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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the fields of
molecular biology, combinatorial chemistry and bio-
chemistry. Particularly, the present invention describes
methods and kits for dynamically reducing the variance
between analyte taken from complex mixtures.

BACKGROUND OF THE INVENTION

[0002] The full analysis of analytes in complex biolog-
ical extracts is hindered by the large difference in con-
centration between individual analytes. In most biologi-
cal mixtures some analytes are present at high concen-
tration and others only present at trace-levels. As a re-
sult, the native concentration of analytes may not be
adapted to the sensitivity of a given analytical method.
For example, highly concentrated proteins may saturate
the detection system and very low concentrations may
be below the sensitivity of the analytical method, as oc-
curs in human serum where the difference concentra-
tion between the most abundant protein (albumin) and
the least abundant (e.g., some cellular factors) may
reach levels as high as hundreds of millions.

[0003] Two ways are currently followed to reduce this
gap: the first is to design more adapted instruments and
the second is to eliminate the most abundant species
so as to reduce the difference in the concentration of
remaining analytes. This second method suffers from
the fact that elimination of some analyte species also
eliminates species that interact with them. Thus some
species that may be of interest are eliminated. Moreo-
ver, highly abundant species are represented by several
proteins (even several dozen in some situations) and
therefore a number of specific methods would have to
be designed to address each different abundant spe-
cies. While eliminating proteins of high abundance may
in some instance help, this approach does not allow con-
centrating very low abundance proteins that are still too
dilute to be detected by current instruments.

SUMMARY OF THE INVENTION

[0004] A way to reduce the difference in concentra-
tions between analytes rendering a complex mixture
compatible with current instruments would be desirable,
especially for protein profiling in view of identifying bi-
omarkers of interest, particularly in those instances
where high throughput analysis techniques are desira-
ble.

[0005] Accordingly, the present invention provides
methods for reducing the relative concentration differ-
ences between analytes in a sample. These methods
have a number of steps including, in no particular order,
a) providing a test sample comprising first different
amounts of a plurality of different analytes, wherein the
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first different amounts have a first variance; b) contact-
ing the test sample with amounts of each of a plurality
of different binding moieties; c) capturing amounts of the
different analytes from the test sample with the different
binding moieties and removing unbound analytes; and
d) isolating the captured analytes from the binding moi-
eties to produce a second sample comprising second
amounts of a plurality of different analytes, such that the
second amounts have a second variance and the
amounts of each of the plurality of different binding moi-
eties are selected to capture amounts of the different
analytes whereby the second variance is less than the
first variance. In some aspects of the above methods
the test sample is a biological fluid selected from the
group consisting of blood, biopsy tissue amniotic fluid,
urine, sweat, saliva, and a cell extract. In other aspects
the sample is an environmental sample. Certain aspects
of the described methods are for the analysis of at least
5, preferably at least 10, at least 100, at least 1000, at
least 100,000, at least 1,000,000, at least 10,000,000
and at least 100,000,000 different analytes.

[0006] In some method aspects the binding moieties
are contacted with the test sample by admixing. Alter-
native aspects include binding moieties that are in the
form of a combinatorial library. Binding moieties of the
methods may include bio-organic polymers, which may
be selected from the group consisting of peptides, oli-
gonucleotides and oligosaccharides. In some of these
aspects the bio-organic polymer is a peptide at least four
amino acids in length. In other aspects the peptides are
antibodies. Particular aspects include peptide binding
moieties that are surface molecules of a phage display
library. Such peptide binding moieties include antibod-
ies. In other aspects the bio-organic polymers acting as
binding moieties are oligonucleotides of at least fifteen
units in length. In particular aspects oligonucleotide
binding moieties are aptamers. Binding moieties useful
in the described methods also include oligosaccharides
of at least five monosaccharide units in length. Other
sources of binding moieties include molecular combina-
torial libraries based on organic molecular scaffolds and
composed of a large variety of diversomers.

[0007] The described methods may be performed
with the analyte in a gaseous state, a liquid state, solu-
tion or in a solid suspension. Unbound analytes may be
removed by techniques that include washing the cap-
tured analytes with a wash buffer.

[0008] Typically isolating the captured analytes using
the described methods includes eluting the analytes
from the binding moieties by contacting the captured an-
alytes with an elution buffer and collecting the analytes
in the elution buffer free of binding moieties. Elution buff-
ers suitable for use with the methods of the present in-
vention include a component selected from the group
consisting of an acid, a base, a detergent, a chaotropic
agent, a salt, an organic solvent, a competing ligand for
the binding moiety or a mixture of two or more described
groups.
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[0009] Performance of the methods typically results
in a second variance having a value at least 5%, more
preferably 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 65%, 75%, 80%, 85%, advantageously 90%, 92%,
95% or 98% the value of the first variance. For example,
if the first variance is 10 and the second variance is 9,
the second variance has 90% the value of the first var-
iance.

[0010] Typically, the methods involve adsorbing ana-
lytes to different binding moieties that are coupled to a
solid support. In some aspects of the invention, the solid
support comprises a hydrogel. in other aspects the solid
support is a plurality of insoluble surfaces, each insolu-
ble surface coupled to a single species of binding moi-
ety. Preferred embodiments have solid supports that are
insoluble surfaces, ideally in the form of spherical beads
or irregular particles.

[0011] In certain aspects of the methods the binding
moieties are coupled to the solid support through a link-
er. Linkers include molecules that covalently or non-cov-
alently couple the binding moieties of the invention to a
solid support, and include, but are not limited to, capture
moieties. Exemplary capture moieties include FLAG
tag, His tag and biotin.

[0012] Some embodiments of the described methods
include detecting the isolated analytes. In certain as-
pects, detecting the analytes is performed using an as-
say selected from the group consisting of: colorimetric,
spectrophotometric, magnetic resonance, ellipsometric,
mass spectroscopic, electrophoretic (single and double
dimension) and enzymatic. In some aspects where the
detection assay is mass spectroscopic, the second var-
iance of the isolated analytes allows quantifying of at
least 30%, more preferably at least 35%, 40%, 45%,
50%, 60% or more of the captured analytes using a sin-
gle detector setting.

[0013] The presentinvention also provides kits for de-
tecting a plurality of analytes in a sample. The kit in-
cludes (a) a plurality of binding moieties, each binding
moiety in an amount selected to capture a pre-deter-
mined amount of a different analyte; (b) a plurality of
containers retaining components for sample prepara-
tion and analyte isolation; and (c) instructions for using
the kit. In some aspects of the kits the binding moieties
are coupled to the solid support. In other aspects the
components for sample preparation comprise a wash
solution sufficient for removing unbound material from
a binding moiety specifically bound to an analyte, and
an elution solution sufficient to release analyte specifi-
cally bound by a binding moiety.

[0014] Additional kit embodiments of the present in-
vention include optional functional components that
would allow one of ordinary skill in the art to perform any
of the method variations described herein.

[0015] DEFINITIONSUnless defined otherwise, all
technical and scientific terms used herein have the
meaning commonly understood by a person skilled in
the art to which this invention belongs. The following ref-
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erences provide one of skill with a general definition of
many of the terms used in this invention: Singleton et
al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science
and Technology (Walker ed., 1988); The Glossary of
Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Ver-
lag (1991); and Hale & Marham, The Harper Collins Dic-
tionary of Biology (1991). As used herein, the following
terms have the meanings ascribed to them unless spec-
ified otherwise.

[0016] "Analyte" refers to any molecular moiety capa-
ble of binding to a binding moiety of the present inven-
tion in a manner that is not completely disrupted by con-
tact with a wash solution as described herein. "Captured
analyte" is any analyte bound by a binding moiety of the
present invention after contact with a wash solution.
[0017] Analytes are found in "test samples." A test
sample is any composition, preferably an agqueous so-
lution, that may contain analytes of interest and is in a
physical state which allows any analyte of interest
presentin the test sample to be contacted with a binding
moiety of the present invention. Test samples may be
taken from any source that potentially includes analytes
of interest including environmental samples such as air,
water, dirt, extracts and the like. Alternatively test sam-
ples may be taken from biological sources including bi-
ological fluids such as blood, biopsy tissue, amniotic flu-
id, milk, urine, sweat, saliva, cell expression superna-
tants and a cell extracts. The test sample may be an
undiluted potion of the source material, or may be treat-
ed in a variety of ways including dilution, filtering, sifting,
percolating, etc, that improves the properties of the
source material making it more amenable for use in the
methods of the present invention.

