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(7) ABSTRACT

An assay system using labeled probe molecules to identify
and quantify target molecules in a sample is disclosed.
Where labeled probe molecules are present on a substrate
such as a microarray, the identification of multiple different
target molecules may be examined simultaneously. Alterna-
tively, a known number of like probe molecules may be
present on a substrate and a single target molecule may be
quantified in a sample. Preferred labeled probe molecules
are comprised fluorescent single stranded nucleotide analogs
whose fluorescence is quenched by pairing with a homolo-
gous nucleotide target sequence.
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POLYMER ARRAYS AND METHODS OF USING
LABELED PROBE MOLECULES TO IDENTIFY
AND QUANTIFY TARGET MOLECULE
EXPRESSION

FIELD OF THE INVENTION

[0001] This invention relates generally to array based
assays and more particularly to microarrays or beads having
labeled probes molecules which are designed to assist in the
identification and quantification of target molecules includ-
ing native molecules or mutant molecules.

BACKGROUND OF THE INVENTION

[0002] Currently, scientists are interested in examining the
effect of different treatments or conditions on the human
body. One method of exploring these effects is to examine
the changes that occur in the expression or function of
molecules within individual cells or tissues which are
exposed to the treatments or conditions. The molecules
which are effected by such exposure may then be qualita-
tively or quantitatively compared to the native molecules to
examine the effect of the treatment or condition.

[0003] In determining the expression or function of any
molecule, traditional methods in molecular biology are only
useful at examining the effect of one agent on one cellular
molecule, in one experiment, which means that any effect of
on any given molecule, in general, is slow, expensive and
difficult to assess. The advent of microarray technology has
allowed scientists to examine the effect of one treatment or
condition or combination of thereof on thousands of mol-
ecules simultaneously.

[0004] Microarray technology consists, generally, of
probe molecules being attached to a solid substrate and
target molecules, obtained from the exposed cells contacting
the probe molecules. Typically, target molecules are labeled
prior to exposure to the microarray. Once exposed to the
microarray, some target molecules selectively form probe/
target pairs by binding/hybridizing with the complimentary
probe molecules on the microarray. The target molecules
that do not form pairs are removed from the microarray.
Where the probe/target pairs are formed on the microarray,
the scientist can then visualize the probe molecules which
were bound by labeled target molecules. The relative
amount of probe/target pairs which form can be compared
between groups of cells which are exposed to different
treatments and cells which are not (controls) to determine
the effect of the treatment. For example, the levels of
expression of mRNA or protein as a target molecule may
have changed, or alternatively, the conformation of a protein
or carbohydrate may have changed. As thousands of mol-
ecules can be screened simultaneously using this technol-
ogy, microarrays may be used to improve timeliness, effec-
tiveness, accuracy and overall benefit-to-cost ratio for
examining changes in molecular expression and function
relative to traditional methods.

[0005] One difficulty in microarray technology thus far,
however, has been the ability of scientists to efficiently and
effectively identify and quantify the probe/target pairs which
form on the microarray. As above, the target molecule is
typically labeled, and that label is detected to identify the
probe/target pair. However, the label may not be present on
the target molecule in sufficient amounts to be detectable. If
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a target sequence is not adequately labeled, false negative
results are obtained, meaning that probe/target pairs are
formed, but not identified by the scientist. Labeling inad-
equacies often occur due to enzymatic reproducibility, inhi-
bition and or incomplete incorporation of dyes.

SUMMARY OF THE INVENTION

[0006] TLabeled probe molecules are disclosed where the
label is detectable when the probe molecule is not paired
with a complimentary target molecule, and the label is
undetectable when paired with a target molecule. Such a
system allows for a means of identifying target molecules in
a sample without encountering the difficulty of labeling
target molecules.

