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HIGH SURFACE AREA SUBSTRATES FOR
MICROARRAYS AND METHODS TO MAKE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of and priority to U.S.
provisional patent applications, Ser. No. 60/345,848, filed
Nov. 9, 2001, Ser. No. 60/361,588, filed Mar. 2, 2002, and
Ser. No. 60/393,044, filed Jul. 1, 2002.

TECHNICAL FIELD

The present invention relates to the fields of inorganic
chemistry, organic chemistry, molecular biology, biochem-
istry and medicine. The invention is directed to methods of
preparing substrates, having a high surface area for use as a
microarray device, that involve forming structural micro-
features on a surface of the substrate that increase surface
area and accessibility thereto. Further, the textured surface
further comprises microstructures and/or physical surface
features, such as pits, that further contribute to the increased
surface area. Compositions directed to the substrates of the
invention are also described.

BACKGROUND OF THE INVENTION

Arapid explosion in the sequencing of entire genomes has
increased the need for highly parallel methods that allow
simultaneous investigation of several thousands of genes in
a highly miniaturized fashion. Parallel study of thousands of
genes at the genomic level promises to be a critical element
in understanding and curing disease. For this reason, among
others, high-throughput analysis methods are imperative to
the future of medicine including gene discovery, disease
diagnosis, genotyping, protein expression, elucidating meta-
bolic responses, drug design, drug discovery and toxicology.

One such tool capable of investigating several thousands
of molecules in parallel is an array (Shi, 2002). Briefly, an
array is an ordered arrangement of compounds, including
biological and biochemical materials, and serves as a
medium for matching samples based on complementarity or
selective chemical reactions. A microarray is a specific array
and is distinguished by samples sizes of less than 200
microns in diameter. The microarray is a device comprising
several molecules or more biomolecules of known identity,
attached to or immobilized on a surface of a substrate or
solid support. The molecules or biomolecules are applied
iteratively to the substrate in a highly parallel fashion to
generate a discrete spatial grid such that an array having
elements corresponding to particular complementary mol-
ecules or biomolecules is produced. Generally, the attached
or immobilized molecules are the “probe”, and the comple-
mentary species is the “target”. The “target is typically the
analyte or species to be detected or quantitated. Neverthe-
less, in some applications these roles may be reversed and
the target may be immobilized while the probe may be free.
In the general case, the probe is a molecule to be analyzed
(i.e., the “analyte) which is often of unknown identity and,
in some cases, is extracted from a sample of interest and
labeled, such as with a fluorescent dye, for ready detection.
The labeled target(s) is incubated with the microarray under
hybridizing conditions and allowed to bind to its comple-
mentary probe on the array. After removing the unbound
probe, the amount of bound probe is detected and quanti-
tated.
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Reliance on microarrays for biochemical investigations
has increased because of their demonstrated high throughput
capacity. Various methods of microarray manufacture, use
and improvements thereon have been described. For
example, U.S. Pat. No. 5,744,305 and U.S. Pat. No. 5,445,
934 to Foder et al. teach methods of synthesizing polymers,
particularly oligonucleotides, polynucleotides and peptides,
in an array format on a planar, non-porous solid support. The
synthetic regions are prepared and defined by lithography
methods that involve passing light through a mask to acti-
vate the exposed region for synthesis of the polymer. The
resulting derivatized substrate, or array device, comprises
polymers attached to the surface of the support in the regions
activated by the light treatment.

U.S. Pat. No. 5,807,522 to Brown et al. teaches a spotting
method of fabricating microarrays for biological samples in
which a solid support having a discrete sample-analysis
region prepared by applying a selected, analyte-specific
reagent to the solid support using an elongate capillary
channel and a tip region at which the solution in the channel
forms a meniscus, tapping the tip of the dispensing device
against the solid support at a defined position on the surface,
with an impulse effective to break the meniscus in the
capillary channel and depositing a selected volume between
0.002 and 2 nl of solution on the surface. Iterative steps of
depositing the analyte-specific reagent to the solid support
produces the final microarray. Brown et al. also teaches that
the solid support comprises a substrate having a water
impermeable backing, and atop the backing is a water
permeable film formed of a porous or a non-porous material
that is, for example, in a grid that is formed by applying a
barrier material, such as silicon, by mechanical pressure or
printing to form a water-proof barrier separating regions of
the solid support.

