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Description
FIELD OF THE INVENTION

[0001] Thepresentinvention relates to the fields of mo-
lecular biology, combinatorial chemistry and biochemis-
try. Particularly, the presentinvention 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 biological
mixtures some analytes are present at high concentration
and others only present at trace-levels. As a result, 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 occurs in human
serum where the difference concentration 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 re-
maining analytes. This second method suffers from the
fact that elimination of some analyte species also elimi-
nates species that interact with them. Thus some species
that may be of interest are eliminated. Moreover, 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 species. While elim-
inating proteins of high abundance may in some instance
help, this approach does not allow concentrating very
low abundance proteins that are still too dilute to be de-
tected by current instruments.

SUMMARY OF THE INVENTION

[0004] Away toreduce the differencein concentrations
between analytes rendering a complex mixture compat-
ible with current instruments would be desirable, espe-
cially for protein profiling in view of identifying biomarkers
of interest, particularly in those instances where high
throughput analysis techniques are desirable.

[0005] Accordingly, the present invention provides
methods for reducing the relative concentration differ-
ences between analytes in a sample comprising:

a) providing a test sample comprising first different
amounts of a plurality of different analytes, wherein
the first different amounts have a first variance;
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b) contacting the test sample with a combinatorial
library comprising at least 1,000 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
moieties to produce a second sample comprising
second amounts of a plurality of different analytes,
wherein the second amounts have a second vari-
ance;

wherein the amounts of the different binding moieties are
selected to capture amounts of the different analytes
whereby the second variance is less than the first vari-
ance.

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 en-
vironmental 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. Binding
moieties of the methods may include bio-organic poly-
mers, which may be selected from the group consisting
of peptides, oligonucleotides and oligosaccharides. In
some of these aspects the bio-organic polymer is a pep-
tide 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 antibodies. In other aspects the bio-organic pol-
ymers acting as binding moieties are oligonucleotides of
at least fifteen units in length. In particular aspects oligo-
nucleotide binding moieties are aptamers. Binding moi-
eties useful in the described methods also include oli-
gosaccharides of at least five monosaccharide units in
length. Other sources of binding moieties include mo-
lecular combinatorial libraries based on organic molec-
ular scaffolds and composed of a large variety of diver-
somers.

[0007] DocumentUS2003/0036095 describes a meth-
od of enrichment of molecules of interest by reducing the
amount of highly abundant molecules wherein a test
sample is brought into contact with amounts of known
antibodies whereby the antigens of interest are ad-
sorbed. The non adsorbed material is washed away and
by desorption of the retarded antigens the initial sample
complexity is reduced and the sample is enriched for the
analytes of interest.

[0008] The described methods may be performed with
the analyte in a gaseous state, a liquid state, solution or
in a solid suspension. Unbound analytes may be re-
moved by techniques that include washing the captured
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analytes with a wash buffer.

[0009] Typically isolating the captured analytes using
the described methods includes eluting the analytes from
the binding moieties by contacting the captured analytes
with an elution buffer and collecting the analytes in the
elution buffer free of binding moieties. Elution buffers suit-
able for use with the methods of the present invention
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 bind-
ing moiety or a mixture of two or more described groups.
[0010] Performance of the methods typically results in
a second variance having a value at least 5%, more pref-
erably 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 vari-
ance.

[0011] 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 insoluble
surface coupled to a single species of binding moiety.
Preferred embodiments have solid supports that are in-
soluble surfaces, ideally in the form of spherical beads
or irregular particles.

[0012] In certain aspects of the methods the binding
moieties are coupled to the solid support through a linker.
Linkers include molecules that covalently or non-cova-
lently 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.

[0013] Some embodiments of the described methods
include detecting the isolated analytes. In certain as-
pects, detecting the analytes is performed using an assay
selected from the group consisting of: colorimetric, spec-
trophotometric, 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 ofthe isolated analytes allows quantifying of atleast
30%, more preferably atleast 35%,40%, 45%, 50%, 60%
or more of the captured analytes using a single detector
setting.

[0014] The presentinvention also provides a kit for de-
tecting a plurality of analytes in a sample, the kit com-
prising:

(i) a combinatorial library comprising at least 1,000
different binding moieties, each binding moiety in an
amount selected to capture a pre-determined
amount of a different analyte;

(ii) a plurality of containers retaining components for
sample preparation and analyte isolation; and

(iii) instructions for reducing the variance of analytes
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in a sample.

In some aspects of the kits the binding moieties are cou-
pled to the solid support. In otheraspects the components
for sample preparation comprise a wash solution suffi-
cient for removing unbound material from a binding moi-
ety specifically bound to an analyte, and an elution solu-
tion sufficient to release analyte specifically bound by a
binding moiety.

[0015] 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.

[0016] DEFINITIONS Unless defined otherwise, all
technical and scientific terms used herein have the mean-
ing commonly understood by a person skilled in the art
to which this invention belongs. The following references
provide one of skill with a general definition of many of
the terms used in this invention: Singleton et al., Diction-
ary of Microbiology and Molecular Biology (2nd Ed.
1994); The Cambridge Dictionary of Science and Tech-
nology (Walker Ed., 1988); The Glossary of Genetics,
5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991)
and Hale & Marham, The Harper Collins Dictionary of
Biology (1991). As used herein, the following terms have
the meanings ascribed to them unless specified other-
wise.

[0017] "Analyte" refers to any molecular moiety capa-
ble of binding to a binding moiety of the present invention
in a manner that is not completely disrupted by contact
with a wash solution as described herein. "Captured an-
alyte" is any analyte bound by a binding moiety of the
present invention after contact with a wash solution.
[0018] Analytes are found in "test samples". A test
sample is any composition, preferably an aqueous solu-
tion, that may contain analytes ofinterest and isin aphys-
ical state which allows any analyte of interest present in
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 samples may be
taken from biological sources including biological fluids
such as blood, biopsy tissue, amniotic fluid, milk, urine,
sweat, saliva, cell expression supernatants and a cell
extracts. The test sample may be an undiluted potion of
the source material, or may be treated 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.

[0019] "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
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mixed mode adsorbents (e.g., hydrophobic attraction/
electrostatic repulsion adsorbents). "Biospecific adsorb-
ent" refers to an adsorbent comprising a biomolecule,
e.g., anucleotide, a nucleic acid molecule, an amino acid,
a polypeptide, a simple sugar, a polysaccharide, a fatty
acid, a lipid, a steroid or a conjugate of these (e.g., a
glycoprotein, a lipoprotein, a glycolipid). In certain in-
stances the biospecific adsorbent can be a macromo-
lecular structure such as a multiprotein complex, a bio-
logical membrane or a virus. Examples of biospecific ad-
sorbents are antibodies, receptor proteins and nucleic
acids. Biospecific adsorbents typically have higher spe-
cificity for a target analyte than a chromatographic ad-
sorbent. Further examples of adsorbents for use in SEL-
Dl can be found in U.S. Patent 6,225,047 (Hutchens and
Yip, "Use of retentate chromatography to generate dif-
ference maps," May 1, 2001).

[0020] "Adsorb" refers to the detectable binding be-
tween an absorbent and an analyte either before or after
washing with an eluant (selectivity threshold modifier).
[0021] "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 ligands
and substrates, or homologues thereof. Typically, cap-
ture moieties are covalently attached to proteins, and
serve as a means for anchoring the proteins to an ad-
sorbent surface.

[0022] "Hydrogel" refers to a colloid in which particles
are in the external or dispersion phase and water in the
internal or dispersed phase.

[0023] "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.

