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7) ABSTRACT

A method of screening a mixture for active entities, which
method comprises: providing a plurality of ligands, wherein
each ligand is attached to a support to form a plurality of
ligand-support complexes, contacting the ligand-support
complexes with a mixture comprising a plurality of entities
under conditions that allow at least one entity to bind to at
least one ligand-support complex, thereby forming at least
one entity-ligand-support complex, separating at least one
entity-ligand-support complex from the unbound entities,
assaying at least one entity of at least one entity-ligand-
support complex for an activity, detecting the activity, and
selecting at least one entity-ligand-support-complex having
the entity, which exhibited the detected activity, whereupon
a mixture is screened for active entities; and related meth-
ods.
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METHOD FOR IDENTIFYING INDIVIDUAL
ACTIVE ENTITIES FROM COMPLEX MIXTURES

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This patent application claims the benefit of U.S.
Provisional Patent Application No. 60/395,038, filed Jul. 11,
2002.

FIELD OF THE INVENTION

[0002] This invention pertains to methods of screening a
mixture for active entities.

BACKGROUND OF THE INVENTION

[0003] Conventional proteomics seeks to generate a com-
prehensive identity profile of the entire proteome of an
organism and, through analysis of this information, to iden-
tify potential diagnostic and therapeutic entities. Currently,
the dominant technologies for resolving protein mixtures are
two-dimensional gel electrophoresis and multi-dimensional
liquid chromatography, both coupled to mass spectrometry.
An example of the power of this approach is the resolution
and identification of 1,484 proteins in yeast (Washburn et al.,
Nat. Biotechnol., 9(3): 242-2471 (2001)). A quantitative
methodology for protein separation and identification is
isotope coded affinity tag (ICAT), developed by Aebersold
and colleagues (Smolka et al., Anal. Biochem., 297(1):
25-312 (2001)). ICAT involves the site-specific, covalent
labeling of proteins with isotopically normal or heavy
reagents to quantitate levels of protein expression. Yet
another example of methodology that separates and identi-
fies proteins is a global version of the yeast two-hybrid
screening assay developed by Uetz et al. (Uetz et al., Nature,
403(6770): 623-627 (2000)) and Ito et al. (Ito et al., Proc.
Natl. Acad. Sci. USA, 98(8): 4569-4574 (2001)), which
identified over 4,000 protein-protein interactions in Saccha-
romyces cerevisiae. Although these approaches for separat-
ing and identifying proteins are powerful, they do not
identify the cellular functions of the fractionated proteins.

[0004] Complex protein mixtures also have been sepa-
rated on libraries of combinatorially-generated ligands
immobilized on beads. Combinatorial and synthetic chem-
istry techniques well-known in the art can generate libraries
of millions of ligands, (Lam et al., Nature, 354: 82-84 (1991)
and International (PCT) Patent Application WO 92/00091)
each of which may have the capacity to bind to molecules.
A library of linear hexamer ligands made with 18 of the
natural amino acids, for example, contains 34x10° different
structures. When amino acid analogs and isomers are also
included, the number of potential structures is practically
limitless. Each bead essentially has millions of copies of a
single structure on its surface and different beads contain
different sequences. Moreover, the total number of beads in
a library may be enormous.

[0005] Following exposure of an entity molecule to a
combinatorial library, the entity will bind through affinity
interactions to specific ligands within the library. At equi-
librium, the concentration of the entity on the support, e.g.,
a bead bearing an affinity ligand, will be dependent on the
affinity constant and the concentration of the ligand and the
entity. In published screening methodologies, the detection
of the bound entity and hence its ligand can be straightfor-
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ward when a purified, radiolabeled initial entity is used
(Mondorf et al., J. Peptide Research, 52: 526-536 (1998)).
Other methods include detection by an antibody against the
entity (Buettner et al., Infernational Journal of Peptide &
Protein Research, 47. 70-83 (1996);, Furka et al., Interna-
tional Journal Peptide Protein Research, 37(6): 487-493
(1991); and Lam et al., (1991) supra). Ligands to multiple
entities can be detected using beads immobilized on an
adhesive in combination with a subtractive screening
method. This is referred to as the QUASAR method (Inter-
national (PCT) Patent Application WO 01/40265) and was
used to detect ligands that bound to virus and prion protein.

[0006] 1In a related but distinct methodology using a bead-
based library, the entity protein in its normal physiological
environment is incubated with a peptide ligand library
bound to beads. Following fractionation, the beads are
immobilized and arrayed in a thin gel of low melting-point
agarose to create a crude “array” of ligands. A protein-
binding membrane (nitrocellulose or PVDF) is laid on the
gel, and the proteins are eluted from the beads under a
variety of conditions and captured in the same relative
position as they were in the gel on the membrane by
unidirectional capillary transfer of solvent diffusing through
the gel (similar to a Southern transfer of DNA). As all of the
proteins that were present in the original mixture that bound
to ligands immobilized on beads are present on the mem-
branes, the membranes themselves can be stripped and
reprobed for different, known proteins.

[0007] In the foregoing methods, in which a library of
combinatorially-generated ligands immobilized onto beads
is used, entity proteins are simply separated and identified
based on their binding to the ligands and not on their
biochemical or biological function. Therefore, there exists a
need in the art for methods that separates and identify
proteins from complex mixtures based on their chemical,
physical, biological, and/or biochemical function and not
merely on their ability to bind a ligand within the library.

[0008] The invention provides such methods. This and
other objects and advantages of the invention, as well as
additional inventive features, will be apparent from the
description of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION

[0009] The invention provides methods of screening a
mixture for active entities. In a first method, the method
comprises (i) providing a plurality of ligands, wherein each
ligand is attached to a support to form a plurality of
ligand-support complexes, (ii) contacting the ligand-support
complexes with a mixture comprising a plurality of entities
under conditions that allow at least one entity to bind to at
least one ligand-support complex, thereby forming at least
one entity-ligand-support complex, (iii) separating at least
one entity-ligand-support complex from the unbound enti-
ties, (iv) assaying at least one entity of at least one separated
entity-ligand-support complex for an activity, (v) detecting
the activity, and (vi) selecting at least one entity-ligand-
support-complex having the entity, which exhibited the
detected activity.

[0010] In a second method, the method comprises (i)
providing a plurality of ligands, wherein each ligand is
attached to a support to form a plurality of ligand-support
complexes, (i) contacting the ligand-support complexes
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with a mixture comprising a plurality of entities under
conditions that allow at least one entity to bind to at least one
ligand-support complex, thereby forming at least one entity-
ligand-support complex, (iii) separating at least one entity-
ligand-support complex from the unbound entities, (iv)
separating at least one entity-ligand-support complex and
the ligand-support complexes into pools, (v) dissociating at
least one entity from at least one separated entity-ligand-
support complex, (vi) removing from the pools the ligand-
support complexes or the at least one dissociated entity of
step (v), (vii) assaying at least one dissociated entity of step
(v) for an activity, (viii) detecting the activity, and (ix)
selecting at least one entity exhibiting the detected activity.

[0011] In a third method, the method comprises (i) pro-
viding a plurality of ligands, wherein each ligand is attached
to a support to form a plurality of ligand-support complexes,
(ii) contacting the ligand-support complexes with a mixture
comprising a plurality of entities under conditions that allow
at least one entity to bind to at least one ligand-support
complex, thereby forming at least one entity-ligand-support
complex, (iii) separating at least one entity-ligand-support
complex from the unbound entities, (iv) separating at least
one entity-ligand-support complex and the ligand-support
complexes into pools, (v) adding a semi-solid or viscous
material to each pool, wherein the entity of at least one
separated entity-ligand-support complex dissociates from
the complex and diffuses into the material, thereby forming
a concentration gradient of the entity, wherein the concen-
tration of the entity gradually decreases as the distance from
the ligand-support complex from which at entity dissociated
increases, (vi) assaying at least one dissociated entity of step
(v) for an activity, (vii) detecting the activity, and (viii)
selecting the at least one entity exhibiting the detected
activity.

