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ABSTRACT

Microarrays are provided that include multiple analysis
areas. Each analysis area can include first and second active
areas, and first and second hydrophobic areas. The first
hydrophobic area surrounds the first active area, and the
second active area surrounds the first hydrophobic area. The
microarrays are useful in analytical chemistry, biochemistry
and biology.
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MICROARRAYS HAVING MULTI-FUNCTIONAL,
COMPARTMENTALIZED ANALYSIS AREAS AND
METHODS OF USE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from U.S. Provi-
sional Application Ser. No. 60/663,932, filed Mar. 21, 2005.

BACKGROUND OF THE INVENTION

[0002] All patents, patent applications, and publications
cited within this application are incorporated herein by
reference to the same extent as if each individual patent,
patent application, or publication was specifically and indi-
vidually incorporated by reference.

[0003] The invention relates generally to microarrays used
in analytical chemistry, biochemistry, and biology. Typical
microarrays include localized areas variously identified as,
for example, “defined regions,”spots,”“addresses,”pads”
or “wells,” often arranged in row and columns. Spots usually
contain a chemical substance (e.g., a ligand) immobilized on
a surface. The chemical substance typically is of known
composition and is capable of binding or somehow reacting
with an analyte (i.e., a substance of interest) to localize the
analyte in a particular spot. Spots may be isolated from other
spots by physical barriers such as ridges or hydrophobic
barriers such as polymer films. In some cases, further
reaction of the analyte is carried out in the spot. The bound
analyte may be probed using techniques such as fluores-
cence imaging or mass spectrometry. Microarrays can
enable high throughput analysis of complex mixtures con-
taining biologically interesting analytes, particularly when
each spot is individually addressable. One of the main uses
of microarrays has been in the area of genomics, where long
strands of DNA can be identified by analyzing the binding
of shorter, complementary DNA fragments to oligonucle-
otide microarrays. Other microarrays include protein
microarrays that have been used, for example, in proteomics
(see, Curr. Opin. Chem. Biol. 2004, §(1), 8). However, spots
typically have only one function (e.g., immobilizing a DNA
having a specific nucleotide sequence), which limits what
can be done to the analyte and the amount of information
available in the analysis. What is needed are microarrays and
methods of use that enable multi-functional spots for simul-
taneous or serial probing (e.g., fluorescence probing of
binding and mass spectrometric determination of composi-
tion) without problems associated with the multi-functional
components reacting with each other or interfering with
binding of the analyte (by, for example, reacting with the
immobilized ligand or the analyte).

2%6¢

SUMMARY OF THE INVENTION

[0004] A microarray is described that comprises a plurality
of multi-functional, compartmentalized analysis areas. The
microarray comprises a plurality of analysis areas, wherein
each analysis area comprises: a first active area; a first
hydrophobic area; a second active area; and a second
hydrophobic area, wherein the first hydrophobic area sur-
rounds the first active area and the second active area
surrounds the first hydrophobic area. The first active area
and the second active area of each spot may be used
individually at each occurrence, for example to bind and/or
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modify an analyte of interest. The first hydrophobic area
separates the first active area from the second active area and
this allows the two areas to be isolated, or compartmental-
ized, from each other. In one embodiment, the first hydro-
phobic area and the second hydrophobic area each com-
prises a self-assembled monolayer. The first hydrophobic
area, the second active area, and the second hydrophobic
area can be concentric rings. In one embodiment, the first
active area comprises an immobilized polypeptide. The
immobilized polypeptide may comprise an antigen or an
antibody. A “polypeptide” is any chain of amino acids,
regardless of length or post-translational modification (e.g,,
glycosylation or phosphorylation). The term “antibody”
includes all classes of immunoglobulins, and further
includes both polyclonal and monoclonal antibodies as well
as chimeric and/or humanized antibodies. The term “anti-
body” further includes functional fragments of whole immu-
noglobulin molecules, such as Fab, F(ab')2 and Fc frag-
ments. In another embodiment, the first active area
comprises immobilized avidin, immobilized non-glycosy-
lated avidin, or immobilized streptavidin. In yet another
embodiment, the first active area comprises an immobilized
polynucleotide, for example a ¢cDNA. In some embodi-
ments, the first active area further comprises an immobilized
fusion tag ligand. In other embodiments, the second active
area comprises an immobilized polypeptide, for example an
immobilized enzyme. In some embodiments, the enzyme is
a proteolytic enzyme. In another embodiment, each analysis
area comprises: a) a first active area; a first hydrophobic
area; a second active area; and a second hydrophobic area,
wherein the first hydrophobic area surrounds the first active
area and the second active area surrounds the first hydro-
phobic area; b) the first hydrophobic area and the second
hydrophobic area each comprises a self-assembled mono-
layer; ¢) the first hydrophobic area, the second active area,
and the second hydrophobic area are concentric rings; d) the
first active area comprises an immobilized ¢cDNA and a
fusion tag ligand; and e) the second active area comprises an
immobilized proteolytic enzyme.