[0007] The probe and target molecules can be polymers of
nucleic acids, amino acids or carbohydrates. The label is
preferably fluorescent, and can be detected by those methods
currently known or to be developed in the art, such as flow
cytometry. The probe molecules can be attached to a solid
substrate such as a microarray or a bead.

[0008] In one embodiment, the probe molecules are
single-stranded, fluorescently labeled nucleotide sequence
which are attached to a microarray. The fluorescing nucle-
otide probe molecule is quenched when hybridized to a
complimentary target nucleotide sequence.

[0009] In an alternate embodiment, the probe molecules
are single-stranded, fluorescently labeled oligonucleotide
sequences comprised in part or entirely by nucleotide base
analogs.

[0010] Such a system also allows for a means of quanti-
fying target molecules in a sample. In an alternate embodi-
ment, a known number of labeled probe molecules are
attached to a bead which can be contacted with the target
sequences within a cellular sample. When probe/target pairs
are formed, the fluorescence of the probe molecule will be
decreased. When a number of probe/target pairs are formed
which is substantially equal to the number of probe mol-
ecules present on the bead, the fluorescence of the probe
molecule will be substantially eliminated. Thus, the beads
can be used to quantify the amount of a target molecule in
a cellular sample.

[0011] The above described and many other features and
attendant advantages of the present invention will become
apparent from a consideration of the following detailed
description when considered in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Detailed description of the embodiments of the
invention will be made with reference to the accompanying
drawings.

[0013] FIG. 1 shows the known structures for native
adenosine (1A); guanine and inosine via a generic structure
(1B); cytidine (1C); and thymidine and uridine via a generic
structure (1D).

DETAILED DESCRIPTION OF THE
INVENTION

[0014] This description is not to be taken in a limiting
sense, but is made merely for the purpose of illustrating the
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general principles of the invention. The section titles and
overall organization of the present detailed description are
for the purpose of convenience only and are not intended to
limit the present invention.

[0015] Probe Molecules

[0016] The invention utilizes labeled probe molecules
wherein the label is detectable when the probe molecule is
not paired with a complimentary target molecule, and the
label is undetectable when paired with a target molecule. As
mentioned, this invention allows for a means of identifying
and quantifying a target molecule in a cellular sample
without encountering the difficulty of labeling target mol-
ecules.

[0017] The probe and target molecules can be polymers of
nucleic acids, amino acids or carbohydrates, and compli-
mentary pairs may form due to hybridization, annealing, or
binding, for example between any of a nucleic acid, amino
acid or carbohydrate polymer. The probe and target mol-
ecules can be synthesized or extracted from an organic
source.

[0018] Where the probe molecules are nucleic acids the
molecules may be single stranded or double stranded. Where
the probe molecules are nucleic acids, the polymers may be
comprised of native nucleotide bases (adenosine, guanine/
inosine, cytidine or thymidine/uridine) or of nucleotide
analogs, or any combination thereof. Further, the probe
molecules can be comprised of a variety of different nucle-
otide analogues with preferred analogues having substan-
tially the same or higher hybridization affinity for a target
sequence as does a probe molecule comprised of native
bases of the same length. More preferably the probe mol-
ecules are comprised of nucleotide analogues which can
substitute for a native nucleic acid bases in all or any of
enzymatic reactions involving (1) nucleic acid replication;
(2) ligation and (3) phosphorylation.

[0019] Nucleotide analogs including heterocyclic pyrimi-
dine or purine structural analogs of naturally occurring bases
which are fluorescent under physiological conditions may be
used. Examples of other nucleotide analogues which may be
useful in this invention include, but are not limited to:
2-amino purine at least for adenosine or guanine; ribo-
nucleoside or 2,6-diamino ribonucleoside, formycin A, for-
mycin B, oxyformycin B, toyocamycin, sangivamycin,
pseudoouridine, showdomycin, minimycin, pyrazomycin,
5-amino-formycin A, 5-amino-formycin B or 5-oxo-formy-
cin A at least for adenosine; 4-amino-pyrazolo[3,4d Jpyrimi-
dine, 4,6-diamino-pyrazolo[3,4d]pyrimidine, 4-amino-6-
oxo-pyrazolo[3,4d]pyrimidine, 4-ox0-pyrazolo[3,4d]
pyrimidine, 4-oxo-6-amino-pyrazolo[3,4d]pyrimidine, 4,6-
dioxo-pyrazolo[3,4d pyrimidine, pyrazolo[3,4d|pyrimidine,
6-amino-pyrazolo[ 3,4d]pyrimidine or 6-oxo-pyrazolo [3,4d]
pyrimidine at least for cytosine or thymidine.