[0024] "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 com-
position 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.

[0025] Inthe case of binding moieties that are antibod-
ies, specific binding may require selection of an antibody
for its specificity. For example, polyclonal antibodies
raised to Ras protein from specific species such as rat,
mouse, or human can be selected to obtain only those
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polyclonal antibodies that are specifically immunoreac-
tive with Ras protein and not with other proteins, except
for polymorphic variants and alleles of Ras protein. This
selection may be achieved by subtracting out antibodies
that cross-react with Ras proteins from other species.
[0026] A variety ofimmunoassay formats may be used
to select antibodies specifically immunoreactive with a
particular analyte. For example, solid-phase ELISA im-
munoassays are routinely used to select antibodies spe-
cifically immunoreactive with an analyte (see, e.g., Har-
low & Lane, Antibodies, A Laboratory Manual (1988), for
a description of immunoassay formats and conditions
that can be used to determine specificimmunoreactivity).
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.

[0027] "Binding moiety" also refers to small molecules,
particularly small biopolymers that are bound by analytes
in solution. Binding moieties of the present invention in-
clude, but are not limited to, peptides, nucleic acids and
oligosaccharides. Biopolymer binding moieties are typi-
cally constructed of at least 4 monomeric units, more
preferably 6 monomeric units, desirably 10, 15, 20, 30
monomeric units or more.

[0028] Biopolymer binding moieties are particularly
preferred in the present invention as they lend them-
selves to construction of "combinatorial libraries." A com-
binatorial library is a system using a random assortment
of components at any positions in the linear arrangement
of atoms, i.e., a combinatorial library of nucleic acid mu-
tations could contain positions where all four bases have
been randomly inserted at each position. Combinatorial
libraries may be complete or incomplete. Complete com-
binatorial libraries of biopolymers are those libraries con-
taining a representative of every possible permutation of
monomers for a given polymer length. Incomplete librar-
ies are those libraries lacking one or more possible per-
mutation of monomers for a given polymer length.
[0029] Binding moieties may exist and interact with an-
alytes detectable using the presentinventionin any phys-
ical state compatible with formation of molecular interac-
tions, including gaseous, aqueous and organic suspen-
sions and emulsions and, most preferably in a liquid state.
[0030] 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 support
is a "phage display library." A phage display library is
formed from bacteriophage that has been recombinantly
manipulated to express binding moiety as part of the
phage protein coat. Using phage display, libraries of bind-
ing moieties may be easily constructed and screened for
those members useful in binding analytes of interest.
[0031] "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 detected
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by at least one detection method. A preferred detection
method is mass spectroscopy, where the amount of a
detectable analyte is the area beneath the mass peak
identified by the detector.

[0032] "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.

[0033] "Elution buffer" refers to a solution capable of
dissociating a binding moiety and an associated analyte.
In some circumstances, an elution buffer is capable of
disrupting the interaction between subunits if a complex.
As with wash buffers, elution buffers may include deter-
gents, salt, organic solvents and the like used separately
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 disruptive
to molecular interactions. This ability to disrupt molecular
interactions is termed "stringency," with elution buffers
having greater stringency that wash buffers.

DETAILED DESCRIPTION

[0034] 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 subjecting
the complex mixture to selective adsorption using a large
number of binding moieties, at least some of which rec-
ognize different analytes in the complex mixture. Using
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 collected
by the present invention.

[0035] Incontrastcollection of low abundance analytes
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 binding
moiety. The invention thus has utility in analytical prep-
aration of complex mixtures of molecules, such as bio-
logical samples. In blood serum for example, albumins
are abundant, many hormones are present in intermedi-
ate concentrations, while paracrine factors and cellular
markers may be present at minute concentrations. Using
the presentinvention, the variance in analyte abundance
observed in sera can be reduced, allowing all analytes
of interest to be analyzed.

[0036] After adsorbing the analytes of interest, the an-
alytes are optionally washed to remove excess analytes.
Adsorbed analytes are then eluted from the binding moi-
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eties using, for example, an elution buffer. The resulting
solution contains all analytes of interest free from binding
moieties. However, unlike the original complex mixture,
the variance in analyte concentration present in the re-
sulting solution is relatively small as the concentration of
high abundance analytes has been decreased and that
of low abundance analytes increased relative to the orig-
inal complex mixture. This modification 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 neces-
sary for direct analysis of complex mixtures having com-
ponents present at widely different concentrations.
[0037] 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 anal-
ysis techniques that would otherwise be limited at the
detection step by the need for multiple recalibrations,
and/or multiple channels, and/or multiple detection steps
or expensive and wasteful fractionation techniques ne-
cessitated by the large concentration range of the ana-
lytes present in many complex mixtures. Moreover, by
concentrating low-abundance analytes, the invention al-
lows detection of analytes that are only present in the
sample in trace amounts. Using blood serum as an ex-
ample certain analytes, such as some hormones, are
present at only trace amounts in unconcentrated sera.
Other analytes, such as albumin, are abundant, being
presentin amounts ranging from micromolar to hundreds
of milimolar. The present invention concentrates the low
abundance analytes relative to the high abundance an-
alytes. Thus in preparation of the exemplary serum sam-
ple using the present invention, the concentration of hor-
mones is increased relative to the concentration of albu-
min and other high abundance analytes. By bringing the
concentrations of low and high abundance analytes from
the sera closer together, the analyte composition can be
determined both qualitatively and quantitatively using on-
ly one or a few sensitivity settings of the analytical instru-
mentation used to detect the analytes.

I. Reducing relative analyte concentrations in a sam-
ple

A. Suitable test samples

[0038] Test samples of the present invention may be
in any form that allows analytes presentin the test sample
to be contacted with binding moieties of the present in-
vention, as described herein. Suitable test samples in-
clude gases, powders, liquids, suspensions, emulsions
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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.

[0039] 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-
lating and the like. For example, solid samples may be
pulverized to a powder, then extracted using an aqueous
or organic solvent. The extract from the powder may then
be subjected to the methods of the present invention.
Gaseous samples may be bubbled or percolated through
a solution to dissolve and/or concentrate components
of the gas in a liquid prior to subjecting the liquid to meth-
ods of the present invention.

[0040] 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 inven-
tion may include hundreds or thousands of analytes of
interest. Preferably, the concentrations of analytes
presentin the test sample spans at least an order of mag-
nitude, more preferably at least two, three, four or more
orders of magnitude. Once subjected to the methods of
the present invention, this concentration range for ana-
lytes detectable by at least one detection method will be
decreased by at least a factor of two, more preferably a
factor of 10, 20, 50, 100, 1000 or more.

[0041] 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

[0042] A preferred test sample of the present is a bio-
logical sample, preferably a biological fluid. Biological
samples that can be manipulated with the presentinven-
tioninclude blood, biopsy tissue, lymphatic fluid, sputum,
amniotic fluid, urine, sweat, saliva, milk, tissue samples,
cell extracts, cell culture fluid, including supernatants 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 ac-
ids and polysaccharides. More particularly, analytes of
interest are cellular metabolites that are normally present
in the animal, or are associated with a disease or infec-
tious state such as a cancer, a viral infection, a parasitic
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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, in-
cluding certain mental illnesses.

[0043] 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 seques-
tered in an animal from the environment.