[0018] "Adsorbent" or "capture reagent” refers to any
material capable of binding an analyte (e.g., a target
polypeptide). "Chromatographic adsorbent" refers to a
material typically used in chromatography. Chromato-
graphic adsorbents include for example, ion exchange
materials, metal chelators, hydrophobic interaction ad-
sorbents, hydrophilic interaction adsorbents, dyes, and
mixed mode adsorbents (e.g., hydrophobic attraction/
electrostatic repulsion adsorbents). "Biospecific ad-
sorbent" refers to an adsorbent comprising a biomole-
cule, e.g., a nucleotide, a nucleic acid molecule, an ami-
no acid, a polypeptide, a simple sugar, a polysaccha-
ride, a fatty acid, a lipid, a steroid or a conjugate of these
(e.g., a glycoprotein, a lipoprotein, a glycolipid). In cer-
tain instances the biospecific adsorbent can be a mac-
romolecular structure such as a multiprotein complex, a
biological membrane or a virus. Examples of biospecific
adsorbents are antibodies, receptor proteins and nucle-
ic acids. Biospecific adsorbents typically have higher
specificity for a target analyte than a chromatographic
adsorbent. Further examples of adsorbents for use in
SELDI can be foundin U.S. Patent 6,225,047 (Hutchens
and Yip, "Use of retentate chromatography to generate
difference maps," May 1, 2001).
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[0019] "Adsorb" refers to the detectable binding be-
tween an absorbent and an analyte either before or after
washing with an eluant (selectivity threshold modifier).

[0020] "Capture moiety" refers to a composition that
can specifically bind to certain types of adsorbent sur-
faces comprising a complementary binding partner for
the particular capture moiety used. The chemistry in-
volved in the binding reaction between a capture moiety
and an adsorbent surface is dependent upon the nature
of the capture moiety/adsorbent pair used. For example,
hexahistidine sequences added to a polypeptide or pro-
tein chelate to adsorbents comprising nickel atoms,
FLAG sequences are recognized and bound noncova-
lently by FLAG-specific antibodies, and adsorbent sur-
faces comprising receptors or enzymes can specifically
bind capture moieties comprising their respective lig-
ands and substrates, or homologues thereof. Typically,
capture moieties are covalently attached to proteins,
and serve as a means for anchoring the proteins to an
adsorbent surface.

[0021] "Hydrogel" refers to a colloid in which particles
are in the external or dispersion phase and water in the
internal or dispersed phase.

[0022] "Solid support" refers to any insoluble surface
including beads or plastic strips. The term also refers to
a solid phase to which an adsorbent is attached or de-
posited.

[0023] "Binding moiety" refers to any first composition
that recognizes and binds to a second composition in a
manner that is determinative of the presence of the sec-
ond composition in a heterogeneous population of mol-
ecules. Thus, under designated conditions, the first
composition binds to the second composition at least
two times the background and does not substantially
bind in a significant amount to other molecules present
in the sample.

[0024] In the case of binding moieties that are anti-
bodies, specific binding may require selection of an an-
tibody for its specificity. For example, polyclonal anti-
bodies raised to Ras protein from specific species such
as rat, mouse, or human can be selected to obtain only
those polyclonal antibodies that are specifically immu-
noreactive with Ras protein and not with other proteins,
except for polymorphic variants and alleles of Ras pro-
tein. This selection may be achieved by subtracting out
antibodies that cross-react with Ras proteins from other
species.

[0025] A variety of immunoassay formats may be
used to select antibodies specifically immunoreactive
with a particular analyte. For example, solid-phase ELI-
SA immunoassays are routinely used to select antibod-
ies specifically immunoreactive with an analyte (see, e.
g., Harlow & Lane, Antibodies, A Laboratory Manual
(1988), for a description of immunoassay formats and
conditions that can be used to determine specific immu-
noreactivity). Typically, a specific or selective reaction
will be at least twice background signal or noise and
more typically more than 10 to 100 times background.
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[0026] "Binding moiety" also refers to small mole-
cules, particularly small biopolymers that are bound by
analytes in solution. Binding moieties of the present in-
vention include, but are not limited to, peptides, nucleic
acids and oligosaccharides. Biopolymer binding moie-
ties are typically constructed of at least 4 monomeric
units, more preferably 6 monomeric units, desirably 10,
15, 20, 30 monomeric units or more.

[0027] Biopolymer binding moieties are particularly
preferred in the present invention as they lend them-
selves to construction of "combinatorial libraries." A
combinatorial library is a system using a random assort-
ment of components at any positions in the linear ar-
rangement of atoms, i.e., a combinatorial library of nu-
cleic acid mutations could contain positions where all
four bases have been randomly inserted at each posi-
tion. Combinatorial libraries may be complete or incom-
plete. Complete combinatorial libraries of biopolymers
are those libraries containing a representative of every
possible permutation of monomers for a given polymer
length. Incomplete libraries are those libraries lacking
one or more possible permutation of monomers for a
given polymer length.

[0028] Binding moieties may exist and interact with
analytes detectable using the present invention in any
physical state compatible with formation of molecular in-
teractions, including gaseous, aqueous and organic
suspensions and emulsions and, most preferably in a
liquid state.

[0029] Binding moieties of the present invention may
be in solution, suspension, or in any other situation al-
lowing contact of the binding moiety with analyte includ-
ing mounted on a solid support. One form of solid sup-
port is a "phage display library." A phage display library
is formed from bacteriophage that has been recom-
binantly manipulated to express binding moiety as part
of the phage protein coat. Using phage display, libraries
of binding moieties may be easily constructed and
screened for those members useful in binding analytes
of interest.

[0030] "Variance" in the context of the present inven-
tion refers to the mathematical variance in the concen-
trations of analytes in a test sample. In simplest terms,
the variance is the square of the standard deviation of
all analyte concentrations in a test sample that are de-
tected by at least one detection method. A preferred de-
tection method is mass spectroscopy, where the amount
of a detectable analyte is the area beneath the mass
peak identified by the detector.

[0031] "Wash buffer" refers to a solution that may be
used to wash and remove unbound material from an ad-
sorbent surface. Wash buffers typically include salts that
may or may not buffer pH within a specified range, de-
tergents and optionally may include other ingredients
useful in removing adventitiously associated material
from a surface or complex.

[0032] '"Elution buffer" refers to a solution capable of
dissociating a binding moiety and an associated ana-
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lyte. In some circumstances, an elution buffer is capable
of disrupting the interaction between subunits if a com-
plex. As with wash buffers, elution buffers may include
detergents, salt, organic solvents and the like used sep-
arately or as mixtures. Typically, these latter reagents
are present at higher concentrations in an elution buffer
than in a wash buffer making the elution buffer more dis-
ruptive to molecular interactions. This ability to disrupt
molecular interactions is termed "stringency," with elu-
tion buffers having greater stringency that wash buffers.

DETAILED DESCRIPTION

[0033] The present invention provides kits and meth-
ods that allow one of ordinary skill in the art to reduce
the concentration variance of analytes of interest found
in a complex mixture. This is accomplished by subject-
ing the complex mixture to selective adsorption using a
large number of binding moieties, at least some of which
recognize different analytes in the complex mixture. Us-
ing this technique, the amount analyte retained by the
present invention for any analyte of high abundance in
the complex mixture is limited by the amount of available
binding moiety recognizing the high abundance analyte.
Any high abundance analyte left over after saturation of
the binding moiety is left in bulk solution and not collect-
ed by the present invention.