DETAILED DESCRIPTION OF THE
INVENTION

[0012] The invention provides methods of screening a
mixture for active entities. In a first method, the method
comprises (1) providing a plurality of ligands, wherein each
ligand is attached to a support to form a plurality of
ligand-support complexes, (i) contacting the ligand-support
complexes with a mixture comprising a plurality of entities
under conditions that allow at least one entity to bind to at
least one ligand-support complex, thereby forming at least
one entity-ligand-support complex, (iii) separating the at
least one entity-ligand-support complex from the unbound
entities, (iv) assaying the at least one entity of the at least one
entity-ligand-support complex for an activity, (v) detecting
the activity, and (vi) selecting the at least one entity-ligand-
support-complex having the entity, which exhibited the
detected activity.

[0013] The term “mixture” as used herein refers to any
collection comprising more than one entity, wherein the term
“entity” as used herein refers to any biological, chemical, or
biochemical entity or target, such as a compound, molecule,
virus, or cell. Preferably, the mixture is a collection of
different entities, each having a different chemical identity,
e.g., molecular formula, chemical structure, nucleotide
sequence or amino acid sequence, or each having a different
physical identity, e.g., spectral signal or conformation. More
preferably, the mixture is a collection comprising a plurality
of different entities. One of ordinary skill in the art appre-
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ciates that the mixture can comprise one or more copies of
each entity having a different chemical or physical identity.

[0014] The entities comprising the mixture can be isolated
from nature or synthetically produced, and can be organic or
inorganic in nature (e.g., a synthetic inorganic compound or
a synthetic organic compound). For example, the entity can
be a drug or drug candidate (such as a small molecule drug
candidate), a fertilizer component, an insecticide compo-
nent, or a derivative, analogue, or enantiomer thereof. In
addition, the entity can be endogenous or exogenous to any
prokaryote or eukaryote, e.g., a bacterium, a fungus, yeast,
a plant, or a mammal. Suitable entities for the inventive
method include, but are not limited to, cells (e.g., stem cells
or cells in culture), proteins, peptides, drugs, antibodies,
synthetic molecules, organic compounds, protein complexes
(e.g., blood clotting Factor XIII and fibrinogen or blood
clotting Factor VIII and Von Willebrand Factor), bacteria,
viruses, fungi, yeast, prions, amino acids, nucleic acids,
carbohydrates, lipids, isoforms of any of the foregoing, and
combinations of any of the foregoing. Preferably, the entities
are proteins. Suitable protein entities include, for example,
receptors, antibodies, immunogens, enzymes (e.g., pro-
teases), and enzyme substrates. More preferably, the pro-
teins are plasma-derived proteins. Most preferably, the
plasma-derived proteins are immunoglobulins, e.g., IgG,
IeM, IgA, IgE. The immunoglobulins can be from an
organism in a diseased state, (and optionally not found in the
plasma of a healthy subject) or produced as a result of the
administration of an agent, e.g., a drug. Alternatively, it is
preferred that the entities are cells. More preferably, the cells
are stem cells.

[0015] The entity of the inventive methods can be
obtained from any source, i.e., the mixture comprising the
entities can be any complex mixture, such as extracts of soil,
air, water, food, swabs for evaluating environmental con-
tamination, intermediate or end-stage chemical reaction
mixtures, and the like. The mixture comprising the entity can
be a chemical or synthetic mixture and can be present in a
combinatorial library and/or present in organic solvents
under extreme conditions of pressure, temperature, etc.
Preferably, the mixture is a biological fluid, an environmen-
tal extract, or a composition comprising chemical com-
pounds.

[0016] By “biological fluid” is meant any aqueous solu-
tion that is derived from a prokaryotic or eukaryotic organ-
ism. The biological fluid can be obtained directly from the
prokaryotic or eukaryotic organism, such as blood, lymph,
tears, saliva, perspiration, and urine. Alternatively, the bio-
logical fluid can be obtained by culturing cells of the
organism, such as fermentation broth and cell culture
medium. Suitable biological fluids for use in the inventive
method include, but are not limited to, blood, plasma, pooled
plasma, intermediates of plasma fractionation, serum, a cell
homogenate, a tissue homogenate, a conditioned medium, a
fermentation broth, cerebrospinal fluid, urine, saliva, milk,
ductal fluid, tears, perspiration, lymph, semen, umbilical
cord fluid, and amniotic fluid. Preferably, the biological fluid
is a plasma-derived fraction comprising antibodies and
anti-idiotype antibodies. By “anti-idiotype” as used herein
refers to an antibody that has an epitope that is specific for
the antigen-determining region of another antibody. Also
preferred is that the biological fluid is obtained from a host
afflicted with a disease. The term “host” as used herein refers
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to any eukaryotic or prokaryotic organism, e.g., bacteria,
virus, yeast, fungi, bird, reptile, and mammal. The disease,
which afflicts the host, can be any disease including any
condition, malady, infection, and the like. For instance, the
disease can be cancer, diabetes, an autoimmune disease,
osteoporosis, wound healing, liver regeneration, or lung
disease. Alternatively, the disease can be an infection with a
parasite, virus, or bacteria.

[0017] The term “environmental extract” as used herein
refers to any sample taken from an environment. The
environment can be a natural environment, such as a natu-
rally-occurring body of water. Alternatively, the environ-
ment can be a man-made environment, such as a building. In
this respect, the environmental extract can be a soil, soil
extract, an extract from a naturally-occurring body of water,
a sample of ice, air, ash, rock, or permafrost, or a swab from
a building. The naturally-occurring body of water can be, for
example, an ocean, a lake, a sea, a river, a swamp, a pond,
adelta, or a bay. The environmental extract can alternatively
be an extract from a water treatment center. The building can
be any man-made building. Preferably, the building is con-
taminated with one or more toxic agents, such as sarin,
soman, nerve poisons, explosive chemicals, pesticides,
pathogens, VX, and blister agents.

[0018] The composition comprising chemical compounds
can comprise natural or synthetic chemical compounds. For
instance, the composition can be a chemical or synthetic
mixture of reaction products. Alternatively, the composition
can be present in a combinatorial library and/or present in
organic solvents under extreme conditions of pressure, tem-
perature, etc.

[0019] The term “ligand” as used herein refers to any
biological, chemical, or biochemical agent, such as a com-
pound, molecule, or cell that binds to an entity. The ligand
can be isolated from natural or synthetically produced
materials. The ligand can be endogenous or exogenous to a
prokaryote or eukaryote, e.g. bacteria, a fungus, yeast, plant,
or a mammal. Suitable ligands for the inventive methods
include, but are not limited to, cells, bacteria, viruses, yeast,
proteins, peptides, amino acids, nucleic acids, carbohy-
drates, lipids, drugs, synthetic inorganic compounds, syn-
thetic organic compounds, antibody preparations (e.g., anti-
body fragments, chemically-modified antibodies, and the
like), sugars, isoforms of any of the foregoing, and combi-
nations of any of the foregoing.