2. Environmental test samples

[0044] Environmental samples are another class of
preferred test samples for use with the present invention.
Preferred environmental samples include dirt, dust, dan-
der, natural and synthetic fibers, water, plant materials,
animal feces and the like. Preferred analytes in environ-
mental samples include metal ions, natural and synthetic
toxins, fertilizers, herbicides and insecticides, and mark-
ers for bacterial and viral agents such as structural pro-
teins characteristic of the agent of interest. Particularly
preferred analytes sought in environmental test samples
are toxins, particularly toxins such as botulinum, ricin,
anthrax toxins and the like. Disease-related analytes of
interest present in environmental test samples include
characteristic proteins and nucleic acids of botulinus, eb-
ola, HIV, SARS, anthrax, plague, malaria, small pox, bo-
vine spongiform, scrapie, etc.

B. Suitable binding moieties

[0045] 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 presentinvention
may be molecules having molecular weights of 100KDa
or more, such as antibodies, but preferably are small mol-
ecules 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. Particu-
larly preferred binding moieties of the invention are bio-
organic polymers, preferably bio-organic 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 invention are coupled to
an insoluble particulate material. Each insoluble particle
preferably carries several copies of the same binding
moiety, with each particle type coupling a different bind-
ing moiety.

[0046] Binding moieties may also be soluble combina-
torial molecules. Soluble combinatorial molecules pref-
erably comprise a capture moiety that allows the binding
moiety to be coupled to a complementary solid support.
Soluble binding moiety embodiments are typically con-
tacted to the sample and allowed to bind analyte(s) of
interest prior isolating the resulting complexes by cou-
pling the binding moiety to a solid support.
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[0047] 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
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. Biochem; 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 combi-
natorial antibody libraries.

[0048] Nucleic acids are another preferred bio-organic
polymer binding moiety. As with peptides, nucleic acids
may be produced using synthetic or recombinant tech-
niques well-known to those of skill in the art. Preferable
nucleic acid binding moieties of the presentinvention are
at least 4, more preferably 6, 8, 10, 15, or 20 nucleotides
inlength. Nucleic acid binding moieties include aptamers,
i.e., double stranded DNA or single stranded RNA mol-
ecules that bind to specific molecular targets, such as a
protein or metabolite.

[0049] Oligosaccharide binding moieties are also con-
templated as part of the invention. Oligosaccharide bind-
ing moieties are preferably at least 5 monosaccharide
units in length, more preferably 8, 10, 15, 20, 25 or more
monosaccharide units in length.

[0050] Small organic molecules are also contemplated
as binding moieties of the present invention. Typically,
such molecules have properties that allow for ionic, hy-
drophobic or affinity interaction with the analyte. Small
organic binding moieties include chemical groups tradi-
tionally used in chromatographic processes such as mo-
no-, di- and tri-methyl amino ethyl groups, mono-, di- and
tri-ethyl amino ethyl groups, sulphonyl, phosphoryl, phe-
nyl, 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 pro-
duction and use of combinatorial binding moiety libraries
is discussed in more detail, below.

Capture Moieties

[0051] 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
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cleavable linker sequence, such as those specific for
Factor XA or enterokinase (Invitrogen, San Diego, Calif.)
may be optionally included between the biomolecule and
the capture moiety to facilitate isolation and/or separation
of the components of the fusion molecule. Protein do-
mains specifically recognized by designer ligands 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 and Methods,
12:87-98 (1990), Plenum Press, N.Y.; and Crowe, et al.
(1992) OlAexpress: The High Level Expression & Protein
Purification System, QIAGEN, Inc. Chatsworth, Calif. An-
tigenic determinants and other characteristic properties
of the biomolecule to be adsorbed may also serve as
capture moiety tags. Exemplary capture moieties include
poly-histidine (poly-his) or poly-histidine-glycine (poly-
his-gly) tags; the flu HA tag polypeptide and its antibody
12CAb5 [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
peptide tag (Lutz-Freyermuth et al., Proc. Natl. Acad. Sci.
USA, 87: 6393-6397 (1990)).

[0052] [53] A preferred capture moiety of the present
invention is the "His-tag", a 6xHis tag that binds to Ni-
NTA solid supports with high affinity allowing the binding
moiety 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 chelating
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

[0053] Binding moieties are typically identified by high
throughput screening of combinatorial libraries contain-
ing 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 s limited
to those having a determined binding affinity and/or ca-
pacity. Alternatively, the technique can be used to identify
only those binding moieties capable of recognizing ana-
lytes of interest.

[0054] A combinatorial chemical library is a collection
of compounds generated by either chemical synthesis or
biological synthesis, by combining a number of chemical
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"building blocks" such as reagents. For example, a com-
plete linear combinatorial chemical library, such as a
polypeptide library, is formed by combining a set of chem-
ical 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 combina-
torial mixing of chemical building blocks. For biopolymer
binding moieties of the present invention, linear 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 prefer-
ably 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 monosaccharide units.

[0055] 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 peptide
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 gener-
ating 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-oli-
gomers (e.g., PCT Publication No. WO 92/00091), ben-
zodiazepines (e.g., U.S. Pat. No. 5,288,514), diversom-
ers such as hydantoins, benzodiazepines and dipeptides
(Hobbs et al., Proc. Nat. Acad. Sci. USA 90:6909-6913
(1993)), vinylogous polypeptides (Hagihara etal., J. Am-
er. Chem. Soc. 114:6568 (1992)), nonpeptidal peptido-
mimetics with glucose scaffolding (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)), oligocar-
bamates (Cho et al., Science 261:1303 (1993)), and/or
peptidyl phosphonates (Campbell et al., J. Org. Chem.
59:658 (1994)), nucleic acid libraries (see Ausubel, Berg-
erand Sambrook, 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 li-
braries (see, e.g., Liang et al., Science, 274:1520-1522
(1996) and U.S. Patent 5,593,853), small organic mole-
cule libraries (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 5,549,974; 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).
[0056] In some 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
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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 (Geysen
et al., Molecular Immunology 23:709-715, 1986; Geysen
et al. J. Immunologic Method 102:259-274, 1987; and
the method of Fodor et al. (Science 251:767-773, 1991)
are examples. Furka et al. (14th International Congress
of Biochemistry, Volume #5, Abstract FR:013, 1988; Fur-
ka, Int. J. Peptide Protein Res. 37:487-493, 1991),
Houghton (U.S. Pat. No. 4,631,211, issued 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 agonists or antagonists.
[0057] 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

[0058] Analytes present in a test sample are captured
by contacting the test sample with the binding moieties
under conditions that allow each binding moiety to couple
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 sup-
port, such as a dipstick, SELDI probe or insoluble poly-
meric bead.

[0059] 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 moieties.
After sufficient time has elapsed, a solid support that in-
cludes a complementary capture moiety to the capture
moiety of the binding moiety is contacted to the test sam-
ple. This allows the binding moiety to couple with the
solid support through the capture moiety, while retaining
the bound analyte. For example, a binding moiety having
a biotin capture moiety would couple to a solid support
that had avidin or strepavidin coupled to its surface.
[0060] In an alternative embodiment, the binding moi-
ety is coupled to the solid support prior to contacting the
testsample. In this alternative embodiment, the solid sup-
port is simply contacted with the test sample for a time
sufficient to allow the binding moiety to bind analyte, then
the solid support is withdrawn from the test sample with
the analyte bound to it via formation of a complex be-
tween the analyte and the binding moiety.
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[0061] Contactingthe binding moiety tothe testsample
may be accomplished by admixing the two, swabbing the
test sample onto the binding moiety, flowing the test sam-
ple over the solid support having binding moieties at-
tached thereto, and other methods that would be obvious
to those of ordinary skill in the art.

