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A micro sphere-based analytic chemistry system and method 
for making the same is disclosed in Which microspheres or 
particles carrying bioactive agents may be combined ran 
domly or in ordered fashion and dispersed on a substrate to 
form an array While maintaining the ability to identify the 
location of bioactive agents and particles Within the array 
using an optically interrogatable, optical signature encoding 
scheme. A Wide variety of modi?ed substrates may be 
employed Which provide either discrete or non-discrete sites 
for accommodating the microspheres in either random or 
patterned distributions. The substrates may be constructed 
from a variety of materials to form either two-dimensional or 
three-dimensional con?gurations. In a preferred embodi 
ment, a modi?ed ?ber optic bundle or array is employed as a 
substrate to produce a high density array. The disclosed sys 
tem and method have utility for detecting target analytes and 
screening large libraries of bioactive agents. 
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METHODS FOR DETECTING TARGET 
ANALYTES AND ENZYMATIC REACTIONS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/786,896, ?led Sep. 10, 1999, noW pending, Which 
is a national phase application of PCT application US 
99/20914, Which claims priority ofU.S. Ser. No. 09/151,877, 
?led Sep. 11, 1998, now US. Pat. No. 6,327,410, issued Dec. 
4, 2001, Which is a continuation-in-part of US. Ser. No. 
08/818,199, ?led Mar. 14, 1997,noW US. Pat. No. 6,023,540, 
issued Feb. 8, 2000. This application is also a continuation 
in-part ofU.S. Ser. No. 09/840,012, ?led Apr. 20, 2001, noW 
pending, Which is a continuation of US. Ser. No. 09/450,829, 
?led Nov. 29, 1999, now US. Pat. No. 6,266,459, issued Jul. 
24, 2001 , Which is a continuation ofU.S. Ser. No. 08/818,199, 
?led Mar. 14, 1997, now US. Pat. No. 6,023,540, issued Feb. 
8, 2000. This application is also a continuation-in-part of US. 
Ser. No. 09/925,292, ?ledAug. 8, 2001, noW pending, Which 
is a continuation of US. Ser. No. 09/151,877, ?led Sep. 11, 
1998, now US. Pat. No. 6,327,410, issued Dec. 4, 2001, 
Which is a continuation-in-part of US. Ser. No. 08/818,199, 
?led Mar. 14, 1997, now US. Pat. No. 6,023,540, issued Feb. 
8, 2000. This application is also a continuation-in-part of US. 
Ser. No. 09/816,651, ?led Mar. 23, 2001, noW pending, Which 
is a continuation of US. Ser. No. 09/450,829, ?led Nov. 29, 
1999, now US. Pat. No. 6,266,459, issued Jul. 24, 2001, 
Which is a continuation of US. Ser. No. 08/818,199, ?led 
Mar. 14, 1997, now US. Pat. No. 6,023,540, issued Feb. 8, 
2000. All of the above patent applications are expressly incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The use of optical ?bers and optical ?ber strands in 
combination With light absorbing dyes for chemical analyti 
cal determinations has undergone rapid development, par 
ticularly Within the last decade. The use of optical ?bers for 
such purposes and techniques is described by Milanovich et 
al., “Novel Optical Fiber Techniques For Medical Applica 
tion”, Proceedings of the SPIE 28th Annual International 
Technical Symposium On Optics and Electro-Optics, Volume 
494, 1980; SeitZ, W. R., “Chemical Sensors Based On Immo 
biliZed Indicators and Fiber Optics” in CR. C. Critical 
Reviews In Analytical Chemistry, Vol. 19,1988, pp. 135-173; 
Wolfbeis, O. S., “Fiber Optical Fluorosensors In Analytical 
Chemistry” in MolecularLuminescence Spectroscopy, Meth 
ods andApplications (S. G. Schulman, editor), Wiley & Sons, 
NeW York (1988); Angel, S. M., Spectroscopy 2 (4)138 
(1987); Walt, et al., “Chemical Sensors and Microinstrumen 
tation”, ACS Symposium Series, Vol. 403,1989, p. 252, and 
Wolfbeis, O. S., Fiber Optic Chemical Sensors, Ed. CRC 
Press, Boca Raton, Fla., 1991, 2nd Volume. 
[0003] When using an optical ?ber in an in vitro/in vivo 
sensor, one or more light absorbing dyes are located near its 
distal end. Typically, light from an appropriate source is used 
to illuminate the dyes through the ?ber’s proximal end. The 
light propagates along the length of the optical ?ber; and a 
portion of this propagated light exits the distal end and is 
absorbed by the dyes. The light absorbing dye may or may not 
be immobiliZed; may or may not be directly attached to the 
optical ?ber itself; may or may not be suspended in a ?uid 
sample containing one or more analytes of interest; and may 
or may not be retainable for subsequent use in a second 
optical determination. 
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[0004] Once the light has been absorbed by the dye, some 
light of varying Wavelength and intensity returns, conveyed 
through either the same ?ber or collection ?ber(s) to a detec 
tion system Where it is observed and measured. The interac 
tions betWeen the light conveyed by the optical ?ber and the 
properties of the light absorbing dye provide an optical basis 
for both qualitative and quantitative determinations. 
[0005] Of the many different classes of light absorbing dyes 
Which conventionally are employed With bundles of ?ber 
strands and optical ?bers for different analytical purposes are 
those more common compositions that emit light after 
absorption termed “?uorophores” and those Which absorb 
light and internally convert the absorbed light to heat, rather 
than emit it as light, termed “chromophores.” 
[0006] Fluorescence is a physical phenomenon based upon 
the ability of some molecules to absorb light (photons) at 
speci?ed Wavelengths and then emit light of a longer Wave 
length and at a loWer energy. Substances able to ?uoresce 
share a number of common characteristics: the ability to 
absorb light energy at one Wavelength Lab; reach an excited 
energy state; and subsequently emit light at another light 
Wavelength, km. The absorption and ?uorescence emission 
spectra are individual for each ?uorophore and are often 
graphically represented as tWo separate curves that are 
slightly overlapping. The same ?uorescence emission spec 
trum is generally observed irrespective of the Wavelength of 
the exciting light and, accordingly, the Wavelength and energy 
of the exciting light may be varied Within limits; but the light 
emitted by the ?uorophore Will alWays provide the same 
emission spectrum. Finally, the strength of the ?uorescence 
signal may be measured as the quantum yield of light emitted. 
The ?uorescence quantum yield is the ratio of the number of 
photons emitted in comparison to the number of photons 
initially absorbed by the ?uorophore. For more detailed infor 
mation regarding each of these characteristics, the folloWing 
references are recommended: LakoWicZ, J. R., Principles of 
Fluorescence Spectroscopy, Plenum Press, NeW York, 1983; 
Freifelder, D., Physical Biochemistry, second edition, W. H. 
Freeman and Company, NeW York, 1982; “Molecular Lumi 
nescence Spectroscopy Methods andApplications: Part I” (S. 
G. Schulman, editor) in Chemical Analysis, vol. 77, Wiley & 
Sons, Inc., 1985; The Theory ofLuminescence, Stepanov and 
Gribkovskii, Iliffe Books, Ltd., London, 1968. 
[0007] In comparison, substances Which absorb light and 
do not ?uoresce usually convert the light into heat or kinetic 
energy. The ability to internally convert the absorbed light 
identi?es the dye as a “chromophore.” Dyes Which absorb 
light energy as chromophores do so at individual Wavelengths 
of energy and are characterized by a distinctive molar absorp 
tion coe?icient at that Wavelength. Chemical analysis 
employing ?ber optic strands and absorption spectroscopy 
using visible and ultraviolet light Wavelengths in combination 
With the absorption coe?icient alloW for the determination of 
concentration for speci?c analyses of interest by spectral 
measurement. The mo st common use of absorbance measure 