[0020] Organic molecules include, for example, synthetic
organic compounds typically employed as pharmacothera-
peutic agents. Such molecules are, optionally, mass-pro-
duced by combinatorial synthetic methods or, more specifi-
cally, by strategic syntheses devised to arrive at specific
molecules. Likewise, organic molecules also include natural
products and analogues, whether extracted from their natural
environment or strategically synthesized. The term
“organic” as used herein is not intended to be limited to
molecules comprised only of carbon and hydrogen, but
rather is used in its broader sense as encompassing macro-
molecules of biological origin.

[0021] Preferably, the ligands are peptides. The term “pep-
tide” as used herein refers to an entity comprising at least
one peptide bond, and can comprise either D and/or L amino
acids. Ideally, the ligand is a peptide consisting essentially of
about 2 to about 10 amino acids (e.g., about 2, 3,4, 5, 6, 7,
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8, 9, or 10 amino acids). Desirably, the peptide ligands are
generated by combinatorial approaches, i.e., techniques
commonly employed in the generation of a combinatorial
library, e.g., the split, couple, recombine method or other
approaches known in the art (sce, ¢.g., Furka et al., Int. J.
Peptide Protein Res., 37: 487-493 (1991); Lam et al,
Nature, 354: 82-84 (1991); International Patent Application
WO 92/00091; and U.S. Pat. Nos. 5,010,175, 5,133,866, and
5,498, 538). The expression of peptide libraries also is
described in Devlin et al., Science, 249: 404-406 (1990). In
peptide libraries, the number of discrete peptides of differing
sequence increases dramatically with the number of cou-
pling reactions performed, the size of the peptide, and the
number of distinct amino acids utilized. For example, the
random incorporation of 19 amino acids into pentapeptides
produces up to 2,476,099 (19°) individual peptides of dif-
fering sequence (Lam et al., supra). Combinatorial methods
allow generation of libraries of ligands directly on a support.
Typically, the ligands are synthesized on particles of support
media such that multiple copies of a single ligand are
synthesized on each particle (e.g., bead), although this is not
required in the context of the invention.

[0022] In the inventive methods, each of the ligands is
attached to a support, thereby achieving formation of ligand-
support complexes. The term “support” as used herein refers
to any support matrix, such as those solid supports known in
the art, which serve to immobilize the ligand. Suitable
supports include, but are not limited to, membranes, filters,
meshes, or particles comprising cellulose, acrylics, poly-
acrylamide or polyhydroxylated methacrylate polymers,
polystyrene, dextran, agarose, polysaccharides, hydrophilic
vinyl polymers, polymerized derivatives of any of the fore-
going, and combinations of any of the foregoing, as well as
any porous or non-porous matrix to which ligands can be
directly attached or on which ligands can be synthesized.
Preferably, the support is inert such that chemical reaction
with the entity and/or the immobilized ligand is minimized.
In this regard, the support desirably comprises a poly-
methacrylate, polyacrylate, agarose, a polyacrylamide, dex-
tran, cellulose, a polysaccharide, nitrocellulose, silicon, sty-
rene, metal, polyethylene-coated polystyrene,
polyvinyldifluoride, nylon, or a combination of any of the
foregoing. Particularly preferred support materials are poly-
ethylene coated polystyrene and polymethacrylate. Various
resins are commercially available, and, preferably, the sup-
port is a resin bead, such as a chromatographic resin bead.

[0023] Many solid supports displaying potential ligands
are commercially available. Alternatively, the ligands of the
inventive method can be indirectly attached or directly
immobilized on the support using standard methods (see, for
example, Harlow and Lane, Antibodies, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y. (1988); Biancala et
al., Letters in Peptide Science 7(291): 297(2000); MacBeath
et al., Science 289: 1760-1763 (2000); Cass et al., ed.,
Proceedings of the Thirteenth American Peptide Sympo-
sium;, Leiden, Escom, 975-979 (1994); U.S. Pat. No. 5,576,
220; Cook et al., Tetrahedron Letters 35: 6777-6780 (1994);
and Fodor et al., Science 251(4995): 767-773 (1991)). In one
embodiment, the ligand(s) are synthesized on the surface of
the support, which is advantageous in generating peptide
libraries. The ligand(s) can be chemically conjugated to the
support or can be attached via linkers, beta alanine, glycine,
polymers containing glycine-serine, short chain hydrocar-
bons of the formula —(CH,)—, polyethylene glycol, epsilon
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amino caproic acid, and linkers comprising —O(CH,)n,
wherein n is 1-30. If desired, the ligand(s) can be attached
by one or by several different cleavable linkers, e.g., pho-
tolabile or acid labile moieties, enabling the selective
detachment of a population of ligands for analysis. Ligands
can be used, for example, as affinity purification media for
proteins and enantiomeric separation (e.g., to concentrate,
isolate, detect, characterize, quantify, or identify entities in
a sample), as diagnostic therapeutic tools, catalysts and
enhancers of chemical reactions, and as selective stabilizers
of proteins.

[0024] Once formed, the ligand-support complexes are
contacted with a mixture comprising a plurality of entities
under conditions that allow at least one entity to bind to at
least one ligand-support complex, thereby forming at least
one entity-ligand-support complex. Such conditions, as rec-
ognized by one of ordinary skill in the art, depend upon the
mixture (entities) and the ligands themselves, in addition to
other factors, such as pH, temperature, contact time, salt
concentration, and the like. Determination of suitable con-
ditions that allow at least one entity to bind to at least one
ligand-support complex is within the ordinary skill. In a
preferred embodiment of the invention, multiple entity-
ligand support complexes are formed.

[0025] After at least one entity-ligand-support complex is
formed, at least one entity-ligand-support complex and the
ligand-support complexes are separated from the unbound
entities. The term “unbound entities” as used herein refers to
the entities of the mixture that do not bind or are loosely
bound to any of the ligand-support complexes. Means of
separating at least one entity-ligand-support complex from
the unbound entities are known in the art and, include, for
instance, centrifugation, serial dilution, filtration, dialysis,
and washing in a chromatographic format.

[0026] The inventive methods can optionally comprise a
sub-pooling step, wherein at least one entity-ligand-support
complex and the ligand-support complexes are separated
into several pools or sub-populations. Preferably, the sub-
pooling step achieves on average about 10-500 entity-
ligand-support complexes and ligand-support complexes per
pool. More preferably, the average number of complexes per
pool is 20-100. Most desirably, the complexes are sub-
pooled, such that 50 complexes are present in each pool.

[0027] Furthermore, the inventive methods can optionally
comprise, after the sub-pooling step, an eluting step,
wherein the entities of the multiple entity-ligand-support
complexes are dissociated from the complexes, and the
ligand-support complexes are subsequently removed from
the pools.

[0028] In this regard, the invention provides a second
method of screening a mixture for active entities. This
method comprises (i) providing a plurality of ligands,
wherein each ligand is attached to a support to form a
plurality of ligand-support complexes, (ii) contacting the
ligand-support complexes with a mixture comprising a plu-
rality of entities under conditions that allow at least one
entity to bind to at least one ligand-support complex, thereby
forming at least one entity-ligand-support complex, (iii)
separating at least one entity-ligand-support complex and
the ligand-support complexes from the unbound entities, (iv)
separating at least one entity-ligand-support complex and
the ligand-support complexes into pools, (v) dissociating at
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least one entity from at least one separated entity-ligand-
support complex, (vi) removing from the pools the ligand-
support complexes or the at least one dissociated entity of
step (v), (vii) assaying at least one dissociated entity of step
(v) for an activity, (viii) detecting the activity, and (ix)
selecting at least one entity exhibiting the detected activity.

