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APPARATUS, COMPOSITION AND METHOD FOR PROTEOME PROFILING

FIELD OF THE INVENTION
[001] The present invention is directed to a method for rapid determination of
proteins expressed by a particular cell of a known genome and the apparatus which permits
such determination. For example, this method can be used to determine which proteins are

differentially expressed in a malignant cell when compared to a wild type cell.

BACKGROUND OF THE INVENTION
[002] Significant attention in recent years has been directed to understanding and
categorizing the genome of various organisms including humans. That field has been
referred to as genomics.
[003] Attention has also been focused on understanding and identifying the
various proteins an organism expresses. This field is referred to as proteomics.
Comparisons of genes expressed by various organisms show greater similarity than might
be expected by the physical differences between the species. Thus, understanding the
proteins that are expressed, when they are expressed, and in what cells they are expressed
takes on increasing importance.
[004] This is also important with respect to diseases, malignancies, etc.
Consequently, ascertaining the set of proteins expressed by a particular cell type at various
times and states such as resting vs. developing, normal (wild type), malignant, diseased,
etc. has been an important challenge. Any method that could even partially meet this
challenge, for example by determining a fraction of the protein profile rapidly and cost
effectively, would be extremely desirable.
[005] The typical approach used in assessing the number and identity of
expressed proteins is 2D gel electrophoresis and its extensions. The method, which was
introduced 25 years ago, separates proteins on the basis of size and charge, and typically
resolves several thousand proteins (1). More recently, mass spectrometry (MS) has been
used in conjunction with the 2D gels after proteolytic cleavage to quantitatively ascertain
the mass associated with each spot and to help identify the protein. However, these

methods have various drawbacks.
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[006] Among the problems associated with the use of gels and MS are
preparation and purification of proteins, resolution and throughput. Although MS solves
some of the problem of spot identification, its application to large numbers of spots (100
or more) is slow. Other problems are limitations in dynamic range of abundance and
mass, For example, proteins expressed in low amounts are frequently missed. Further, the
use of denaturants can prevent related functional studies.

[007] Ciphergen Biosystems Inc., has reported a chip technology that it claims
should allow researchers to capture, separate and quantitatively analyze proteins directly
on the chip. Their system is said to integrate mass spectrometry (particularly, surface
enhanced laser desorption/ionization (SELDI)) and biochip technology on a single chip.
They claim that their ProteinChip™ uses various molecular substrates, including
antibodies and receptors, having affinities for proteins of interest. The chips are stated to
be made of aluminum, about three inches long and one centimeter wide, containing eight
sites and a group of 12 is alleged to be processed as the equivalent of a 96-well format.
This system is intended to measure the mass of the captured proteins rather than their
activity. The system is also limited in the number of kinds of proteins that can be
identified. Therefore, it is not broadly applicable.

[008] Zyomyx Inc. and CombiMatrix Corp., both California companies, have
stated that they are working on creating large-scale standardized methods for producing
protein biochips. Zyomyx Inc., has claimed to develop a biochip, covered with a multi-
component organic thin film to reduce non-specific protein binding and a protein capture
agent such as an antibody or a peptide to fish for specific proteins of interest. The
binding of proteins to capture agents is said to be detected by fluorescence among other
methods. However, Zyomyx’s technology is concerned with immobilizing a correctly
oriented protein on a solid surface which is a complex and expensive process.

[009] CombiMatrix Corp., has reported it is developing a method, utilizing
electrochemistry and semiconductor technology, to synthesize peptides (one amino acid
at a time), antibodies, and proteins directly on the chip. The chip is said to consist of a
large number of virtual flasks (up to one million per square centimeter) arranged in a
grid pattern on the surface of a semiconductor wafer. This, too, is a very complex and

expensive process.
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[0010] MacBeath et al. of Harvard University have described a method of
immobilizing proteins by covalently attaching them to glass surfaces that is stated as using
standard laboratory equipment. MacBeath et al. reports that they were able to create
protein microarrays (with about 10,800 spots per standard microscope slide). These
microarrays were alleged to be effective in detecting interactions between one protein and
another that are known to interact with a small molecule (for which specific protein
receptors are available) and a protein, and an enzyme and its substrate by identifying
phosphorylation by means of phosographic emulsion and a light microscope.

[0011] Genomic Solutions has stated it is developing robots to prepare samples
(protein digestion) and to excise spots for MS. However, such a method is expensive and
technologically complex.

[0012] Accordingly, a need exists for a method of determining proteins expressed
by a particular cell that is relatively simple. It would be desirable if this method was fast.

It would be more desirable if the method was simple.

SUMMARY OF THE INVENTION

[0013] We have here discovered a high throughput method for producing a large
number of different antibodies. These antibodies can be used to rapidly assay protein
abundance in cells under a variety of conditions or to compare protein expression profiles
of different cells.

[0014] Additionally, we have discovered a method for the determination of
proteins expressed by a specific cell or tissue. In one embodiment, the present invention
permits targets of such proteins to be obtained.

[0015] Still another embodiment of the present invention is directed to a method of
making a microarray that can be used in such a method. The method of making a
microarray utilizes microarrays of peptides, wherein one or more of the peptides are from
a coding region of a genome of interest. Preferably, the peptides cover at least a part of the
coding region of the genes that are of interest. For example, peptides can be selected from
a family of proteins such as chemokine receptors, G-coupled protein receptors, a family of
related proteins such as tumor associated antigens, oncogene products, etc. or
combinations thereof. Preferably, the peptides chosen contain an antigenic epitope. More
preferably, the peptide has an epitope that approximates the wild type conformation of the

protein.
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[0016] The arrays are used to screen an antibody library such as a large,
combinatorially generated library of antibodies that specifically bind to the peptides.
Preferably, the antibodies bind to the peptides in a conformation that approximates their
native state (i.e. when they are part of the protein). In this way a large library of antibodies
that will bind specific native proteins is obtained. These antibodies can be for any species
whose coding genome is known for any desired group of proteins. The antibodies can
then be expressed by known means such as simple bacterial amplification. The antibodies
are arrayed on a substrate such as on a chip or sphere. Any type of substrate will be a
suitable ““chip” as long as the antibodies can be substantially immobilized and used as bait
to fish for expressed proteins in a sample, such as a cell of interest. Such antibody arrays
can be used to screen a biological sample of interest. The proteins in the sample that bind
to the array can readily be determined.

[0017] These arrays can be used for a wide range of purposes. For example, to
determine proteins that are differentially expressed in different cells. For instance,
malignant cells versus non-malignant cells, diseased cells versus normal, cells in a
pregnant woman versus non-pregnant, menopausal versus non-menopausal, stem cells
versus nerve cells, etc. The antibody array of the present invention can be used, for
example, in the diagnosis and treatment of a cancer, and immunopathology, a
neuropathology, and the like.