ment via optical ?bers is to determine concentration Which is 
calculated in accordance With Beers’ laW; accordingly, at a 
single absorbance Wavelength, the greater the quantity of the 
composition Which absorbs light energy at a given Wave 
length, the greater the optical density for the sample. In this 
Way, the total quantity of light absorbed directly correlates 
With the quantity of the composition in the sample. 
[0008] Many of the recent improvements employing opti 
cal ?ber sensors in both qualitative and quantitative analytical 
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determinations concern the desirability of depositing and/or 
immobilizing various light absorbing dyes at the distal end of 
the optical ?ber. In this manner, a variety of different optical 
?ber chemical sensors and methods have been reported for 
speci?c analytical determinations and applications such as 
pH measurement, oxygen detection, and carbon dioxide 
analyses. These developments are exempli?ed by the folloW 
ing publications: Freeman, et al., Anal Chem. 53:98 (1983); 
Lippitsch et al., Anal. Chem. Acla. 205:1, (1988); Wolfbeis et 
al., Anal. Chem. 60:2028 (1988); Jordan, et al., Anal. Chem. 
59:437 (1987); Lubbers et al., Sens. Actuators 1983; 
Munkholm et al., Talanla 35:109 (1988); Munkholm et al., 
Anal. Chem. 58:1427 (1986); SeitZ, W. R.,Anal. Chem. 56:16 
A-34A (1984); Peterson, et al., Anal. Chem. 52:864 (1980): 
Saari, et al., Anal. Chem. 54:821 (1982); Saari, et al., Anal. 
Chem. 55:667 (1983); Zhujun et al., Anal. Chem. Acla. 160: 
47 (1 984); SchWab, et al., Anal. Chem. 56:2199 (1984); Wolf 
beis, O. S., “Fiber Optic Chemical Sensors”, Ed. CRC Press, 
Boca Raton, Fla., 1991, 2ndVolume; and Pantano, P., Walt, D. 
R., Anal. Chem., 481A-487A, Vol. 67, (1995). 
[0009] More recently, ?ber optic sensors have been con 
structed that permit the use of multiple dyes With a single, 
discrete ?ber optic bundle. US. Pat. Nos. 5,244,636 and 
5,250,264 to Walt, et al. disclose systems for af?xing mul 
tiple, different dyes on the distal end of the bundle, the teach 
ings of each of these patents being incorporated herein by this 
reference. The disclosed con?gurations enable separate opti 
cal ?bers of the bundle 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 
signals from tWo or more dyes are combined, each dye being 
sensitive to a different analyte, and there is signi?cant overlap 
in the dyes’ emission spectra. 
[0010] In the tWo previous patents multiple chemical func 
tionalities Were placed at the end of a single optical ?ber 
bundle sensor. This con?guration yielded an analytic chem 
istry sensor that could be remotely monitored via the typically 
small bundle. A potential draWback, hoWever, Was the di?i 
culty in applying the various chemistries associated With the 
chemical functionalities; the functionalities Were built on the 
sensor in a serial fashion. Accordingly, compositions and 
methods are desirable that alloW the generation of large arrays 
that can be either encoded or decoded to alloW the detection of 
target analytes. The arrays can be ?ber optic arrays or arrays 
on other array substrates and can include microspheres. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, in one aspect the invention provides a 
method of detecting a target analyte in a sample comprising 
providing an array comprising an array substrate, Wherein the 
array substrate is other than a ?ber optic bundle, and at least 
?rst and second sites Wherein ?rst and second reaction com 
ponents are immobiliZed at said ?rst and second sites, respec 
tively, contacting said array substrate With the sample and 
detecting a change in an optical property around at least the 
?rst site as an indication of the interaction betWeen the target 
analyte and at least the ?rst reaction component. 
[0012] In addition the invention provides a method of 
detecting a target analyte in a sample comprising providing an 
array comprising an array substrate comprising discrete sites 
and a population of microspheres comprising at least ?rst and 
second subpopulations comprising ?rst and second reaction 
components respectively and a detection molecule. The 
method further includes contacting the array With the sample 
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and detecting a change in an optical property around at least 
the ?rst microsphere as an indication of the interaction 
betWeen the target analyte and at least the ?rst reaction com 
ponent. 
[0013] The invention also provides a method of detecting 
an enZymatic reaction comprising providing an array com 
prising an array substrate comprising discrete sites, and a 
population of microspheres randomly distributed on the array 
substrate, Wherein the microspheres comprise at least one 
enZyme, contacting the array With a sample comprising a 
target analyte, Wherein the target analyte is an enZyme sub 
strate, monitoring a signal in a region surrounding the micro 
spheres, Whereby detection of the signal provides an indica 
tion of the reaction betWeen the enZyme and the enZyme 
substrate. 
[0014] In addition the invention provides a method of 
detecting an enZymatic reaction comprising providing an 
array comprising an array substrate comprising discrete sites 
and a population of microspheres randomly distributed on 
said array substrate, the population comprising ?rst and sec 
ond subpopulations, Wherein the ?rst and second subpopula 
tions comprise ?rst and second discrete oligonucleotides, 
respectively, attached to the microspheres, contacting the 
array With a composition comprising an enZyme, monitoring 
a signal in a region surrounding the microspheres, Whereby 
detection of the signal provides an indication of the reaction 
betWeen the enzyme and at least one of the discrete oligo 
nucleotides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] In the accompanying draWings, reference characters 
refer to the same parts throughout the different vieWs. The 
draWings are not necessarily to scale; emphasis has instead 
been placed upon illustrating the principles of the invention. 
Of the draWings: 
[0016] FIG. 1 is a schematic diagram illustrating the optical 
signature encoding and chemical functionaliZing of the 
microspheres according to the present invention; 
[0017] FIG. 2 is a process diagram describing the prepara 
tion, encoding, and functionaliZing of the micro spheres of the 
present invention; 
[0018] FIG. 3 is a schematic diagram illustrating a micro 
sphere system including microspheres With different chemi 
cal functionalities and encoded descriptions of the function 
alities; 
[0019] FIG. 4 is a schematic diagram of the inventive ?ber 
optic sensor and associated instrumentation and control sys 
tem; 
[0020] FIGS. 5A and 5B are micrographs illustrating the 
preferred technique for attaching or af?xing the micro spheres 
to the distal end of the optical ?ber bundle; 
[0021] FIG. 6 is a process diagram describing Well forma 
tion in the optical ?ber bundle and a?ixation of the micro 
spheres in the Wells; 
[0022] FIGS. 7A and 7B are micrographs shoWing the array 
of microspheres in their corresponding Wells prior and sub 
sequent to physical agitation, tapping and air pulsing, dem 
onstrating the electrostatic binding of the microspheres in the 
Wells; 
[0023] FIGS. 8A, 8B, and 8C are micrographs from alka 
line phosphatase microspheres When exposed to ?uorescein 
diphosphate, at the ?uorescein emission Wavelength, at an 
encoding Wavelength for DilC, and at an encoding Wave 
length for TRC, respectively; 
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[0024] FIGS. 9A and 9B are micrographs showing the opti 
cal signal from [3-galactosidase microspheres when exposed 
to ?uorescein [3-galactopyranoside at the ?uorescein emis 
sion wavelength and at an encoding wavelength for DilC, 
respectively; and 
[0025] FIGS. 10A and 10B are micrographs showing the 
optical response from rabbit antibody microspheres prior to 
and post, respectively, exposure to ?uorescein labeled anti 
gens. 
[0026] FIGS. 11A and 11B are micrographs depicting the 
optical response from beads synthesiZed with DNA on the 
bead surface, following a 10 min. hybridization with a Cy3 
labeled probe complementary to the sequence of the DNA 
immobilized on the bead. Beads were randomly distributed 
on A) an etched optical imaging ?ber or B) a patterned poly 
mer (polyurethane) substrate (a chip). Following hybridiza 
tion with 5 nM Cy3-labeled probe, the substrates were placed 
in buffer for optical readout on an imaging system. A) was 
imaged through the proximal end, with the distal (beaded) 
end in buffer solution. B) was imaged directly from the top, 
through a coverslip. 
[0027] FIGS. 12A, 12B and 12C are micrographs depicting 
the optical responses between different substrates. The sub 
strate in A) and B) is an etched optical imaging ?ber, and the 
substrate in C) is a chip. Data were obtained as described in 
FIG. 11, and quanti?ed to determine mean intensity and vari 
ability. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] The present invention is based on the combination 
of high-density arrays and a novel detection mechanism 
wherein labels or signals are detected on an array in a region 
surrounding a site on the array. That is, previously, detection 
on arrays involved the detection of targets while the targets 
were attached to the array or array substrate. However, the 
present invention provides methods and compositions for 
monitoring the presence of a target analyte by detecting a 
change in an optical property around at least a ?rst discrete 
site on an array. 