[0029] One of the advantages of this inventive method is
that the entity being tested for activity dissociates from the
ligand-support complex and is, thus, in an unbound state. It
is therefore, uninhibited by the ligand and/or support and is
free to interact with and act on the enzyme substrate or cells
used in the activity assay. One of ordinary skill in the art
recognizes that the degree of dissociation of the entity from
the ligand-support complex need not be 100% or a complete
dissociation, as it is possible that an activity of the entity can
be detected with only some of the entity dissociated from the
ligand-support complex.

[0030] Alternatively, the method could optionally further
comprise, after the sub-pooling step, a step, wherein a
semi-solid or viscous material is added to each pool, wherein
the entity of at least one entity-ligand-support complex
dissociates from the complex and diffuses into the material,
thereby forming a concentration gradient of the entity,
wherein the concentration of the entity gradually decreases
as the distance from the ligand-support complex from which
the entity dissociates increases. Suitable semi-solid materi-
als for use in this method include, for instance, agarose,
gelatin, glycerol, polyethylene glycol, acrylamide, and fibrin
scalant. Preferably, the semi-solid material is 0.5% w/v
agarose.

[0031] In this respect, the invention provides a third
method of screening a mixture for active entities. This
method comprises (i) providing a plurality of ligands,
wherein each ligand is attached to a support to form a
plurality of ligand-support complexes, (ii) contacting the
ligand-support complexes with a mixture comprising a plu-
rality of entities under conditions that allow at least one
entity to bind to at least one ligand-support complex, thereby
forming at least one entity-ligand-support complex, (iii)
separating at least one entity-ligand-support complex and
the ligand-support complexes from the unbound entities, (iv)
separating at least one entity-ligand-support complex and
the ligand-support complexes into pools, (v) adding a semi-
solid or viscous material to each pool, wherein the entity of
the at least one separated entity-ligand-support complex
dissociates from the complex and diffuses into the material,
thereby forming a concentration gradient of the entity,
wherein the concentration of the entity gradually decreases
as the distance from the ligand-support complex from which
the entity dissociates increases, (vi) assaying at least one
dissociated entity of step (v) for an activity, (vii) detecting
the activity, and (viii) selecting at least one entity exhibiting
the detected activity.

[0032] The advantages offered by this method also include
the entity being in a free, unbound state, uninhibited by the
ligand-support complex to interact with or act on an enzyme
substrate or cells used in the activity assay. In addition, this
method offers the advantage of being able to test the activity
of the entity in a dose-dependent manner.

[0033] In the inventive methods, the mixture is screened
for active entities by assaying at least one entity-ligand-
support complex for an activity. The term “active entity” as
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used herein refers to any entity of the mixture that exhibits
the assayed activity or a serendipitous result. In this regard,
most entities of a given mixture have the potential of being
an active entity, depending upon the particular activity being
assayed in the method. For purposes herein, the active entity
will also be active in the sense that the entity binds to a
ligand-support complex. The assayed activity can be any
biological, physical, chemical, or biochemical activity, pro-
vided that the activity results in a detectable signal, such as
the enzymatic modification of a substrate. A chemical activ-
ity, e.g., an activity directly related to the chemical compo-
sition of the entity, can be employed. In other words, the
entity can be identified by the presence of specific chemical
subunits or moieties or chemical structures. Physical prop-
erties useful in detection methods include, for example,
spectral signal, which can be determined via fluorescence or
mass-spectrometry, respectively. The means of detection
need not detect the activity of the entity alone, but can
selectively identify activity or activities of more than one
entity or of an entity complex, e.g., an entity complexed with
other biological entities such as co-factors or enzymes.

[0034] Preferably, the activity can be an enzyme activity
or inhibition of an enzyme activity. For example, the inven-
tive method can comprise performing an enzyme activity
assay to characterize an entity on the basis of biological
activity. An enzyme substrate is applied to at least one
entity-ligand-support complex under conditions which allow
for enzymatic modification of the substrate by the entity to
form a product. The product is then detected, thereby
identifying the presence of the entity. Alternatively, the lack
of product formation could be detected in order to identify
active entities that inhibit a given enzyme activity. Enzyme
activity assays are further described in, for example,
Haugland, supra.

[0035] The activity alternatively can be an effect on a cell,
a cell population, a tissue, or a whole organism. In any of
these instances, a cell-based assay is performed wherein at
least one entity-ligand-support complex is contacted with
cells on which the entity exerts some observable biologic
effect. Purely by way of illustration, the preferred entity can
be an antibacterial agent. The ligand of the inventive meth-
ods binds potential active sites of the antibacterial agent,
thereby separating the antibacterial entity from a mixture
(c.g., a library of potential therapeutics). A lawn of bacteria
is applied to the entity, and the antibacterial entity is detected
by zones of bactericidal activity. When the activity is an
effect on a cell or a cell population, the effect can be, for
instance, cell migration, cell proliferation, cell death, cell
differentiation, cell cycle entry, cell cycle arrest, apoptosis,
cell lysis, growth arrest, cell survival, a change in an
intracellular signaling pathway, antigen expression, gene
upregulation, gene downregulation, or a phenotypic change
in response to an agent.

[0036] In a preferred embodiment of the invention, the
cell, cell population, tissue, or whole organism is diseased or
is derived from a diseased source. The diseased cell popu-
lation, tissue, or whole organism can be diseased with any
discase, malady, infection, and the like. Preferably, the
disease is cancer, diabetes, an autoimmune disease,
osteoporosis, or lung disease. Alternatively, the diseased cell
population, tissue, or whole organism is infected with a
parasite, virus, or bacteria. The diseased cell population,
tissue, or whole organism can also be wounded, burned,
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scarred, or in a state of healing. The diseased cell also can
be a protozoan, a nematode, 7. cruzi, and leishmania.

[0037] The precise techniques for detecting the assayed
activity will depend on the activity itself. For instance, if the
activity is cell growth, then detection of the activity may
simply comprise a cell count using a hemocytometer, visual
inspection, or radioactive isotope uptake. If the activity is
the production of a color-tagged product, then detection may
involve detection of the color via ultraviolet-visible (UV-
VIS) spectroscopy. It is well within the ordinary skill for one
to determine suitable techniques for detecting the assayed
activity.

[0038] Once the activity is detected, at least one entity-
ligand-support complex having the entity, which exhibited
the detected activity, is selected. The term “selecting” and
words stemming therefrom as used herein refers to the
identification of the entity-ligand-support complex, or the
pool within which it resides. In the latter case, the assay may
be repeated with just the constituents of the selected pool
until a single entity-ligand-support complex is selected.

[0039] An advantage of the inventive methods is the
ability to identify and/or characterize active entities on the
basis of biological, physical, biochemical, or chemical activ-
ity, without prior knowledge of the entity’s molecular iden-
tity. Accordingly, the entity can display a biological activity
and need not undergo processing (e.g., heat-inactivation)
prior to practicing the inventive methods. Also, there is no
need to remove more abundant proteins like albumin or
active entities like immunoglobulins. Likewise, the ability of
an entity to affect more specific cellular functions (e.g.,
production of particular proteins or other cellular constitu-
ents) might be enhanced or diminished in the assay medium,
thereby providing valuable characteristics of the entity.
Furthermore, the entity might be a cell that proves resistant
to cytotoxic agents. Thus, the invention provides methods
for the identification of novel active entities or unknown
active entities (i.e., proteins not identified prior to practicing
the inventive method) with specific biological activities.
Also, the invention provides identification of novel or
unknown biological activities for known proteins.