[0034] In contrast collection of low abundance ana-
lytes present in the complex mixture is not limited by the
amount of binding moiety recognizing the respective low
abundance analyte. Therefore for low abundance ana-
lytes, most if not all of the analyte is sequestered by the
invention through adsorption to a complementary bind-
ing moiety. The invention thus has utility in analytical
preparation of complex mixtures of molecules, such as
biological samples. In blood serum for example, albu-
mins are abundant, many hormones are present in in-
termediate concentrations, while paracrine factors and
cellular markers may be present at minute concentra-
tions. Using the present invention, the variance in ana-
lyte abundance observed in sera can be reduced, allow-
ing all analytes of interest to be analyzed.

[0035] After adsorbing the analytes of interest, the an-
alytes are optionally washed to remove excess ana-
lytes. Adsorbed analytes are then eluted from the bind-
ing moieties using, for example, an elution buffer. The
resulting solution contains all analytes of interest free
from binding moieties. However, unlike the original com-
plex mixture, the variance in analyte concentration
present in the resulting solution is relatively small as the
concentration of high abundance analytes has been de-
creased and that of low abundance analytes increased
relative to the original complex mixture. This modifica-
tion in concentration variance between analytes allows
for a large percentage of the analytes in the resulting
solution to be detected without the recalibration of the
detection device necessary for direct analysis of com-
plex mixtures having components present at widely dif-
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ferent concentrations.

[0036] Therefore, by providing a plurality of binding
moieties, each recognizing a single analyte of interest
present in a complex mixture, the present invention al-
lows the composition of the complex mixture to be de-
tected with minimal or no recalibration of the detection
device, including detection of species that would other-
wise not be detectable because either they were
masked by high abundance analytes, or were present
at too low a concentration to be detected by the method
of analysis. This provides enormous benefits to high
throughput analysis techniques that would otherwise be
limited at the detection step by the need for multiple rec-
alibrations, and/or multiple channels, and/or multiple de-
tection steps or expensive and wasteful fractionation
techniques necessitated by the large concentration
range of the analytes present in many complex mix-
tures. Moreover, by concentrating low-abundance ana-
lytes, the invention allows detection of analytes that are
only present in the sample in trace amounts. Using
blood serum as an example certain analytes, such as
some hormones, are present at only trace amounts in
unconcentrated sera. Other analytes, such as albumin,
are abundant, being present in amounts ranging from
micromolar to hundreds of milimolar. The presentinven-
tion concentrates the low abundance analytes relative
to the high abundance analytes. Thus in preparation of
the exemplary serum sample using the present inven-
tion, the concentration of hormones is increased relative
to the concentration of albumin and other high abun-
dance analytes. By bringing the concentrations of low
and high abundance analytes from the sera closer to-
gether, the analyte composition can be determined both
qualitatively and quantitatively using only one or a few
sensitivity settings of the analytical instrumentation
used to detect the analytes.

I. Reducing relative analyte concentrations in a
sample

A. Suitable test samples

[0037] Test samples of the present invention may be
in any form that allows analytes present in the test sam-
ple to be contacted with binding moieties of the present
invention, as described herein. Suitable test samples in-
clude gases, powders, liquids, suspensions, emulsions
permeable or pulverized solids, and the like. Preferably
test solutions are liquids. Test samples may be taken
directly from a source and used in the methods of the
present invention without any preliminary manipulation.
For example, a water sample may be taken directly from
a aquifer and treated directly using the methods de-
scribed herein.

[0038] Alternatively, the original sample may be ma-
nipulated in a variety of ways to enhance its suitability
for testing. Such manipulations include depletion of cer-
tain analytes, concentrating, grinding, extracting, perco-
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lating and the like. For example, solid samples may be
pulverized to a powder, then extracted using an aque-
ous or organic solvent. The extract from the powder may
then be subjected to the methods of the present inven-
tion. Gaseous samples may be bubbled or percolated
through a solution to dissolve and/or concentrate com-
ponents of the gas in a liquid prior to subjecting the liquid
to methods of the present invention.

[0039] Test samples preferably contain at least four
analytes of interest, more preferably at least 8, 15, 20,
50, 100, 1000, 100,000, 10,000,000 or more analytes of
interest. In some circumstances, test samples suitable
for manipulation using the methods of the present in-
vention may include hundreds or thousands of analytes
of interest. Preferably, the concentrations of analytes
present in the test sample spans at least an order of
magnitude, more preferably at least two, three, four or
more orders of magnitude. Once subjected to the meth-
ods of the present invention, this concentration range
for analytes detectable by at least one detection method
will be decreased by at least a factor of two, more pref-
erably a factor of 10, 20, 50, 100, 1000 or more.
[0040] Test samples may be collected using any suit-
able method. For example, environmental samples may
be collected by dipping, picking, scooping, sucking, or
trapping. Biological samples may be collected by swap-
ping, scraping, withdrawing surgically or with a hypoder-
mic needle, and the like. The collection method in each
instance is highly dependent upon the sample source
and the situation, with many alternative suitable tech-
niques of collection well-known to those of skill in the art.

1. Biological test samples

[0041] A preferred test sample of the present is a bi-
ological sample, preferably a biological fluid. Biological
samples that can be manipulated with the present in-
vention include blood, biopsy tissue, lymphatic fluid,
sputum, amniotic fluid, urine, sweat, saliva, milk, tissue
samples, cell extracts, cell culture fluid, including super-
natants of cells expressing an analyte of interest, and
derivatives of these, such as serum or plasma. Analytes
of interest in biological samples include proteins, lipids,
nucleic acids and polysaccharides. More particularly,
analytes of interest are cellular metabolites that are nor-
mally presentin the animal, or are associated with a dis-
ease or infectious state such as a cancer, a viral infec-
tion, a parasitic infection, a bacterial infection and the
like. Particularly interesting analytes are those that are
markers for cellular stress. Analytes indicating that the
animal is under stress is an early indicator of a number
of disease states, including certain mental illnesses.
[0042] Analytes of interest also include those that are
foreign to the animal, but found in tissue(s) of the animal.
Particularly interesting analytes in this regard are toxins
that may be produced by infecting organisms, or se-
questered in an animal from the environment.
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2. Environmental test samples

[0043] Environmental samples are another class of
preferred test samples for use with the present inven-
tion. Preferred environmental samples include dirt, dust,
dander, natural and synthetic fibers, water, plant mate-
rials, animal feces and the like. Preferred analytes in en-
vironmental samples include metal ions, natural and
synthetic toxins, fertilizers, herbicides and insecticides,
and markers for bacterial and viral agents such as struc-
tural proteins characteristic of the agent of interest. Par-
ticularly preferred analytes sought in environmental test
samples are toxins, particularly toxins such as botuli-
num, ricin, anthrax toxins and the like. Disease-related
analytes of interest present in environmental test sam-
ples include characteristic proteins and nucleic acids of
botulinus, ebola, HIV, SARS, anthrax, plague, malaria,
small pox, bovine spongiform, scrapie, etc.

B. Suitable binding moieties

[0044] Suitable binding moieties of the present inven-
tion include small organic molecules and biopolymers
such as peptides, proteins, polynucleotides and oli-
gosaccharides. Binding moieties of the present inven-
tion may be molecules having molecular weights of
100KDa or more, such as antibodies, but preferably are
small molecules with a molecular weight in the range of
10KDa, more preferably around 1KDa, desirably less
than 1KDa for example, less than 750, 500, 250 or
100Da. Particularly preferred binding moieties of the in-
vention are bio-organic polymers, preferably bio-organ-
ic polymers of less than 15, more preferably less than
10, desirably less than 7, 6, 5, 4, or 3 monomeric units
in length. Ideally, binding moieties of the present inven-
tion are coupled to an insoluble particulate material.
Each insoluble particle preferably carries several copies
of the same binding moiety, with each particle type cou-
pling a different binding moiety.