[0029] In one embodiment, the present invention is based 
on two synergistic inventions: 1) the development of a bead 
based analytic chemistry system in which beads, also termed 
microspheres, carrying different chemical functionalities 
may be mixed together while the ability is retained to identify 
the functionality of each bead using an optically interrogat 
able encoding scheme (an “optical signature”); and 2) the use 
of a substrate comprising a patterned surface containing indi 
vidual sites that can bind or associate individual beads. In 
preferred embodiments the substrate is patterned. This allows 
the synthesis of the bioactive agents (i.e. compounds such as 
nucleic acids and antibodies) to be separated from their place 
ment on an array, i.e. the bioactive agents may be synthesiZed 
on the beads, and then the beads are randomly distributed on 
a patterned surface. Since the beads are ?rst coded with an 
optical signature, this means that the array can later be 
“decoded”, i.e. after the array is made, a correlation of the 
location of an individual site on the array with the bead or 
bioactive agent at that particular site can be made. This means 
that the beads may be randomly distributed on the array, a fast 
and inexpensive process as compared to either the in situ 
synthesis or spotting techniques of the prior art. Once the 
array is loaded with the beads, the array can be decoded, or 
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can be used, with full or partial decoding occurring after 
testing, as is more fully outlined below. 
[0030] Accordingly, the present invention provides array 
compositions comprising at least a ?rst substrate with a sur 
face comprising individual sites. By “array” herein is meant a 
plurality of bioactive 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 ?ber optic arrays being possible. Generally, the array 
will comprise from two to as many as a billion or more, 
depending on the siZe of the beads and the substrate, as well 
as the end use of the array, thus very high density, high 
density, moderate density, low density and very low density 
arrays may be made. Preferred ranges for very high density 
arrays are from about 10,000,000 to about 2,000,000,000, 
with from about 100,000,000 to about 1,000,000,000 being 
preferred. High density arrays range about 100,000 to about 
10,000,000, with from about 1,000,000 to about 5,000,000 
being particularly preferred. Moderate density arrays range 
from about 10,000 to about 50,000 being particularly pre 
ferred, and from about 20,000 to about 30,000 being espe 
cially preferred. Low density arrays are generally less than 
10,000, with from about 1,000 to about 5,000 being preferred. 
Very low density arrays are less than 1,000, with from about 
10 to about 1000 being preferred, and from about 100 to about 
500 being particularly preferred. In some embodiments, the 
compositions of the invention may not be in array format; that 
is, for some embodiments, compositions comprising a single 
bioactive agent may be made as well. In addition, in some 
arrays, multiple substrates may be used, either of different or 
identical compositions. Thus for example, large arrays may 
comprise a plurality of smaller substrates. 
[0031] In addition, one advantage of the present composi 
tions is that particularly through the use of ?ber optic tech 
nology, extremely high density arrays can be made. Thus for 
example, because beads of 200 nm can be used, and very 
small ?bers are known, it is possible to have as many as 
250,000 different ?bers and beads in a 1 mm2 ?ber optic 
bundle, with densities of greater than 15,000,000 individual 
beads and ?bers per 0.5 cm2 obtainable. 
[0032] The compositions comprise a substrate. By “sub 
strate”, “array substrate” or “solid support” or other gram 
matical equivalents herein is meant any material that can be 
modi?ed to contain discrete individual sites appropriate for 
the attachment or association of beads and is amenable to at 
least one detection method. As will be appreciated by those in 
the art, the number of possible substrates are very large, and 
include, but are not limited to, glass and modi?ed or func 
tionaliZed glass, plastics (including acrylics, polystyrene and 
copolymers of styrene and other materials, polypropylene, 
polyethylene, polybutylene, polyurethanes, Te?on], etc.), 
polysaccharides, nylon or nitrocellulose, composite materi 
als, ceramics, and plastic resins, silica or silica-based mate 
rials including silicon and modi?ed silicon, carbon, metals, 
inorganic glasses, plastics, optical ?ber bundles, and a variety 
of other polymers. In general, the substrates allow optical 
detection and do not appreciably ?uoresce. 
[0033] In one embodiment, the substrate does not comprise 
the ends of an optical ?ber bundle. 

[0034] In one embodiment, the substrate is planar, although 
as will be appreciated by those in the art, other con?gurations 
of substrates may be used as well; for example, three dimen 
sional con?gurations can be used, for example by embedding 
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the beads in a porous block of plastic that allows sample 
access to the beads and using a confocal microscope for 
detection. Similarly, the beads may be placed on the inside 
surface of a tube, for ?oW-through sample analysis to mini 
miZe sample volume. Preferred substrates include optical 
?ber bundles as discussed beloW, and ?at planar substrates 
such as glass, polystyrene and other plastics and acrylics. 
[0035] In one embodiment, at least one surface of the sub 
strate is modi?ed to contain discrete, individual sites for later 
association of microspheres. These sites may comprise physi 
cally altered sites, i.e. physical con?gurations such as Wells or 
small depressions in the substrate that can retain the beads, 
such that a micro sphere can rest in the Well, or the use of other 
forces (magnetic or compressive), or chemically altered or 
active sites, such as chemically functionaliZed sites, electro 
statically altered sites, hydrophobically/hydrophilically func 
tionaliZed sites, spots of adhesive, etc. 
[0036] The sites may be a pattern, i.e. a regular design or 
con?guration, or randomly distributed. A preferred embodi 
ment utiliZes a regular pattern of sites such that the sites may 
be addressed in the X-Y coordinate plane. “Pattern” in this 
sense includes a repeating unit cell, preferably one that alloWs 
a high density of beads on the substrate. HoWever, it should be 
noted that these sites may not be discrete sites. That is, it is 
possible to use a uniform surface of adhesive or chemical 
functionalities, for example, that alloWs the attachment of 
beads at any position. That is, the surface of the substrate is 
modi?ed to alloW attachment of the microspheres at indi 
vidual sites, Whether or not those sites are contiguous or 
non-contiguous With other sites. Thus, the surface of the 
substrate may be modi?ed such that discrete sites are formed 
that can only have a single associated bead, or alternatively, 
the surface of the substrate is modi?ed and beads may go 
doWn anyWhere, but they end up at discrete sites. 
[0037] In one embodiment, the surface of the substrate is 
modi?ed to contain Wells, i.e. depressions in the surface of the 
substrate. This may be done as is generally knoWn in the art 
using a variety of techniques, including, but not limited to, 
photolithography, stamping techniques, molding techniques 
and microetching techniques. As Will be appreciated by those 
in the art, the technique used Will depend on the composition 
and shape of the substrate. 
[0038] In one embodiment, physical alterations are made in 
a surface of the substrate to produce the sites. In a preferred 
embodiment, the substrate is a ?ber optic bundle and the 
surface of the substrate is a terminal end of the ?ber bundle. In 
this embodiment, Wells are made in a terminal or distal end of 
a ?ber optic bundle comprising individual ?bers. In this 
embodiment, the cores of the individual ?bers are etched, 
With respect to the cladding, such that small Wells or depres 
sions are formed at one end of the ?bers. The required depth 
of the Wells Will depend on the siZe of the beads to be added 
to the Wells. 