[0018] In another aspect, the present invention provides an expression profile that
can reflect the expression levels of a plurality of proteins in a sample. The expression
profile comprises an antibody array and a plurality of detectable proteins.

[0019] The profiles can be collected, for example, to a database which can
consequently be used for diagnostic and prognostic purposes, and for
“pharmacoproteomic” applications. Such diagnostic and prognostic purposes include, for
example, classification of different types of cancers according to their protein expression
profile. ~ Pharmacoproteomic applications include, for example, classification of
individuals according to their responsiveness to pharmaceuticals or propensity to harmful

side effects according to their protein expression profiles.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate embodiments of the invention and, together with the
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description, serve to explain the objects, advantages, and principles of the invention. In
the drawings,

[0021] Figure 1 is a schematic of the automated oligonucleotide microarray
fabricator. A collimated beam of UV light is shown upon the micromirror array and
computer-selected micromirrors reflect the light through the projection system on to the
peptide array slide, which is mounted in a flow cell. Reagents are pumped through the cell
from an oligopeptide synthesizer.

[0022] Figure 2 is an expanded schematic view of the microarray fabricator flow
cell. In use, the components are clamped together and the assembly is mounted at 90° to
the direction shown, with the reagents from the peptide synthesizer introduced at the
bottom. This design permits UV irradiation either from the front (shown), or back of the
slide.

[0023] Figure 3 is a derivatization and synthesis of peptides on a glass surface.
The linker, Nvocaminocaproic acid, is added in step 2. Abbreviations: HOBT,
hydroxybenzotriazole; NMM, N-methylmorpholine; TBTU, 0- (7benzotriazol- 1-yl)- 1,
1,3,3-tetrarnetyluronium  tetrafluoroborate;  Nvoc,  N-a-6-nitroveratyloxycarbonyl
photolabile protecting group.

[0024] Figure 4 shows how coding regions for immunoglobulins (Ig) heavy and
light chain arhino terminal domains are linked to form a single chain, and inserted
proximal to a phage coat protein with only an amber stop codon intervening.

[0025] Figure 5 shows how phage displayed antibodies, A, enter the flow chamber
with rate constant A where their free concentration is A;. There they can interact with
peptide P, and recycle with rate constant 8. The antibody peptide forward and reverse rate

constants k; and k| depend on the antibody combining site and peptide sequence.
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[0026] Figure 6 shows an example how phage and peptides are separated so that
the ordering on the magnet preserves the ordering on the chip. The phage are dropped
onto microtiter wells where they infect E. Coli. At the end of the process, each phage
antibody can be associated with the mRNA encoding the peptide with which the antibody
reacts.

[0027] Figure 7 shows an example of magnetic separation of phage-peptide
complexes. Biotin via covalently coupled to a phage coat protein. Streptavidin molecules,
which coat the magnetic beads, bind biotin with high affinity. The complexes are lifted off

each pixel in parallel, and the phage are deposited in microtiter wells containing E. Coli.

DETAILED DESCRIPTION OF THE INVENTION

[0028] We have now discovered a high throughput method for producing large
numbers of antibodies. The method uses microarrays of peptides which are used to screen
large, combinatorially generated libraries of antibodies for specific binders. The invention
chooses the peptides so that antibodies that bind to them, will also bind to them when they
are a part of the protein. In this way a large library of antibodies against expressed
proteins is obtained.

[0029] Additionally, we have discovered a method for the determination of
proteins expressed by a given cell or tissue. The method utilizes microarrays of peptides;
wherein one or more of the peptides are encoded by a coding region of the genome.
Preferably, the peptides cover at least part of the coding regions that are of interest. For
example, peptides from a family of proteins such as chemokine receptors, G-coupled
protein receptors, a family of related proteins such as tumor associated antigens, oncogene
products, etc. Alternatively the antibodies from these systems can first be solubilized
using well known methods, and arrayed directly. Preferably, the chosen peptide contains
an antigenic epitope. More preferably, the peptide has an epitope that approximates the
wild type conformation of the protein. The arrays are then used to screen an antibody
library such as a large, combinatorially generated library of antibodies that specifically
bind to the peptides. Preferably, the antibodies bind to the peptides in a conformation in
approximately their native state (i.e. when they are part of the protein). In this way, a large
library of antibodies that will bind specific native proteins is obtained. These antibodies

can be for any species whose genome is known for any desired group of proteins. The
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antibodies can then be expressed by known means such as simple bacterial amplification.
The antibodies are arrayed on a substrate.
[0030] The term “antibody library” refers to a random library of antibody binding
sites displayed on the surface of phage particles, plasmids, modified viruses, or bacteria as
fusion coat proteins, for example.
[0031] The term "antibody array" refers to an ordered arrangement of antibodies,
that specifically bind to peptide microarrays, on a substrate such as a glass, nylon, or a
bead, such as SPA beads which is based on either yttrium silicate (YSi) which has
scintillant properties by virtue of cerium ions within the crystal lattice, or polyvinyltoluene
(PVT) which acts as a solid solvent for anthrancine (DPA) (Amersham Biosciences,
Piscataway, NJ).
[0032] The antibodies are arranged on the flat or spherical substrate referred hereto
as a “chip” so that there are preferably at least one or more different antibodies, more
preferably at least about 50 antibodies, still more preferably at least about 100 antibodies,
and most preferably at least about 1,000 antibodies, on a 1 cm’ substrate surface. The
maximum number of antibodies on a substrate is unlimited, but can be at least about
100,000 antibodies.
[0033] The term “peptide microarray” refers to a microarray of peptides, wherein
one or more of the peptides are from a coding region of the genome. Preferably, the
peptides cover at least the coding regions that are of interest and contain an antigenic
epitope. More preferably the peptide has an epitope that approximates the wild type
conformation of the protein of interest.
[0034] A "plurality" refers preferably to a group of at least two or more members,
more preferably to a group of at least about 100, and even more preferably to a group of at
least about 1,000, members. The maximum number of members is unlimited, but
preferably about 100,000 members.
[0035] The array can be made of any conventional substrate. Moreover, the array
can be in any shape that can be read, including rectangular and spheroid. Preferred
substrates are any suitable rigid or semi-rigid support including membranes, filter, chips,
slides, wafers, fibers, magnetic or nonmagnetic beads, gels, tubing, plates, polymers,
microparticles and capillaries. The substrate can have a variety of surface forms, such as
wells, trenches, pins, channels and pores, to which the peptides and/or antibodies are
bound. Preferably, the substrates are optically transparent. Any type of substrate will be a
7
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suitable “chip” as long as the antibodies can be used as bait to fish for expressed proteins
in a sample, such as a cell of interest.