[0020] Finally, the probe molecule can be comprised of
native nucleotide bases or nucleotide analogs, some of
which or all of which are labeled. Preferably, some or all of
the nucleotides are labeled with a fluorescing label. For
example, in some embodiments only one base e.g. adenosine
is substituted with an analogue (such as formycin, 2-amino
purine, ribonucleoside or 2,6-diamino ribunucleoside),
while the other nucleotides in the sequence are native. In
other embodiments all the purines or alternatively all the
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pyrimidines are changed from the native nucleotide to a
fluorescent nucleotide analog.

[0021] Those skilled in the art reading this disclosure will
recognize that various types of different fluorescent nucle-
otides or analogues can be used in connection with the
present invention. Specific examples are provided above,
and others are described in U.S. Pat. No. 5,763,167 to
Conrad; U.S. Pat. No. 5,925,517 to Tyagi, et al.; U.S. Pat.
Nos. 5,876,930 and 5,723,591 to Livak, et al.; U.S. Pat. No.
5,525,711 and WO 95/31469 issued to Hawkins, et al. all of
which are incorporated herein by reference in their entirety.

[0022] Alternatively, the nucleic acid based probe mol-
ecule can be labeled after the probe molecule is produced.
Detectable labels can be attached by a variety of known
procedures. Standard labeling protocols for amino acids and
nucleic acids are described, for example in Sambrook et al.
(1989) Molecular Cloning: A Laboratory Manual, 2*¢ Ed.
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y;
Kambara, H. et al. (1988) Biotechnology 6:816-821; Smith,
L. et al., (1985) Nuc. Acids Res. 13:2399-2412; for polypep-
tides, see, ¢.g., Allen, G. (1989) Sequencing of Proteins and
Peprides, Elsevier, New York, and Greenstein and Winitz
(1961) Chemistry of the Amino Acids, Wiley and Sons, New
York. Carbohydrate labeling is described, for example in
Chaplin and Kennedy (1986) Carbohydrate Analysis: A
Practical Approach, IRL Press, Oxford—see also U.S. Pat.
No. 5,652,099 issued to Conrad, all of which publications
are incorporated herein by reference in their entirety.

[0023] The fluorescing label is preferably 2-aminopurine,
which fluoresces at a range of about 300 nm to about 700
nm, most preferably, the fluorescence is detectable by the
unaided human eye. The label may be fluorescent, and can
be detected by those methods currently known or to be
developed in the art, such as flow cytometry. Further, the
label preferably fluoresces at a wavelength that is visible to
an unaided human eye. Methodology utilizing 2-aminopu-
rine as a labeled molecules is disclosed in Allen and Reich
Biochemistry 1996, 35:1457-14762, herein incorporated in
its entirety.

[0024] The probe molecules comprised of nucleotides can
be produced using the known technology use to produce
oligonucleotides, cDNA or RNA sequences. The probe
molecules using nucleotides may have a sugar-phosphate
backbone which is identical to that of a native molecule.
However, in some embodiments it can be desirable to
provide a modified backbone to enhance nuclease resistance,
for example, which can enhance the reusability of the
microarrays. Techniques for modifying backbones are
described in at least European Application EP 0 742 287 A2
to McGall, et al., incorporated herein by reference in its
entirety.