[0045] Binding moieties may also be soluble combi-
natorial molecules. Soluble combinatorial molecules
preferably comprise a capture moiety that allows the
binding moiety to be coupled to a complementary solid
support. Soluble binding moiety embodiments are typi-
cally contacted to the sample and allowed to bind ana-
lyte(s) of interest prior isolating the resulting complexes
by coupling the binding moiety to a solid support.
[0046] Binding moieties of the present invention may
be produced using any technique known to those of skill
in the art. For example, binding moieties may be chem-
ically synthesized, harvested from a natural source or,
in the case of binding moieties that are bio-organic pol-
ymers, produced using recombinant techniques. For
this latter reason, peptides having no more than 15, 10,
8, 6 or 4 amino acids are particularly advantageous, as
they are easily produced using recombinant techniques.
Moreover, peptide binding moieties may be produced in
a manner that eases screening. For example, peptides
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may be recombinantly produced as a phage display li-
brary where the peptide is presented as part of the
phage coat. (See, e.g., Tang, Xiao-Bo, et al.; J. Bio-
chem; 1997; pp. 686-690; vol. 122, No. 4). Presenting
the peptide on the surface of the phage particle allows
rapid throughput screening of combinatorial libraries of
small peptides, a method that is also advantageous for
screening combinatorial antibody libraries.

[0047] Nucleic acids are another preferred bio-organ-
ic polymer binding moiety. As with peptides, nucleic ac-
ids may be produced using synthetic or recombinant
techniques well-known to those of skill in the art. Pref-
erable nucleic acid binding moieties of the present in-
vention are at least 4, more preferably 6, 8, 10, 15, or
20 nucleotides in length. Nucleic acid binding moieties
include aptamers, i.e., double stranded DNA or single
stranded RNA molecules that bind to specific molecular
targets, such as a protein or metabolite.

[0048] Oligosaccharide binding moieties are also
contemplated as part of the invention. Oligosaccharide
binding moieties are preferably at least 5 monosaccha-
ride units in length, more preferably 8, 10, 15, 20, 25 or
more monosaccharide units in length.

[0049] Small organic molecules are also contemplat-
ed as binding moieties of the present invention. Typical-
ly, such molecules have properties that allow for ionic,
hydrophobic or affinity interaction with the analyte.
Small organic binding moieties include chemical groups
traditionally used in chromatographic processes such
as mono-, di- and tri-methyl amino ethyl groups, mono-,
di- and tri-ethyl amino ethyl groups, sulphonyl, phospho-
ryl, phenyl, carboxymethyl groups and the like. This list
is by no means exhaustive, as one of skill in the art will
readily recognize thousands of chemical functional
groups with ionic, hydrophobic or affinity properties
compatible with use as binding moieties of the present
invention. the production and use of combinatorial bind-
ing moiety libraries is discussed in more detail, below.

Capture Moieties

[0050] Binding moieties of the present invention op-
tionally include capture moieties that allow targeted and/
or reversible coupling of the binding moiety to a solid
support. Exemplary capture moieties include epitope
and his-tags, which are attached to the biomolecule to
be captured to form a fusion protein. In these instances,
a cleavable linker sequence, such as those specific for
Factor XA or enterokinase (Invitrogen, San Diego, Cal-
if.) may be optionally included between the biomolecule
and the capture moiety to facilitate isolation and/or sep-
aration of the components of the fusion molecule. Pro-
tein domains specifically recognized by designer lig-
ands may also be used as capture moieties (See, e.g.,
Deisenhofer, J., Biochemistry 20 (1981) 2361-2370).
Many other equivalent capture moieties are known in
the art. See, e.g., Hochuli, Chemische Industrie, 12:
69-70 (1989); Hochuli, Genetic Engineering, Principle
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and Methods, 12:87-98 (1990), Plenum Press, N.Y.; and
Crowe, et al. (1992) OlAexpress: The High Level Ex-
pression & Protein Purification System, QIAGEN, Inc.
Chatsworth, Calif.; which are incorporated herein by ref-
erence. Antigenic determinants and other characteristic
properties of the biomolecule to be adsorbed may also
serve as capture moiety tags. Exemplary capture moi-
eties include poly-histidine (poly-his) or poly-histidine-
glycine (poly-his-gly) tags; the flu HA tag polypeptide
and its antibody 12CAS5 [Field et al., Mol. Cell. Biol., 8:
2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7,
6E10, G4, B7 and 9E10 antibodies thereto (Evan et al.,
Molecular and Cellular Biology, 5:3610-3616 (1985));
and the Herpes Simplex virus glycoprotein D (gD) tag
and its antibody (Paborsky et al., Protein Engineering,
3(6):547-553 (1990)). Other tag polypeptides include
the Flag-peptide (Hopp et al., BioTechnology, 6:
1204-1210 (1988)); the KT3 epitope peptide (Martin et
al., Science, 255:192-194 (1992)); a a-tubulin epitope
peptide (Skinner et al, J. Biol. Chem., 266:
15163-15166 (1991)); and the T7 gene 10 protein pep-
tide tag (Lutz-Freyermuth et al., Proc. Natl. Acad. Sci.
USA, 87: 6393-6397 (1990)).

[0051] A preferred capture moiety of the present in-
vention is the "His-tag," a 6xHis tag that binds to Ni-NTA
solid supports with high affinity allowing the binding moi-
ety to be isolated in a simple one-step procedure (for
details see: The QlAexpressionist (1995) QIAGEN, Inc.,
Chatsworth, Calif.). The his-tagged binding moiety can
be released from the Ni-NTA support with nickel chelat-
ing agents. Imidazole is typically used for this purpose.
Other chelating structures, such as IDA, CMA and TED
can be used in analogous methods, known by those of
ordinary skill in the art.

Combinatorial libraries

[0052] Inone embodiment, binding moieties are iden-
tified by high throughput screening of combinatorial li-
braries containing a large number of potential binding
moieties using assays known to those of skill in the art.
In this manner the pool of binding moieties used in the
invention is limited to those having a determined binding
affinity and/or capacity. Alternatively, the technique can
be used to identify only those binding moieties capable
of recognizing analytes of interest.

[0053] A combinatorial chemical library is a collection
of compounds generated by either chemical synthesis
or biological synthesis, by combining a number of chem-
ical "building blocks" such as reagents. For example, a
complete linear combinatorial chemical library, such as
a polypeptide library, is formed by combining a set of
chemical building blocks (amino acids) in every possible
way for a given compound length (i.e., the number of
amino acids in a polypeptide compound). Millions of
chemical compounds can be synthesized through such
combinatorial mixing of chemical building blocks. For bi-
opolymer binding moieties of the present invention, lin-
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ear length is preferably limited to less than 15, more
preferably less than 10, desirably less than 7, 6, 5, 4, or
3 monomeric units. For peptide binding moieties, the
length is preferably limited to 15, 10, 8, 6 or 4 amino
acids. Nucleic acid binding moieties of the invention
have preferred lengths of at least 4, more preferably 6,
8,10,15, or at least 20 nucleotides. Oligosaccharides
are preferably at least 5 monosaccharide units in length,
more preferably 8, 10, 15, 20, 25 or more monosaccha-
ride units.