U.S. Pat. No. 6,210,894 teaches that surrounding each
array element, which is hydrophilic, with hydrophobic
regions prevents potential cross-contamination caused by
spreading of solution that are spotted on the surface of the
microarray. This modified surface characteristic establishes
clear boundaries between array elements. Further, it was
suggested that the drop of the solution is deposited in such
a manner as to synchronize spatially with each of the
hydrophilic array elements, however, requiring alignment
imposes a substantial restriction on the dispensing equip-
ment, which, in many cases, is difficult to attain with
conventional devices.

WO 01/73126 to Lyles describes a diagnostic device
comprising a matrix having fibers of silica, alumina or their
combination to provide a rigid, three-dimensionally continu-
ous network of open, intercommunicating voids. The struc-
ture is taught to be readily modified by chemical reactions
for binding a compound with increased loading capacity (see
also U.S. Pat. No. 5,951,295 to Lyles). U.S. Pat. No.
5,629,186 to Yasukawa et al. also teaches rigid fused silica,
alumina, or silica and alumina fiber matrices, and the
matrices are useful for as a body implantable material, for
supporting tissue growth in vivo, for in affinity chromatog-
raphy and for blood diagnostic assays.

U.S. Pat. Nos. 5,700,637 and 6,054,270 to Southern teach
arrays prepared by methods involving iterative coupling of
a nucleotide precursor to form the array. The surface is
taught to include a smooth, impermeable surface such as
glass, and a surface having sintered microporous glass
placed in microscopic patches.

WO 99/32663 teaches a system for detecting a molecule
in a sample comprising a substrate having multiple spatially
discrete regions, wherein the region comprises at least eight
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different anchors, each in association with a bifunctional
linker, and at least two regions are identical. The regions on
the surface may comprise a subregion for purposes of
reducing the tolerance required for physically placing a
single anchor (or group of anchors) into each designated
space, and providing uniformity to the size of the areas
containing the anchors, thereby facilitating the detection of
the molecule.

Two main ways of preparing a microarray using flat plain
glass as substrates have been described—Ilight directed
in-situ synthesis of a probe, and immobilization of synthe-
sized biomolecules onto solid substrates that serve as probes
for the microarray (WO 90/03382; WO 93/22680; U.S. Pat.
No. 5,412,087 to McGall et al.; WO 95/15970). Methods in
the prior art to increase the surface area of a microarray, and
consequently the throughput capacity and sensitivity, have
involved, for example, preparing a porous substrate, wherein
the pores serve a sites for attachment of a plurality of
biomolecules. For example, Nagasawa et al. (U.S. published
application 2001/0039072) teaches a reactive probe chip
comprising a composite substrate having compartments (i.e.,
wells) within which loaded porous carrier particulate probes
are immobilized. Nagasawa et al. teaches that it is critical
that the immobilization of the carrier particulate probes
occur only at the outer surfaces and protective measures,
such as impregnating with water, are taught to prevent
damage to the inner pore surface, which carries the bound
probe, during immobilization. Another approach to improv-
ing low probe density is described in WO 00/61282, which
teaches a porous substrate for making a microarray that has
two regions, a support region and a porous region. This
porous region is described as offering substantial advantages
over flat glass, and porous regions created by depositing a
thin film comprising colloidal silica were found to improve
signal enhancement 15 to 45 times that of flat glass, wherein
the thicker films and smaller particles afforded that better
results. However, accessiblity of biomolecules in the opti-
mal systems was not maximized, i.e., the means for mol-
ecules to penetrate the pores is difficult and kinetically
challenging with respect to achieving sufficient proximity to
a specific binding site. Further, in the wash step, this
problem manifests itself because non-specific molecules get
physically trapped within the pores.

PCT application WO 01/61042 teaches smooth surfaced
porous membranes having one or more advantages such as
low autofluorescence, thermal-cyclability, especially under
humid conditions, and three-dimensional binding capacity.
The membrane is a composite membrane comprising a
porous polymer layer disposed on a support, which are
disclosed for the use of making a microarray device, and the
porous layer is characterized by having specific surface
characteristics (e.g., surface roughness).