[0025] The probes molecules comprised of nucleic acids
can be of any desired length, but are preferably longer than
four bases or analogs long, and most preferably about 6 to
about 300 or more nucleotides.

[0026] As those skilled in the are will recognize, probe
molecules may also be amino acid based or carbohydrate
based; such polymers can be synthesized and labeled
according to methods of those presently known or to be
developed by those skilled in the art, and those cited above.



US 2004/0203050 A1l

[0027] Solid Substrates
[0028] Microarrays

[0029] Microarrays useful in this invention are any sub-
strates which maximally facilitate the attachment of probe
molecules thereto, and minimally interfere with probe/target
pairing and further minimally interfere with detection of the
label on the probe molecules.

[0030] Inone embodiment, the microarray has probe mol-
ecules of different molecules attached to its surface. In an
alternate embodiment, the surface of the microarray is
divided into quadrants, each quadrant having a different
probe molecule sequences. Preferably, all of the probe
molecules in any quadrant are substantially similar in
sequence (such as greater than 85% homologous), and
preferably each different quadrant contains a different probe
molecule sequence or a different quantity of any probe
molecule sequence. However, in some embodiments, each
quadrant may have more than one probe molecule sequence.

[0031] The microarrays of the present invention may have
varying number of quadrants, or distinct sub-areas of the
microarray. The microarrays preferably can include from
about 10 to about 10,000 or more quadrants. Each quadrant
preferably has a surface area of 1 square centimeter or less.
The quadrant density of the microarray, or the number of
quadrants per square centimeter of microarray surface area,
may vary. Probe densities may be from about 100 copies to
about 10,000 copies of a probe molecule per quadrant. Probe
densities as high as 400 or more oligonucleotides per cm?
have been described in U.S. Pat. No. 5,744,305 to Fodor, et
al., and probe densities of as high as 1,000 or more nucle-
otides per cm” have been described in U.S. Pat. No. 5,445,
934 issued to Fodor, et al., both patents are hereby incor-
porated by reference in their entirety.

[0032] Microarrays may be produced by synthesizing
polymers thereon as is disclosed in U.S. Pat. No. 5,436,327
to Southern, et al. (arrays with fluorescent nucleotide ana-
logues) or U.S. Pat. Nos. 5,445,934 and 5,800,992 to issued
to Fodor, et al.(single stranded oligonucleotide probe mol-
ecules on the microarray surfaces), herein incorporated by
reference.

[0033] In some embodiments, where probe molecules
exceed about 200 molecules, for example, it is preferable to
synthesize the probe molecules separately, and then attach
them to the substrate. This method is disclosed in U.S. Pat.
No. 5,807,525 to Allen, et al., herein incorporated by refer-
ence in its entirety. One advantage of the later method of
making the microarray is that microarrays may have a higher
purity of the desired sequences and, facilitate the production
of sequences of any desired length or varying lengths.

[0034] Beads

[0035] Beads useful in this invention are any substrates
which maximally facilitate the attachment of probe mol-
ecules thereto, and minimally interfere with probe/target
pairing and further minimally interfere with detection of the
label on the probe molecules.

[0036] In some embodiments, beads are comprised of a
ferromagnetic metal coated with a non-soluble polymer
material, and the polymer has, coated on its surface, the
probe molecules.
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[0037] Beads can be produced in any size and are prefer-
ably less than 20 um in diameter, and more preferably less
than 10 ym in diameter.

[0038] In one embodiment, the beads have probe mol-
ecules of the same sequence attached to its surface. Prefer-
ably, the quantity or number of probe molecules attached to
the bead are known. Preferably, each bead has about 100 to
about 1,000 or more probe molecules. A variety of beads can
be produced and each bead having the same or a different
number of probe molecules attached to its surface. Alterna-
tively, in some embodiments, each bead may have more than
one probe molecule sequence attached thereto or have an
unknown quantity of probe molecules.