[0039] In this embodiment, the microspheres suitably are 
non-covalently associated in the Wells, although the Wells 
may additionally be chemically functionaliZed as is generally 
described beloW, cross-linking agents may be used, or a 
physical barrier may be used, i.e. a ?lm or membrane over the 
beads. 
[0040] In a further embodiment, the surface of the substrate 
is modi?ed to contain chemically modi?ed sites, that can be 
used to attach, either covalently or non-covalently, the micro 
spheres of the invention to the discrete sites or locations on the 
substrate. “Chemically modi?ed sites” in this context 
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includes, but is not limited to, the addition of a pattern of 
chemical functional groups including amino groups, carboxy 
groups, oxo groups and thiol groups, that can be used to 
covalently attach micro spheres, Which generally also contain 
corresponding reactive functional groups; the addition of a 
pattern of adhesive that can be used to bind the microspheres 
(either by prior chemical functionaliZation for the addition of 
the adhesive or direct addition of the adhesive); the addition 
of a pattern of charged groups (similar to the chemical func 
tionalities) for the electrostatic attachment of the micro 
spheres, i.e. When the microspheres comprise charged groups 
opposite to the sites; the addition of a pattern of chemical 
functional groups that renders the sites differentially hydro 
phobic or hydrophilic, such that the addition of similarly 
hydrophobic or hydrophilic microspheres under suitable 
experimental conditions Will result in association of the 
microspheres to the sites on the basis of hydroa?inity. For 
example, the use of hydrophobic sites With hydrophobic 
beads, in an aqueous system, drives the association of the 
beads preferentially onto the sites. As outlined above, “pat 
tern” in this sense includes the use of a uniform treatment of 
the surface to alloW attachment of the beads at discrete sites, 
as Well as treatment of the surface resulting in discrete sites. 
As Will be appreciated by those in the art, this may be accom 
plished in a variety of Ways. 
[0041] The compositions of the invention further comprise 
a population of microspheres. By “population” herein is 
meant a plurality of beads as outlined above for arrays. Within 
the population are separate subpopulations, Which can be a 
single microsphere or multiple identical microspheres. That 
is, in some embodiments, as is more fully outlined beloW, the 
array may contain only a single bead for each bioactive agent; 
preferred embodiments utiliZe a plurality of beads of each 
type. 
[0042] By “microspheres” or “beads” or “particles” or 
grammatical equivalents herein is meant small discrete par 
ticles. The composition of the beads Will vary, depending on 
the class of bioactive agent and the method of synthesis. 
Suitable bead compositions include those used in peptide, 
nucleic acid and organic moiety synthesis, including, but not 
limited to, plastics, ceramics, glass, polystyrene, methylsty 
rene, acrylic polymers, paramagnetic materials, thoria sol, 
carbon graphited, titanium dioxide, latex or cross-linked dex 
trans such as Sepharose, cellulose, nylon, cross-linked 
micelles and te?on may all be used. “Microsphere Detection 
Guide” from Bangs Laboratories, Fishers Ind. is a helpful 
guide. 
[0043] The beads need not be spherical; irregular particles 
may be used. In addition, the beads may be porous, thus 
increasing the surface area of the bead available for either 
bioactive agent attachment or tag attachment. The bead siZes 
range from nanometers, i.e. 100 nm, to millimeters, i.e. 1 mm, 
With beads from about 0.2 micron to about 200 microns being 
preferred, and from about 0.5 to about 5 micron being par 
ticularly preferred, although in some embodiments smaller 
beads may be used. 
[0044] FIG. 1 illustrates the construction of a bead or 
microsphere 10 according to the principles of the present 
invention. In common With the prior art, the micro sphere 10 is 
given a bioactive agent 12, Which is typically applied to the 
microsphere’s surface. The bioactive agent is designed so that 
in the presence of the analyte(s) to Which it is targeted, an 
optical signature of the microsphere, possibly including 
region surrounding it, is changed. 
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[0045] It should be noted that a key component of the 
invention is the use of a substrate/bead pairing that allows the 
association or attachment of the beads at discrete sites on the 
surface of the substrate, such that the beads do not move 
during the course of the assay. 
[0046] In one embodiment each microsphere comprises 
tWo components: a bioactive agent and an optical signature. 
[0047] By “candidate bioactive agent” or “bioactive agent” 
or “chemical functionality” or “binding ligand” herein is 
meant as used herein describes any molecule, e.g., protein, 
oligopeptide, small organic molecule, polysaccharide, poly 
nucleotide, etc. Which can be attached to the microspheres of 
the invention. It should be understood that the compositions 
of the invention have tWo primary uses. In a preferred 
embodiment, as is more fully outlined beloW, the composi 
tions are used to detect the presence of a particular target 
analyte; for example, the presence or absence of a particular 
nucleotide sequence or a particular protein, such as an 
enZyme, an antibody or an antigen. In an alternate preferred 
embodiment, the compositions are used to screen bioactive 
agents, i.e. drug candidates, for binding to a particular target 
analyte. 
[0048] Bioactive agents encompass numerous chemical 
classes, though typically they are organic molecules, prefer 
ably small organic compounds having a molecular Weight of 
more than 100 and less than about 2,500 daltons. Bioactive 
agents comprise functional groups necessary for structural 
interaction With proteins, particularly hydrogen bonding, and 
typically include at least an amine, carbonyl, hydroxyl or 
carboxyl group, preferably at least tWo of the functional 
chemical groups. The bioactive agents often comprise cycli 
cal carbon or heterocyclic structures and/or aromatic or pol 
yaromatic structures substituted With one or more of the 
above functional groups. Bioactive agents are also found 
among biomolecules including peptides, nucleic acids, sac 
charides, fatty acids, steroids, purines, pyrimidines, deriva 
tives, structural analogs or combinations thereof. Particularly 
preferred are nucleic acids and proteins. 
[0049] Bioactive agents can be obtained from a Wide vari 
ety of sources including libraries of synthetic or natural com 
pounds. For example, numerous means are available for ran 
dom and directed synthesis of a Wide variety of organic 
compounds and biomolecules, including expression of ran 
domiZed oligonucleotides. Alternatively, libraries of natural 
compounds in the form of bacterial, fungal, plant and animal 
extracts are available or readily produced. Additionally, natu 
ral or synthetically produced libraries and compounds are 
readily modi?ed through conventional chemical, physical 
and biochemical means. Known pharmacological agents may 
be subjected to directed or random chemical modi?cations, 
such as acylation, alkylation, esteri?cation and/ or amidi?ca 
tion to produce structural analogs. 
[0050] In a preferred embodiment, the bioactive agents are 
proteins. By “protein” herein is meant at least tWo covalently 
attached amino acids, Which includes proteins, polypeptides, 
oligopeptides and peptides. The protein may be made up of 
naturally occurring amino acids and peptide bonds, or syn 
thetic peptidomimetic structures. Thus “amino acid”, or 
“peptide residue”, as used herein means both naturally occur 
ring and synthetic amino acids. For example, homo-phenyla 
lanine, citrulline and norleucine are considered amino acids 
for the purposes of the invention. The side chains may be in 
either the (R) or the (S) con?guration. In the preferred 
embodiment, the amino acids are in the (S) or L-con?gura 
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tion. If non-naturally occurring side chains are used, non 
amino acid substituents may be used, for example to prevent 
or retard in vivo degradations. 
[0051] In one preferred embodiment, the bioactive agents 
are naturally occurring proteins or fragments of naturally 
occurring proteins. Thus, for example, cellular extracts con 
taining proteins, or random or directed digests of proteina 
ceous 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 libraries of bacterial, fungal, viral, and 
mammalian proteins, With the latter being preferred, and 
human proteins being especially preferred. 
[0052] In a preferred embodiment, the bioactive agents are 
peptides of from about 5 to about 30 amino acids, With from 
about 5 to about 20 amino acids being preferred, and from 
about 7 to about 15 being particularly preferred. The peptides 
may be digests of naturally occurring proteins as is outlined 
above, random peptides, or “biased” random peptides. By 
“randomized” or grammatical equivalents herein is meant 
that each nucleic acid and peptide consists of essentially 
random nucleotides and amino acids, respectively. Since gen 
erally these random peptides (or nucleic acids, discussed 
beloW) are chemically synthesiZed, they may incorporate any 
nucleotide or amino acid at any position. The synthetic pro 
cess can be designed to generate randomiZed proteins or 
nucleic acids, to alloW the formation of all or most of the 
possible combinations over the length of the sequence, thus 
forming a library of randomiZed bioactive proteinaceous 
agents. 
[0053] In a preferred embodiment, a library of bioactive 
agents are used. The library should provide a suf?ciently 
structurally diverse population of bioactive agents to effect a 
probabilistically su?icient range of binding to target analytes. 
Accordingly, an interaction library must be large enough so 
that at least one of its members Will have a structure that gives 
it a?inity for the target analyte. Although it is dif?cult to 
gauge the required absolute siZe of an interaction library, 
nature provides a hint With the immune response: a diversity 
of 107-108 different antibodies provides at least one combi 
nation With su?icient af?nity to interact With most potential 
antigens faced by an organism. Published in vitro selection 
techniques have also shoWn that a library siZe of 107 to 108 is 
suf?cient to ?nd structures With a?inity for the target. Thus, in 
a preferred embodiment, at least 106, preferably at least 107, 
more preferably at least 108 and most preferably at least 109 
different bioactive agents are simultaneously analyZed in the 
subject methods. Preferred methods maximiZe library siZe 
and diversity. 
[0054] In one embodiment, the library is fully randomized, 
With no sequence preferences or constants at any position. In 
a preferred embodiment, the library is biased. That is, some 
positions Within the sequence are either held constant, or are 
selected from a limited number of possibilities. For example, 
in a preferred embodiment, the nucleotides or amino acid 
residues are randomiZed Within a de?ned class, for example, 
of hydrophobic amino acids, hydrophilic residues, sterically 
biased (either small or large) residues, toWards the creation of 
cysteines, for cross-linking, prolines for SH-3 domains, 
serines, threonines, tyrosines or histidines for phosphoryla 
tion sites, etc., or to purines, etc. 
[0055] In a preferred embodiment, the bioactive agents are 
nucleic acids (generally called “probe nucleic acids” or “can 
didate probes” herein). By “nucleic acid” or “oligonucle 
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otide” or grammatical equivalents herein means at least tWo 
nucleotides covalently linked together. A nucleic acid of the 
present invention Will generally contain phosphodiester 
bonds, although in some cases, as outlined beloW, nucleic 
acid analogs are included that may have alternate backbones, 
comprising, for example, phosphoramide (Beaucage, et al., 
Tetrahedron, 49(10)11925 (1993) and references therein; 
Letsinger, J Org. Chem, 3513800 (1970); Sprinzl, et al., Eur. 
J. Biochem, 811579 (1977); Letsinger, e t al., Nucl. Acids 
Res., 1413487 (1986); SaWai, et al., Chem. Lett., 805 (1984), 
Letsinger, et al., J. Am. Chem. Soc, 11014470 (1988); and 
PauWels, et al., Chemica Scripla, 261141 (1986)), phospho 
rothioate (Mag, et al., Nucleic Acids Res., 1911437 (1991); 
and US. Pat. No. 5,644,048), phosphorodithioate (Briu, et 
al., J Am. Chem. Soc, 11112321 (1989)), O-methylphospho 
roamidite linkages (see Eckstein, Oligonucleotides and Ana 
logues1 A Practical Approach, Oxford University Press), and 
peptide nucleic acid backbones and linkages (see Egholm, J. 
Am. Chem. Soc, 11411895 (1992); Meier, et al., Chem. Int. 
Ed. Engl, 3111008 (1992); Nielsen, Nature, 3651566 (1993); 
Carlsson, et al., Nature, 3801207 (1996), all of Which are 
incorporated by reference)). Other analog nucleic acids 
include those With positive backbones (Denpcy, et al., Proc. 
Natl. Acad. Sci. USA, 9216097 (1995)); non-ionic backbones 
(US. Pat. Nos. 5,386,023; 5,637,684; 5,602,240; 5,216,141; 
and 4,469,863; KiedroWshi, et al., Angew. Chem. Inll. Ed. 
English, 301423 (1991); Letsinger, et al., J Am. Chem. Soc, 
11014470 (1988); Letsinger, et al., Nucleosides & Nucle 
otides, 1311597 (1994); Chapters 2 and 3, ASC Symposium 
Series 580, “Carbohydrate Modi?cations in Antisense 
Research”, Ed.Y. S. Sanghui and P. Dan Cook; Mesmaeker, et 
al., Bioorganic & Medicinal Chem. Lett., 41395 (1994); Jeffs, 
et al., J. Biomolecular NMR, 34117 (1994); Tetrahedron Lett., 
371743 (1996)) and non-ribose backbones, including those 
described in US. Pat. Nos. 5,235,033 and 5,034,506, and 
Chapters 6 and 7, ASC Symposium Series 580, “Carbohy 
drate Modi?cations inAntisense Research”, Ed.Y. S. Sanghui 
and P. Dan Cook. Nucleic acids containing one or more car 
bocyclic sugars are also included Within the de?nition of 
nucleic acids (see Jenkins, et al., Chem. Soc. Rev., (1995) pp. 
169-176). Several nucleic acid analogs are described in 
RaWls, C & E NeWs, Jun. 2, 1997, page 35. All of these 
references are hereby expressly incorporated by reference. 
These modi?cations of the ribose-phosphate backbone may 
be done to facilitate the addition of additional moieties such 
as labels, or to increase the stability and half-life of such 
molecules in physiological environments. In addition, mix 
tures of naturally occurring nucleic acids and analogs can be 
made. Alternatively, mixtures of different nucleic acid ana 
logs, and mixtures of naturally occurring nucleic acids and 
analogs may be made. The nucleic acids may be single 
stranded or double stranded, as speci?ed, or contain portions 
of both double stranded or single stranded sequence. The 
nucleic acid may be DNA, both genomic and cDNA, RNA or 
a hybrid, Where the nucleic acid contains any combination of 
deoxyribo- and ribo-nucleotides, and any combination of 
bases, including uracil, adenine, thymine, cytosine, guanine, 
inosine, xanthanine, hypoxanthanine, isocytosine, isogua 
nine, and basepair analogs such as nitropyrrole and nitroin 
dole, etc. 
[0056] As described above generally for proteins, nucleic 
acid bioactive agents may be naturally occurring nucleic 
acids, random nucleic acids, or “biased” random nucleic 
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acids. For example, digests of procaryotic or eukaryotic 
genomes may be used as is outlined above for proteins. 