[0062] 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 atleast 10, 50, 100, 1000,
10,000, 100,000, 1,000,000 or more binding moieties,
where each binding moiety preferably recognizes a dif-
ferent analyte

Solid supports

[0063] 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 combinations
thereof.

[0064] Preferred supports include organic polymeric
supports, such as particulate or beaded supports, woven
and nonwoven webs (such as fibrous webs), micropo-
rous 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.
[0065] Porous materials are particularly desirable be-
cause they provide large surface areas. The porous sup-
port 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 in-
clude particulate or beaded supports such as agarose,
hydrophilic polyacrylates, Styrofoam, and Sepharose, in-
cluding spherical and irregular-shaped beads.

[0066] For significant advantage, the supports are
preferably hydrophilic, and have a high molecular weight
(preferably, greater than about 5000, and more prefera-
bly, greater than about 40,000). Preferably, the hy-
drophilic polymers are water swellable to allow for greater
infiltration of analytes. Examples of such supports include
cellulose, modified celluloses, agarose, polyvinyl alcohol
(PVA), dextrans, amino-modified dextrans, polyacryla-
mide, polyacrylates, modified polyethylene glycols, mod-
ified guar gums, guar gums, xanthan gums, and locust
bean gums and hydrogels.
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[0067] Attachment of the binding moieties to the solid
support may be accomplished through a variety of mech-
anisms. The solid support can be derivatized with a fully
prepared binding moiety by attaching a previously pre-
pared binding moiety to the solid support. Alternatively,
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 support by the
first precursor molecule. This mechanism of building the
adsorbent on the solid support is 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 components (e.g., ami-
no acids, nucleotides or simple sugars) to a first mono-
meric 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.).

[0068] 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 permutation
of amino acids would be bound to one bead, peptides
representing another possible permutation to another
bead, and so on.

[0069] Binding moieties may be coupled to a solid sup-
port using reversible or non-reversible interactions. For
example, non-reversible interactions may be made using
a support that includes at least one reactive functional
group, such as a hydroxyl, carboxyl, sulfhydryl, or amino
group that chemically binds to the binding moiety, option-
ally through a spacer group. Suitable functional groups
include N-hydroxysuccinimide esters, sulfonyl esters, io-
doacetyl groups, aldehydes, epoxy, imidazolyl car-
bamates, and cyanogen bromide and other halogen-ac-
tivated supports. Such functional groups can be provided
to a support by a variety of known techniques. For ex-
ample, a glass surface can be derivatized with amino-
propyl triethoxysilane in a known manner.

[0070] 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 suitable
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 ordinary
skill in the art, who can apply this common knowledge to
form solid support/binding moiety couplings suitable for
use in the present invention with no more that routine
experimentation.

2. Removing unbound analytes

[0071] A feature of the present invention is that treat-
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ment of analytes according to the methods described
herein preferably concentrates and partially purifies
bound analyte in addition to reducing the variance be-
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.

[0072] Washing away unbound analyte is preferably
performed by contacting the analyte bound to the binding
moiety with a mild wash solution. The mild wash solution
is designed to remove contaminants frequently found in
the test sample originally containing the analyte. Typical-
ly 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.

[0073] 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 example
in Scopes, Protein Purification: Principles and Practice
(1982); Ausubel, et al. (1987 and periodic supplements);
Current Protocols in Molecular Biology, Deutscher
(1990) "Guide to Protein Purification" in Methods in En-
zymology vol. 182, and other volumes in this series.

D. Isolating captured analytes from binding moieties

[0074] Bound analyte may be eluted from the binding
moiety and isolated using a variety of methods, prefera-
bly 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 in-
terest. The elution buffer(s) chosen are highly applica-
tion-specific and may be readily identified by one of or-
dinary skill in the art through materials commonly avail-
able in the public domain or through routine experimen-
tation (See, e.g., Scopes, Protein Purification: Principles
and Practice (1982); and Deutscher (1990) "Guide to Pro-
tein Purification" in Methods in Enzymology vol. 182, and
other volumes in this series).

[0075] 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 modifi-
cation of acidity preferably are strong buffers, sufficient
to maintain the pH of a solution in the acidic range, i.e.,
atapH lessthan 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 greaterthan 7.5, 8.0, 8.3, 8.5,9.0, 9.3, 10.0
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or 11.0.

[0076] 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-
ferredin this regard, e.g., sulphates and phosphates with
alkali earth or transition metal counterions, although 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/binding moiety inter-
actions 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 inorganic salt solution
such as sodium chloride. This may be accomplished us-
ing 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 analyte may then be recovered
from the elution buffer.

[0077] Chaotropic agents, such as Guanidine and
urea, disrupt the structure of the water envelope sur-
rounding the binding moiety and the bound analyte, caus-
ing 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 example, a suita-
ble chaotropic elution buffer may contain urea ranging in
concentration from 0.1 to 8 M.

[0078] Detergent-based elution buffers modify the se-
lectivity of the affinity molecule with respect to surface
tension and molecular complex structure. Suitable deter-
gents for use as elution buffers include both ionic and
nonionic detergents. Non-ionic detergents disrupt hydro-
phobic interactions between molecules by modifying the
dielectric constant of a solution, whereas ionic detergents
generally coat receptive molecules in a manner that im-
parts a uniform charge, causing the coated molecule to
repel like-coated molecules. For example, the ionic de-
tergent sodium dodecyl sulphate (SDS) coats proteins in
a manner that imparts a uniform positive charge. Exam-
ples of non-ionic detergents include Triton X-100, ,
TWEEN, NP-40 and Octyl-glycoside. Examples of zwit-
terionic detergents include CHAPS.

[0079] Another class of detergent-like compounds that
disrupt hydrophobic interactions through modification of
a solution’s dielectric constant includes ethylene glycol,
propylene glycol and organic solvents such as ethanol,
propanol, acetonitrile, and glycerol.

[0080] Other elution buffers suitable for the presentin-
vention include combinations of buffer components men-
tioned above. Elution buffers formulated from two or more
of the foregoing elution buffer components are capable
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of modifying the selectivity of molecular interaction be-
tween subunits of a complex based on multiple elution
characteristics.

[0081] 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 manipulation using
the methods of the present invention, isolated 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 between the same
analytes present in the test sample prior to subjecting
the test sample to any of the methods described 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 concentration of at least
one isolated analyte will be higher in the elution buffer
than previously in the test sample.

[0082] After isolating the captured analytes, the ana-
lytes may be further processed by fractionation based on
some chemical or physical property such as molecular
weight, isoelectric point or affinity to a chemical or bio-
chemical ligand. Fractionation methods for nucleic acids,
proteins, lipids and polysaccharides are well-known in
the artand are discussedin, for example, Scopes, Protein
Purification: Principles and Practice (1982); Sambrook
et al., Molecular Cloning--A Laboratory Manual (2nd ed.)
Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring
HarborPress, N.Y., (Sambrook) (1989); and Current Pro-
tocols in Molecular Biology, F. M. Ausubel et al., eds.,
Current Protocols, a joint venture between Greene Pub-
lishing Associates, Inc. and John Wiley & Sons, Inc.,
(1994 Supplement) (Ausubel).