[0005] Another embodiment is a method comprising: a)
providing a microarray comprising a plurality of analysis
areas, wherein each analysis area comprises: a first active
area comprising an immobilized polypeptide; a first hydro-
phobic area; a second active area comprising an immobi-
lized proteolytic enzyme; and a second hydrophobic area,
wherein the first hydrophobic area surrounds the first active
area and the second active area surrounds the first hydro-
phobic area; b) forming a complex between a target polypep-
tide in a first solution and the immobilized polypeptide in the
first active area of at least one of the analysis areas; c)
dissociating the target polypeptide from the surface into a
second solution having a volume that is isolated to the
analysis area where the complex was formed; d) increasing
the volume of the second solution to such an extent that
spillover into the second analysis area occurs; and e) digest-
ing the target polypeptide with the immobilized proteolytic
enzyme. In one embodiment, the first solution is flooded
onto the microarray surface. The first solution can be dis-
pensed (or “printed”) into the first active area. Preferably, the
volume of the second solution is confined substantially over
the second active area after spillover occurs. The first
hydrophobic area, the second active area, and the second
hydrophobic area can be concentric rings. Dissociating the
target polypeptide from the surface may be accomplished,
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for example, by detaching the whole complex from the
surface by detaching the immobilized polypeptide from the
surface, or by dissociating the complex of the target
polypeptide and the immobilized polypeptide (thereby leav-
ing the immobilized polypeptide attached to the surface). In
some embodiments, the immobilized polypeptide comprises
an antigen. In other embodiments, the immobilized polypep-
tide comprises an antibody. The proteolytic enzyme can be
a serine protease, for example a trypsin, chymotrypsin, or
elastase.

[0006] In another embodiment, a method comprises: a)
providing a microarray comprising a plurality of analysis
areas, wherein each analysis area comprises: a first active
area comprising an immobilized cDNA and an immobilized
fusion tag ligand; a first hydrophobic area; a second active
area comprising an immobilized proteclytic enzyme; and a
second hydrophobic area, wherein the first hydrophobic area
surrounds the first active area and the second active area
surrounds the first hydrophobic area; b) forming an aqueous
solution comprising cell-free protein expression machinery
on the first active area; ¢) expressing a fusion protein that
binds to the fusion tag ligand, the fusion protein correspond-
ing to the cDNA: d) forming a complex between a target
polypeptide in a first solution and the immobilized fusion
protein in the first active area of at least one of the analysis
areas; e) dissociating the target polypeptide from the surface
into a second solution having a volume that is isolated to the
analysis area where the complex was formed; f) increasing
the volume of the second solution until spillover into the
second analysis area occurs; and g) digesting the target
polypeptide with the proteolytic enzyme. In another embodi-
ment, the method further comprises performing a chemical
analysis on the complex before dissociating the target
polypeptide. The analysis may comprise, for example, spec-
troscopy, fluorescence, or surface plasmon resonance. The
chemical analysis may involve, for example, adding an
antibody to recognize the complexed target polypeptide or
the complex itself. In one embodiment, the method further
comprises performing mass spectrometry after digesting the
target polypeptide. In another embodiment, the mass spec-
trometry is MALDI.