The problem of accessibility in designing high surface
area microarrays is observed in WO 01/16376, which
teaches a substrate for the attachment of an array of bio-
molecules comprising a substantially planar, rigid inorganic
material having a top surface, wherein the top surface has a
plurality of pores disposed therein. Further, the planar, top
surface further comprises a cationic polymer, such as polyl-
ysine, bonded to the surface to afford ready attachment of
negatively charged biomolecules, including polynucle-
otides. In describing suitable inorganic materials for provid-
ing the pores within the top surface of the substrate, it was
observed that sol-gel coating and Vycor provided relatively
poor accessibility of the polynucleotide (i.e., DNA) for
hybridization.
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The porous coatings described in the prior art resulted in
at least one of several problems such as inadvertent trapping
of the targets (and probes), poor access of longer and/or
larger molecules to the pores and long hybridization times.
The inadvertent trapping of the molecules result in the
background signal to rise and thus negate the advances made
in the increased signal. One attempt to overcome the prob-
lems associated with poor molecular accessibility is
described in U.S. Pat. No. 5,843,767, which teaches creating
capillary tubes that bind an analyte to a surface of the tube
and function to carry fluids comprising probes. Thus, the
probes are accessible to the analytes. However, the construc-
tion introduces many constraints in the chip design, and the
analysis requires special equipment, thereby adding to the
cost.

These results indicate that effecting a high surface area to
a microarray device involves not only a quantitative increase
in the surface area, such as with disposing pores on a planar
top surface, but also a consideration of accessibility the
surface area to the target and/or probe. Otherwise, the
structural increase in surface area does not fully translate
into a microarray device having increased surface area.

The present invention alleviates these problems in the
prior art by providing systems and methods directed to a
substrate having a high surface area in each of three dimen-
sions for making a microarray that realizes the full potential
of the surface area. The invention is well-suited in the
fabrication of microarray devices that are employed in
biological and chemical analyses of biomolecules of various
sizes and dimensions. Specifically, the substrate comprises
surface micro-features that are smaller than each of the array
elements. These micro-features have specific surface char-
acteristics and texture, such as a tailored porosity, that is
useful for the analysis of chemicals, particularly biomol-
ecules.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to systems and methods
that provide a high surface area substrate.

In one embodiment of the present invention there is a
substrate having a high surface area for use as a microarray
comprising a plurality of adjacent microfeatures on a surface
of the substrate arranged in spatially discrete regions to
produce a texture on the surface, wherein the textured
surface provides an increase in surface area as compared to
a non-textured surface.

Specific embodiments may include one or more of the
following:

The substrate may comprise a material selected from the
group consisting of glass, a ceramic, a metal, a non-metal
and a polymer. The microfeatures may comprise a material
that is different from the material of the substrate, said
material being selected from the group consisting of a glass,
a ceramic, a metal, a non-metal, an inorganic oxide and a
polymer. A plurality of microfeatures may comprise a pit, a
trench, a pillar, a cone, a wall, a micro-rod, a tube, a channel
or a combination thereof. The plurality of microfeatures may
comprise communicating microfeatures. The plurality of
microfeatures may be distributed uniformly on the surface of
the substrate. Alternatively, the plurality of microfeatures
may be distributed randomly on the surface of the substrate.
The plurality of microfeatures may have an aspect ratio less
than about 10. Each of the plurality of microfeatures may
have a height of about 0.1 to about 100 microns. Each of the
plurality of microfeatures may have a cross-section of about
0.01 to about 500 sq. microns. Each of the plurality of
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microfeatures may have an aspect ratio of less than about 5.
Each of the plurality of microfeatures may have an aspect
ratio of less than about 1. The textured surface may be
characterized by having a peak-to-valley value of greater
than about 10 nm. Alternatively, the textured surface is
characterized by having a peak-to-valley value of greater
than about 100 nm. As yet another alternative, the textured
surface is characterized by having a peak-to-valley value of
greater than about 1000 nm. The surface area may be
increased by at least about 20%. The surface area may be
increased by at least about 100%.