E. Detecting isolated analytes

[0083] 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 reduc-
tion of variance in analyte concentrations for isolated an-
alytes relative to the large variance in analyte concentra-
tion found in the original test sample. This reduction in
analyte concentration variance allows a much larger per-
centage of analytes found in the original test sample to
be detected and characterized without recalibrating the
detection device than would be available for analyte de-
tection 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 de-
scribed herein is sufficient to allow at least 25% more
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preferably at least 30%, 40%, 50%, 60%, 70%, 75% or
80% of the analytes isolated to be detected without in-
strument re-calibration. Ideally, the present invention al-
lows at least 90%, 95%, 98% or more of the analytes
isolated to be detected without instrument re-calibration.
[0084] 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.
Forexample, colorimetric assays using dyes widely avail-
able. Alternatively, detection may be accomplished spec-
troscopically. Spectroscopic detectors rely on a change
in refractive index; ultraviolet and/or visible light absorp-
tion, or fluorescence after excitation with a suitable wave-
length to detect reaction components. Exemplary detec-
tion methods include fluorimetry, absorbance, reflect-
ance, and transmittance spectroscopy. Changes in bire-
fringence, refractive index, or diffraction may also be
used to monitor complex formation or reaction progres-
sion. Particularly useful techniques for detecting molec-
ular interactions include surface plasmon resonance, el-
lipsometry, resonant mirror techniques, grating-coupled
waveguide techniques, and multi-polar resonance spec-
troscopy. 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.

[0085] A preferred method of detection is by mass
spectroscopy. Mass spectroscopy techniques include,
but are not limited to ionization (I) techniques such as
matrix assisted laser desorption (MALDI), continuous or
pulsed electrospray (ESI) and related methods (e.g.,
IONSPRAY or THERMOSPRAY), or massive cluster im-
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, single
or multiple magnetic sector, Fourier Transform ion cyclo-
tron resonance (FTICR), ion trap, and combinations
thereof (e.g., ion-trap/time-of flight). For ionization, nu-
merous matrix/wavelength combinations (MALDI) or sol-
vent combinations (ESI) can be employed. Subattomole
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 intro-
duced by Hillenkamp et al. ("Matrix Assisted UV-Laser
Desorption/lonization: A New Approach to Mass Spec-
trometry of Large Biomolecules," Biological Mass Spec-
trometry (Burlingame and McCloskey, editors), Elsevier
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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 Enhanced for Laser Desorp-
tion/lonization (SELDI), as discussed for example in U.S.
Pat. No. 6,020,208.

[0086] 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

[0087] 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 combinatorial li-
brary comprising at least 1000 different binding moieties,
each binding moiety in an amount selected 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 bind-
ing moieties are supplied separately. When supplied sep-
arately, the binding moieties and/or solid supports in-
clude a capture moiety that allows the operator of the
invention to couple binding moiety to solid support during
the course of practicing the invention described herein.
Kits providing separate binding moieties and solid sup-
ports may optionally provide additional reagents neces-
sary to perform the reaction coupling the binding moieties
to the solid supports.

[0088] 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.

[0089] Kitembodiments may optionallyinclude instruc-
tions for using the kit.

[0090] 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
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noncritical parameters that could be changed or modified
to yield essentially similar results.

EXAMPLES

[0091] 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 pro-
tein concentrations is achieved by selectively adsorbing
serum proteins to hexapeptides coupled to insoluble
beads. Each possible permutation of hexapeptide is rep-
resented 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 par-
ticular binding moiety. In contrast, low abundance serum
analytes are bound almostin their entirety, as the amount
of binding moiety recognizing the low abundance analyte
is not limiting. The result of this selective binding is a
reduction in the analyte concentration variance for pro-
teins recognized by the binding moieties of used, without
the risk of losing low abundance analytes inherent in
methods that seek to selectively remove 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 device would have to be recalibrated
repeatedly in order to detect the same analytes in un-
treated sera.

[0092] 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 equilibrated
in a buffer solution at neutral pH and having a sodium
chloride concentration of 0.1 mol 1-1. Proteins not binding
the column (the "flow through") are collected and re-
tained.

[0093] 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.
[0094] 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 buffered
saline, pH 6.8, at room temperature to remove material
that is not bound to the hexapeptides on the beads. The
beads are then mixed with an aqueous solution contain-
ing 2M acetic acid and 6M urea (final concentrations) to
desorb all proteins from the beads.

[0095] 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
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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-
ferentamounts of a plurality of different analytes,
wherein the first different amounts have a first
variance;

b) contacting the test sample with a combinato-
rial library comprising at least 1,000 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 bind-
ing moieties to produce a second sample com-
prising second amounts of a plurality of different
analytes, wherein the second amounts have a
second variance;

wherein the amounts of the different binding moieties
are selected to capture amounts of the different an-
alytes whereby the second 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 any one of claims 1 to 3, wherein the
combinatorial library contains between 10,000 and
1,000,000 different binding moieties.

5. The method of any one of claims 1 to 4, wherein the
plurality of different analytes is atleast one thousand,
at least ten thousand, at least one-hundred thou-
sand, at least one million or at least ten million dif-
ferent analytes.

6. The method of any one of claims 1 to 5, wherein the
contacting step comprises admixing the binding moi-
eties with the test sample.
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The method of any one of claims 1 to 6, further com-
prising fractionating the captured analytes based on
a physical or chemical property.

The method of any one of claims 1 to 7, wherein the
binding moieties comprise bio-organic polymers.

The method of claim 8, wherein the bio-organic pol-
ymers are selected from the group consisting of pep-
tides, oligonucleotides and oligosaccharides.

The method of claim 9, wherein the bio-organic pol-
ymers are peptides at least four amino acids in
length.

The method of claim 9, wherein the peptides are an-
tibodies.

The method of claim 11, wherein the antibodies are
surface molecules of a phage display library.

The method of claim 9, wherein the bio-organic pol-
ymers are oligonucleotides of at least fifteen units in
length.

The method of claim 13, wherein the binding moie-
ties are aptamers.

The method of claim 8, wherein the binding moieties
are oligosaccharides of at least five monosaccharide
units in length.

The method of any one of claims 1 to 15, wherein
the contacting step is performed with the analyte in
a gaseous state, a liquid state or in a suspension.

The method of any one of claims 1 to 16, wherein
removing unbound analytes comprises washing the
captured analytes with a wash buffer.

The method of any one of claims 1 to 17, wherein
isolating the captured analytes comprises eluting the
analytes from the binding moieties by contacting the
captured analytes with an elution buffer and collect-
ing the analytes in the elution buffer free of binding
moieties.

The method of claim 18, wherein the elution buffer
is a solution comprising a component selected from
the group consisting of a detergent a salt, an organic
solvent, an acid, a base, a chaotropic agent and a
competing ligand for the binding moiety.

The method of any one of claims 1 to 19, wherein
the second variance is at least 25% less than the

first variance.

The method of any one of claims 1 to 20, further
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comprising fractionating the analytes into sub-
groups.

The method of claim 21, wherein fractionating com-
prises segregating the analytes using a technique
selected from the group consisting of chromatogra-
phy, electrophoresis, capillary electrophoresis, filtra-
tion and precipitation.

The method of any one of claims 1 to 22, wherein
the different binding moieties are coupled to a solid
support.

The method of claim 23, wherein the solid support
comprises a hydrogel.

The method of claim 23, wherein the coupling com-
prises a covalent bond.

The method of claim 23, 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 26, wherein the insoluble sur-
faces are beads.

The method of claim 23, wherein the binding moie-
ties are coupled to the solid support by a capture
moiety.

The method of claim 28, wherein the capture moiety
is selected from the group consisting of FLAG tag,
His tag and biotin.

The method of any one of claims 1 to 29, further
comprising detecting the isolated analytes.

The method of claim 30, wherein detecting the ana-
lytes is performed using an assay comprising a tech-
nique selected from the group consisting of: colori-
metric, spectrophotometric, magneticresonance, el-
lipsometric, mass spectroscopic, electrophoretic,
chromatographic and enzymatic.