[0007] Other embodiments include a method comprising:
a) providing a microarray comprising a plurality of analysis
areas, wherein each analysis area comprises: a first active
area comprising an immobilized capture agent; a first hydro-
phobic area; a second active area comprising an immobi-
lized reactive group; and a second hydrophobic area,
wherein the first hydrophobic area surrounds the first active
area and the second active area surrounds the first hydro-
phobic area; b) forming a complex between an analyte in a
first solution and the immobilized capture agent in the first
active area of at least one of the analysis areas; ¢) dissoci-
ating the analyte from the surface into a second solution
having a volume that is isolated to the analysis area where
the complex was formed; d) increasing the volume of the
second solution until spillover into the second analysis area
occurs; and e) reacting the analyte with the immobilized
reactive group. In many embodiments, the volume of the
second solution is confined substantially over the second
analysis area after spillover occurs. In one embodiment, the
first hydrophobic area is a self-assembled monolayer, the
second hydrophobic area comprises a self-assembled mono-
layer, the immobilized capture agent comprises a polypep-
tide, the immobilized reactive group comprises an enzyme,
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and the analyte comprises a polypeptide. In other embodi-
ments, the immobilized capture agent is a polypeptide, the
analyte is a polypeptide, and the immobilized reactive group
is a proteolytic enzyme.

[0008] In other embodiments, a method comprises: a)
forming a complex between an analyte and a capture agent
in a first area of a surface that is surround by a first
hydrophobic area; b) dissociating the analyte into a solution
that is confined substantially over the first area; ¢) increasing
the volume of the solution until spillover into a second area
of the surface occurs, wherein the second area surrounds the
first hydrophobic area, is surrounded by a second hydro-
phobic area, and comprises an immobilized reactive group;
d) and reacting the analyte with the immobilized reactive
group. In many embodiments, the first area and the second
area are hydrophilic and the first hydrophobic area and the
second hydrophobic area each comprises a self assembled
monolayer. In one embodiment, the immobilized capture
agent is a polypeptide, the analyte is a polypeptide, and the
immobilized reactive group is a proteolytic enzyme.

DETAILED DESCRIPTION

[0009] A microarray is described that comprises multi-
functional analysis areas. The multi-functional analysis
areas are compartmentalized. What is meant by “analysis
area” is a localized portion or section of the microarray
where, for example, a particular analyte may be bound in
one compartment (e.g. an active area within the analysis
area) and then serially modified in another compartment
(e.g. another active area within the analysis area) for further
analysis. Multiple analysis areas can be arranged, for
example, in rows and columns to form the microarray. The
pattern of the multiple analysis areas, as well as the pattern
of active areas within each analysis area, may be formed by
methods known to those skilled in the art including photo-
lithography, printing, and stamping, for example see U.S.
Pat. No. 6,565,813. In many embodiments, the microarray
comprises a plurality of analysis areas, wherein each analy-
sis area comprises: a first active area; a first hydrophobic
area; a second active area; and a second hydrophobic area,
wherein the first hydrophobic area surrounds the first active
area and the second active area surrounds the first hydro-
phobic area. The first active area and the second active area
of each analysis area may be used individually at each
occurrence, for example, to bind and/or modify an analyte of
interest. The first hydrophobic area separates the first active
area from the second active area, thus allowing the two areas
to be isolated, or compartmentalized, from each other. This
isolation can be crucial, for example, in a process that
immobilizes a polypeptide in the first active area, non-
destructively probes the polypeptide by surface plasmon
resonance, digests the polypeptide in the second active area,
and probes the digestion product with mass spectrometry.
The hydrophobic areas may be formed from materials that
generally lack polar groups at the surface and thus lack the
ability to form strong interactions (e.g., hydrogen bonds)
with water. Such materials may include thin films made from
generally non-polar polymers such as poly(tetrafluoro)eth-
ylene or from thin layers of small molecules having non-
polar groups. Hydrophobic polymers and small molecules
may be deposited on a surface by a number of different
methods including spin coating, dip coating, and painting,
all of which may be used alone or in combination with other
techniques like photolithography and dry etching. In one