[0036] The sample can be any sample obtained from any biological source, for
example, blood, urine, saliva, phlegm, gastric juices, etc., cultured cells, tissue biopsies, or
other tissue preparations.

[0037] Such antibody arrays can be used to screen a biological sample of interest.
The proteins in the sample that bind to the array can be readily determined by a range of
known means based upon this disclosure. For example, the target proteins and the
antibodies may be labeled with one or more labeling moieties to allow detection of both
protein-antibody complexes and by comparison the lack of such a complex in the
comparison sample. The labeling moieties can include compositions that can be detected
by photochemical, spectroscopic, biochemical, immunochemical, chemical, optical,
electrical, bioelectronic, etc. means. Labeling moieties include chemiluminescent
compounds, radioisotopes, labeled compounds, spectroscopic markers such as fluorescent
molecules, magnetic labels, mass spectrometry tags, electron transfer donors and/or
acceptors, etc.

[0038] By comparing the level of expression as measured by the changes in
binding in, for example, the same type of tissue at different developmental stages, or in
malignant vs. non-malignant or diseased vs. non-diseased cells, one can rapidly identify
those proteins whose expression varies. The term “same type of tissue” and “similar
tissue” are used interchangeably and mean generally tissue of a particular type such as, for
example, kidney, heart, liver, brain, retina, bone and blood or particular fractions thereof,
such as kidney glomeruli, heart valves, brain cortex, or white blood cells. It is also meant
to describe tissue from the same organism such, for example human, mouse, or drosophila.
Additionally, same or similar type of tissue means cell cultures established from such
tissues or organisms.

[0039] Consequently, these arrays can be used for a wide range of purposes. For
example, to determine proteins that are differentially expressed in related or different cells.
For instance, malignant cells versus non-malignant cells, diseased cells versus normal,
cells in a pregnant woman versus non-pregnant, menopausal versus non-menopausal, stem
cells versus nerve cells, etc. The antibody arrays of the present invention can also be
employed in numerous applications including diagnostics, prognostics and treatment
regimens, drug discovery and development, toxicological and carcinogenicity studies,

8
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forensics, pharmacogenomics and the like, as explained more fully below. The present
invention utilizes antibodies that are organized in an ordered fashion so that each antibody
is present at a specified location on a two dimensional substrate. Because the antibodies
are at specified locations on the substrate, the association between the antibody and the
protein that it binds is known. This association is subsequently interpreted in terms of
expression levels of particular proteins and, therefore, can be correlated with a particular
disease or condition, or treatment.

[0040] The antibody arrays of the present invention can be applied to large scale
genetic or gene expression analysis of a large number of target proteins. The arrays can
also be used in the diagnosis of diseases and in the monitoring of treatments where altered
expression of genes coding for proteins associated with cell proliferation or receptors
cause disease, such as cancer, immunopathology, neuropathology, and the like. Further,
the arrays can be employed to investigate an individual's predisposition to a disease, such
as cancer, immunopathology, or a neuropathology. Furthermore, the arrays of the
invention can be employed to investigate cellular responses to infection, drug treatment,
and the like.

[0041] The present invention provides for an expression profile that can be used to
detect changes in the expression of proteins implicated in disease. These proteins include
proteins whose altered expression is correlated with cancer, immunopathology, apoptosis
and the like.

[0042] The present invention yields expression profiles which comprise a plurality
of antibody arrays and a plurality of detectable proteins. The antibody arrays are formed
by screening an antibody library created by any one of the known display technologies
(such as phage particles, plasmids, modified viruses, or bacteria as fusions to a coat
protein) with peptide microarrays, wherein the peptides contain antigenic epitopes that
approximates the wild type conformation of the proteins of interest. The antibody arrays
are then used to screen a biological sample. The proteins that bind to the arrays can then
be determined. The expression profiles obtained provide "snapshots” that show unique
expression patterns characteristic of a disease or condition.

[0043] The present invention further provides a method for determining
interactions between and among proteins, other molecules, and various organelles in order
to determine numerous cellular functions such as proliferation, differentiation, gene
expression, and cytoskeletal organization. The pattern of expressed proteins is an

9
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important marker for the state of the cell. The antibody arrays of the present invention are
instrumental in associating proteins with their targets. Thus, using the antibody arrays, all
expressed proteins are collected. Then, the genes for these proteins are amplified via
standard PCR technology. Afterwards, a phage library is created to bind to targets in a
manner fully analogous to the way antibody arrays were used. The genes for these targets
are subsequently identified, amplified and used to bind their targets, and so on. In this
way, a regulatory map of the cell under well-defined conditions is constructed.

[0044] Determination of phosphorylated proteins can be easily accomplished using
antibodies directed against phosphotyrosines, for example. The state of methylation of
proteins can be similarly determined. Any cell network, no matter how completely
determined, will characterize the cell only under a well-defined set of conditions. Without
wishing to be bound by theory, it can be expected that the changes in environment, in
ligands impinging on the cell surface, will modulate the relative abundance of proteins in
the network, change the expressed protein profile, and will even modulate cell network
topology. Thus, a perturbation approach would provide valuable insight. The approach
comprises first determining a reference network for a given set of conditions, and then
systematically varying the concentration of a ligand specific for a particular key receptor
from complete absence of the ligand to a concentration that gives receptor saturation, and
constructing a network for each concentration employed.

[0045] The antibody arrays of the present invention can be used to monitor the
progression of disease. Researchers can assess and catalog the differences in protein
expression between healthy and diseased tissues or cells. By analyzing changes in patterns
of protein expression, disease can be diagnosed at earlier stages before the patient is
symptomatic. The invention can also be used to monitor the efficacy of treatment. For
some treatments with known side effects, the antibody arrays can be employed to refine
and customize the treatment regimen. A dosage can be established that causes a change in
protein expression patterns indicative of successful treatment. Analogously, expression
patterns associated with undesirable side effects can be avoided. This approach may be
more sensitive and rapid than waiting for the patient to show inadequate improvement, or
to manifest side effects, before altering the course of treatment.