[0039] Method of Identifying Changes in Target Molecule
Expression of Function

[0040] In one method of using the invention, the presence
of a target molecule (or the ability of a target molecule to
bind a probe molecule) within a sample can be determined
by comparing the level at which the label is detected in any
quadrant before and after being exposed to the target mol-
ecules in the sample. For example, a microarray having
labeled probe molecules attached in distinct in quadrants can
be evaluated by detecting the level of label expressed within
each quadrant a first time. Then, a sample having unlabeled
nucleotide target sequences can be added to the microarray
and subject to sufficient conditions and time for target
molecules to selectively pair with the complimentary labeled
probe molecules. The microarray can be evaluated a second
time to detect the level of label expressed within each
quadrant after exposure to the sample.

[0041] Where the level of label expressed during the
second evaluation is less that expressed during the first
evaluation, at least some amount of a target molecule can be
inferred to have been present in the sample, as it is the
target/probe pairing which quenches the label from being
detected. Further, the amount of quenching is proportionate
to the amount of target molecule within the volume of the
sample. Where the amount of probe molecule contained in
any quadrant is known, and where the label is substantially
undetectable, or detectable at baseline levels after exposure
to the sample; one may infer that the sample had at least the
same number of target molecules present as probe molecules
on the quadrant, where pairing occurs at a 1:1 ratio of probe
molecules to target molecules.

[0042] In another method of using the invention, differ-
ential gene expression profiles can be analyzed. For
example, the mRNA profile or protein profile of a native cell
can be compared with cells which are exposed to a treat-
ment, for example. It is known that the expression profile for
mRNA or protein or binding ability between a target and
probe molecule may be radically changed due to exposure to
a treatment, however, the individual molecules that are
effected and the degree to which they are effected is
unknown. Thus, a microarray using the labeled probe mol-
ecules of the present invention can be utilized to determine
the changes in the expression profile or binding of several
target molecules in a particular cell sample.

[0043] Those skilled in the art will recognize a wide range
of different uses for the microarrays of the present invention.
Those uses are related, in part, to those taught by others
using conventional arrays such as those disclosed in U.S.
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Pat. Nos. 5,800,992 and 5,925,525 to Fodor, et al. For
example, the arrays can be put to a variety of uses including
detecting the presence of particular sequences in a given
sample, and further determining differences and similarities
between the probe sequences on the array and target
sequences in the liquid sample, as described in U.S. Pat. No.
5,925,525 to Fodor, et al., herein incorporated by reference.

[0044] Method of Quantifying Changes in Target Mol-
ecule Expression or Function

[0045] In another method of using the invention, the
number of target sequences within a cellular sample can be
quantified. Specifically, beads are produced having a known
number of probe molecules attached thereto. The amount of
marker detected on the probe molecules of a first bead, for
example fluorescence, is measured a first time. The first bead
is then incubated with a sample having target molecules
under time and conditions sufficient to maximize the for-
mation of complimentary probe/target pairs. The bead is
then removed from the sample, using magnetic energy when
the beads include a ferromagnetic core, for example. The
amount of marker detected on the first bead is measured a
second time. Where the amount of marker detected on the
first bead is substantially reduced, such that it approaches
zero or background measurements (the measurement of the
marker on a bead not having probe molecules attached
thereto, or having unlabeled probe molecules attached
thereto), the first bead is discarded and a second bead is
incubated with the sample having the remainder of the target
molecules. Where the amount of marker detected on the
second bead is substantially reduced, the second bead is
discarded and the process is repeated using subsequent
beads, which are incubated with the cellular sample such
that substantially all of the target molecules are removed
from the sample and paired onto the probe molecules of the
beads. Thus, individual beads are then sequentially added to
the cellular sample until the cellular sample no longer
quenches the fluorescence of the beads being added. As the
number of probe molecules on each bead are known, it is
possible to calculate the number of target molecules which
were present in the sample per volume which paired with the
probe molecules and thereby, quenched the label signal.
Further, where the number of target molecules present in a
native cellular sample is quantified and the number of target
molecules present in an experimental (in vitro or in vivo
exposed to a treatment, for example) sample is quantified,
the difference between these two numbers is a quantification
of the effect of exposing a cell or tissue to the selected
treatment conditions.