US 2006/0234265 A1l

example, the hydrophobic areas maybe formed by deposit-
ing a hydrophobic polymer or small molecule in photoresist
free areas on a photolithographically patterned surface. In
other cases, the polymer or small molecule may be deposited
on the whole surface and then etched away in the areas that
correspond to the first and second active areas. The hydro-
phobic polymer may also be, for example, a photoresist. The
hydrophobicity of an area can be determined by measuring
one or more contact angles formed by a water droplet on the
hydrophobic surface. In one embodiment, the first hydro-
phobic area and the second hydrophobic area each com-
prises a self-assembled monolayer. Self-assembled mono-
layers (SAMs) are typically formed from a molecule having
a hydrophobic alkyl chain and a functional group (e.g., a
thiol or trialkoxysilane) that can react with a surface (e.g.,
gold or glass). The hydrophobic alkyl chain may further
include substituents such as fluorine. The functional group
of a SAM forming molecule is attached to a particular
surface and the hydrophobic alkyl chain extends from the
surface and interacts with neighboring alkyl chains to form
a relatively ordered single layer having a thickness approxi-
mately or less than the length of an individual SAM forming
molecule. The SAM may be formed by a variety of methods
including flooding a surface with the SAM forming mol-
ecule and stamping, for example see U.S. Pat. No. 5,512,
131. In many embodiments, the first active area is hydro-
philic. In other embodiments, the second active area is
hydrophilic. In one embodiment, the first active area com-
prises a gold thin film.

[0010] In one embodiment, the first active area comprises
an immobilized polypeptide. The surface to which the
polypeptide is immobilized can be any one of those known
to the skilled artisan, including, for example, silicon oxide,
glass, or gold. The polypeptide can be immobilized on the
surface through methods known to those skilled in the art
that use covalent linkages, non-covalent linkages, or a
combination of both. In some cases, these linkages are
accomplished by using “crosslinkers” that have one func-
tional group that can react with or bind to a surface and
another functional group that can react with or bind to a
polypeptide. The crosslinkers may use groups that
covalently react, non-covalently bind, or a combination of
both. The immobilized polypeptide may comprise an anti-
gen or an antibody. In another embodiment, the first active
area comprises immobilized avidin, immobilized non-gly-
cosylated avidin, or immobilized streptavidin. The avidin
may be immobilized directly on the surface, or can be
immobilized by, for example, a crosslinker or by biotin that
is linked to the surface, or by other methods. The use and
utility of antigens, antibodies, and avidins in binding of
targets is well described in the art.

[0011] In another embodiment, the first active area com-
prises an immobilized polynucleotide, for example an oli-
gonucleotide or longer polynucleotide such as a cDNA. The
polynucleotide can be immobilized on the surface by any
number of methods known in the art that include covalent
linkages, noncovalent linkages, or a combination of both. In
many embodiments, the immobilized oligonucleotide is a
c¢DNA. The immobilized polynucleotide can be introduced
to the first active area, for example, in small aqueous
volumes by methods known to those skilled in the art. In
some embodiments, the first active area further comprises an
immobilized fusion tag ligand. Fusion tag ligands are known
in the art and bind to fusion tags that are covalently bonded
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to polypeptides. A polypeptide that includes a covalently
bonded fusion tag can be, for example, a fusion protein.
Some common fusion tag ligands/fusion tags are, for
example, glutathione/glutathione-S-tranferase, chitin/chitin
binding protein, cellulose/celluslase, maltose or dextrin/
maltose binding protein, methotrexate/dihyrofolate reduc-
tase, FK506/FKBP, and chelated nickel or cobalt/polyhisti-
dine (6xHis). The fusion tag ligand may comprise, for
example, a polypeptide of 5 to 55 amino acids and the fusion
tag may comprise a polypeptide of 5 to 55 amino acids. In
one embodiment, the fusion tag ligand and the fusion tag
comprise polypeptides that form a coiled-coil dimer. Coiled-
coil dimers are known in the art and include fusion tag
ligands (e.g., Jun) that bind to the heptad repeat region of
fusion tags with heptad repeat regions (e.g., Fos); for
example, see Science 2004, 305, 86. The coiled-coil dimers
may be homodimers or heterodimers. In one embodiment,
the fusion tag ligand is bound to the fusion tag of a fusion
protein. In many embodiments, the fusion protein is encoded
by the immobilized cDNA. In these cases, the fusion protein
may be expressed from the immobilized cDNA using cell-
free expression methods that are known in the art. Cell-free
expression methods include those, for example, found in
U.S. Pat. No. 6,800,453; US Pat Appl 2004/0161748;
Nucleic Acids Res. 2001, 29(15), €73; or Science 2004, 305,
86. In some embodiments, the fusion protein expressed from
the immobilized ¢cDNA may comprise, for example, an
antigen or an antibody.