In specific embodiment, the surface further comprises a
plurality of microstructures. The plurality of microstructures
may comprise a pit, a trench, a pillar, a cone, a wall, a
micro-rod, a tube, a channel or a combination thereof. Each
of the plurality of microstructures may be smaller in dimen-
sion than each of the plurality of microfeatures and occupy
a spatially discrete region within the microfeature.

In another embodiment, the microfeatures are etched into
the surface of the substrate. The etching may comprise
corrosion, ablation, abrasion, reaction, impact, drilling or
dissolving.

In a specific embodiment, the microfeatures are formed on
the surface of the substrate. The microfeatures may comprise
an inorganic oxide selected from the group consisting of
tungsten oxide, silica, zirconia, alumina, titania, tantala
(tantalum oxide) zinc oxide, nickel oxide, magnesium oxide,
calcium oxide, boron oxide, potassium oxide, sodium oxide,
chromium oxide, tin oxide, lithium oxide, lead oxide, and
phosphorous oxide.

In another embodiment of the substrate, at least one
spatially discrete region comprises a well, said well com-
prising at least two microfeatures and a plurality of micro-
structures that are each integral to the bottom of the well,
said microstructures are smaller in dimension than each of
the microfeatures. Each of the plurality of microfeatures
may be smaller in dimension than an array element of the
microarray, said array element comprises a textured array
element comprised of at least two microfeatures. The tex-
tured array element may provide local replications of mea-
surements as compared to a non-textured array clement.
Each of the local measurements in said textured array
element may be of uniform intensity as compared to a
non-textured array element. At least one of the microfeatures
of the textured array element may function as a well-defined
boundary of said textured array element.

In another embodiment of the substrate, the substrate
further comprises an activating material coated on at least
one of the plurality of microfeatures. The activating material
may function to immobilize a biomolecule. The biomolecule
may comprise at least one of a nucleic acid, an oligonucle-
otide, a peptide, a polypeptide, a protein, an enzyme, a cell,
an organelle, a lipid, a carbohydrate, a fat, a vitamin, a
nutrient, or an antibody. The substrate may be further
characterized by providing an access of the biomolecule to
the textured surface that is substantially similar to an access
provided by a non-textured surface. The activating material
may have an iso-electric point (IEP) equal to or greater than
about 4. The activating material may comprise a silane, a
metal oxide, streptavidin, salicylhydroxamic acid (SHA), a
hydrazine, an aldehyde, a ketone, an ester, an amide, poly
(ethyleneimine), polyamide, polyacrylamide, nitrocellulose,
an organic molecule having at least one free amino group, or
derivatives thereof. The silane may comprise an amino
group, a mercaptan, or an epoxy group. When the activating
material is a metal oxide, the metal oxide may comprises
tungsten oxide, silica, zirconia, alumina, titania, tantala, zinc
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oxide, nickel oxide, magnesium oxide, calcium oxide, boron
oxide, potassium oxide, sodium oxide, chromium oxide, tin
oxide, lithium oxide, lead oxide, or phosphorous oxide.

In a specific embodiment of any of the substrates
described above, the substrate comprises a microarray com-
prising a high surface area substrate. Specific embodiments
may include one or more of the following:

In another embodiment, there is a substrate having a high
surface area for use in a microarray comprising a well, the
well comprising a textured bottom surface comprised of a
plurality of microfeatures that provide the high surface area.
The textured bottom surface may further comprise a plural-
ity of microstructures, wherein each of said microstructures
are smaller in dimension than each of the plurality of
microfeatures. Each of the plurality of microfeatures may be
smaller in dimension than an array element of the microar-
ray, the array element comprises a textured array element
comprised of at least two microfeatures.

In yet another embodiment of the invention, there is a
microarray having improved analytical accuracy comprising
a high surface area substrate, the substrate comprising a
plurality of microfeatures on a surface of the substrate
arranged in spatially discrete regions to produce a texture on
the surface, wherein the textured surface provides an
improvement in accuracy as compared to a non-textured
surface. Each of the plurality of microfeatures may be
smaller in dimension than an array element of the microar-
ray, the array element comprises a textured array element
comprised of at least two microfeatures. The textured array
element may provide local replications of measurements. At
least one of the microfeatures of the textured array element
functions as a well-defined boundary of said textured array
element.