[0054] Preparation and screening of combinatorial
chemical libraries is well known to those of skill in the
art. Such combinatorial chemical libraries include, but
are not limited to, nucleic acid, oligosaccharide and pep-
tide libraries (see, e.g., U.S. Patent 5,010,175, Furka,
Int. J. Pept. Prot. Res. 37:487-493 (1991) and Houghton
et al., Nature 354:84-88 (1991)). Other chemistries for
generating chemical diversity libraries can also be used.
Such chemistries include, but are not limited to: peptides
(e.g., PCT Publication No. WO 91/19735), encoded
peptides (e.g., PCT Publication WO 93/20242), random
bio-oligomers (e.g., PCT Publication No. WO
92/00091), benzodiazepines (e.g., U.S. Pat. No.
5,288,514), diversomers such as hydantoins, benzodi-
azepines and dipeptides (Hobbs et al., Proc. Nat. Acad.
Sci. USA 90:6909-6913 (1993)), vinylogous polypep-
tides (Hagihara et al., J. Amer. Chem. Soc. 114:6568
(1992)), nonpeptidal peptidomimetics with glucose scaf-
folding (Hirschmann et al., J. Amer. Chem. Soc. 114:
9217-9218 (1992)), analogous organic syntheses of
small compound libraries (Chen et al., J. Amer. Chem.
Soc. 116:2661 (1994)), oligocarbamates (Cho et al.,
Science 261:1303 (1993)), and/or peptidyl phospho-
nates (Campbell et al., J. Org. Chem. 59:658 (1994)),
nucleic acid libraries (see Ausubel, Berger and Sam-
brook, all supra), peptide nucleic acid libraries (see, e.
g., U.S. Patent 5,539,083), antibody libraries (see, e.g.,
Vaughn et al., Nature Biotechnology, 14(3):309-314
(1996) and PCT/US96/10287), carbohydrate libraries
(see, e.g., Liang et al., Science, 274:1520-1522 (1996)
and U.S. Patent 5,593,853), small organic molecule li-
braries (see, e.g., benzodiazepines, Baum C&EN, Jan
18, page 33 (1993); isoprenoids, U.S. Patent 5,569,588;
thiazolidinones and metathiazanones, U.S. Patent
5,5649,974; pyrrolidines, U.S. Patents 5,525,735 and
5,519,134; morpholino compounds, U.S. Patent
5,506,337; benzodiazepines, 5,288,514, and the like).
[0055] Insome peptide library embodiments, the pep-
tides are expressed on the surface of recombinant bac-
teriophage to produce large, easily screened, libraries.
Using the "phage method" (Scott and Smith, Science
249:386-390, 1990; Cwirla, et al, Proc. Natl. Acad. Sci.,
87:6378-6382, 1990; Devlin et al., Science, 49:404-406,
1990), very large libraries can be constructed (106 -108
chemical entities). A second approach uses primarily
chemical methods, of which the Geysen method (Gey-
sen et al., Molecular Immunology 23:709-715, 1986;
Geysen et al. J. Immunologic Method 102:259-274,
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1987; and the method of Fodor et al. (Science 251:
767-773, 1991) are examples. Furka et al. (14th Inter-
national Congress of Biochemistry, Volume #5, Abstract
FR:013, 1988; Furka, Int. J. Peptide Protein Res. 37:
487-493, 1991), Houghton (U.S. Pat. No. 4,631,211, is-
sued December 1986) and Rutter et al. (U.S. Pat. No.
5,010,175, issued Apr. 23, 1991) describe methods to
produce a mixture of peptides that can be tested as ag-
onists or antagonists.

[0056] Devices for the preparation of combinatorial li-
braries are commercially available (see, e.g., 357 MPS,
390 MPS, Advanced Chem Tech, Louisville KY, Sym-
phony, Rainin, Woburn, MA, 433A Applied Biosystems,
Foster City, CA, 9050 Plus, Millipore, Bedford, MA). In
addition, numerous combinatorial libraries are them-
selves commercially available (see, e.g., ComGenex,
Princeton, N.J., Tripos, Inc., St. Louis, MO, 3D Pharma-
ceuticals, Exton, PA, Martek Biosciences, Columbia,
MD, etc.).

C. Capturing analytes from test sample using
binding moieties

[0057] Analytes presentin a test sample are captured
by contacting the test sample with the binding moieties
under conditions that allow each binding moiety to cou-
ple with its corresponding analyte. As inferred above,
binding moieties may be contacted to the test sample
directly, or the binding moieties may be first attached to
a solid support, such as a dipstick, SELDI probe or in-
soluble polymeric bead.

[0058] By way of example, in one preferred embodi-
ment, the binding moieties include a capture moiety. In
this embodiment the binding moieties are contacted di-
rectly to the test sample in a manner that allows analytes
present in the test sample to bind to the binding moie-
ties. After sufficient time has elapsed, a solid support
that includes a complementary capture moiety to the
capture moiety of the binding moiety is contacted to the
test sample. This allows the binding moiety to couple
with the solid support through the capture moiety, while
retaining the bound analyte. For example, a binding moi-
ety having a biotin capture moiety would couple to a sol-
id support that had avidin or strepavidin coupled to its
surface.

[0059] In an alternative embodiment, the binding moi-
ety is coupled to the solid support prior to contacting the
test sample. In this alternative embodiment, the solid
support is simply contacted with the test sample for a
time sufficient to allow the binding moiety to bind ana-
lyte, then the solid support is withdrawn from the test
sample with the analyte bound to it via formation of a
complex between the analyte and the binding moiety.
[0060] Contacting the binding moiety to the test sam-
ple may be accomplished by admixing the two, swab-
bing the test sample onto the binding moiety, flowing the
test sample over the solid support having binding moi-
eties attached thereto, and other methods that would be
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obvious to those of ordinary skill in the art.

[0061] Contact with the test sample is preferably ac-
complished with a plurality of different binding moieties,
most preferably at least 4 binding moieties, desirably at
least 6 binding moieties, ideally at least 10, 50, 100,
1000, 10,000, 100,000, 1,000,000 or more binding moi-
eties, where each binding moiety preferably recognizes
a different analyte

Solid supports

[0062] Acceptable supports for use in the present in-
vention can vary widely. A support can be porous or non-
porous, but is preferably porous. It can be continuous
or non-continuous, flexible or nonflexible. A support can
be made of a variety of materials including ceramic,
glassy, metallic, organic polymeric materials, or combi-
nations thereof.

[0063] Preferred supports include organic polymeric
supports, such as particulate or beaded supports, wo-
ven and nonwoven webs (such as fibrous webs), micro-
porous fibers, microporous membranes, hollow fibers or
tubes. Polyacrylamide and mineral supports such as sil-
icates and carbonates (e.g., hydroxyl apatite) can also
be used. Woven and nonwoven webs may have either
regular or irregular physical configurations of surfaces.
Particularly preferred embodiments include solid sup-
ports in the form of spherical or irregularly-shaped
beads.

[0064] Porous materials are particularly desirable be-
cause they provide large surface areas. The porous
support can be synthetic or natural, organic or inorganic.
Suitable solids with a porous structure having pores of
a diameter of at least about 1.0 nanometer (nm) and a
pore volume of at least about 0.1 cubic centimeter/gram
(cm3 /g). Preferably, the pore diameter is at least about
30 nm because larger pores will be less restrictive to
diffusion. Preferably, the pore volume is at least about
0.5 cm3 /g for greater potential capacity due to greater
surface area surrounding the pores. Preferred porous
supports include particulate or beaded supports such as
agarose, hydrophilic polyacrylates, Styrofoam, and
Sepharose, including spherical and irregular-shaped
beads.

[0065] For significant advantage, the supports are
preferably hydrophilic, and have a high molecular
weight (preferably, greater than about 5000, and more
preferably, greater than about 40,000). Preferably, the
hydrophilic polymers are water swellable to allow for
greater infiltration of analytes. Examples of such sup-
ports include cellulose, modified celluloses, agarose,
polyvinyl alcohol (PVA), dextrans, amino-modified dex-
trans, polyacrylamide, polyacrylates, modified polyeth-
ylene glycols, modified guar gums, guar gums, xanthan
gums, and locust bean gums and hydrogels.

[0066] Attachment of the binding moieties to the solid
support may be accomplished through a variety of
mechanisms. The solid support can be derivatized with
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a fully prepared binding moiety by attaching a previously
prepared binding moiety to the solid support. Alterna-
tively, the binding moiety may be formed on the solid
support by attaching a precursor molecule to the solid
support and subsequently adding additional precursor
molecules to the growing chain bound to the solid sup-
port by the first precursor molecule. This mechanism of
building the adsorbent on the solid supportis particularly
useful when the binding moiety is a polymer, particularly
a biopolymer such as a polypeptide, polynucleotide or
polysaccharide molecule. A biopolymer adsorbent can
be provided by successively adding monomeric compo-
nents (e.g., amino acids, nucleotides or simple sugars)
to a first monomeric component attached to the solid
support using methods known in the art. See, e.g., U.S.
Pat. No. 5,445,934 (Fodor et al.).