[0012] In many embodiments, the second active area com-
prises an immobilized polypeptide. In one embodiment, the
immobilized polypeptide of the second active area com-
prises an enzyme. In some embodiments, the enzyme is a
proteolytic enzyme (e.g., a serine protease). Examples of
serine proteases include trypsin, chymotrypsin, or elastase.
Proteolytic enzymes are known in the art and can be used to
digest polypeptides. The digestion of polypeptides is useful
in analytical techniques such as, for example, MALDI.
Proteolytic enzymes with site-specific activity can be used in
combination to provide information about the polypeptide
sequence.

[0013] The number of analysis areas, the size of the
analysis areas, and the configurations of the first hydropho-
bic area, the second active area, and the second hydrophobic
area may vary depending on the application and what is
desirable by the user. In one embodiment, the first hydro-
phobic area, the second active area, and the second hydro-
phobic area are concentric rings. The size of the analysis
area may range, for example, from 50% um to 50,0007 pm. In
many embodiments, the number of analysis areas is, for
example, 500-500,000. The analysis areas may be arranged
in columns and rows.

[0014] In one embodiment, each analysis area comprises:
a) a first active area; a first hydrophobic area; a second active
area; and a second hydrophobic area, wherein the first
hydrophobic area surrounds the first active area and the
second active area surrounds the first hydrophobic area; b)
the first hydrophobic area and the second hydrophobic area
each comprises a self-assembled monolayer; c) the first
hydrophobic area, the second active area, and the second
hydrophobic area are concentric rings; d) the first active area
comprises an immobilized ¢cDNA and a fusion tag ligand,
and e) the second active area comprises an immobilized
proteolytic enzyme.
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[0015] Another embodiment is a method comprising: a)
providing a microarray comprising a plurality of analysis
areas, wherein each analysis area comprises: a first active
area comprising an immobilized polypeptide; a first hydro-
phobic area; a second active area comprising an immobi-
lized proteolytic enzyme; and a second hydrophobic area,
wherein the first hydrophobic area surrounds the first active
area and the second active area surrounds the first hydro-
phobic area; b) forming a complex between a target polypep-
tide in a first solution and the immobilized polypeptide in the
first active area of at least one of the analysis areas; c)
dissociating the target polypeptide from the surface into a
second solution having a volume that is isolated to the
analysis area where the complex was formed; d) increasing
the volume of the second solution to such an extent that
spillover into the second analysis area occurs; and e) digest-
ing the target polypeptide with the immobilized proteolytic
enzyme. The immobilized polypeptide and the immobilized
proteolytic enzyme may be attached to the surface as
described above. A skilled artisan would appreciate that
forming a complex between a target polypeptide and the
immobilized polypeptide may be performed under condi-
tions that are compatible with and favor complex formation
between the particular target polypeptide and immobilized
polypeptide. The first solution may be, for example, a buffer
solution made from purified target polypeptides, plasma
taken directly from lysed cells, or bodily fluids taken directly
from a patient in a clinical setting. In one embodiment, the
first solution is flooded onto the microarray surface. In
another embodiment, the first solution is printed into the first
active area, as in known in the art. Dissociating the target
polypeptide may involve having a reagent or a number of
different reagents in the second solution. The reagent or
reagents needed to dissociate the target polypeptide will
vary depending on the particular target polypeptide and
immobilized polypeptide. The reagents may, for example,
alter the pH, alter the ionic strength, act as a chaotrope (e.g.,
urea or guanidine hydrochloride), or act as a displacing
ligand. Increasing the volume of the second solution may be
accomplished, for example, by printing a liquid onto the
second solution. The amount of volume that is needed to
cause spillover into the second active area will vary depend-
ing, for example, on the size of the first active area, the size
of the first hydrophobic area, the hydrophobicity of the first
hydrophobic area, and the viscosity of the second solution.
In one embodiment, the volume of the second solution is
confined substantially over the second active area after
spillover occurs. In many embodiments, the first hydropho-
bic area and the second hydrophobic area each comprises a
self-assembled monolayer. The number of analysis areas, the
size of the analysis areas, and how the analysis areas are
arranged may be as described above. In one embodiment,
the first hydrophobic area, the second active area, and the
second hydrophobic area are concentric rings. In many
embodiments, the first active area comprises a gold thin film.