[0046] Alternatively, animal models which mimic a disease, rather than patients,
can be used to characterize expression profiles associated with a particular disease or
condition. Hence, the protein expression data, as provided by the method of the present

10
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invention, may be useful in diagnosing and monitoring the course of disease in a patient,
in determining gene targets for intervention, and in testing novel treatment regimens.
[0047] The expression of certain proteins is known to be associated with cell
proliferation or receptors closely associated with cancers. Therefore, the antibody arrays
and protein expression profiles of the present invention can be useful to diagnose, for
example, a cancer such as, but not limited to adenocarcinoma, leukemia, lymphoma,
melanoma, myeloma, sarcoma and teratocarcinoma, cancers of the adrenal gland, bladder,
bone, bone marrow, brain, breast, cervix, colon, gall bladder, ganglia, gastrointestinal
tract, heart, kidney, liver, lung, muscle, ovary, pancreas, parathyroid, penis, prostate,
salivary glands, skin, spleen, testis, thymus, thyroid and uterus.

[0048] Proteins associated with cell proliferation may act directly as inhibitors or
as stimulators of cell proliferation, growth, attachment, angiogenesis, and apoptosis, or
indirectly by modulating the expression of transcription, transcription factors, matrix and
adhesion molecules, and cell cycle regulators. In addition, cell proliferation molecules
may act as ligands or ligand cofactors for receptors which modulate cell growth and
proliferation. These molecules may be identified by sequence homology to molecules
whose function has been characterized, and by the identification of their conserved
domains. Proteins associated with cell proliferation may be characterized using programs
such as BLAST or PRINTS. The characterized, conserved regions of proteins associated
with cell proliferation and receptors may be used as probe sequences.

[0049] Receptor sequences are recognized by one or more hydrophobic
transmembrane regions, cysteine disulfide bridges between extracellular loops, an
extracellular N-terminus, and a cytoplasmic C-terminus. For example, in G protein-
coupled receptors (GPCRs), the N-terminus interacts with ligands, the disulfide bridge
interacts with agonists and antagonists, the second cytoplasmic loop has a conserved,
acidic-Arg-aromatic triplet which may interact with the G proteins, and the large third
intracellular loop interacts with G proteins to activate second messengers such as cyclic
AMP, phospholipase C, inositol triphosphate, or ion channel proteins (Watson and
Arkinstall (1994). The G-protein Linked Receptor Facts Book, Academic Press, San
Diego Calif.). Other exemplary classes of receptors such as the tetraspanins (Maecker et
al. (1997) FASEB J. 11:428-442), calcium dependent receptors (Speiss (1990) Biochem.

29:10009-18) and the single transmembrane receptors may be similarly characterized
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relative to their intracellular and extracellular domains, known motifs, and interactions
with other molecules.

[0050] Furthermore, the expression of proteins associated with cell proliferation or
receptors is also closely associated with the immune response. Therefore, the antibody
arrays of the present invention can be used to diagnose immunopathologies including, but
not limited to, AIDS, Addison's disease, adult respiratory distress syndrome, allergies,
anemia, asthma, atherosclerosis, bronchitis, cholecystitis, Crohn's disease, ulcerative
colitis, atopic dermatitis, dermatomyositis, diabetes mellitus, emphysema, atrophic
gastritis, glomerulonephritis, gout, Graves' disease, hypereosinophilia, irritable bowel
syndrome, lupus erythematosus, multiple sclerosis, myasthenia gravis, myocardial or
pericardial inflammation, osteoarthritis, osteoporosis, pancreatitis, polymyositis,
theumatoid arthritis, scleroderma, Sjogren's syndrome, and autoimmune thyroiditis;
complications of cancer, hemodialysis, extracorporeal circulation; viral, bacterial, fungal,
parasitic, and protozoal infections; and trauma.

[0051] One embodiment of the invention is a high throughput process for making
one or more antibodies per protein, for a desired set of proteins encoded by a genome. The
antibody arrays can then be used to assess how an expressed protein profile changes as the
state of a cell changes or to compare profiles of different cells. Briefly, making an array
for such an embodiment involves the following steps.

[0052] There are two alternative procedures for selecting peptides. One is to
produce antibodies against continuous surface epitopes (typically 8-10 long) on a native
protein, for example. This is done by exploiting the well known observation that
antibodies elicited against a segment cleaved from a protein, will also react with the same
segment in the native protein, if that segment is on the surface of the protein. If the crystal
structure, or even the fold family, is known, picking the surface segments will not be
difficult. If only the sequence is known some appropriate function of hydrophilicity must
be calculated for each segment of the protein and a decision made about its location using
(for example) discriminant analysis or its modern incarnation, support vector machines.
Alternatively, every possible segment of the array can be synthesized, albeit with
somewhat more labor. This exhaustive search, assures that every possible continuous
surface epitope has been considered. There is another advantage to an exhaustive search.

If the cell lysate is digested, interior segments become exposed. The exhaustive search
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will return antibodies against these segments, hence, almost all possible epitopes can be
used, rather than just those on the surface as has been done traditionally in immunology.
[0053] Synthesize an array of peptides on a suitable substrate. For example, glass
and nylon are preferred embodiments of the substrate. The glass or nylon chip size can be
approximately 5 cm®. The number of different peptide sequences can be 10, 50, 100,
1,000, 10,000 or 100,000. For instance, on the order of 100,000. The number of copies of
each sequence is preferably 1-10 million.

[0054] The peptides can be made by a modification of standard chemistry for solid
phase synthesis (2, 3). At each round of synthesis, the desired amino acid can be
covalently coupled to oligopeptides at specified locations (pixels) on the chip by optically
removing photolabile blocking groups terminating the oligos at those pixels, and then
adding the desired amino acid or other known technique based upon the present disclosure.
Removal of blocking groups at other pixels is preferably prevented by overlaying a
physical mask which leaves only the desired pixels exposed to light. Thus, the synthesis
of all oligopeptides N long would require 20N masking steps. Such a process is
expensive. However, one can use an alternative, virtual masking, process that has been
successfully employed for solid state oligonucleotide synthesis (4). It uses an array of
micromirrors, each 16p? and individually adjustable, to focus light on the desired set of
pixels. This reduces the problem of changing the type or configuration of oligopeptides on
the chip from having to design a new set of physical masks, to changing a few lines of
code.

[0055] One can use any one of several display technologies to form a random
library of antibody binding sites. One embodiment would be to display the sites on the
surface of phage particles, plasmids, modified viruses, or bacteria as fusions to a coat
protein, e.g. P3. Methods for creating such libraries are well known, see for example,
Hoogenboom et al. (5).

[0056] The peptide microarray is then used to screen the antibody library, such as
phage displayed antibodies, for those antibodies that bind specifically and with good
affinity (>10° M™).