[0067] As few as one and as many as 10, 100, 1000,
10,000, 1,000,000, 1,000,000,000 or more binding moi-
eties may be coupled to a single solid support. In pre-
ferred embodiments the solid support is in the form of
beads, with a single, different, binding moiety type
bound to each bead. For example in a peptide binding
moiety library, peptides representing one possible per-
mutation of amino acids would be bound to one bead,
peptides representing another possible permutation to
another bead, and so on.

[0068] Binding moieties may be coupled to a solid
support using reversible or non-reversible interactions.
For example, non-reversible interactions may be made
using a support that includes at least one reactive func-
tional group, such as a hydroxyl, carboxyl, sulfhydryl, or
amino group that chemically binds to the binding moiety,
optionally through a spacer group. Suitable functional
groups include N-hydroxysuccinimide esters, sulfonyl
esters, iodoacetyl groups, aldehydes, epoxy, imidazolyl
carbamates, and cyanogen bromide and other halogen-
activated supports. Such functional groups can be pro-
vided to a support by a variety of known techniques. For
example, a glass surface can be derivatized with ami-
nopropyl triethoxysilane in a known manner.

[0069] Alternatively, reversible interactions between a
solid support and a binding moiety may be made using
capture moieties associated with the solid support and/
or the binding moiety. A variety of capture moieties suit-
able for use with the present invention are known, some
of which are discussed above. Use of capture moieties
for coupling diverse agents is well known to one of or-
dinary skill in the art, who can apply this common knowl-
edge to form solid support/binding moiety couplings
suitable for use in the present invention with no more
that routine experimentation.

2. Removing unbound analytes

[0070] A feature of the present invention is that treat-
ment of analytes according to the methods described
herein preferably concentrates and partially purifies
bound analyte in addition to reducing the variance be-
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tween analyte concentrations. Implementation of this
feature to the fullest includes optionally washing any un-
bound analytes from the analyte bound to the binding
moieties on the solid support.

[0071] Washing away unbound analyte is preferably
performed by contacting the analyte bound to the bind-
ing moiety with a mild wash solution. The mild wash so-
lution is designed to remove contaminants frequently
found in the test sample originally containing the ana-
lyte. Typically a wash solution will be at a physiologic pH
and ionic strength and the wash will be conducted under
ambient conditions of temperature and pressure.
[0072] Formulation of wash solutions suitable for use
in the present invention can be performed by one of skill
in the art without undue experimentation. Methods for
removing contaminants, including low stringency wash-
ing methods, are available in published form, for exam-
ple in Scopes, Protein Purification: Principles and Prac-
tice (1982); Ausubel, et al. (1987 and periodic supple-
ments); Current Protocols in Molecular Biology; Deut-
scher (1990) "Guide to Protein Purification" in Methods
in Enzymology vol. 182, and other volumes in this se-
ries.

D. Isolating captured analytes from binding
moieties

[0073] Bound analyte may be eluted from the binding
moiety and isolated using a variety of methods, prefer-
ably by using an aqueous elution buffer that disrupts the
interaction between the binding moiety and the analyte.
Any suitable elution buffer may be used for this purpose,
including denaturing agents such as chaotropes and or-
ganic solvents. Exemplary elution buffers include aque-
ous salt solutions of high ionic strength, detergent solu-
tions, and organic solvents. Solutions and suspensions
of agents that competitively bind to binding moieties of
the invention my also be used in elution buffers, provide
that such competitive binding agents do not interfere
with subsequent collection or analysis of the analytes of
interest. The elution buffer(s) chosen are highly appli-
cation-specific and may be readily identified by one of
ordinary skill in the art through materials commonly
available in the public domain or through routine exper-
imentation (See, e.g., Scopes, Protein Purification: Prin-
ciples and Practice (1982); and Deutscher (1990)
"Guide to Protein Purification"in Methods in Enzymolo-
gy vol. 182, and other volumes in this series).

[0074] Examples of suitable elution buffers include
those that modify surface charge of an analyte and/ or
binding moiety, such as pH buffer solutions. pH buffer
solutions used to disrupt surface charge through modi-
fication of acidity preferably are strong buffers, sufficient
to maintain the pH of a solution in the acidic range, i.e.,
at a pH less than 7, preferably less than 6.8, 6.5, 6.0,
5.5,5.0, 4.0 or 3.0; or in the basic range at a pH greater
than 7, preferably greater than 7.5, 8.0, 8.3, 8.5, 9.0,
9.3, 10.0 or 11.0.
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[0075] Alternatively, solutions of high salt concentra-
tion having sufficient ionic strength to mask charge char-
acteristics of the analyte and/or binding moiety may be
used. Salts having multi-valent ions are particularly pre-
ferred in this regard, e.g., sulphates and phosphates
with alkali earth or transition metal counterions, al-
though salts dissociating to one or more monovalent are
also suitable for use in the present invention, provided
that the ionic strength of the resulting solution is at least
0.1, preferably 0.25, 0.3, 0.35, 0.4, 0.5, 0.75, 1.0 mol-!
or more. By way of example, many protein analyte/bind-
ing moiety interactions are sensitive to alterations of the
ionic strength of their environment. Therefore, analyte
may be isolated from the binding moiety bay contacting
the bound analyte with a salt solution, preferably an in-
organic salt solution such as sodium chloride. This may
be accomplished using a variety of methods including
bathing, soaking, or dipping a solid support to which the
analyte is bound into the elution buffer, or by rinsing,
spraying, or washing the elution buffer over the solid
support. Such treatments will release the analyte from
the binding moiety coupled to the solid support. The an-
alyte may then be recovered from the elution buffer.
[0076] Chaotropic agents, such as Guanidine and
urea, disrupt the structure of the water envelope sur-
rounding the binding moiety and the bound analyte,
causing dissociation of complex between the analyte
and binding moiety. Chaotropic salt solutions suitable
for use as elution buffers of the present invention are
application specific and can be formulated by one of skill
in the art through routine experimentation.. For exam-
ple, a suitable chaotropic elution buffer may contain
urea ranging in concentration from 0.1 to 8 M.

[0077] Detergent-based elution buffers modify the se-
lectivity of the affinity molecule with respect to surface
tension and molecular complex structure. Suitable de-
tergents for use as elution buffers include both ionic and
nonionic detergents. Non-ionic detergents disrupt hy-
drophobic interactions between molecules by modifying
the dielectric constant of a solution, whereas ionic de-
tergents generally coat receptive molecules in a manner
that imparts a uniform charge, causing the coated mol-
ecule to repel like-coated molecules. For example, the
ionic detergent sodium dodecyl sulphate (SDS) coats
proteins in a manner that imparts a uniform positive
charge. Examples of non-ionic detergents include Triton
X-100,, TWEEN, NP-40 and Octyl-glycoside. Exam-
ples of zwitterionic detergents include CHAPS.

[0078] Another class of detergent-like compounds
that disrupt hydrophobic interactions through modifica-
tion of a solution's dielectric constant includes ethylene
glycol, propylene glycol and organic solvents such as
ethanol, propanol, acetonitrile, and glycerol.

[0079] Other elution buffers suitable for the present
invention include combinations of buffer components
mentioned above. Elution buffers formulated from two
or more of the foregoing elution buffer components are
capable of modifying the selectivity of molecular inter-
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action between subunits of a complex based on multiple
elution characteristics.