[0016] Dissociating the target polypeptide from the sur-
face may be accomplished, for example, by detaching the
whole complex from the surface by detaching the immobi-
lized polypeptide from the surface, or by dissociating the
complex of the target polypeptide and the immobilized
polypeptide (thereby leaving the immobilized protein
attached to the surface). In some embodiments, the immo-
bilized polypeptide comprises an antigen. In other embodi-
ments, the immobilized polypeptide comprises an antibody.
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In one embodiment, the proteolytic enzyme comprises a
serine protease. Examples of serine proteases include
trypsin, chymotrypsin, or elastase. The conditions used to
digest the target polypeptide will vary depending, for
example, on the particular serine protease, the particular
target polypeptide, and the amount of digestion desired. The
digestion of polypeptides with serine proteases is well
described in the art.

[0017] In one embodiment, a method comprises: a) pro-
viding a microarray comprising a plurality of analysis areas,
wherein each analysis area comprises: a first active area
comprising an immobilized ¢cDNA and an immobilized
fusion tag ligand; a first hydrophobic area; a second active
area comprising an immobilized proteolytic enzyme; and a
second hydrophobic area, wherein the first hydrophobic area
surrounds the first active area and the second active area
surrounds the first hydrophobic area; b) forming an aqueous
solution comprising cell-free protein expression machinery
on the first active area; c¢) expressing a fusion protein that
binds to the fusion tag ligand, the fusion protein being
encoded by the cDNA; d) forming a complex between a
target polypeptide in a first solution and the immobilized
fusion protein in the first active area of at least one of the
analysis areas; e) dissociating the target polypeptide from
the surface into a second solution having a volume that is
isolated to the analysis area where the complex was formed,
f) increasing the volume of the second solution until spill-
over into the second analysis area occurs; and g) digesting
the target polypeptide with the proteolytic enzyme. The
cell-free expression machinery will vary depending on the
vector and conditions that are used, and may be any of those,
for example, described in U.S. Pat. No. 6,800,453; US Pat
Appl 2004/0161748; Nucleic Acids Res. 2001, 29(15), €73;
or Science 2004, 305, 86. The immobilized ¢cDNA, fusion
protein, the fusion tag ligand, and proteolytic enzyme may
be as described above.

[0018] In another embodiment, the method further com-
prises performing a chemical analysis on the complex before
dissociating the target polypeptide. The analysis may com-
prise, for example, spectroscopy, fluorescence, or surface
plasmon resonance, and may involve, for example, adding
an antibody to recognize the complexed target polypeptide
or the complex itself The method can further comprise
performing mass spectrometry (e.g., MALDI) after digest-
ing the target polypeptide.

[0019] Other embodiments include a method comprising:
a) providing a microarray comprising a plurality of analysis
areas, wherein each analysis area comprises: a first active
area comprising an immobilized capture agent; a first hydro-
phobic area; a second active area comprising an immobi-
lized reactive group; and a second hydrophobic area,
wherein the first hydrophobic area surrounds the first active
area and the second active area surrounds the first hydro-
phobic area; b) forming a complex between an analyte in a
first solution and the immobilized capture agent in the first
active area of at least one of the analysis areas; c¢) dissoci-
ating the analyte from the surface into a second solution
having a volume that is isolated to the analysis area where
the complex was formed; d) increasing the volume of the
second solution until spillover into the second analysis area
occurs; and e) reacting the analyte with the immobilized
reactive group. In many embodiments, the volume of the
second solution is confined substantially over the second
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analysis area after spillover occurs. In one embodiment, the
first hydrophobic area is a self-assembled monolayer, the
second hydrophobic area comprises a self-assembled mono-
layer, the immobilized capture agent comprises a polypep-
tide, the immobilized reactive group comprises an enzyme,
and the analyte comprises a polypeptide. In other embodi-
ments, the immobilized capture agent is polypeptide, the
analyte is a polypeptide, and the immobilized reactive group
is a proteolytic enzyme.