[0040] The way in which the methods can achieve iden-
tification of the active entities can involve determining the
chemical identity of the ligand(s) that bind(s) to the entity
exhibiting the assayed activity. Suitable methods of deter-
mining the chemical identity of the ligand(s) are known in
the art and include, for example, mass spectrometry, Edman
degradation sequencing, and the like. Once ligands have
been identified as having specificity for particular entities,
those ligands can be resynthesized and used to capture,
isolate, detect, and/or characterize entities using, for
example, chromatographic separation. To this end, the
inventive methods further comprise providing multiple cop-
ies of the identified ligand and attaching each copy of the
identified ligand to a support, thereby obtaining multiple
ligand-support complexes. The multiple-ligand support
complexes are allowed to contact a composition containing
multiple copies of the entity under conditions that allow the
ligand-support complexes to bind to multiple copies of the
entity, thereby forming multiple entity-ligand-support com-
plexes. The entities are dissociated from the entity-ligand-
support complexes and, if desired, subjected to additional
rounds of screening and/or characterization. The composi-
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tion containing multiple copies of the entity used to isolate
and purify the entity can be the same as the mixture that was
originally used to identify the entity as an active entity. For
instance, if plasma was the mixture that was originally
contacted with the ligand-support complexes, then the same
source of plasma can be used to isolate and purify the
entities in subsequent steps.

[0041] After the active entities have been isolated and
purified, the method can further comprise the step of deter-
mining the chemical or physical identity of the entity or at
least further characterizing the entity, such as by performing
mass spectrometry of the entity. The term “characterization”
and words related thereto as used herein refer to the iden-
tification of any distinctive quality or trait of a entity, and do
not require that the precise chemical identity, e.g., the
molecular formula, chemical structure, conformation, nucle-
otide sequence or amino acid sequence, of the entity is
elucidated.

[0042] Additionally, the identified ligands also can be used
in diagnostic assays, to immobilize or selectively transfer
entities, and as pseudo- or synthetic receptors (see, e.g., Still,
Acc. Chem. Res., 29: 155-163 (1996)). Additionally, the
ligands themselves can be used as therapeutic agents, cata-
lysts, and the like.

EXAMPLES

[0043] The following examples further illustrate the
invention but, of course, should not be construed as in any
way limiting its scope.

[0044] For convenience, the following abbreviations are
used in the examples herein: DEPFMU, 6,8-difluoro-4-
methylumbelliferyl; ICAT, isotope coded affinity tag; UV-
VIS, ultraviolet-visible; SAP, streptavidin-alkaline phos-
phatase; FITC, fluorescein isothiocyanate; ATCC, American
Type Culture Collection; IL-2, interleukin-2; PNPP, p-nitro
phenyl phosphate; PPV, porcine parvovirus; PVDE, polyvi-
nylidene fluoride; AP, alkaline phosphatase; and PI, pro-
pidium iodide.

Example 1

[0045] This example demonstrates the use of the inventive
methods to screen a mixture for cytotoxic factors.

[0046] The ability of a cytotoxic factor to induce cell death
after being fractionated onto beads was determined. In this
assay, beads to which anti-mouse TNF-a antibodies (Pharm-
ingen) were bound were incubated with purified mouse
TNF-o. (Pharmingen, San Diego, Calif.). Control beads were
not incubated with TNF-c. In addition, controls included
adding soluble TNF-o: to the medium and incubating beads
without antibody with TNF-cc to ensure that there was no
carryover of unbound TNF-a due to poor washing. The
effect of plain beads was also measured. The indicated
number of cells were plated per well in 24 well plates, and
approximately 100 beads were added to each well of WEHI
164 cells (ATCC). After incubation with the beads for 48
hours, the indicated % cell death was observed by hemocy-
tometer counting and trypan blue exclusion to indicate the
number of dead cells (Table 1).
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TABLE 1

Cytotoxicity Assay of TNF-a beads

Staffing Cell No. % Dead
Soluble TNF-a 100,000 98
Anti-TNFa beads alone 100,000 0.5
Sham incubation 100,000 0.3
Plain beads 100,000 4.1
50,000 0.1
25,000 77
TNF-a. coupled beads 100,000 9.1
50,000 29.4
25,000 12.5

[0047] This example demonstrated that sufficient amounts
of protein eluted from these high-affinity ligands and caused
detectable cell death in cultures of susceptible cells. These
data support the thesis that active factors can be detected in
multiple assays for biological function with defined end-
points.

Example 2

[0048] This example demonstrates the use of the inventive
methods to screen cytokine-spiked plasma for factors that
support cell growth.

[0049] The cells used in this assay were NK-92 cells
(obtained from ATCC, Manassas, Va.). The NK-92 cell line
is a human cytotoxic T-cell line, which requires exogenous
Interleukin-2 (IL-2) in order to grow. Normal cell culture
medium containing serum or healthy human plasma does not
have IL-2 to support NK-92 growth. Therefore, NK-92 cells
normally are maintained in culture in medium supplemented
with 5 ng/ml recombinant mouse 11.-2.

[0050] As a model for beads bearing an IL-2 specific
ligand, 300 ug of rat anti-human IL-2 antibody (Pharmingen,
San Diego, Calif.) was cross-linked onto 400 ul of Protein G
sepharose beads (Pierce, Rockford, IIl.). The beads were
incubated overnight with a mixture of plasma into which a
natural, secreted cytokine mixture was spiked. This mixture
contained several cytokines and was derived from human
monocytes and leukocytes that had been induced to secrete
cytokines with phytohemagglutanin and ciprofloxacin.
Media from these induced cells was subsequently pooled.
The concentration of IL-2 in the spiked plasma was approxi-
mately 4 ng/ml. The beads were washed with 50 column
volumes of PBS+0.1% Tween-20 (Sigma Aldrich, St. Louis,
Mo). Beads that were incubated with 4 ng/ml pure recom-
binant human IL-2 were also included. Controls were beads
bearing the antibody that were not incubated with IL-2 as a
negative control and cultures to which soluble IL-2 was
added as a positive control.

[0051] NK-92 cells were plated at 1x10° cells per well in
24-well plates and allowed to grow in media without added
IL-2 for 24 hours to deplete the intrinsic IL-2 stores.
Approximately 100 beads were added to each well. The
cultures were allowed to grow for 96 hours. Cells were
collected from each culture and the cell number determined
by counting live cells in a hemocytometer, excluding dead
cells by trypan blue exclusion. Wells in which IL-2 was
provided to the cells from ligands, either as recombinant
protein or purified from the secreted mixture, showed an 8-
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to 12-fold increase in cell number compared with the
negative control. Thus, these data demonstrate that a protein
was fractionated from a highly complex mixture on a
high-affinity ligand, the protein diffused from the ligand at a
sufficient rate and concentration into media, and its presence
was detected by its ability to support the growth of depen-
dent cells.

[0052] These results indicate that sufficient protein dif-
fused from a high affinity ligand and its activity was detected
in a relevant cell-based assay. These results can be extrapo-
lated to predict that an unknown protein that supports
growth could be identified through its activity on cells in
culture and the ligand that binds that protein identified,
produced in bulk, and the active protein purified by affinity
chromatography, identified, and characterized.

Example 3

[0053] This example demonstrates the use of the inventive
methods to identify growth factors.