[0080] Analytes isolated using the present invention
will have a concentration variance between analytes
that is less than the concentration variance originally
present in the test sample. For example, after manipu-
lation using the methods of the present invention, iso-
lated analytes with have a concentration variance from
other isolated analytes that is decreased by at least a
factor of two, more preferably a factor of 10, 20, 25, 50,
100, 1000 or more, from the concentration variance be-
tween the same analytes presentin the test sample prior
to subjecting the test sample to any of the methods de-
scribed herein. Preferably, the method of the invention
is performed with a minimal amount of elution buffer, to
ensure that the concentration of isolated analyte in the
elution buffer is maximized. More preferably, the con-
centration of at least one isolated analyte will be higher
in the elution buffer than previously in the test sample.
[0081] After isolating the captured analytes, the ana-
lytes may be further processed by fractionation based
on some chemical or physical property such as molec-
ular weight, isoelectric point or affinity to a chemical or
biochemical ligand. Fractionation methods for nucleic
acids, proteins, lipids and polysaccharides are well-
known in the art and are discussed in, for example,
Scopes, Protein Purification: Principles and Practice
(1982); Sambrook et al., Molecular Cloning--A Labora-
tory Manual (2nd ed.) Vol. 1-3, Cold Spring Harbor Lab-
oratory, Cold Spring Harbor Press, N.Y., (Sambrook)
(1989); and Current Protocols in Molecular Biology, F.
M. Ausubel et al., eds., Current Protocols, ajoint venture
between Greene Publishing Associates, Inc. and John
Wiley & Sons, Inc., (1994 Supplement) (Ausubel).

E. Detecting isolated analytes

[0082] After analytes have been eluted and isolated
free of binding moieties, the analyte may be detected,
quantified or otherwise characterized using any tech-
nique available to those of ordinary skill in the art. A fea-
ture of applying the analysis techniques of the present
invention to complex test samples, is the dynamic re-
duction of variance in analyte concentrations for isolated
analytes relative to the large variance in analyte con-
centration found in the original test sample. This reduc-
tion in analyte concentration variance allows a much
larger percentage of analytes found in the original test
sample to be detected and characterized without recal-
ibrating the detection device than would be available for
analyte detection using the original test sample itself.
The actual reduction in analyte concentration variance
achieved is dependent on a variety of factors including
the nature of the original test sample, and the nature
and diversity of the binding moieties used. Generally,
the reduction in analyte concentration variance using
the techniques described herein is sufficient to allow at
least 25% more preferably at least 30%, 40%, 50%,
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60%, 70%, 75% or 80% of the analytes isolated to be
detected without instrument re-calibration. Ideally, the
present invention allows at least 90%, 95%, 98% or
more of the analytes isolated to be detected without in-
strument re-calibration.

[0083] Detecting analytes isolated using the tech-
niques described herein may be accomplished using
any suitable method known to one of ordinary skill in the
art. For example, colorimetric assays using dyes widely
available. Alternatively, detection may be accomplished
spectroscopically. Spectroscopic detectors rely on a
change in refractive index; ultraviolet and/or visible light
absorption, or fluorescence after excitation with a suit-
able wavelength to detect reaction components. Exem-
plary detection methods include fluorimetry, absorb-
ance, reflectance, and transmittance spectroscopy.
Changes in birefringence, refractive index, or diffraction
may also be used to monitor complex formation or re-
action progression. Particularly useful techniques for
detecting molecular interactions include surface plas-
mon resonance, ellipsometry, resonant mirror tech-
niques, grating-coupled waveguide techniques, and
multi-polar resonance spectroscopy. These techniques
and others are well known and can readily be applied to
the present invention by one skilled in the art, without
undue experimentation. Many of these methods and
others may be found, for example, in "Spectrochemical
Analysis" Ingle, J.D. and Crouch, S.R., Prentice Hall
Publ. (1988) and "Analytical Chemistry" Vol. 72, No. 17.
[0084] A preferred method of detection is by mass
spectroscopy. Mass spectroscopy techniques include,
but are not limited to ionization (1) techniques such as
matrix assisted laser desorption (MALDI), continuous or
pulsed electrospray (ESI) and related methods (e.g.,
IONSPRAY or THERMOSPRAY), or massive clusterim-
pact (MCI); these ion sources can be matched with de-
tection formats including linear or non-linear reflection
time-of-flight (TOF), single or multiple quadropole, sin-
gle or multiple magnetic sector, Fourier Transform ion
cyclotron resonance (FTICR), ion trap, and combina-
tions thereof (e.g., ion-trap/time-of flight). For ionization,
numerous matrix/wavelength combinations (MALDI) or
solvent combinations (ESI) can be employed. Subatto-
mole levels of analyte have been detected, for example,
using ESI (Valaskovic, G. A. et al., (1996) Science 273:
1199-1202) or MALDI (Li, L. et al., (1996) J. Am. Chem.
Soc. 118:1662-1663) mass spectrometry.

ES mass spectrometry has been introduced by Fenn et
al. (J. Phys. Chem. 88, 4451-59 (1984); PCT Application
No. WO 90/14148) and current applications are summa-
rized in recent review articles (R. D. Smith et al., Anal.
Chem. 62, 882-89 (1990) and B. Ardrey, Electrospray
Mass Spectrometry, Spectroscopy Europe, 4, 10-18
(1992)). MALDI-TOF mass spectrometry has been in-
troduced by Hillenkamp et al. ("Matrix Assisted UV-La-
ser Desorption/lonization: A New Approach to Mass
Spectrometry of Large Biomolecules," Biological Mass
Spectrometry (Burlingame and McCloskey, editors), El-
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sevier Science Publishers, Amsterdam, pp. 49-60,
1990). With ESI, the determination of molecular weights
in femtomole amounts of sample is very accurate due
to the presence of multiple ion peaks which all could be
used for the mass calculation. A preferred analysis
method of the present invention utilizes Surfaces En-
hanced for Laser Desorption/lonization (SELDI), as dis-
cussed for example in U.S. Pat. No. 6,020,208.

[0085] Another method of detection widely used is
based on electrophoresis separation based on one or
more physical properties of the analyte(s) of interest. A
particularly preferred embodiment for analysis of
polypeptide and protein analytes is two-dimensional
electrophoresis. A preferred application separates the
analyte by size in the first dimension, and by isoelectric
point in the second dimension. Methods for electro-
phoretic analysis of analytes vary widely with the analyte
being studied, but techniques for identifying a particular
electrophoretic method suitable for a given analyte are
well known to those of skill in the art.

lll. Kits

[0086] The present invention also includes kits con-
taining components that allow one of ordinary skill in the
art to perform the techniques described herein. The
most basic of kits for this purpose provide a plurality of
binding moieties, each binding moiety in an amount se-
lected to capture a pre-determined amount of a different
analyte. In some kit embodiments of the invention the
binding moieties are supplied coupled to a solid support,
preferably insoluble beads. In other embodiments the
solid support and binding moieties are supplied sepa-
rately. When supplied separately, the binding moieties
and/or solid supports include a capture moiety that al-
lows the operator of the invention to couple binding moi-
ety to solid support during the course of practicing the
invention described herein. Kits providing separate
binding moieties and solid supports may optionally pro-
vide additional reagents necessary to perform the reac-
tion coupling the binding moieties to the solid supports.
[0087] Kits of the present invention also include a plu-
rality of containers retaining components for sample
preparation and analyte isolation. Exemplary compo-
nents of this nature include one or more wash solutions
sufficient for removing unbound material from a binding
moiety specifically bound to an analyte, and at least one
elution solution sufficient to release analyte specifically
bound by a binding moiety.

[0088] Kit embodiments may optionally include in-
structions for using the kit.

[0089] All publications and patent applications cited
in this specification are herein incorporated by reference
as if each individual publication or patent application
were specifically and individually indicated to be incor-
porated by reference.

[0090] Although the foregoing invention has been de-
scribed in some detail by way of illustration and example
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for clarity and understanding, it will be readily apparent
to one of ordinary skill in the art in light of the teachings
of this invention that certain changes and modifications
may be made thereto without departing from the spirit
and scope of the appended claims.

[0091] As can be appreciated from the disclosure pro-
vided above, the present invention has a wide variety of
applications. Accordingly, the following examples are of-
fered for illustration purposes and are not intended to
be construed as a limitation on the invention in any way.
Those of skill in the art will readily recognize a variety
of noncritical parameters that could be changed or mod-
ified to yield essentially similar results.