[0057] In general, probes of the present invention are 
designed to be complementary to a target sequence (either the 
target analyte sequence of the sample or to other probe 
sequences, as is described herein), such that hybridization of 
the target and the probes of the present invention occurs. This 
complementarity need not be perfect; there may be any num 
ber of base pair mismatches that Will interfere With hybrid 
ization betWeen the target sequence and the single stranded 
nucleic acids of the present invention. HoWever, if the number 
of mutations is so great that no hybridization can occur under 

even the least stringent of hybridization conditions, the 
sequence is not a complementary target sequence. Thus, by 
“substantially complementary” herein is meant that the 
probes are suf?ciently complementary to the target sequences 
to hybridize under the selected reaction conditions. High 
stringency conditions are knoWn in the art; see for example 
Maniatis et al., Molecular Cloning: A Laboratory Manual, 2d 
Edition, 1989, and Short Protocols in Molecular Biology, ed. 
Ausubel, et al., both of Which are hereby incorporated by 
reference. Stringent conditions are sequence-dependent and 
Will be different in different circumstances. Longer 
sequences hybridize speci?cally at higher temperatures. An 
extensive guide to the hybridization of nucleic acids is found 
in Tij ssen, Techniques in Biochemistry and Molecular Biol 
ogyiHybridization With Nucleic Acid Probes, “Overview of 
principles of hybridization and the strategy of nucleic acid 
assays” (1993). Generally, stringent conditions are selected to 
be about 5-100 C. loWer than the thermal melting point (Tm) 
for the speci?c sequence at a de?ned ionic strength pH. The 
Tm is the temperature (under de?ned ionic strength, pH and 
nucleic acid concentration) at Which 50% of the probes 
complementary to the target hybridize to the target sequence 
at equilibrium (as the target sequences are present in excess, 
at Tm, 50% of the probes are occupied at equilibrium). Strin 
gent conditions Will be those in Which the salt concentration 
is less than about 1.0 M sodium ion, typically about 0.01 to 
1.0 M sodium ion concentration (or other salts) at pH 7.0 to 
8.3 and the temperature is at least about 300 C. for short 
probes (eg 10 to 50 nucleotides) and at least about 600 C. for 
long probes (e. g. greater than 50 nucleotides). Stringent con 
ditions may also be achieved With the addition of destabiliz 
ing agents such as formamide. In another embodiment, less 
stringent hybridization conditions are used; for example, 
moderate or loW stringency conditions may be used, as are 
knoWn in the art; see Maniatis and Ausubel, supra, and Tijs 
sen, supra. 