[0054] Complex cytokine mixtures have been screened for
proteins that support the survival of NK-92 cells using a
library of hexamer peptide ligands. A natural, secreted
cytokine mixture derived from isolated lymphocytes and
monocytes (ImmunoRx, Inc, Farmington, N.Y.) was used as
a starting material. This mixture contained many cytokines
that are released in response to biological induction and are
not present in normal sera or culture media. The endpoints
of this assay are both biological and fluorescent as described
in Example 2. 11,000 beads from a hexamer library synthe-
sized via a cysteine derivative on a backbone of ToyoPearl
605-M epoxy beads (synthesized by Peptides International,
Louisville, Ky.) were incubated with the cytokine mixture.
The unbound and weakly bound proteins were removed by
washing with PBS (150 mM NaCl, pH 7.4). 20-50 beads
were incubated with 40 ul of NK-92 cells that had been
plated at 2.4x10* cells/ml in a well of a 384-well microtiter
plate. The plates were maintained at 37° C. for 48 hrs.
Approximately 30 clumps of growing cells were observed in
20 wells. In some cases a large clump of cells grew in close
association with a bead. There were several beads in the
immediate vicinity which had no cells growing near them,
and significant patches of dead cells were indicated by
propidium iodide (PI) uptake. One of these beads (and a few
others from similar wells that supported growth) was col-
lected and the presence of IL-2 on the beads was confirmed
by modified antibody detection in a “bead blot” assay.
Briefly, the beads are arrayed in agarose, the proteins trans-
ferred off the beads onto a PVDF membrane by capillary
transfer in elution buffer, and the membrane probed with
anti-IL-2 antibodies to detect IL-2. Eleven beads, including
three potential positives were recovered, cleaned, re-incu-
bated with the identical starting material and cultured indi-
vidually with the same cell line. Two of three potential
positive beads reconfirmed their activity in the deconvolu-
tion assay. An additional bead was sequenced and the
associated ligand identified as the sequence GVASED (SEQ
ID NO: 9). A resin with this ligand was synthesized and
found to bind IL-2. The complete starting material will be
fractionated on the resin and the bound proteins will be
analyzed to identify additional proteins that may be purified
on the resin and which contribute to the activity.

[0055] Several aspects of this type of functional screening
experiment can be extrapolated to other screens for biologi-
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cal activity. Although IL-2 is known to be present in the
starting material there are also numerous other cytokines
present at various levels on the beads and in the assay that
may be contributing to cell survival. NK-92 cells have been
tested for their lack of responsiveness to L-1 and several
other known cytokines; however, they may be responsive to
other, as yet undiscovered cytokines that are present in the
starting material. Most importantly, screening for factors
that are protective against cytotoxic agents and poisons can
clearly be accomplished in this type of assay in which cell
growth and PI exclusion are endpoints.

Example 4

[0056] This example demonstrates the use of the inventive
methods to screen spiked plasma for alkaline phophatase
enzyme activity.

[0057] Streptavidin-alkaline phosphatase (500 ng) (SAP-
Sigma-Aldrich) was spiked into 1 ml of pooled human
plasma. The spiked plasma was incubated with ToyoPearl
AF-Amino-650M beads (Tosoh BioSciences, Montgomer-
yville, Pa.) either with or without the ligand HPQFLS (SEQ
ID NO: 1) (synthesized at Peptides International, Louisville,
Ky.), a sequence known to bind streptavidin. The beads were
allowed to incubate with spiked or unspiked plasma for 1 hr
at room temperature, after which they were washed with
HEPES buffer with 0.1% Tween-20, pH 7.2. Ligand-bearing
beads were also incubated with saline alone as a control. The
beads were distributed into wells of a 384-well plate with 6
HPQFLS beads per well and 120 ul of HEPES buffer
containing 250 mM NaCl and 0.05% Tween-20 buffer. The
beads were allowed to incubate for 30 hours at room
temperature.

[0058] The liquid was removed from the wells and tested
for the presence of alkaline phosphatase activity with p-nitro
phenyl phosphate (PNPP) (Sigma-Aldrich), a colored phos-
phatase substrate. Yellow color developed only in those
wells with buffer from ligand beads that had been exposed
to AP-spiked plasma; no color was observed in the control
wells. To confirm that protein did, in fact, elute from the
beads, a FITC-labeled streptavidin (Pierce) was also incu-
bated with the HPQFLS (SEQ ID NO: 1) beads as described
above. The beads were then incubated with 120 ul of 20 mM
citrate 140 mM NaCl buffer for 21 hours. The buffer was
collected, and fluorescence was measured in a fluorometer.
The increase over baseline was 11.6%. After an additional 3
days of elution, the fluorescence increased 22.7% over
baseline.

[0059] These results demonstrate that a protein with enzy-
matic activity was fractionated onto a high-affinity ligand
and cluted from the ligand, and that the presence of the
protein in solution was measurable measured based on its
biochemical activity.

Example 5

[0060] This example demonstrates the use of the inventive
methods to screen plasma for melanoma specific antibodies.

[0061] The cell line used in this assay was the human,
malignant melanoma cell line SK-MEL 28. The combina-
torial library was synthesized on ToyoPearl 650-M epoxy
resin from Tosoh BioScience. This library was designed to
have the ligands linked to the resin through the sulfhydryl



US 2004/0101830 Al

group of a cysteine derivative. The starting material used as
a source of IgG, IgA and IgM antibodies was a plasma
fraction I+II+I1I paste that had been farther fractionated to
remove fibrinogen. The beads were incubated with paste and
washed, and between 50-150 beads were incubated with 40
ul SK-MEL28 cells that had been plated at 1x10* cells/ml in
wells of a 384-well plate. The media contained propidium
iodide (PI), a red-fluorescent dye that is taken up only by
dead cells. Images of ecach well were taken at 1 hour
intervals for 160 hours with single cell resolution. The
images were analyzed for uptake of PI over the time period,
and wells in which a cumulative increase in PI uptake that
was 2 standard deviations above the mean of the population
were selected as being of particular interest. The beads in
these wells were harvested, cleaned, re-loaded with a fresh
aliquot of the original starting material, and incubated with
1-2 beads per well with the same concentration of cells and
imaged in the same way as the original assay. Beads in wells
in which an increase in death above 2 standard deviations
above the mean of the population was seen were collected
and the associated ligand sequenced.

[0062] An increase in death in a well with a bead or in the
vicinity of a specific bead indicated that a cytotoxic antibody
was bound to the ligand. Any positive wells were deconvo-
luted by diluting the beads in the well to a single bead per
well and repeating the assay. This confirmed the result and
indicated the specific bead that bound the protein, whose
associated ligand was sequenced. If a single bead was
identified in a well without deconvolution, that bead was
collected and the associated ligand sequenced.

Example 6

[0063] This example demonstrates the use of the inventive
methods to screen a mixture of antibodies for antibodies of
an immunized mammal.