The method of claim 31, wherein the assay is mass
spectroscopic and the second variance of the isolat-
ed analytes allows quantifying at least 30% of the
captured analytes using a single detector setting.

A kit for detecting a plurality of analytes in a sample,
the kit comprising:

(i) a combinatorial library comprising at least
1,000 different binding moieties, each binding
moiety in an amount selected to capture a pre-
determined amount of a different analyte;

(ii) a plurality of containers retaining compo-
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nents for sample preparation and analyte isola-
tion; and

(iii) instructions for reducing the variance of an-
alytes in a sample.

The kit of claim 33, wherein the binding moieties are
coupled to a solid support.

The kit of any one of claims 33 or 34, wherein the
components for sample preparation comprise a
wash solution sufficient for removing unbound ma-
terial from a binding moiety specifically bound to an
analyte, and an elution solution sufficient to release
analyte specifically bound by a binding moiety.

The kit of claim 35, wherein the elution buffer in-
cludes a component selected from the group con-
sisting of:

(i) an acid,

(ii) a base,

(iii) a detergent,

iv) a chaotropic agent,

v) a salt,

(vi) an organic solvent,

(vii) a competing ligand for the binding moieties;
and

(viii) a mixture of two or more of (i) to (vii).

(
(

The kit any one of claims 33 to 35, wherein the com-
binatorial library contains between 10,000 and
1,000,000 different binding moieties.

The kit of any one of claims 33 to 37, wherein the
binding moieties comprise bioorganic polymers, se-
lected from the group consisting of:

(i) peptides, preferably peptides of at least four
amino acids in length, hexapeptides or antibod-
ies, wherein the antibodies preferably are sur-
face molecules of a phage display library;

(ii) oligonucleotides, preferably oligonucleotides
of at least fifteen units in length, aptamers, dou-
ble-stranded DNA or single-stranded RNA; and
(iii) oligosaccharides, preferably oligosaccha-
rides of at least five monosaccharide units in
length.

The kit of any one of claims 33 to 38, wherein the
binding moieties are coupled to a solid support, pref-
erably through a linker or capture moiety and wherein
a preferred capture moiety is selected from the group
consisting of FLAG tag, His tag and biotin.

The kit of claim 39, wherein the solid support is se-
lected from the group consisting of:

(i) a hydrogel;



27

(ii) a plurality of insoluble surfaces, preferably
spherical beads or irregular particles, preferably
wherein each insoluble surface is coupled to a
single species of binding moieties;

Patentanspriiche

Verfahren zum Reduzieren der relativen Mengen
von Analyten in einer Probe, welches umfasst:

a) Vorsehen einer Untersuchungsprobe, welche
erste unterschiedliche Mengen von mehreren
unterschiedlichen Analyten umfasst, wobei die
ersten unterschiedlichen Mengen eine erste Va-
rianz aufweisen;

b) Kontaktieren der Untersuchungsprobe mit ei-
ner kombinatorischen Bibliothek, die minde-
stens 1.000 unterschiedliche Bindungsmoieta-
ten umfasst;

c) Fangen von Mengen der unterschiedlichen
Analyten von der Untersuchungsprobe mit den
unterschiedlichen Bindungsmoietaten und Ent-
fernen von nicht gebundenen Analyten; und

d) Isolieren der gefangenen Analyten von den
Bindungsmoietéaten, um eine zweite Probe zu
erzeugen, die zweite Mengen von mehreren un-
terschiedlichen Analyten umfasst, wobei die
zweiten Mengen eine zweite Varianz aufweisen;

wobei die Mengen der unterschiedlichen Bindungs-
moietaten gewahlt werden, um Mengen der unter-
schiedlichen Analyten zu fangen, wodurch die zwei-
te Varianz kleiner als die erste Varianz ist.

Verfahren nach Anspruch 1, wobei die Untersu-
chungsprobe ein biologisches Fluid ist, das aus der
Gruppe bestehend aus Blut, Biopsiegewebe Frucht-
wasser, Milch, Urin, Schweil3, Speichel, einem Zel-
lenextrakt oder Derivaten davon gewahlt ist.

Verfahren nach Anspruch 1, wobei die Untersu-
chungsprobe eine Umweltprobe ist.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
die kombinatorische Bibliothek zwischen 10.000 und
1.000.000 unterschiedliche Bindungsmoietaten ent-
halt.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
die mehreren unterschiedlichen Analyten minde-
stens eintausend, mindestens zehntausend, minde-
stens einhunderttausend, mindestens eine Million
oder mindestens zehn Millionen unterschiedliche
Analyten sind.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
der Kontaktierungsschritt das Beimischen der Bin-
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dungsmoietaten mit der Untersuchungsprobe um-
fasst.

Verfahren nach einem der Anspriiche 1 bis 6, wel-
ches weiterhin das Fraktionieren der gefangenen
Analyten beruhend auf einer physikalischen oder
chemischen Eigenschaft umfasst.

Verfahren nach einem der Anspriiche 1 bis 7, wobei
die Bindungsmoietaten bioorganische Polymere
umfassen.

Verfahren nach Anspruch 8, wobei die bioorgani-
schen Polymere aus der Gruppe bestehend aus
Peptiden, Oligonukleotiden und Oligosacchariden
gewahlt werden.

Verfahren nach Anspruch 9, wobei die bioorgani-
schen Polymere Peptide einer Lange von minde-
stens vier Aminosauren sind.

Verfahren nach Anspruch 9, wobei die Peptide An-
tikérper sind.

Verfahren nach Anspruch 11, wobei die Antikérper
Oberflachenmolekiile einer Phagen-Display-Biblio-
thek sind.

Verfahren nach Anspruch 9, wobei die bioorgani-
schen Polymere Oligonukleotide einer Lange von
mindestens flinfzehn Einheiten sind.

Verfahren nach Anspruch 13, wobei die Bindungs-
moietaten Aptamere sind.

Verfahren nach Anspruch 8, wobei die Bindungs-
moietaten Oligosaccharide einer Ladnge von minde-
stens fiinf Monosaccharid-Einheiten sind.

Verfahren nach einem der Anspriiche 1 bis 15, wobei
der Kontaktierungsschritt mit dem Analyten in einem
gasférmigen Zustand, einem fliissigen Zustand oder
in einer Suspension durchgefiihrt wird.

Verfahren nach einem der Anspriiche 1 bis 16, wobei
das Entfernen von nicht gebundenen Analyten das
Waschen der gefangenen Analyten mit einem
Waschpuffer umfasst.

Verfahren nach einem der Anspriiche 1 bis 17, wobei
das Isolieren der gefangenen Analyten das Eluieren
der Analyten aus den Bindungsmoietdten durch
Kontaktieren der gefangenen Analyten mit einem
Elutionspuffer und Sammeln der Analyten in dem
Elutionspuffer frei von Bindungsmoietaten umfasst.

Verfahren nach Anspruch 18, wobei der Elutionspuf-
fer eine Losung ist, die eine Komponente gewahlt
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aus der Gruppe bestehend aus einem Detergens ei-
nem Salz, einem organischen L&sungsmittel, einer
Saure, einer Base, einem chaotropen Agens und ei-
nem konkurrierenden Liganden fir die Bindungs-
moietat umfasst.

Verfahren nach einemder Anspriiche 1 bis 19, wobei
die zweite Varianz mindestens 25% kleiner als die
erste Varianz ist.