[0057] Suitable separation technology known in the art are used based upon the
present disclosure to purify the phage. The preferred embodiment is a variant of magnetic

separation, as described below.
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[0058] The antibodies selected are amplified by known techniques. For example
amplifying the phage by infecting cells, such as E.coli.
[0059] The antibodies, such as phage are arrayed oﬁ a two dimensional surface so
that the association between the antibody and the protein that it binds is known.
[0060] Neuronal processes are also affected by the expression of proteins
associated with cell proliferation or receptors. Thus, the antibody arrays of the present
invention can be used to diagnose neuropathologies including, but not limited to, akathisia,
Alzheimer's disease, amnesia, amyotrophic lateral sclerosis, bipolar disorder, catatonia,
cerebral neoplasms, dementia, depression, Down's syndrome, tardive dyskinesia,
dystonias, epilepsy, Huntington's disease, multiple sclerosis, neurofibromatosis,
Parkinson's disease, paranoid psychoses, schizophrenia, and Tourette's disorder.
[0061] Also, researchers can use the antibody arrays of the present invention to
rapidly screen large numbers of candidate drug molecules, looking for ones that produce
an expression profile similar to those of known therapeutic drugs, with the expectation that
molecules with the same expression profile will likely have similar therapeutic effects.
Thus, the invention provides the means to determine the molecular mode of action of a
drug.
[0062] It is understood that this invention is not limited to the particular
methodology, protocols, and reagents described, as these may vary. Itis also understood
that the terminology used herein is for the purpose of describing particular embodiments
only and is not intended to limit the scope of the present invention which will be limited
only by the appended claims. The examples below are provided to illustrate the subject
invention and are not included for the purpose of limiting the invention.
EXAMPLES

Array Fabricator
[0063] The synthesis of all possible peptides of length N generally requires N 20-
step rounds of chemistry and therefore a total of 20N steps in all. Each step adds one of
the twenty amino acids to the growing chain, so that each round increments every chain by
an amino acid. The growth step consists of using optical masks to selectively
photodeprotect the oligo end groups in a selected number of pixels, and then flooding the

chip with the desired blocked peptide.
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[0064] The synthesis of all oligopeptide sequences N long, therefore, involves 20N
physical masks. Although all sequences of a given length will generally not be needed,
physical masking is nonetheless expensive and cumbersome.

[0065] A recently developed alternative to physical masking uses an adaptable lens
to focus UV light on specified pixels (4), thus selectively deblocking photolabile groups,
while blocked groups remain in place at non illuminated pixels (Fig 1). This allows
polymerization of user determined amino acids at preprogrammed locations. Such virtual
masking is rapid, inexpensive and automatable. Virtual masking has recently been applied

to oligonucleotide synthesis.

[0066] A complete array system requires (1) a digital micromirror assembly
capable of being programmed to deliver UV light to a specific pixel; (2) a flow cell that
contains the glass substrate (ca. 25 mm x 25 mm), for example, shown in Fig. 2; and (3) a

device for delivering reagents to the flow cell.

Selecting peptides that mimic antigenic sites in native proteins
[0067] In a preferred embodiment, sequences are chosen subject to the constraint
that they be on the surface (solvent exposed) of the protein, otherwise antibodies produced
against them would not be able to recognize the native protein, see, e.g. references 6-10.
Preferably, such antibodies typically have affinities for the native sequences, 1-2 orders of
magnitude lower than for the peptides used to select them, and are in the range of 10°-10°
M. Immunological literature on the subject of eliciting antibodies cross-reactive with
peptide in its free and native states spans some 25 years, e.g. (11, 12) (13, 14). The main
requirement is that the sequence be hydrophilic, because it must be a protein surface
sequence and therefore hydrated in the native state. The requirement of hydrophilicity is
frequently supplemented with additional requirements; e.g. peptides encoded at
exon/intron boundaries have a much higher probability than other sequences to be at
boundaries between protein domains, and therefore solvent exposed. Similarly, amino
terminal sequences tend to be solvent exposed. A suite of Bioinformatics algorithms can
be used to select such peptides, and in a way that minimizes cross reactivity. For example
knowledge of, or the ability to predict, exon/intron boundaries (15-17) adds to the ability

to identify them when they are not known experimentally.

Synthesis of Ordered Oligomer Arrays Using Virtual Masking
15
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[0068] Since the first demonstration nearly 10 years ago by Fodor et al. (18), at
Affymax (now Affymetrix), of the principle of "light-directed, spatially addressable
parallel chemical synthesis," i.e., "synthesis on a chip," there have been many advances in
microarray technology. Although Fodor's original work described synthesis of peptide
arrays, subsequent efforts have focused primarily on oligonucleotide arrays. Nevertheless,
the technology for making peptide arrays exists and much of what has been learned about
oligonucleotide arrays can be applied to peptides.

[0069] One of the problems with making arrays is the need for large numbers of
photolithographic masks that permit selective deblocking of protected oligomers using UV
light. The problem is severe in oligonucleotide synthesis where one needs four masks
(corresponding to the four nucleotide bases) per synthetic cycle, but is much worse with
peptides, where standard procedures would require 20 masks per cycle. To avoid this
problem, we can use "maskless" microarray fabrication using anticromirror array such as
described by (4).

[0070] The first step in the process of the present invention, as illustrated in Figure
2, is derivatization of a glass surface with an appropriate alkoxysilane to give a surface
coated with amino groups, each of which bears a photolabile protecting group. Specific
areas (pixels) on the surface are deprotected by irradiation with UV light, which is directed
to these areas by the micromirror assembly, and all the exposed amino groups are then
acylated by an amino acid containing a photolabile protective group. In 19 subsequent
steps, all of the remaining pixels are deprotected and acylated with the 19 remaining amino
acids. This marks the end of the first synthetic cycle. The process is repeated until
peptides of the desired length are obtained.

Derivatization of glass surface and peptide synthesis chemistry

[0071] The preferred reagent for introduction of functionality onto glass surfaces
for many years has been aminopropyltriethoxysilane and derivatives thereof. This reagent
was introduced into protein sequencing nearly 30 years ago (19) and is currently widely
used in the microarray fabrication of peptide and oligonucleotide libraries (4, 20, 21). In
the case of DNA array synthesis, derivatives incorporating the hydroxybutyryl (21) or
oligoethylene glycol (3, 22) moieties are often employed, but these are not appropriate for
peptide synthesis because they contain a terminal hydroxyl, rather than amino group
needed for peptide derivatization.
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[0072] One embodiment of the present invention adapts the procedure of (20),
namely silylyation with a 1:10 mixture of aminopropyltiiethoxysilane:
methyltriethoxysilane (the latter added to reduce the density of amino groups by a factor of
10, followed by the addition of an aminocaproic acid linker containing the photolabile N-o
6-nitroveratyloxycarbonyl (Nvoc) group (Figure 3). Activation during coupling steps can
be done, preferably, using TBTU, a standard activating agent in peptide synthesis.