[0058] The term “target sequence” or grammatical equiva 
lents herein means a nucleic acid sequence on a single strand 
of nucleic acid. The target sequence may be a portion of a 
gene, a regulatory sequence, genomic DNA, cDNA, RNA 
including mRNA and rRNA, or others. It may be any length, 
With the understanding that longer sequences are more spe 
ci?c. As Will be appreciated by those in the art, the comple 
mentary target sequence may take many forms. For example, 
it may be contained Within a larger nucleic acid sequence, i.e. 
all or part of a gene or mRNA, a restriction fragment of a 
plasmid or genomic DNA, among others. As is outlined more 
fully beloW, probes are made to hybridize to target sequences 
to determine the presence or absence of the target sequence in 
a sample. Generally speaking, this term Will be understood by 
those skilled in the art. 
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[0059] In a preferred embodiment, the bioactive agents are 
organic chemical moieties, a Wide variety of Which are avail 
able in the literature. 
[0060] In a preferred embodiment, each bead comprises a 
single type of bioactive agent, although a plurality of indi 
vidual bioactive agents are preferably attached to each bead. 
Similarly, preferred embodiments utiliZe more than one 
microsphere containing a unique bioactive agent; that is, 
there is redundancy built into the system by the use of sub 
populations of microspheres, each microsphere in the sub 
population containing the same bioactive agent. 
[0061] As Will be appreciated by those in the art, the bio 
active agents may either be synthesiZed directly on the beads, 
or they may be made and then attached after synthesis. In a 
preferred embodiment, linkers are used to attach the bioactive 
agents to the beads, to alloW both good attachment, suf?cient 
?exibility to alloW good interaction With the target molecule, 
and to avoid undesirable binding reactions. 
[0062] In a preferred embodiment, the bioactive agents are 
synthesiZed directly on the beads. As is knoWn in the art, 
many classes of chemical compounds are currently synthe 
siZed on solid supports, such as peptides, organic moieties, 
and nucleic acids. It is a relatively straightforWard matter to 
adjust the current synthetic techniques to use beads. 
[0063] In a preferred embodiment, the bioactive agents are 
synthesiZed ?rst, and then covalently attached to the beads. 
As Will be appreciated by those in the art, this Will be done 
depending on the composition of the bioactive agents and the 
beads. The functionaliZation of solid support surfaces such as 
certain polymers With chemically reactive groups such as 
thiols, amines, carboxyls, etc. is generally knoWn in the art. 
Accordingly, “blank” microspheres may be used that have 
surface chemistries that facilitate the attachment of the 
desired functionality by the user. Some examples of these 
surface chemistries for blank microspheres are listed in Table 
I. 

TABLE I 

Surface chemistry Name: 

NH2 Amine 
COOH Carboxylic Acid 
CHO Aldehyde 
CHZiNHZ Aliphalic Amine 
CONH2 Amide 
CH2iC1 Chloromethyl 
CONHiNH2 Hydrazide 
OH Hydroxyl 
S04 Sulfate 
S03 Sulfonate 
ArNH2 Aromatic Amine 

[0064] These functional groups can be used to add any 
number of different bioactive agents to the beads, generally 
using knoWn chemistries. For example, bioactive agents con 
taining carbohydrates may be attached to an amino -function 
aliZed support; the aldehyde of the carbohydrate is made 
using standard techniques, and then the aldehyde is reacted 
With an amino group on the surface. In an alternative embodi 
ment, a sulfhydryl linker may be used. There are a number of 
sulfhydryl reactive linkers knoWn in the art such as SPDP, 
maleimides, ot-haloacetyls, and pyridyl disul?des (see for 
example the 1994 Pierce Chemical Company catalog, tech 
nical section on cross-linkers, pages 155-200, incorporated 
herein by reference) Which can be used to attach cysteine 
containing proteinaceous agents to the support. Alternatively, 
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an amino group on the bioactive agent may be used for attach 
ment to an amino group on the surface. For example, a large 
number of stable bifunctional groups are Well knoWn in the 
art, including homobifunctional and heterobifunctional link 
ers (see Pierce Catalog and Handbook, pages 155-200). In an 
additional embodiment, carboxyl groups (either from the sur 
face or from the bioactive agent) may be derivatiZed using 
Well knoWn linkers (see the Pierce catalog). For example, 
carbodiimides activate carboxyl groups for attack by good 
nucleophiles such as amines (see Torchilin et al., Critical Rev. 
Therapeutic Drug Carrier Systems, 7(4):275-308 (1991), 
expressly incorporated herein). Proteinaceous bioactive 
agents may also be attached using other techniques knoWn in 
the art, for example for the attachment of antibodies to poly 
mers; see Slinkin et al., Bioconj. Chem. 2:342-348 (1991); 
Torchilin et al., supra; Trubetskoy et al., Bioconj. Chem. 
3:323-327 (1992); King et al., Cancer Res. 54:6176-6185 
(1994); and Wilbur et al., Bioconjugate Chem. 5:220-235 
(1994), all of Which are hereby expressly incorporated by 
reference). It should be understood that the bioactive agents 
may be attached in a variety of Ways, including those listed 
above. What is important is that manner of attachment does 
not signi?cantly alter the functionality of the bioactive agent; 
that is, the bioactive agent should be attached in such a ?ex 
ible manner as to alloW its interaction With a target. 

[0065] Speci?c techniques for immobilizing enZymes on 
microspheres are knoWn in the prior art. In one case, NH2 
surface chemistry microspheres are used. Surface activation 
is achieved With a 2.5% glutaraldehyde in phosphate buffered 
saline (10 mM) providing a pH of 6.9. (138 mM NaCl, 2.7 
mM, KCl). This is stirred on a stir bed for approximately 2 
hours at room temperature. The micro spheres are then rinsed 
With ultrapure Water plus 0.01% tWeen 20 (surfactant) 
—0.02%, and rinsed again With a pH 7.7 PBS plus 0.01% 
tWeen 20. Finally, the enZyme is added to the solution, pref 
erably after being pre?ltered using a 0.45 pm amicon micro 
pure ?lter. 

[0066] In addition to a bioactive agent, the microspheres 
comprise an optical signature that can be used to identify the 
attached bioactive agent. That is, each subpopulation of 
microspheres comprise a unique optical signature or optical 
tag that can be used to identify the unique bioactive agent of 
that subpopulation of microspheres; a bead comprising the 
unique optical signature may be distinguished from beads at 
other locations With different optical signatures. As is out 
lined herein, each bioactive agent Will have an associated 
unique optical signature such that any microspheres compris 
ing that bioactive agent Will be identi?able on the basis of the 
signature. As is more fully outlined beloW, it is possible to 
reuse or duplicate optical signatures Within an array, for 
example, When another level of identi?cation is used, for 
example When beads of different siZes are used, or When the 
array is loaded sequentially With different batches of beads. 

[0067] In a preferred embodiment, the optical signature is 
generally a mixture of reporter dyes, preferably ?uorescent. 
By varying both the composition of the mixture (i.e. the ratio 
of one dye to another) and the concentration of the dye (lead 
ing to differences in signal intensity), matrices of unique tags 
may be generated. This may be done by covalently attaching 
the dyes to the surface of the beads, or alternatively, by entrap 
ping the dye Within the bead. The dyes may be chromophores 
or phosphors but are preferably ?uorescent dyes, Which due 
to their strong signals provide a good signal-to-noise ratio for 
decoding. Suitable dyes for use in the invention include, but 
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are not limited to, ?uorescent lanthanide complexes, includ 
ing those of Europium and Terbium, ?uorescein, rhodamine, 
tetramethylrhodamine, eosin, erythrosin, coumarin, methyl 
coumarins, pyrene, Malacite green, stilbene, LuciferYelloW, 
Cascade BlueTM, Texas Red, and others described in the 1989 
1991 Molecular Probes Handbook by Richard P. Haugland, 
hereby expressly incorporated by reference. 
[0068] In a preferred embodiment, the encoding can be 
accomplished in a ratio of at least tWo dyes, although more 
encoding dimensions may be added in the siZe of the beads, 
for example. In addition, the labels are distinguishable from 
one another; thus tWo different labels may compri se different 
molecules (i.e. tWo different ?uors) or, alternatively, one label 
at tWo different concentrations or intensity. 