Verfahren nach einem der Anspriiche 1 bis 20, wel-
ches weiterhin das Fraktionieren der Analyten zu Un-
tergruppen umfasst.

Verfahren nach Anspruch 21, wobei das Fraktionie-
ren das Absondern der Analyten unter Verwenden
einer Technik gewahlt aus der Gruppe bestehend
aus Chromatographie, Elektrophorese, Kapillarelek-
trophorese, Filtration und Fallung umfasst.

Verfahren nach einemder Anspriiche 1 bis 22, wobei
die unterschiedlichen Bindungsmoietaten an einen
festen Trager gekoppelt sind.

Verfahren nach Anspruch 23, wobei der feste Trager
ein Hydrogel umfasst.

Verfahren nach Anspruch 23, wobei das Koppeln
eine kovalente Bindung umfasst.

Verfahren nach Anspruch 23, wobei der feste Trager
mehrere unlésliche Oberflachen ist, wobei jede un-
I6sliche Oberflache an eine einzige Bindungsmoie-
tatspezies gekoppelt ist.

Verfahren nach Anspruch 26, wobei die unléslichen
Oberflachen Perlen sind.

Verfahren nach Anspruch 23, wobei die Bindungs-
moietaten durch eine Fangermoietat an den festen
Trager gekoppelt sind.

Verfahren nach Anspruch 28, wobei die Fanger-
moietat aus der Gruppe bestehend aus FLAG-Tag,
His-Tag und Biotin gewahlt wird.

Verfahren nach einem der Anspriiche 1 bis 29, wel-
ches weiterhin das Detektieren der isolierten Analy-
ten umfasst.

Verfahren nach Anspruch 30, wobei das Detektieren
der Analyten unter Verwenden eines Assay durch-
geflihrtwird, das eine Technik gewahlt aus der Grup-
pe bestehend aus kolorimetrisch, spektrophotome-
trisch, Magnetresonanz, ellipsometrisch, massen-
spektroskopisch, elektrophoretisch, chromatogra-
phisch und enzymatisch umfasst.
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Verfahren nach Anspruch 31, wobeidas Assay mas-
senspektroskopisch ist und die zweite Varianz der
isolierten Analyten ein Quantifizieren von minde-
stens 30% der gefangenen Analyten unter Verwen-
den einer einzigen Detektoreinstellung zulasst.

Setzum Detektieren von mehreren Analyten in einer
Probe, wobei das Set umfasst:

(i) eine kombinatorische Bibliothek, die minde-
stens 1.000 unterschiedliche Bindungsmoieta-
ten umfasst, wobei jede Bindungsmoietat in ei-
ner Menge vorliegt, die gewahlt wird, um eine
vorbestimmte Menge eines unterschiedlichen
Analyten zu fangen;

(ii) mehrere Behalter, die Komponenten fiir eine
Probenherstellung und Analytisolierung halten;
und

(iii) Befehle zum Reduzieren der Varianz von
Analyten in einer Probe.

Set nach Anspruch 33, wobei die Bindungsmoieta-
ten an einen festen Trager gekoppelt sind.

Set nach einem der Anspriiche 33 oder 34, wobei
die Komponenten fiir die Probenherstellung eine
Waschlésung, die zum Entfernen von nicht gebun-
denem Material von einer Bindungsmoietat, die spe-
zifisch an einen Analyten gebunden ist, ausreicht,
und eine Elutionslésung, die zum Freisetzen eines
spezifisch durch eine Bindungsmoietat gebundenen
Analyten ausreicht, umfassen.

Set nach Anspruch 35, wobei der Elutionspuffer eine
Komponente gewahlt aus der Gruppe bestehend
aus:

(i) einer Saure,

(ii) einer Base,

(iii) einem Detergens,

iv) einem chaotropen Agens,

v) einem Salz,

(vi) einem organischen Lésungsmittel,

(vii) einem konkurrierenden Liganden fir die
(

(
(

Bindungsmoietaten und
viii) einer Mischung von zwei oder mehr von (i)
bis (vii) umfasst.

Set nach einem der Anspriiche 33 bis 35, wobei die
kombinatorische Bibliothek zwischen 10.000 und
1.000.000 unterschiedliche Bindungsmoietaten ent-
halt.

Set nach einem der Anspriiche 33 bis 37, wobei die
Bindungsmoietaten bioorganische Polymere ge-

wahlt aus der Gruppe bestehend aus:

(i) Peptiden, vorzugsweise Peptiden einer Lan-



39.

40.

31 EP 1 580 559 B1

ge von mindestens vier Aminosauren, Hexapep-
tiden oder Antikorpern, wobeidie Antikdrper vor-
zugsweise Oberflachenmolekiile einer Phagen-
Display-Bibliothek sind;

(ii) Oligonukleotiden, vorzugsweise Oligonu-
kleotiden einer Ldnge von mindestens fiinfzehn
Einheiten, Aptameren, doppelstrangiger DNA
oder einstrangiger RNA; und

(iii) Oligosacchariden, vorzugsweise Oligosac-
chariden einer Lange von mindestens fiinf Mo-
nosaccharid-Einheiten

umfassen.

Set nach einem der Anspriiche 33 bis 38, wobei die
Bindungsmoietaten, vorzugsweise durch eine Lin-
ker- oder Fangermoietat, an einen festen Trager ge-
koppelt sind und wobei eine bevorzugte Fanger-
moietat aus der Gruppe bestehend aus FLAG-Tag,
His-Tag und Biotin gewahlt wird.

Set nach Anspruch 39, wobei der feste Trager ge-
wahlt wird aus der Gruppe bestehend aus:

(i) einem Hydrogel;

(i) mehreren unléslichen Oberflachen, vorzugs-
weise kugelférmigen Perlen oder unregelmafi-
gen Partikeln, wobei vorzugsweise jede unlds-
liche Oberflache an eine einzige Spezies von
Bindungsmoietéaten gekoppelt ist.

Revendications

1.

Procédé pour réduire les quantités relatives d’ana-
lyte dans un échantillon comprenant .

a) la fourniture d’un échantillon d’essai compre-
nant différentes premiéres quantités d’'une plu-
ralité d’analytes différents, les premiéres diffé-
rentes quantités ayant une premiére variance ;
b) la mise en contact de I'échantillon d’essai
avec une banque combinatoire comprenant au
moins 1 000 fragments de liaison différents ;
c) la capture de quantités des différents analytes
de I'échantillon d’essai avec les différents frag-
ments de liaison et I'élimination des analytes
non liés ; et

d) 'isolement des analytes capturés a partir des
fragments de liaison pour produire un deuxiéme
échantillon comprenant des deuxiémes quanti-
tés d'une pluralité d’analytes différents, les
deuxiémes quantités ayant une deuxiéme
variance ;

dans lequel les quantités des différents fragments
de liaison sont choisies de maniére a capturer des
quantités des différents analytes de telle maniére
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que la deuxieme variance soit inférieure a la premie-
re variance.

Procédé de la revendication 1, dans lequel 1"échan-
tillon d’essai est un fluide biologique choisi dans le
groupe constitué de sang, tissu de biopsie, liquide
amniotique, lait, urine, sueur, salive, un extrait de
cellules ou des dérivés de ceux-ci.

Procédé de la revendication 1, dans lequel I'échan-
tillon d’essai est un échantillon environnemental.

Procédé de I'une quelconque des revendications 1
a 3, dans lequel la banque combinatoire contient en-
tre 10 000 et 1 000 000 fragments de liaison diffé-
rents.