[0046] While the present invention has been described
with reference to the specific embodiments thereof, it should
be understood by those skilled in the art that various changes
or uses may be made and equivalents may be substituted
without departing from the true spirit and scope of the
invention.

[0047] In addition, many modifications may be made to
adapt a particular situation, material, composition of matter,
process, process step or steps, to the objective, spirit and
scope of the present invention. All such modifications are
intended to be within the scope of the claims appended
hereto. It should be noted that any of the claims below may
be combined to form or practice the present invention.
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1-19. canceled
20. A substrate for detecting unlabeled target molecules,
comprising:

a surface area provided by a substrate;

a known quantity of fluorescing nucleotide probes dis-
posed upon said substrate, wherein the fluorescing
nucleotide probes has, in part or entirely, fluorescent
nucleotide analogs incorporated therein and wherein
fluorescing nucleotide probes of said known quantity of
fluorescing nucleotide probes hybridizes to said unla-
beled target molecules at a known ratio.

21. The substrate of claim 20, wherein the fluorescing
nucleotide analogs are nucleotide analogs, including
2-amino purine for adenosine or guanine; ribonucleoside or
2,6-diamino ribonucleoside, formycin A, formycin B, oxy-
formycin B, toyocamycin, sangivamycin, pseudoouridine,
showdomycin, minimycin, pyrazomycin, 5-amino-formycin
A, 5-amino-formycin B or 5-oxo-formycin A for adenosine;
4-amino-pyrazolo[3,4d]pyrimidine, 4,6-diamino-pyrazolo
[3,4d]pyrimidine, 4-oxo-pyrazolo[3,4d]pyrimidine; 4-oxo-
6-amino-pyrazolo[3,4d]pyrimidine, 4,6-dioxo-pyrazolo[3,
4d]pyrimidine, pyrazolo[3,4d]pyrimidine, 6-amino-
pyrazolo[3,4d]pyrimidine or 6-oxo-pyrazolo[3,4d]
pyrimidine for cytosine or thymidine.

22. The substrate of claim 20, wherein said fluorescing
nucleotide analogs fluoresces at a wavelength of about 300
nm to about 700 nm.

23. The substrate of claim 20, wherein said surface area
is comprised of quadrants.

24. The substrate of claim 20, wherein said fluorescing
nucleotide probes are further comprised of amino acids.

25. The method of claim 20, wherein said fluorescing
nucleotide probes are further comprised of carbohydrate.

26. The method of claim 20, wherein said surface area has
from about 100 to about 10,000 fluorescing nucleotide probe
molecules.

27. The method of claim 20, wherein the substrate is a
bead.

28. The method of claim 27, wherein said bead size ranges
from about 10 microns to about 20 microns.

29. The method of claim 27, wherein the bead is formed
of a ferromagnetic metal core and a polymeric coating.

30. A quantification method for quantifying the effect of
exposing a cellular sample to a treatment, by quantifying a
target molecule in the cellular sample, comprising:

a. providing a first substrate;

b. affixing a known number of fluorescing nucleotide
probes onto the substrate, wherein said fluorescing
nucleotide probes are comprised, in part or entirety, of
fluorescing nucleotide analogs;

c. detecting a first level of fluorescence from said fluo-
rescing nucleotide probes on the substrate;

d. incubating the substrate having the known number of
fluorescing nucleotide probes disposed thereon with the
cellular sample;