[0069] In a 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 Will be 
appreciated by those in the art, these attachments are done to 
minimiZe the effect on the dye. 
[0070] In a preferred embodiment, the dyes are non-co 
valently associated With the beads, generally by entrapping 
the dyes in the bead matrix or pores of the beads. Referring to 
the embodiment of FIG. 1, reporter dyes 14 are added to the 
microsphere 10 With the encoding occurring in the ratio of 
tWo or more dyes. The reporter dyes 14 may be chromophore 
type. Fluorescent dyes, hoWever, are preferred because the 
strength of the ?uorescent signal provides a better signal-to 
noise ratio When decoding. Additionally, encoding in the 
ratios of the tWo or more dyes, rather than single dye concen 
trations, is preferred since it provides insensitivity to the 
intensity of light used to interrogate the reporter dye’s signa 
ture and detector sensitivity. 
[0071] In one embodiment, the dyes are added to the bio 
active agent, rather than the beads, although this is generally 
not preferred. 
[0072] FIG. 2 is a process diagram illustrating the prepara 
tion of the microspheres. In step 50, an aliquot of stock 
microspheres are vacuum ?ltered to produce a dry cake. In 
one implementation, microsphere copolymers of methylsty 
rene (87%) and divinylbenZene (13%) are used that have a 3.1 
micrometer (um) diameter. The dry cake is then broken apart 
and a dye solution added to it in step 52 to encode optical 
signatures of the microspheres With information concerning 
the intended surface chemical functionalities. Dyes may be 
covalently bonded to the microspheres’ surface, but this con 
sumes surface binding sites desirably reserved for the chemi 
cal functionalities. Preferably, the microspheres are placed in 
a dye solution comprising a ratio of tWo or more ?uorescent 
reporter dyes dissolved in an organic solvent that Will sWell 
the microspheres, e. g., dimethylformamide (DMF). The 
length of time the micro spheres are soaked in the dye solution 
Will determine their intensity and the broadness of the ratio 
range. 
[0073] In an exemplary tWo dye system, Texas Red Cadav 
erine (TRC) is used, Which is excited at M15580 mm and 
emits at kem:630 mm, in combination With indodicarbocya 
nine (DilC): 610/670 (Lab/km). Generally, dyes are selected 
to be compatible With the chemistries involved in the analysis 
and to be spectrally compatible. This avoids deconvolution 
problems associated With determining signal contributions 
based on the presence of both the analyte and the encoding 
dye ratios contributing to an overlapping emission spectral 
region. 
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[0074] Examples of other dyes that can be used are OxaZin 
(662/705), IR-144 (745/825), IR-l40 (776/882), IR-l25 
(786/800) from Exciton, and Bodipy 665/676 from Molecu 
lar Probes, and Naphtho?uorescein (605/675) also from 
Molecular Probes. Lathanide complexes may also be used. 
Fluorescent dyes emitting in other than the near infrared may 
also be used. Chromophore dyes are still another alternative 
that produce an optically interrogatable signature, as are more 
exotic formulations using Raman scattering-based dyes or 
polarizing dyes, for example. The ability of a particular dye 
pair to encode for different chemical functionalities depends 
on the resolution of the ratiometric measurement. Conserva 
tively, any dye pair should provide the ability to discriminate 
at least tWenty different ratios. The number of unique com 
binations of tWo dyes made With a particular dye set is shoWn 
in the folloWing Table II. 

TABLE II 

Number of Combinations 
dyes in set possible 

3 3 
4 6 
5 l0 
6 15 

[0075] Thus, using six dyes and tWenty distinct ratios for 
each dye pair, 300 separate chemical functionalities may be 
encoded in a given population of microspheres. Combining 
more than tWo dyes provides additional diversity in the 
encoding combinations. Furthermore, the concentration of 
the dyes Will contribute to their intensity; thus intensity is 
another Way to increase the number of unique optical signa 
tures. 

[0076] In step 54, the microspheres are vacuum ?ltered to 
remove excess dye. The microspheres are then Washed in 
Water or other liquid that does not sWell the microspheres, but 
in Which the dyes are still soluble. This alloWs the residual dye 
to be rinsed off Without rinsing the dye out of the micro 
spheres. 
[0077] In step 56, the bioactive agent is attached to the 
microsphere surface if not already present. It shouldbe under 
stood that surface chemistries may be present throughout the 
microsphere’s volume, and not limited to the physical cir 
cumferential surface. 

[0078] Once the microspheres are made comprising at least 
one bioactive agent and an optical signature, the micro 
spheres are added to discrete sites on the surface of the sub 
strate. This can be done in a number of Ways, but generally 
comprises adding the beads to the surface under conditions 
that Will alloW the association of the microspheres on or at the 
discrete sites. The association of the beads on the surface may 
comprise a covalent bonding of the bead to the surface, for 
example When chemical attachment sites are added to both 
the substrate and the bead; an electrostatic or hydroaf?nity, 
When charge, hydrophobicity or hydrophilicity is used as the 
basis of the binding; a physical yet non-covalent attachment 
such as the use of an adhesive; or a spatial attachment, for 
example the localiZation of a bead Within a Well. In some 
embodiments it may be preferable to effect a more permanent 
attachment after the initial localiZation, for example through 
the use of cross-linking agents, a ?lm or membrane over the 
array. 
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[0079] FIG. 3 schematically illustrates a microsphere sys 
tem, or array ofmicrospheres, 100 formed from microsphere 
populations that have different bioactive agents. While a large 
number of microspheres and bioactive agents may be 
employed, in this example only three microsphere popula 
tions are shoWn. The individual populations, or subpopula 
tions, of microspheres are represented as 10a,10b,10c carry 
ing respective bioactive agents or probe sequences 60a,60b, 
600, as exemplary functionalities. The subpopulations may be 
combined in either a random or ordered fashion on a sub 
strate, With a corresponding distribution of their respective 
bioactive agents. 
[0080] Typically, With conventional methods, mixing 
microsphere populations having different bioactive agents 
results in the loss of information regarding the selectivity for 
each of the corresponding target sequences. In a solution of 
microspheres With each of the probe sequences 60a, 60b, and 
600, it is possible to determine that at least one of the target 
sequences 62a, 62b, and 620 is present When a ?uorescent 
marker dye 64 concentration is observed on the microspheres 
1 0. HoWever, With conventional approaches, typically there is 
no Way to determine Which bioactive agent or probe sequence 
60a, 60b, and 600 is generating the activity since the infor 
mation concerning Which microsphere contained Which 
probe sequence Was lost When the subpopulations Were 
mixed. 
[0081] HoWever, With the microsphere system 100 and 
method of the present invention, each microsphere in each 
subpopulation is encoded With a common optical signature. 
In the illustrated example, the subpopulation represented by 
microsphere 1011 has a tWo reporter dye ratio of 10:1; the 
subpopulation of microspheres 10b has a ratio of 1:1 of the 
same reporter dyes, and subpopulation of microspheres 100 
has a ratio of 1:10 of the reporter dyes. 
[0082] Thus, the randomly mixed subpopulations of micro 
spheres are useful as an analytic chemistry system based on 
each of the carried bioactive agents 60a-60c separately. The 
microsphere array or system 100 is exposed to an analyte of 
interest to Which some of the bioactive agents may interact. 
Any interaction changes the optical response of the corre 
sponding microspheres by, for example, binding a ?uorescent 
dye 64 to the microspheres. By identifying the chemical 
functionalities of the microsphere in Which the optical signa 
ture has changed, using the encoded dye combinations, infor 
mation regarding the chemical identity and concentration of 
an analyte may be gained based upon the interaction or non 
interaction of each bioactive agent contained in the micro 
sphere system 100. 
[0083] The microspheres exhibiting activity or changes in 
their optical signature may be identi?ed by a conventional 
optical train and optical detection system. Decoding can also 
be performed either manually or automatically With the aid of 
a computer. Depending on the particular encoding or reporter 
dyes used and their operative Wavelengths, optical ?lters 
designed for a particular Wavelengths may be employed for 
optical interrogation of the microspheres of bioactive agents. 
In a preferred embodiment, the analytic chemistry micro 
sphere system is used in conjunction With an optical ?ber 
bundle or ?ber optic array as a substrate. 

[0084] FIG. 4 is a schematic block diagram shoWing a 
microsphere-based analytic chemistry system employing a 
?ber optic assembly 200 With an optical detection system. 
The ?ber optic assembly 200 comprises a ?ber optic bundle or 
array 202, that is constructed from clad ?bers so that light 
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does not mix betWeen ?bers. A microsphere array or system, 
100 is attached to the bundle’s distal end 212, With the proxi 
mal end 214 being received by a Z-translation stage 216 and 
x-y micropositioner 218. These tWo components act in con 
cert to properly position the proximal end 214 of the bundle 
202 for a microscope objective lens 220. Light collected by 
the objective lens 220 is passed to a re?ected light ?uores 
cence attachment With three pointer cube slider 222. The 
attachment 222 alloWs insertion of light from a 75 Watt Xe 
lamp 224 through the objective lens 220 to be coupled into the 
?ber bundle 202. The light from the source 224 is condensed 
by condensing lens 226, then ?ltered and/ or shuttered by ?lter 
and shutter Wheel 228, and subsequently passes through a ND 
?lter slide 230. 
[0085] Light returning from the distal end 212 of the bundle 
202 is passed by the attachment 222 to a magni?cation 
changer 232 Which enables adjustment of the image siZe of 
the ?ber’s proximal or distal end. Light passing through the 
magni?cation changer 232 is then shuttered and ?ltered by a 
second Wheel 234. The light is then imaged on a charge 
coupled device (CCD) camera 236. A computer 238 executes 
imaging processing softWare to process the information from 
the CCD camera 236 and also possibly control the ?rst and 
second shutter and ?lter Wheels 228, 234. The instrumenta 
tion exclusive of the ?ber sensor 200, i.e., to the left of the 
proximal end of the bundle 202 is discussed more completely 
by Bronk, et al., Anal. Chem. 1995, Vol. 67, number 17, pp. 
2750-2752. 