[0073] In another embodiment of the present invention, an aminocaproic acid
linker with a longer or more hydrophilic (e.g., polyethylene glycol) linker can be
substituted, if appropriate. Thus, in one embodiment of the invention, peptides of
preferably 5-20mer (i.e., N=5-20), more preferably, 8-10mer peptides are synthesized, as
epitope mapping studies (23) indicate that typical epitopes recognized by antibodies
contain only about 6 amino acids. Because the number of different peptide sequences on a
chip will be no more than several hundred thousand, only a very small fraction of all

possible sixmers will be synthesized.

Protection and deprotection of amino acids

[0074] Another aspect of the invention teaches how to selectively deprotect small,
defined areas (pixels) on the glass surface. Deprotection thus requires efficient chemistry
and engineering (i.e., the micromirror technology discussed earlier). Photolabile
protective groups were first introduced by (24) and subsequently many variants have been
described (25), most of which incorporate a 2-nitrobenzyl group.

[0075] Preferably, the N-a6-nitroveratyloxycarbonyl (Nvoc) group is used (similar
to the one used successfully for peptide array synthesis (18)) and certain of the Nvoc
amino acids are available commercially (from Peptides International, Inc., Louisville,
KY); other Nvoc amino acids known in the art can also be synthesized. In another
embodiment, the photolabile protecting groups such as the 2-(2-nitrophenyl)-
propyloxycarbonyl (NPPOC) or a-methyl-2- nitropoiperonyl-oxycarbonyl (MeNPOC)
groups described by (26) for oligonucleotide synthesis can be used. Any alternative
derivative should be chosen with care, however, because it entails synthesis of an entire set
of 20 amino acid derivatives. Preferably, Nvoc groups are removed by irradiation at >365
nm (20). Low wavelength light should be avoided to prevent destruction of certain amino

acids, such as tryptophan.
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[0076] It is an important aspect of the present invention that the length of time
required to deprotect amino groups on a pixel be optimal. Among the preferred
embodiments is the strategy of (21) for DNA arrays. The maskless array synthesizer
(MAS) (4) is programmed to irradiate specific pixels or groups of pixels for varying
periods of time, generating a gradient of partially to fully deprotected pixels. The glass
substrate is then treated with any fluorescent reagent, preferably, fluorescein
isothiocyanate (FrFC), and then visualized under the UV light. In such a way, the
minimum time required for complete removal of the Nvoc (or any other) group can be
determined. In the case of the Nvoc group, special attention should be given to the
formation of photo byproducts that can act as an internal light masking agents (quencher)
(27) thereby lowering the photochemical deprotection reaction. This can be avoided by
flowing solvent through the flow cell of the MAS during photolysis to flush away by-

products.

Display Libraries
[0077] In one of the embodiments of the present invention, the genes encoding the
amino terminal heavy (H) and light (L) chain immunoglobulins (Ig) domains, which
comprise antibody combining sites, can be linked to form a single polypeptide chain and
displayed as fusion surface proteins of either phage, plasmids, modified viruses, or
bacteria (Fig.4). A number of other embodiments are possible, e.g., using ribosomal
display technology.
[0078] Briefly, for example, a phage-display library can be formed by reproducing
phage in a strain of E.coli that ignores the amber stop codon thus producing fusion coat
proteins. The resulting phage can, if necessary, be inserted into a bacterial strain that
recognizes the stop signal, facilitating purification of the antibody.
[0079] In a typical combinatorial antibody library, 2 to 6 complementarity
determining regions (CDRS) are randomized. A master phagemid is first constructed with
H3 and L3 sequences that are known to facilitate the folding of the resulting scFv. Unique
restriction sites terminate the framework sequences that are adjacent to the CDRS. These
enable the substitution of subsequent H3 and L3 fragments with random sequences.
[0080] Randomized H3 and L3 sequences are generated via direct oligonucleotide
synthesis. These are obtained during synthesis simply by using a mixture of nucleotide
triphosphates (NTPs), rather than a single type of NTP, for one or more of the nucleotides
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of the central codon. NTPs will be selected randomly in accordance with their frequencies
in the mixture, resulting in H3 and L3 with different sequences.

[0081] Direct synthesis of random CDRs can be difficult to control. However, the
method of trinucleotide cassette mutagenesis generates a high quality randomized library
because naturally occurring diversity is covered, both in terms of length and amino acid
composition. A recently developed method that controls the specific amino acid
composition at each position of the CDRs begins with the synthesis of 20 trinucleotide
phosphoramidites. The appropriate stoichiometric amounts of phosphoramidites are then
mixed and coupling is performed to yield longer oligonucleotides.

[0082] Once the master phagemid and the H3 and L3 cassette libraries are ready,
they are cut with four unique restriction enzymes and ligated to form a phagemid library.
After phage display, the phages with high-affinity scFv are picked out and the sequence of
the scFv is easily determined using PCR with framework specific primers. If one round of
selection does not produce high enough affinity, then DNA shuffling of the moderately
binding clones can be used to further evolve the library.

Flow Chamber

[0083] Phage-peptide mixing, unlike hybridization of oligonucleotides, does not
occur readily by diffusion. The size of the phage requires a flow chamber that mediates
active mixing by transport. The relationship between the flow rate and time scales set by
binding kinetics is crucial in phage-peptide mixing. The full analysis requires considering
coupled diffusion reaction transport equations, but a compartmental model, as illustrated
in Fig. 5, which holds when the flow rate is slow compared to the rate of peptide-phage
binding provides an insight. Because the source and substrate are both heterogeneous, a
superposition of such models is preferred.

[0084] The phage current entering the chamber (aP) will generally be different
than the current leaving (BP,), but rate constants o and B should be the same because the
fluid is incompressible. When the rate constants o and P are set equal, the rate limiting

time constant for system equilibration is

[0085] = o+ [a- Bt + )Y
[0086] where
[0087] a 2B+ 1,12
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[0088] and the chemical reaction time scale is set by
[0089] &1=x,P+«; (assuming peptide is not depleted by binding phage).
[0090] The result indicates that the rate at which equilibrium is approached

increases as flow rate increases. This can in fact hold only if the flow rate is comparable
to or less than the forward reaction rate x,P. The actual optimum can be found by
performing a full analysis, including non-linearities. |
[0091] Chemical reaction varies from pixel to pixel, because it depends on
sequence. However, most of the variation is in the reverse rate constant, reflecting
variations in binding energies (28). Therefore, the optimum flow rate is in the vicinity of
KiP.