[0064] Human plasma-derived intravenous immunoglobu-
lin (IgG) was manufactured from pools of up to 60,000
donors and included vast varieties of antibodies with diverse
affinities, some of which bind to cell surface receptors.
Populations of antibodies can also be raised that are directed
against cell surface receptors by immunizing mice with
membrane preparations. The antibodies can be used as
screening starting materials to identify their receptor
epitopes in methods such as the “bead blot” receptor-binding
antibodies may be useful for the upregulation of PONI.
Specific epitopes for antibodies in a differential screen were
identified using purified IgG preparations from normal and
immunized mice. One cohort of mice was immunized with
ovalbumin; unimmunized mice were used as controls. IgG
preparations from each group were purified from pooled sera
using affinity chromatography on protein G sepharose
(Pierce), and the two populations were differentially labeled
with either Alexa 488 (green) or Alexa 568 (red) dye
(Molecular Probes, Eugene Oreg.). The two [gG populations
were then mixed and incubated with a library of combina-
torial hexamer ligands. The beads were washed extensively
and observed under a fluorescence microscope. The majority
of beads that fluoresced had both red and green signals,
indicating that they bound antibodies that were present in
both populations. Beads that fluoresced only red were
indicative of antibodies that were present only in the immu-
nized population. These were collected and sequenced.
Several showed very strong sequence similarity to ovalbu-
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min, ¢.g. ILRVIR (SEQ ID NO: 2) has homology with the
ovalbumin sequence RTINKVVRF (SEQ ID NO: 3), IFD-
KVQG (SEQ ID NO: 4) homology with RFDKIPGFG
(SEQ ID NO: 5) and PPFRIHG (SEQ ID NO: 6) homology
with MPFRVITE (SEQ ID NO: 7). Several of the remaining
decoded sequences had high homology with bacterial
sequences that are believed to have arisen from the Freund’s
adjuvant used during immunization.

Example 7

[0065] This example demonstrates the use of the inventive
methods to identify enzymes bound to libraries by measur-
ing paraoxonase activity.

[0066] A ligand that binds HDL was screened for its
ability to purify paraoxonase from plasma by measuring the
enzyme’s activity. Paraoxonase is implicated in protecting
against the build up of atherosclerotic plaque, as well as
detoxification of some nerve poisons (sarin) and insecti-
cides. 5 ug of the ligand 2'-naphthyl-alanineWLHAN (SEQ
ID NO: 8) was incubated with 100 ul of 1:10 diluted rabbit
serum in PBS for one hour at 37° C. The beads were
centrifuged to remove the supernatant and the supernatant
stored in eppendorf tubes. The resin bead pellets were
resuspended in an equal volume of paraoxonase assay buffer.
Paraoxonase activity of the supernatants was measured
using a sensitive, specific, fluorescent substrate. 100 uM
DEPFMU (6,8-difluoro-4-methylumbelliferyl) was mixed
with 10 ul supernatant, 10 ul of bead suspension, or 10 ul
serum in a standard microtiter plate for 20 minutes at 37° C.
Hydrolysis of DEPFMU was quantified by measuring fluo-
resce at 355 nm emission and 460 nm excitation using a
commercial fluorometer. Hydrolysis was quantified com-
pared with a standard curve of DEPFMU activity. 30% of
the starting activity was detected in wells with the resins,
whereas less than 4 % of the original paraoxonase activity
remained in the serum. These data indicate that ligands that
bind an enzyme can be detected through that enzyme’s
activity associated with a bead, and that enzymes themselves
can be discovered from complex mixtures using this assay to
screen for activity.

Example 8

[0067] This example demonstrates the use of the inventive
methods to screen libraries for ligands that bind virus based
on screening for virus-associated cytotoxicity.

[0068] Ligands that bind porcine parvovirus (PPV) were
identified using the inventive methods. This assay was a
modification of the classical plaque assay, in which infec-
tivity is measured by viral plaques formed by lysis of
susceptible mammalian cells in culture. As a model for
ligands that bind virus, 2 ul of polyclonal porcine anti-PPV
antibody was conjugated to Protein A sepharose beads
according to the manufacturer’s protocol (Pierce). The beads
were incubated with 8 logs of PPV purified from PK13 cells
by serial centrifugation. These beads were mixed with
low-melting point agarose and spread over the surface of a
70% confluent culture of PK 13 cells. Following five days
incubation at 37° C./5% CO.,, the live cells were stained with
Neutral Red stain. There were evident areas of cell death
surrounding beads that had bound virus. These results dem-
onstrate that the controlled diffusion of active entities
(viruses) from beads indicated the active bead.
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[0069] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if cach reference were
individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein.

[0070] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising, *“having, *“including, ” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. All methods described herein can be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use

May 27, 2004

of any and all examples, or exemplary language (c.g., “such
as”) provided herein, is intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[0071] Preferred embodiments of this invention are
described herein, including the best mode known to the
inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1

«211> LENGTH: 6

«212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 1

His Pro Gln Phe Leu Ser
1 5

<210> SEQ ID NO 2

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2

Ile Leu Arg Val Ile Arg
1 5

<210> SEQ ID NO 3

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 3

Arg Thr Ile Asn Lys Val Val Arg Phe
1 5

<210> SEQ ID NO 4

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial
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-continued
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 4

Ile Phe Asp Lys Val Gln Gly
1 5

<210> SEQ ID NO 5

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 5

Arg Phe Asp Lys Leu Pro Gly Phe Gly
1 5

<210> SEQ ID NO 6

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 6

Pro Pro Phe Arg Ile His Gly
1 5

<210> SEQ ID NO 7

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 7

Met Pro Phe Arg Val Ile Thr Glu
1 5

<210> SEQ ID NO 8

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 8

Trp Leu His Ala Asn
1 5

<210> SEQ ID NO 9

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

Gly Val Ala Ser Glu Asp
1 5
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What is claimed is:
1. A method of screening a mixture for active entities,
which method comprises:

(1) providing a plurality of ligands, wherein each ligand is
attached to a support to form a plurality of ligand-
support complexes,

(i) contacting the ligand-support complexes with a mix-
ture comprising a plurality of entities under conditions
that allow at least one entity to bind to at least one
ligand-support complex, thereby forming at least one
entity-ligand-support complex,

(1ii) separating at least one entity-ligand-support complex
from the unbound entities,

(iv) assaying at least one entity of at least one separated
entity-ligand-support complex for an activity,

(v) detecting the activity, and

(vi) selecting at least one entity-ligand-support-complex
having the entity, which exhibited the detected activity,

whereupon a mixture is screened for active entities.

2. The method of claim 1, wherein the ligands are selected
from the group consisting of cells, bacteria, viruses, yeast,
proteins, peptides, amino acids, nucleic acids, carbohy-
drates, lipids, drugs, synthetic inorganic compounds, syn-
thetic organic compounds, isoforms of any of the foregoing,
and combinations of any of the foregoing.

3. The method of claim 2, wherein the ligands are
peptides, and the peptides are generated by combinatorial
approaches.

4. The method of claim 1, wherein the support comprises
a material selected from the group consisting of poly-
methacrylates, polyacrylates, agarose, polyacrylamides,
dextran, cellulose, polysaccharides, nitrocellulose, silicon,
styrene, polyethylene-coated polystyrene, metal, polyvi-
nyldifluoride, nylon, and combinations of any of the fore-
going.

5. The method of claim 1, wherein the mixture is a
biological fluid, an environmental extract, or a composition
comprising chemical compounds.

6. The method of claim 5, wherein the biological fluid is
selected from the group consisting of blood, plasma, pooled
plasma, intermediates from plasma fractionation, serum, a
cell homogenate, a tissue homogenate, a conditioned
medium, a fermentation broth, cerebrospinal fluid, urine,
saliva, milk, ductal fluid, tears, perspiration, lymph, semen,
umbilical cord fluid, and amniotic fluid.

7. The method of claim 5, wherein the biological fluid is
a plasma-derived fraction comprising antibodies and anti-
idiotype antibodies.

8. The method of claim 5, wherein the biological fluid is
obtained from a host afflicted with a discase.

9. The method of claim 5, wherein the environmental
extract is selected from the group consisting of a soil extract,
an extract from a naturally-occurring body of water, a
sample of ice, air, ash, rock, or permafrost, and a swab from
a building.