e. providing sufficient conditions and time for unlabeled
target molecules to selectively hybridize with fluoresc-
ing nucleotide probes on said substrate wherein hybrid-
ization of an unlabeled target molecule to a fluorescing
nucleotide probe quenches fluorescence from said fluo-
rescing nucleotide probe;
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. removing said substrate from the cellular sample and
detecting a second level of fluorescence from said
fluorescing nucleotide probes after hybridization;

g. repeating steps a. through f. with subsequent substrates,
having surface areas comprising known numbers of
fluorescing nucleotide probes until substantially all
unlabeled target molecules are hybridized and no
longer quench said fluorescing nucleotide probes;

h. quantifying the amount of target molecule in the sample
solution by adding the known number of fluorescing
nucleotide probes present on the first substrate and
subsequent substrates contacted with and quenched by
the unlabeled target molecule, whereby the amount of
the target molecule is quantified;

-

. exposing the cellular sample to a treatment;

J. repeating steps a. through h., in order to quantify the
amount of target molecule in the cellular sample solu-
tion after said treatment;

k. quantifying the change in the amount of target molecule

in the cellular sample before and after said treatment.

31. The method of claim 30, wherein said fluorescing
nucleotide probes are comprised of native and nonnative
nucleotides.

32. The method of claim 30, wherein the fluorescing
nucleotide analogs are nucleotide analogs, including
2-amino purine for adenosine or guanine; ribonucleoside or
2,6-diamino ribonucleoside, formycin A, formycin B, oxy-
formycin B, toyocamycin, sangivamycin, pseudoouridine,
showdomycin, minimycin, pyrazomycin, 5-amino-formycin
A, 5-amino-formycin B or 5-oxo-formycin A for adenosine;
4-amino-pyrazolo[ 3,4d]pyrimidine, 4,6-diamino-pyrazolo
[3,4d]pyrimidine, 4-oxo-pyrazolo[3,4d]pyrimidine; 4-oxo-
6-amino-pyrazolo[ 3,4d]pyrimidine, 4,6-dioxo-pyrazolo[3,
4d]pyrimidine, pyrazolo[3,4d]pyrimidine, 6-amino-
pyrazolo[3,4d]pyrimidine or 6-oxo-pyrazolo[3,4d]
pyrimidine for cytosine or thymidine.

33. The method of claim 30, wherein said fluorescing
nucleotide analogs fluoresces at a wavelength of about 300
nm to about 700 nm.
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34. The method of claim 30, wherein said fluorescing
nucleotide probes are further comprised of amino acids.

35. The method of claim 30, wherein said fluorescing
nucleotide probes are further comprised of carbohydrate.

36. The method of claim 30, wherein said surface area has
from about 100 to about 10,000 different fluorescing nucle-
otide probes.

37. The method of claim 30, wherein the substrate is a
bead.

38. The method of claim 37, wherein said bead size ranges
from about 10 microns to about 20 microns.

39. The method of claim 37, wherein the bead is formed
of a ferromagnetic metal core and a polymeric coating.

40. The method of claim 37, having from about 100 to
about 1,000 labeled fluorescing nucleotide probe molecules
attached to the surface area of the bead.

41. The method of claim 30, wherein said fluorescing
nucleotide probes are comprised of native and nonnative
nucleotides.

42. The method of claim 30, wherein the substrate is a
microarray further having the surface area divided into
quadrants, wherein each different quadrant has different
fluorescing nucleotide probe molecules.

43. The method of claim 42, having from about 100 to
about 10,000 different fluorescing nucleotide probe mol-
ecules located upon about 100 to about 10,000 different
quadrants.

44. The method of claim 30, wherein the substrate is a
microarray further having the surface area divided into
quadrants and having about 100 to about 1,000 fluorescing
nucleotide probe molecules per quadrant.

45. The method of claim 30, wherein the quantification is
evaluated using a flow cytometer.

46. The method of claim 30, wherein the second level is
significantly lower than the first level and said second levels
of fluorescence approach zero and/or about background
levels.