[0092] Typical peptide densities are preferably in the vicinity of 10" - 10" em™.
Thus, for example, for a typical peptide of 30A long, the concentration should be in the
range of 5x10” — 5x10M. Forward rate constant for soluble antigen antibody interactions
is preferably in the range of 107 (sec-M)™, about two orders of magnitude below the
Smoluchowski limit. For antibodies on a phage, the rate constant would be lower.
Consequently, binding rates are preferred to be about 10* sec’’. While not wishing to be
bound by theory, it is possible to have a very high flow rate without surpassing an
optimum set by the chemical reaction.

[0093] Furthermore, the above model indicates that the concentration of phage
bound at equilibrium is independent of the flow rate. The actual amount of phage bound,
however, may depend upon peptide sequence. The highest affinities attainable by single
site antibody attachment, without any special affinity maturation strategy, are preferably of
order 10° - 10’ M. At planned peptide concentrations almost all antibodies are bound. It
is preferable that the concentration which does not deplete peptides, such as 10’

phage/cmz, be used.

Molecular recognition
[0094] The following describes preferred physical conditions that are necessary to
optimize the binding of phage to peptides.

Densities
[0095] The relevant quantities for the embodiment of the present invention are: (1)

the number of pixels per slide which determines the number of different antibodies that
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can identified; (2) the spacing between pixels which is important for some separation
procedures as further explained below; (3) the density of peptides within a pixel which
determines the nature of binding, e.g., monovalent vs. multivalent; and (4) the overall size
of the slide, which determines the quantity of material that must be used and therefore
affects cost.

Example 1
[0096] For a square chip with s pixels in each direction, the pixel dimension is d,
and the center-to-center distance between pixels is , the characteristic dimension of a
phage head is w and w 10°cm. On average, each head would have two P3 proteins and
therefore display two antibodies. The area of a chip with N2 pixels is
[0097] A = [(s-1) IHd]2.
[0098] When s =100, I =d, d = 0.01cm, and an average of 10,000 peptides/cm (1
million peptides per 0.01cm? pixel), the mean spacing between peptides is 10*cm. Under
these conditions adjacent peptides do not interact physically because even a fully extended
peptide with 20 residues would only span 6x107 cm. Additionally, because the spacing
between peptides is greater than the dimension of the phage head, it is unlikely that more
than one antibody will be bound to the same phage, therefore, phage binding would be
monovalent. Because affinities of an antibody for a peptide are usually low, multivalent
attachment would be desirable. A density of 10" - 10" peptides/c:m2 is preferred for
multivalent attachment because it is sufficiently low to prevent physical interaction
between adjacent peptides. These densities are exemplary averages over the entire surface,
and therefore, it is likely that fluctuations in densities would reduce the amount of

multivalent binding of phage per pixel.

Time Constraints
[0099] In the preferred embodiment of the present invention, phage must be
separated from tens of thousands of pixels before it dissociates. In order to estimate the
time constraints this imposes, the amount of binding that can be expected under a given set
of conditions and the amount remaining as a function of time after irrelevant phage is
rinsed off the chip must be known. In addition, the materials, methods and examples are

illustrative only and not intended to be limiting.

Example 2
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[00100] Let T be the size of the antibody display library, i.e. the number of distinct
antibody binding sites (typically billions). It is generally expected that more than one of
the T distinct antibodies will recognize a particular peptide sequence. Consider a typical
peptide sequence at concentration L. Let ¢;be the total concentration of phage available to
bind it with affinity Kj; let b; be the concentration of these antibodies that are bound.
Then,

[00101]  bj=KgL

[00102] 1+K;L

[00103] and define Cr as the total phage concentration:

[00104] Th=TKigL L2 [Kjej— Kye+ KiL* - ...]

[00105] 1+KL

[00106] = Cr[<K>L< K> L*+<K>L*-...]

[00107] Let the solution layered on the slide contain on average n copies of each of

the T phages; i.e. the total number of phage is nT, and these are distributed throughout a
volume v = [(s-1)I +d]2h, where h is the height of fluid on the slide. Then Cr=nT/v. In
addition, if & is the density of peptides, then L = ¢ /h. To a first approximation, with /= d,

the ratio of the concentration of bound antibodies to total peptide concentration is:

[00108] BnT<K>
L  h(ds)
[00109] For illustration purposes, if <K> = 10°M"; T =10%; n =10,000; h=0.

lem; s = 100 pixels/row; d = 0.01cm. Then, approximately 2% of the peptides will be
bound by phage, or approximately 2000 phage per pixel.

[00110] Affinities this low are usually accompanied by rapid dissociation. Thus,
using these numbers, at time t after rapidly rinsing away unbound phage, and taking a
reverse rate constant of 0.1 sec”, the amount of specifically bound phage will be 2000
exp(-0.1t). This does not allow adequate time for ordered removal and storage of
specifically bound phage. A comparable analysis gives an equation for multivalent
attachment. With 10" peptides/cm’, the rate of dissociation is decreased by 2-3 orders of
magnitude, allowing adequate time for ordered removal of phage (good sensitivity),

although some mixing with phage from adjacent pixels will still occur.
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Phagemid purification
[00111] Phage must be removed from each pixel in a way that preserves the
association between the phage and the protein it recognizes. Since this needs to be done
quickly, phage must be removed from all pixels simultaneously. We will achieve
massively parallel purification by biotinylating the bound phage, and then using
streptavidin coated magnetic beads to lift the phage from the slide. The lifting can be
done in parallel by using an electromagnetic, which then deposits each group of phage in

corresponding wells containing E Coli.

[00112] It will be apparent to those skilled in the art that various modifications and
variations can be made to the present invention without departing from the spirit and scope
of the invention. Thus, it is intended that the present invention cover the modifications
and variations of this invention provided they come within the scope of the appended

claims and their equivalents.

[00113] The references cited below and incorporated throughout the application are

incorporated herein by reference.
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CLAIMS

What is claimed is:

1. A method for a fast high-throughput determination of proteins differentially
expressed by a cell or a plurality of cells comprising:

(a) subjecting a first biological sample to a microarray containing at least 100
different
antibodies;

(b) comparing the protein profiles of said first biological sample with a second
biological sample; and

(c) identifying proteins that are differentially expressed in at least part of the cells
of said

biological samples.

2. The method of claim 1, wherein the first and second biological sample are from a

similar tissue but differ from each other by developmental stage.

3. The method of claim 1, wherein the first and second biological sample are from a

similar tissue but differ from each other by hormone expression.

4. The method of claim 1, wherein the first biological sample is from a normal or
non-diseased tissue and the second biological sample is from a diseased-tissue or tissue

suspected of being diseased.