Procédé de I'une quelconque des revendications 1
a 4, dans lequel la pluralité d’analytes différents est
au moins mille, au moins dix mille, au moins cent
mille, au moins un million ou au moins dix millions
d’analytes différents.

Procédé de I'une quelconque des revendications 1
a5, danslequel I'étape de mise en contact comprend
le mélange des fragments de liaison avec I'échan-
tilon d’essai.

Procédé de I'une quelconque des revendications 1
a 6, comprenant en outre le fractionnement des ana-
lytes capturés sur la base d’'une propriété physique
ou chimique.

Procédé de I'une quelconque des revendications 1
a 7, dans lequel les fragments de liaison compren-
nent des polymeéres bio-organiques.

Procédé de la revendication 8, dans lequel les poly-
meres bio-organiques sont choisis dans le groupe
constitué de peptides, oligonucléotides et oligosac-
charides.

Procédé de la revendication 9, dans lequel les poly-
meres bio-organiques sont des peptides d’au moins
quatre acides aminés de longueur.

Procédé de la revendication 9, dans lequel les pep-
tides sont des anticorps.

Procédé de la revendication 11, dans lequel les an-
ticorps sont des molécules de surface d’'une banque
de présentation sur phage.

Procédé de la revendication 9, dans lequel les poly-
meres bio-organiques sont des oligonucléotides

d’au moins quinze unités de longueur.

Procédé de larevendication 13, dans lequel les frag-
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ments de liaison sont des aptaméres.

Procédé de la revendication 8, dans lequel les frag-
ments de liaison sont des oligosaccharides d’au
moins cing motifs de monosaccharide de longueur.

Procédé de I'une quelconque des revendications 1
a 15, dans lequel I'étape de mise en contact est ef-
fectuée avec 'analyte dans un état gazeux, un état
liquide ou dans une suspension.

Procédé de I'une quelconque des revendications 1
a 16, dans lequel I'élimination d’analytes non liés
comprend le lavage des analytes capturés avec un
tampon de lavage.

Procédé de I'une quelconque des revendications 1
a 17, dans lequel I'isolement des analytes capturés
comprend I'élution des analytes a partir des frag-
ments de liaison par mise en contact des analytes
capturés avec un tampon d’élution et collecte des
analytes dans le tampon d’élution exempts de frag-
ments de liaison.

Procédé de la revendication 18, dans lequel le tam-
pon d’élution est une solution comprenant un com-
posant choisi dans le groupe constitué d’un déter-
gent, un sel, un solvant organique, un acide, une
base, un agent chaotrope et un ligand compétitif pour
le fragment de liaison.

Procédé de I'une quelconque des revendications 1
a 19, dans lequel la deuxiéme variance est au moins
25 % inférieure a la premiéere variance.

Procédé de I'une quelconque des revendications 1
a 20, comprenant en outre le fractionnement des
analytes en sous-groupes.

Procédé de la revendication 21, dans lequel le frac-
tionnement comprend la ségrégation des analytes
en utilisant une technique choisie dans le groupe
constitué de la chromatographie, I'électrophorese,
I'électrophoréese capillaire, lafiltration et la précipita-
tion.

Procédé de I'une quelconque des revendications 1
a 22, dans lequel les différents fragments de liaison
sont couplés a un support solide.

Procédé de la revendication 23, dans lequel le sup-
port solide comprend un hydrogel.

Procédé de la revendication 23, dans lequel le cou-
plage comprend un liaison covalente.

Procédé de la revendication 23, dans lequel le sup-
port solide est une pluralité de surfaces insolubles,
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28.

29,

30.

31.

32,

33.

34.

35.

36.
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chaque surface insoluble étant couplée a une espe-
ce unique de fragment de liaison.

Procédé de la revendication 26, dans lequel les sur-
faces insolubles sont des billes.

Procédé de la revendication 23, dans lequel les frag-
ments de liaison sont couplés au support solide par
un fragment de capture.

Procédé de la revendication 28, dans lequel le frag-
ment de capture est choisi dans le groupe constitué
d’une étiquette FLAG, une étiquette His et la biotine.

Procédé de I'une quelconque des revendications 1
a 29, comprenant en outre la détection des analytes
isolés.

Procédé de la revendication 30, dans lequel la dé-
tection des analytes est effectuée en utilisant un es-
sai comprenant une technique choisie dans le grou-
pe constitué de techniques : colorimétriques, spec-
trophotométriques, de résonance magnétique, ellip-
sométriques, de spectrométrie de masse, électro-
phorétiques, chromatographiques et enzymatiques.

Procédé de la revendication 31, dans lequel I'essai
est effectué par spectrométrie de masse etla deuxie-
me variance des analytes isolés permet la quantifi-
cation d’au moins 30 % des analytes capturés en
utilisant une configuration de détecteur unique.

Kit pour détecter une pluralité d’analytes dans un
échantillon, le kit comprenant :

(i) une banque combinatoire comprenant au
moins 1000 fragments de liaison différents, cha-
que fragment de liaison étant en une quantité
choisie pour capturer une quantité prédétermi-
née d’un analyte différent ;

(i) une pluralité de conteneurs retenant des
composants pour la préparation d’échantillon et
I'isolement d’analyte ; et

(iii) des instructions pour réduire la variance
d’analytes dans un échantillon.

Kit de la revendication 33, dans lequel les fragments
de liaison sont couplés a un support solide.

Kit de I'une quelconque des revendications 33 ou
34, dans lequel les composants pour la préparation
d’échantillon comprennent une solution de lavage
suffisante pour séparer le matériau non lié d’'un frag-
ment de liaison spécifiquement lié a un analyte, et
une solution d’élution suffisante pourlibérer I'analyte
spécifiguement lié a un fragment de liaison.

Kit de la revendication 35, dans lequel le tampon
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d’élution comprend un composant choisi dans le
groupe constitué de :

(i) un acide,

(i) une base,

(iii)un détergent,

(iv) un agent chaotrope,

(v) un sel,

(vi) un solvant organique,

(vii)un ligand compétitif pour les fragments de
liaison ; et

(viii)un mélange de deux ou plus de (i) a (vii).

Kit de 'une quelconque des revendications 33 a 35,
dans lequel la banque combinatoire contient entre
10 000 et 1 000 000 fragments de liaison différents.

Kit de 33 a 37, dans lequel les fragments de liaison
comprennent des polyméres bio-organiques, choi-
sis dans le groupe constitué de :

(i) peptides, de préférence des peptides d’au
moins quatre acides aminés de longueur, des
hexapeptides ou des anticorps, les anticorps
étant de préférence des molécules de surface
d’'une banque de présentation sur phage ;

(ii) oligonucléotides, de préférence des oligonu-
cléotides d’au moins quinze motifs de longueur,
des aptaméres, un ADN bicaténaire ou un ARN
monocaténaire ; et

(iii) des oligosaccharides, de préférence des oli-
gosaccharides d’au moins cinq motifs de mono-
saccharide de longueur.

Kit de 'une quelconque des revendications 33 a 38,
dans lequel les fragments de liaison sont couplés a
un support solide, de préférence par l'intermédiaire
d’'un lieur ou un fragment de capture et dans lequel
un fragment de capture préféré est choisi dans le
groupe constitué d’une étiquette FLAG, une étiquet-
te His et la biotine.

Kit de la revendication 39, dans lequel le support
solide est choisi dans le groupe constitué de :

(i) un hydrogel ;

(i) une pluralité de surfaces insolubles, de pré-
férence des billes sphériques ou des particules
irrégulieres, de préférence ou chaque surface
insoluble est couplée a une espéce unique de
fragments de liaison.
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