[0020] In other embodiments, a method comprises: a)
forming a complex between an analyte and a capture agent
in a first area of a surface that is surround by a first
hydrophobic area; b) dissociating the analyte into a solution
that is confined substantially over the first area; ¢) increasing
the volume of the solution until spillover into a second area
of the surface occurs, wherein the second area surrounds the
first hydrophobic area, is surrounded by a second hydro-
phobic area, and comprises an immobilized reactive group;
d) and reacting the analyte with the immobilized reactive
group. In many embodiments, the first area and the second
area are hydrophilic and the first hydrophobic area and the
second hydrophobic area each comprises a self assembled
monolayer. In one embodiment, the immobilized capture
agent is a polypeptide, the analyte is a polypeptide, and the
immobilized reactive group is a proteolytic enzyme.

[0021] Other embodiments are within the scope of the
following claims.

What is claimed is:

1. A microarray comprising a plurality of analysis areas,
wherein each analysis area comprises: a first active area; a
first hydrophobic area; a second active area; and a second
hydrophobic area, wherein the first hydrophobic area sur-
rounds the first active area and the second active area
surrounds the first hydrophobic area.

2. The microarray of claim 1, wherein the first hydropho-
bic area and the second hydrophobic area each comprises a
self-assembled monolayer.

3. The microarray of claim 2, wherein the first active area
1s hydrophilic.

4. The microarray of claim 2, wherein the first active area
comprises an immobilized polypeptide.

5. The microarray of claim 4, wherein the immobilized
polypeptide comprises an antigen.

6. The microarray of claim 4, wherein the immobilized
polypeptide comprises an antibody.

7. The microarray of claim 2, wherein the first active area
comprises immobilized avidin, immobilized non-glycosy-
lated avidin, or immobilized streptavidin.

8. The microarray of claim 2, wherein the first active area
comprises an immobilized oligonucleotide.
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9. The microarray of claim 8, wherein the oligonucleotide
is a cDNA.

10. The microarray of claim, 9, wherein the first active
area further comprises an immobilized fusion tag ligand.

11. The microarray of claim 10, wherein the fusion tag
ligand is bound to the fusion tag of a fusion protein.

12. The microarray of claim 11, wherein the fusion tag
ligand comprises glutathione, chitin, cellulose, maltose, dex-
trin, methotrexate, FK506, chelated nickel, or chelated
cobalt.

13. The microarray of claim 11, wherein the fusion tag
ligand comprises a polypeptide of 5 to 55 amino acids and
the fusion tag comprises a polypeptide of 5 to 55 amino
acids.

14. The microarray of claim 13, wherein the fusion tag
ligand and the fusion tag are a coiled-coil.

15. The microarray of claim 11, wherein the fusion
protein is complementary to the immobilized cDNA.

16. The microarray of claim 15, wherein the fusion
protein expressed from the immobilized cDNA comprises an
antigen.

17. The microarray of claim 15, wherein the fusion
protein expressed from the immobilized cDNA comprises an
antibody.

18. The microarray of claim 3, wherein the second active
area 1s hydrophilic.

19. The microarray of claim 3, wherein the second active
area comprises an immobilized polypeptide.

20. The microarray of claim 19, wherein the immobilized
polypeptide of the second active area comprise an enzyme.

21. The microarray of claim 20, wherein the enzyme is
proteolytic.

22. The method of claim 21, wherein the enzyme com-
prises a serine protease.

23. The microarray of claim 22, wherein the enzyme
comprises trypsin, chymotrypsin, or elastase.

24. The microarray of claim 1, wherein the first hydro-
phobic area, the second active area, and the second hydro-
phobic area are concentric rings.

25. The microarray of claim 1, wherein the analysis area
is 50% um to 50,000% pm.

26. The microarray of claim 1, where the number of
analysis areas is 500-500,000.

27. The microarray of claim 26, wherein the analysis areas
are arranged in columns and rows.

28. The microarray of claim 1, wherein the first active
area comprises a gold thin film.
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