5. The method of claim 1, wherein the first biological sample is from a normal or
non-malignant tissue and the second biological sample is from a malignant tissue or a

tissue suspected of being malignant.
6. The method of claim 1, wherein the first biological sample is from a normal or

non-infected tissue and the second biological sample is from an infected tissue or from a

tissue suspected of being infected.
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7. The method of claims 1-6, wherein said microarray contains at least 1,000
antibodies.
8. The method of claims 1-6 wherein said microarray contains at least 10,000
antibodies.
9. The method of claims 1-6 wherein said microarray contains at least 100,000
antibodies.

10. A method of high-throughput synthesis of a plurality of antibodies comprising:

(a) synthesizing a peptide microarray on a suitable substrate using virtual
masking;

(b) forming a random antibody library;

(©) screening the random antibody library with the peptide microarray and
selecting antibodies that bind with a suitable affinity and specificity to said peptide
microarray;

(d)  purifying the selected antibodies;

(¢)  amplifying the purified antibodies; and

(d) binding the antibodies to a substrate thereby forming a microarray of
antibodies suitable for high-throughput analysis.

11.  The method of claim 10, wherein the substrate is glass or nylon.

12.  The method of claim 10, wherein the microarray of antibodies contains at least
1,000 antibodies.

13.  The method of claim 10, wherein the microarray of antibodies contains at least
10,000 antibodies.

14.  The method of claim 10, wherein the microarray of antibodies contains at least
100,000 antibodies.

15.  The method of claim 10, wherein the random antibody library is formed using a

phage-display library.
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FIGURE 2

UV Light
(from micromirror array)

I U I Housing
: /stainless stoel)

Reagents (In) Reagents (out)

P e————

«————— Window (Fused Silica)

«————Flow chamber, ¢a. 1 mm
(Teflon or Kel-F)

«+—— Glass slide
(synthesis area in grey)

(stainless steel)

2/6



WO 03/019192 PCT/US02/27261

FIGURE 3
—OH —0n_
—OH (CHJO)JSiN\NHz _— “O—Si/\/\NHz
—OH ) 1 o
Glass surface

#{OWW\/NH'vi
- H

2 TBTU. HOBL NMM

b e /\/\,,wB\/WNH
—_— —0—Si 2

3 -0~ H
HOOC-CHR-NH-Nvoc |~ ?
4 TBTU.HOBLNMM  |—o~ H
- ? Repeat steps
_L,_ —g-\—Si/\/\ﬁ/&/\/\/NHC—CHR-NHz 4 & S ntimes
5 -0~ H 1o complete
peptide
> X
~
Nvoc = o~

CH
Hy

3/6



WO 03/019192

PCT/US02/27261

FIGURE 4
CDRs
Amber
/ \\‘\‘stopcodon
N C
HI H2 H3 A Ll L2 L3
T < —> t < —> I
Signal VH linker VL phage 8

peptide

FIGURE 5

coat protein

4/6



WO 03/019192 PCT/US02/27261

pep-phagel  pep-phage2 pep-phage3 pep-phaged pep-phage-n

Each pixel contains hundreds of thousands to millions of copies a different .\

peplide sequence Magne i separation
P pep2 pep3 pepd pep-n /

—i—f e

electromagnet
Phagel phage 2 phage 3 phage 4 phageS ... phage-n
L | o | o | ol ]
t =" " —
E. Cohi E. Coli E. Coli E. Coli
FIGURE 6

5/6



WO 03/019192

Electromagnet

Paramagnetic bead
micron

Multiple copies
of same peptide

Paramagnetic bead
| micron

PCT/US02/27261

pixel >

A

FIGURE 7

6/6

™ Space hetween pixels



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US02/27261

B. FIELDS SEARCHED

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) GO1N 33/53, 33/543; C12Q 1/00; CO7K 16/00;
USCL 435/4, 5, 6, 7.1, 40.52; 530/387.1, 436/518

According to International Patent Classification (IPC) or to both national classification and IPC

U.S.:435/4,5,6,7.1, 40.52; 530/387.1; 436/518

Minimum documentation searched (classification system followed by classification symbols)

none

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

WEST, DERWENT, PGPUB, CAPLUS, MEDLINE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.  DOCUMENTS CONSIDERED TQ BE RELEVANT
Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X, P __| US 6,324,479 Bl (FRIEND et al) 27 November 2001, see the entire document. 1-9
X 1 US 6,218,122 Bl (FRIEND et al) 17 April 2001, see entire document. 1-9

Further documents are listed in the continuation of Box C.

[

See patent family annex.

* Special categories of cited documents:
“A” document defining the general state of the art which is not considered to
be of particular relevance

“E"™ earlier application or patent published on or after the intemational filing
date

“L”  document which may throw doubts on priority claim(s) or which is cited
to establish the publication date of another citation or other special reason
(as specified)

“0” document referring to an oral disclosure, use, exhibition or other means

“P”  document published prmr to the international filing date but later than the

nnnnm date cl

“r" later document published after the interational filing date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“y» document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such
combination being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

04 December 2002 (04.12.2002)

Date of mailing of the international search report

14 JAN 2003

Name and mailing address of the ISA/US

Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No. (703)305-3230

Telephone No. 703- 308 0916

Authorized ofﬁcer
P. Ponnaluri A/Wa/

Form PCT/ISA/210 (second sheet) (July 1998)




n P P T
INTERNATIONAL SEARCH REPORT ternational application No

PCT/US02/27261

Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet)

This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. EI Claim Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claim Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to
such an extent that no meaningful international search can be carried out, specifically:

3. EI Claim Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule
6.4(a).

Box II Observations where unity of invention is lacking (Continuation of Item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
Please See Continuation Sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite
payment of any additional fee.

00O O

As only some of the required additional search fees were timely paid by the applicant, this international search
report covers only those claims for which fees were paid, specifically claims Nos.:

4. & No required additional search fees were timely paid by the applicant. Consequently, this international search report
is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-9

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.
D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet(1)) (July 1998)



PCT/US02/27261
INTERNATIONAL SEARCH REPORT

BOX 1. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING
Group I, claim(s) 1-9, drawn to a method for a fast high-throughput determination of proteins differentially expressed by a cell or
plurality of cells.

Group 1II, claim(s) 10-15, drawn to a method of high-throughput synthesis of a plurality of antibodies.

The inventions listed as Groups I and II do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: The group I inventions are drawn
to a method for determination if proteins differentially expressed by a cell or plurality of cells using an antibody array; and the group
II inventions are drawn to method for synthesis of an antibody array. The antibody array used in group I inventions does not require
the antibody prepared by the method of group II inventions. Thus, the inventions lack unity.

Form PCT/ISA/210 (second sheet) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

