bind to a first and second identifier binding ligands,
whereby said first and second identifier binding ligands
identify said first and second bjoactive agents, respec-
tively, to thereby identify a location of said first and
second bioactive agents to thereby decode said array;
and

¢) determining the presence or absence of said target
analyte.

46. The method according 1o claim 48, wherein said

are discrete sites.

47. The method according o claim 45, wherein

bioactive agents comprise nucleic scids,

48. The method according to claim 47, wherein

nuclec acids comprise DNA.

49. The method according w claim 47, wherein

nucteic acids comprise single stranded nucleic acids.

56. The method according to claim 47, wherein

sites
said
satd
said

satd

mucleic acids comprise double stranded nucleie acids.

51. The method according to claim 43, wherein said
bicactive agents comprise proteins,

52, The method according to claim 43, wherein

idenfifier binding ligands comprise proieins.

53. The method according o claim 45, wherein

identifier binding ligands comprise nucleic acids.

54, The method according to claim 45, wherein

decoder binding Iigands comprise proteins.

55. The method according io claim 45, wherein

decoder binding ligands comprise nucleic acids.

56. The method according to claim 45, wherein

substrate comprises a fiber optic bundle.

57. The method according w claim 48, wherein

substrate comprises a flat planar substrate.

58. The method according to claim 45, wherein

particles are beads.

59. A method of making a particle array comprising:

a) contacting a substrate with a surface comprising sites at
adensity of at least 100 sites per I mm>, with a solution
comprising & population of different particles, wherein
said particles do not comprise an optical signature, and
wherein said sites comprise wells, and

b) applying energy to said substrate or said solution, or
both, such that at least a subpopulation of said different
particles randomly associale onto sites.

0. The method according fo claim 59, wherein said sites

are discrete sites,
- 61, The methed according to claim 59, wherein said
energy is in the form of agitation.

62. The method according o claim 59, wherein said

energy is dipping said substrate into said particles.

63. The method sccording to claim 59, wherein said

substrate is a fiber optic bunde.

sald
said
said
said
said
said

said
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64. The method according to claim 59, wherein said
population of different particles comprises at least a first and
second subpopulation.

65. The method according {o claim 64, wherein said first
and second subpopulations ¢ach comprise a different bioac-
tive agent.

66. The method according to claim 65, wherein said
bioactive agent comprises a protein.

67. The method according o claim 65, wherein said
bioactive agent comprises a nucleic acid.

68. The method according to claim 67, wherein said
nucleie acid comprises DNA.

69, The method according to claim 65, wherein said first
and second subpopulations of particles each comprise a
different identifier binding ligand.

70, The method according to claim 692, wherein said
identifier binding ligand comprises a protein.

71, The method according o claim 69, wherein said
identifler binding ligand comprises a hucieic acid.

72. The method according to ciaim 71, wherein said
bicactive agent and said identifier binding ligand within the

29

36
same subpopulation each comprise an identical nucleic acid
sequence for binding a decoder binding Hgand.

73, The method according to cleim 69 further comprising
decoding a jocation of said bioactive agent on said array by
carrelating said bioactive agent with said location, whereby
said decoding comprises contacting said array with at least
first and second different decoder binding ligands, whereby
said firsgt and second decoder binding ligands bind to first
and second identifier binding ligands, whereby said first and
second identifier binding ligands identify said first and
second bioactive agents, respectively, to thereby identify a
location of said first and second bioactive agents to thereby
decode said arrav.

74, The method according to claim 73, wherein said
decoder binding ligands comprise proteins,

75. The method according to claim 73, wherein said
decoder binding Hgands comprise nucleic acids.

76. The method according to cluim 59, wherein said
substrate comprises a flat planar substrate,

#* * * *
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