10. The method of claim 5, wherein the composition
comprising chemical compounds comprises natural or syn-
thetic chemical compounds.

11. The method of claim 1, wherein the entities are
selected from the group consisting of proteins, peptides,
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drugs, antibodies, cells, synthetic molecules, organic com-
pounds, protein complexes, bacteria, viruses, and fungi.

12. The method of claim 1, wherein the activity is a
biological, physical, chemical, or biochemical activity.

13. The method of claim 12, wherein the activity is an
enzyme activity or inhibition of an enzyme activity.

14. The method of claim 12, wherein the activity is an
effect on a cell, a cell population, a tissue, or a whole
organism.

15. The method of claim 14, wherein the activity is an
effect on a cell or a cell population and the effect is selected
from the group consisting of cell migration, cell prolifera-
tion, cell death, cell differentiation, cell cycle entry, cell
cycle arrest, apoptosis, cell lysis, growth arrest, cell survival,
a change in an intracellular signaling pathway, antigen
expression, gene upregulation, gene downregulation, and a
phenotypic change in response to an agent.

16. The method of claim 14, wherein the cell, cell
population, tissue, or whole organism is diseased.

17. The method of claim 16, wherein the diseased cell,
cell population, tissue, or whole organism is diseased with
cancer, diabetes, an autoimmune disease, osteoporosis, or
lung disease, infected with a parasite, virus, or bacteria,
wounded, burned, scarred, or in a state of healing.

18. The method of claim 1, wherein multiple entity-
ligand-support complexes are formed in step (ii).

19. The method of claim 1, which further comprises, after
step (iii) and before step (iv), a sub-pooling step, wherein at
least one separated entity-ligand-support complex and the
ligand-support complexes are separated into several pools.

20. The method of claim 1, which further comprises (vii)
determining the chemical identity of at least one ligand to
which at least one entity exhibiting the detected activity
binds.

21. The method of claim 20, which further comprises

(viii) providing multiple copies of at least one ligand
identified in step (vii),

(ix) attaching each copy to a support, thereby obtaining
multiple ligand-support complexes,

(x) contacting the ligand-support complexes with a com-
position comprising multiple copies of at least one
entity exhibiting the detected activity under conditions
that allow the ligand-support complexes to bind to
multiple copies of at least one entity exhibiting the
detected activity, thereby forming multiple entity-
ligand-support complexes, and

(xi) dissociating the entities from the entity-ligand-sup-
port complexes, thereby recovering the entities from
the composition.

22. The method of claim 21, wherein the composition of

step (x) is the same as the mixture of step (ii).
23. The method of claim 21, which further comprises

(xii) determining the chemical or physical identity of the

entity exhibiting the detected activity.

24. The method of claim 19, which further comprises,
after the sub-pooling step and before step (iv), an eluting
step, wherein the entities of the multiple entity-ligand-
support complexes are dissociated from the complexes, and
the ligand-support complexes are subsequently removed
from the pools.

25. The method of claim 19, which method comprises,
after the sub-pooling step and before step (iv), a step,
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wherein a semi-solid or viscous material is added to each
pool, wherein the entity of at least one entity-ligand-support
complex dissociates from the complex and diffuses into the
material, thereby forming a concentration gradient of the
entity, wherein the concentration of the entity gradually
decreases as the distance from the ligand-support complex
from which the entity dissociated increases.

26. A method of screening a mixture for active entities,
which method comprises:

(i) providing a plurality of ligands, wherein each ligand is
attached to a support to form a plurality of ligand-
support complexes,

(ii) contacting the ligand-support complexes with a mix-
ture comprising a plurality of entities under conditions
that allow at least one entity to bind to at least one
ligand-support complex, thereby forming at least one
entity-ligand-support complex,

(iii) separating at least one entity-ligand-support complex
and the ligand-support complexes from the unbound
entities,

(iv) separating at least one entity-ligand-support complex
and the ligand-support complexes into pools,

(v) dissociating at least one entity from at least one
separated entity-ligand-support complex,

vi) removing from the pools the ligand-support com-
g p g PP
plexes or the at least one dissociated entity of step (v),

(vil) assaying at least one dissociated entity of step (v) for
an activity,

(viil) detecting the activity, and

(ix) selecting at least one entity exhibiting the detected
activity,

May 27, 2004

whereupon a mixture is screened for active entities.
27. A method of screening a mixture for active entities,

which method comprises:

(i) providing a plurality of ligands, wherein each ligand is
attached to a support to form a plurality of ligand-
support complexes,

(if) contacting the ligand-support complexes with a mix-
ture comprising a plurality of entities under conditions
that allow at least one entity to bind to at least one
ligand-support complex, thereby forming at least one
entity-ligand-support complex,

(iii) separating at least one entity-ligand-support complex
and the ligand-support complexes from the unbound
entities,

(iv) separating at least one entity-ligand-support complex
and the ligand-support complexes into pools,

(v) adding a semi-solid or viscous material to each pool,
wherein the entity of the at least one separated entity-
ligand-support complex dissociates from the complex
and diffuses into the material, thereby forming a con-
centration gradient of the entity, wherein the concen-
tration of the entity gradually decreases as the distance
from the ligand-support complex from which the entity
dissociated increases,

(vi) assaying at least one dissociated entity of step (v) for
an activity,

(vii) detecting the activity, and

(viii) selecting at least one entity exhibiting the detected
activity,

whereupon a mixture is screened for active entities.

® 0k ok k%



patsnap

TREMOF) MNEEBREMHPEENMEEY NG E
[F(RE)E US20040101830A1 K (aH)A 2004-05-27
BRiES US10/601032 % A 2003-06-20

RE(EFR)AGE) ZEERL+F2
HAHRBEERARAGR) XEERI+FS

PRI B A HAMMOND DAVID J
LATHROP JULIA TAIT
SARKAR JOLLY
GHEORGHIU LILIANA

REBEA HAMMOND, DAVID J.
LATHROP, JULIA TAIT
SARKAR, JOLLY
GHEORGHIU, LILIANA

IPCH %S GO01N33/566 CO7K7/06 C12Q1/42 C12Q1/44 C12Q1/68 C12Q1/70 C40B30/04 GO1N33/53 GO1N33
/554 GO1N33/567 GO1N33/569 GO1N33/68

CPCH¥*E C40B30/04 GO1N33/6803 GO1N33/569

£ 60/395038 2002-07-11 US

SNERaE Espacenet USPTO

HE(R)

— MR EERGBEWN S | RHEEE | RES RS, Ho TABLE 1

BNRAEERIRE LIRS N B - RBRSY , BEE - REEE
NEAEZIRENESWEMEATED I REEED — N -
XRECMEESHFETHRGE , NMERED —NRE - B4 - XFE Staffing Cell No. % Dead

Cytotoxicity Assay of TNF-a beads

B, RED—IXE - Bl - XBESNEREENIGEL T, EAT

FAENED WM - Wik - HELNWES s wEe p PO i iy
EREERENED —FEE - BE - 5 - 86 , HE RN BGE Sham incubation 100,000 0.3
M, B TRIE RS WA TS M SR FIAE < 5 . Plain beads 100,000 41
50,000 0.1

25,000 71

TNF-a coupled beads 100,000 9.1

50,000 29.4

25,000 125



https://share-analytics.zhihuiya.com/view/bdff6972-3ac4-4e5b-b7a0-961ad38eae2a
https://worldwide.espacenet.com/patent/search/family/030115803/publication/US2004101830A1?q=US2004101830A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040101830%22.PGNR.&OS=DN/20040101830&RS=DN/20040101830