[0086] The microsphere array or system 100 may be 
attached to the distal end of the optical ?ber bundle using a 
variety of compatible processes. It is important that the 
microspheres are located close to the end of the bundle. This 
ensures that the light returning in each optical ?ber predomi 
nantly comes from only a single microsphere. This feature is 
necessary to enable the interrogation of the optical signature 
of individual microspheres to identify reactions involving the 
microsphere’s functionality and also to decode the dye ratios 
contained in those microspheres. The adhesion or af?xing 
technique, hoWever, must not chemically insulate the micro 
spheres from the analyte. 
[0087] FIGS. 5A and 5B are micrographs of the distal end 
212 of the bundle 202 illustrating the preferred technique for 
attaching the microspheres 10 to the bundle 202. Wells 250 
are formed at the center of each optical ?ber 252 of the bundle 
202. As shoWn in FIG. 5B, the siZe of the Wells 250 are 
coordinated With the siZe of the microspheres 10 so that the 
microspheres 10 can be placed Within the Wells 250. Thus, 
each optical ?ber 252 of the bundle 202 conveys light from the 
single microsphere 10 contained in 5 its Well. Consequently, 
by imaging the end of the bundle 202 onto the CCD array 236, 
the optical signatures of the microspheres 10 are individually 
interrogatable. 
[0088] FIG. 6 illustrates hoW the microWells 250 are 
formed and microspheres 10 placed in the Wells. A 1 mm 
hexagonally-packed imaging ?ber contains approximately 
20,600 individual optical ?bers that have cores approxi 
mately 3.7 um across (Part No. ET26 from Galileo Fibers). 
Typically, the cores of each ?ber are hexagonally shaped as a 
result the starting preform; that is, during draWing the ?ber 
does not usually change shape. In some cases, the shape can 
be circular, hoWever. 
[0089] In step 270, both the proximal and distal ends 212, 
214 of the ?ber bundle 202 are successively polished on 12 
pm, 9 um, 3 pm, 1 um, and 0.3 pm lapping ?lms. Subse 
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quently, the ends can be inspected for scratches on an atomic 
force microscope. In step 272, a representative etching is 
performed on the distal end 212 of the bundle 202. A solution 
of 0.2 grams NH4F (ammonium ?uoride) With 600 [1.1 distilled 
H20 and 100p.1 of HF (hydro?uoric acid), 50% stock solu 
tion, may be used. The distal end 212 is etched in this solution 
for a speci?ed time, preferably approximately 30 to 600 sec 
onds, With about 80 seconds being preferred. 
[0090] Upon removal from this solution, the bundle end is 
immediately placed in deioniZed Water to stop any further 
etching in step 274. The ?ber is then rinsed in running tap 
Water. At this stage, sonication is preferably performed for 
several minutes to remove any salt products from the reaction. 
The ?ber is then alloWed to air dry. 

[0091] The foregoing procedure produces Wells by the 
anisotropic etching of the ?ber cores 254 favorably With 
respect to the cladding 256 for each ?ber of the bundle 202. 
The Wells have approximately the diameter of the cores 254, 
3 .7 pm. This diameter is selected to be slightly larger than the 
diameters of the microspheres used, 3.1 um, in the example. 
The preferential etching occurs because the pure silica of the 
cores 254 etches faster in the presence of hydro?uoric acid 
than the germanium-doped silica claddings 256. 
[0092] The microspheres are then placed in the Wells 250 in 
step 276 according to a number of different techniques. The 
placement of the microspheres may be accomplished by drip 
ping a solution containing the desired randomly mixed sub 
populations of the microspheres over the distal end 212, soni 
cating the bundle to settle the microspheres in the Wells, and 
alloWing the micro sphere solvent to evaporate. Alternatively, 
the subpopulations could be added serially to the bundle end. 
Microspheres 10 may then be ?xed into the Wells 250 by 
using a dilute solution of sulfonated Na?on that is dripped 
over the end. Upon solvent evaporation, a thin ?lm of Na?on 
Was formed over the micro spheres Which holds them in place. 
This approach is compatible for ?xing microspheres for pH 
indication that carry FITC functionality. The resulting array 
of ?xed microspheres retains its pH sensitivity due to the 
permeability of the sulfonated Na?on to hydrogen ions. This 
approach, hoWever, can not be employed generically as 
Na?on is impermeable to most Water soluble species. A simi 
lar approach can be employed With different polymers. For 
example, solutions of polyethylene glycol, polyacrylamide, 
or polyhydroxymethyl methacrylate (polyHEMA) can be 
used in place of Na?on, providing the requisite permeability 
to aqueous species. 
[0093] An alternative ?xation approach employs micro 
sphere sWelling to entrap each microsphere 10 in its corre 
sponding microWell 250. In this approach, the microspheres 
are ?rst distributed into the microWells 250 by sonicating the 
microspheres suspended in a non-sWelling solvent in the 
presence of the microWell array on the distal end 212. After 
placement into the microWells, the microspheres are subse 
quently exposed to an aqueous buffer in Which they sWell, 
thereby physically entrapping them, analogous to mu?ins 
rising in a mu?in tin. 

[0094] In general, the methods of making the arrays and of 
decoding the arrays is done to maximiZe the number of dif 
ferent candidate agents that can be uniquely encoded. The 
compositions of the invention may be made in a variety of 
Ways. In general, the arrays are made by adding a solution or 
slurry comprising the beads to a surface containing the sites 
for attachment of the beads. This may be done in a variety of 
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buffers, including aqueous and organic solvents, and mix 
tures. The solvent can evaporate, and excess beads removed. 

[0095] In a preferred embodiment, When non-covalent 
methods are used to associate the beads to the array, a novel 
method of loading the beads onto the array is used. This 
method comprises exposing the array to a solution of particles 
(including micro spheres and cells) and then applying energy, 
e. g. agitating or vibrating the mixture. This results in an array 
comprising more tightly associated particles, as the agitation 
is done With su?icient energy to cause Weakly-associated 
beads to fall off (or out, in the case of Wells). These sites are 
then available to bind a different bead. In this Way, beads that 
exhibit a high a?inity for the sites are selected. Arrays made 
in this Way have tWo main advantages as compared to a more 
static loading: ?rst of all, a higher percentage of the sites can 
be ?lled easily, and secondly, the 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 ?lled, With at 
least about 75% being preferred, and at least about 90% being 
particularly preferred. 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. 
[0096] In this embodiment, the substrate comprising the 
surface With the discrete sites is immersed into a solution 
comprising the particles (beads, cells, etc.). The surface may 
comprise Wells, as is described herein, or other types of sites 
on a patterned surface such that there is a differential a?inity 
for the sites. This differential af?nity results in a competitive 
process, such that particles that Will associate more tightly are 
selected. Preferably, the entire surface to be “loaded” With 
beads is in ?uid contact With the solution. This solution is 
generally a slurry ranging from about 10, 000:1 beadszsolu 
tion (vol:vol) to 1:1. Generally, the solution can comprise any 
number of reagents, including aqueous buffers, organic sol 
vents, salts, other reagent components, etc. In addition, the 
solution preferably comprises an excess of beads; that is, 
there are more beads than sites on the array. Preferred 
embodiments utiliZe tWo-fold to billion-fold excess of beads. 

[0097] The immersion can mimic the assay conditions; for 
example, if the array is to be “dipped” from above into a 
microtiter plate comprising samples, this con?guration can 
be repeated for the loading, thus minimiZing the beads that are 
likely to fall out due to gravity. 

[0098] Once the surface has been immersed, the substrate, 
the solution, or both are subjected to a competitive process, 
Whereby the particles With loWer a?inity can be disassociated 
from the substrate and replaced by particles exhibiting a 
higher af?nity to the site. This competitive process is done by 
the introduction of energy, in the form of heat, sonication, 
stirring or mixing, vibrating or agitating the solution or sub 
strate, or both. 

[0099] A preferred embodiment utiliZes agitation or vibra 
tion. In general, the amount of manipulation of the substrate 
is minimized to prevent 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 
forms, With a preferred embodiment utiliZing microtiter 
plates comprising bead solutions being agitated using micro 
titer plate shakers. 




