EXAMPLES

[0092] This example illustrates how one embodiment
of the invention described above may be applied to a
complex biological sample, in this case human serum.
In this example, a reduction in the variance of serum
protein concentrations is achieved by selectively ad-
sorbing serum proteins to hexapeptides coupled to in-
soluble beads. Each possible permutation of hexapep-
tide is represented in the binding moiety population of
the example, in the form of a combinatorial library of split
and pool beads. In this format high abundance serum
analytes, such as albumin, are bound to a hexapeptide
binding moiety but only to a level equal to saturation of
the particular binding moiety. In contrast, low abun-
dance serum analytes are bound almost in their entirety,
as the amount of binding moiety recognizing the low
abundance analyte is not limiting. The result of this se-
lective binding is a reduction in the analyte concentra-
tion variance for proteins recognized by the binding moi-
eties of used, without the risk of losing low abundance
analytes inherent in methods that seek to selectively re-
move high abundance analytes. Consequently, a large
percentage of the serum analytes isolated using the
method can be detected in one batch analysis without
a recalibration of the detection device. This contrasts
with the situation presented when detecting the same
analytes in a serum test sample where the detection de-
vice would have to be recalibrated repeatedly in order
to detect the same analytes in untreated sera.

[0093] In this example 5 ml of whole serum is loaded
into a column of Protein G to remove antibodies (4 ml
of resin). The column is at room temperature equilibrat-
ed in a buffer solution at neutral pH and having a sodium
chloride concentration of 0.1 mol 1-1. Proteins not bind-
ing the column (the "flow through") are collected and re-
tained.

[0094] 1 ml of beads supporting hexapeptides in a
combinatorial mode (obtained by the so called "spit-
and-pool" method) are mixed with the flow through from
the protein G column and incubated for 30-60 minutes.
[0095] The bead slurry is then centrifuged and the su-
pernatant decanted and discarded. Then beads are
then washed with a wash buffer of 0.1M phosphate buff-
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ered saline, pH 6.8, at room temperature to remove ma-
terial thatis not bound to the hexapeptides on the beads.
The beads are then mixed with an aqueous solution con-
taining 2M acetic acid and 6M urea (final concentra-
tions) to desorb all proteins from the beads.

[0096] The solution of desorbed proteins is then sub-
jected to mass spectroscopic analysis to detect the mo-
lecular weights of the proteins that bound to the binding
moieties. Analysis of the sample by mass spectrometry
before and after being subject to concentration variance
reduction showed increased evenness in the peak
heights and an increase in the number of peaks seen,
as the decrease in abundant molecules also decreased
the ion suppression that hid peaks in the native sample.
This methodology is anticipated to increase the number
of detectable analytes in a complex solution, such as
blood serum, by at least 0.5, more likely 1, 2, 3 or more
orders of magnitude over the number of detectable an-
alytes using the original complex solution not subjected
to the methodology of the invention.

Claims

1. A method for reducing the relative amounts of ana-
lytes in a sample comprising:

a) providing a test sample comprising first dif-
ferent amounts of a plurality of different ana-
lytes, wherein the first different amounts have
a first variance;

b) contacting the test sample with amounts of
each of a plurality of different binding moieties;
¢) capturing amounts of the different analytes
from the test sample with the different binding
moieties and removing unbound analytes; and
d) isolating the captured analytes from the bind-
ing moieties to produce a second sample com-
prising second amounts of a plurality of differ-
ent analytes, wherein the second amounts
have a second variance;

wherein the amounts of each of the plurality
of different binding moieties are selected to capture
amounts of the different analytes whereby the sec-
ond variance is less than the first variance.

2. The method of claim 1, wherein the test sample is
a biological fluid selected from the group consisting
of blood, biopsy tissue amniotic fluid, milk, urine,
sweat, saliva, a cell extract or derivatives thereof.

3. The method of claim 1, wherein the test sample is
an environmental sample.

4. The method of claim 1, wherein the plurality of dif-
ferent analytes is at least four different analytes.
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The method of claim 1, wherein the plurality of dif-
ferent analytes is at least one thousand, at least ten
thousand, at least one-hundred thousand, at least
one million or at least ten million different analytes.

The method of claim 1, wherein the contacting step
comprises admixing the binding moieties with the
test sample.

The method of claim 1, wherein the binding moieties
are a combinatorial library.

The method of claim 1, further comprising fraction-
ating the captured analytes based on a physical or
chemical property.

The method of claim 1, wherein the plurality of bind-
ing moieties comprises bio-organic polymers.

The method of claim 6, wherein the bio-organic pol-
ymers are selected from the group consisting of
peptides, oligonucleotides and oligosaccharides.

The method of claim 10, wherein the bio-organic
polymers are peptides at least four amino acids in
length.

The method of claim 10, wherein the peptides are
antibodies.

The method of claim 12, wherein the antibodies are
surface molecules of a phage display library.

The method of claim 10, wherein the bio-organic
polymers are oligonucleotides of at least fifteen
units in length.

The method of claim 14, wherein the binding moie-
ties are aptamers.

The method of claim 14, wherein the binding moie-
ties are oligosaccharides of at least five monosac-
charide units in length.

The method of claim 1, wherein the contacting step
is performed with the analyte in a gaseous state, a
liquid state or in a suspension.

The method of claim 1, wherein removing unbound
analytes comprises washing the captured analytes
with a wash buffer.

The method of claim 1, wherein isolating the cap-
tured analytes comprises eluting the analytes from
the binding moieties by contacting the captured an-
alytes with an elution buffer and collecting the ana-
lytes in the elution buffer free of binding moieties.
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The method of claim 19, wherein the elution buffer
is a solution comprising a component selected from
the group consisting of a detergent a salt, an organ-
ic solvent, an acid, a base, a chaotropic agent and
a competing ligand for the binding moiety.

The method of claim 1, wherein the second vari-
ance is at least 25% less than the first variance.

The method of claim 1, further comprising fraction-
ating the analytes into subgroups.

The method of claim 22, wherein fractionating com-
prises segregating the analytes using a technique
selected from the group consisting of chromatogra-
phy, electrophoresis, capillary electrophoresis, fil-
tration and precipitation.

The method of claim 1, wherein the different binding
moieties are coupled to a solid support.

The method of claim 24, wherein the solid support
comprises a hydrogel.

The method of claim 24, wherein the coupling com-
prises a covalent bond.

The method of claim 24, wherein the solid support
is a plurality of insoluble surfaces, each insoluble
surface coupled to a single species of binding moi-
ety.

The method of claim 27, wherein the insoluble sur-
faces are beads.

The method of claim 24, wherein the binding moie-
ties are coupled to the solid support by a capture
moiety.

The method of claim 29, wherein the capture moiety
is selected from the group consisting of FLAG tag,
His tag and biotin.

The method of claim 1, further comprising detecting
the isolated analytes.

The method of claim 24, wherein detecting the an-
alytes is performed using an assay comprising a
technique selected from the group consisting of:
colorimetric, spectrophotometric, magnetic reso-
nance, ellipsometric, mass spectroscopic, electro-
phoretic, chromatographic and enzymatic.

The method of claim 25, wherein the assay is mass
spectroscopic and the second variance of the iso-
lated analytes allows quantifying at least 30% of the
captured analytes using a single detector setting.
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A kit for detecting a plurality of analytes in a sample,
comprising:

(a) a plurality of binding moieties, each binding
moiety in an amount selected to capture a pre-
determined amount of a different analyte;

(b) a plurality of containers retaining compo-
nents for sample preparation and analyte iso-
lation; and

(c) instructions for using the kit.

The kit of claim 34, wherein the binding moieties are
coupled to the solid support.

The kit of claim 34, wherein the components for
sample preparation comprise a wash solution suffi-
cient for removing unbound material from a binding
moiety specifically bound to an analyte, and an elu-
tion solution sufficient to release analyte specifically
bound by a binding moiety.
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