In another embodiment of the present invention, there is
a microarray having improved uniformity of signal intensity
comprising a high surface area substrate, the substrate
comprising a plurality of microfeatures on a surface of the
substrate arranged in spatially discrete regions to produce a
texture on the surface, wherein the textured surface provides
the improvement in the uniformity of the signal intensity as
compared to a non-textured surface. Each of the plurality of
microfeatures may be smaller in dimension than an array
element of the microarray, said array element comprises a
textured array element comprised of at least two microfea-
tures.

In another embodiment of the present invention, there is
a method of preparing a substrate having a high surface area
for use in a microarray comprising the steps of covering a
surface of the substrate with a coating material and pattern-
ing the coating material, the patterning defining a plurality
of microfeatures arranged in spatially discrete regions on the
surface to form a textured surface, wherein the textured
surface provides the high surface area as compared to a
non-textured surface. Specific embodiments may include
one or more of the following:

The coating material may comprise a photoresist polymer,
a metal, a non-metal, or a ceramic. The coating material may
further comprises an adhesion promoter. The patterning may
comprise photolithography.

In a yet another embodiment, the patterning may com-
prise embossing the coating material. In a specific embodi-
ment, the coating material is deposited on the surface by a
sol-gel process. The coating material may comprise an
inorganic oxide comprised of tungsten oxide, silica, zirco-
nia, alumina, titania, tantala, zinc oxide, nickel oxide, mag-
nesium oxide, calcium oxide, boron oxide, potassium oxide,
sodium oxide, chromium oxide, tin oxide, lithium oxide,
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lead oxide, or phosphorous oxide. The embossing comprises
consolidation, said consolidation involves applying heat,
radiation or a combination thereof of the embossed surface.

In another embodiment, the method of preparing may
further comprise forming a plurality of micro-rods on the
surface. The method may comprise covering the surface of
the substrate with a coating material which inhibits the
growth of micro-rods. The micro-rods may have an aspect
ratio of less than about 10. Alternatively, the micro-rod may
have an aspect ratio of less than about 5. Alternatively, the
micro-rods may have an aspect ratio of less than about 1. In
a specific embodiment, the micro-rods may be hollow.

In another embodiment, the method further comprises
applying an activating material to at least one of the plurality
of microfeatures, wherein the activating material functions
to immobilize a biomolecule. The method may further
comprise the step of removing the coating material from the
textured surface. The method may further comprising apply-
ing an activating material to at least one of the plurality of
microfeatures, wherein the activating material functions to
immobilize a biomolecule.

In another embodiment, the method further comprises the
step of etching the textured surface, wherein the etching
decreases an aspect ratio of said plurality of microfeatures.
In a specific embodiment of the method, the coating material
is etch-resistant. The etching may comprise corrosion, abla-
tion, abrasion, reaction, impact, drilling, or dissolving. The
etching may comprise a wet-chemical process. The etching
may comprises anisotropic etching. The method may further
comprise the step of applying an activating material to at
least one of the plurality of microfeatures, wherein the
activating material functions to immobilize a biomolecule.
The method may further comprise the step of removing the
coating material from the textured surface. The method may
further comprise applying an activating material to at least
one of the plurality of microfeatures, wherein the activating
material functions to immobilize a biomolecule. The method
may further comprise applying an activating material to at
least one of the plurality of microfeatures, wherein the
activating material functions to immobilize a biomolecule.
In a specific embodiment, the biomolecule may comprises at
least one of a nucleic acid, an oligonucleotide, a peptide, a
polypeptide, a protein, an enzyme, a cell, an organelle, a
lipid, a carbohydrate, a fat, a vitamin, a nutrient, or an
antibody.

In another embodiment, there is a method of preparing the
high surface area substrate comprising molding the substrate
and each of the plurality of microfeatures in one step using
a molding material. The molding material may comprise
polycarbonate, acrylic, polystyrene, nylon, polyolefin, or
silicone. At least one of the spatially discrete regions may be
a well comprising a textured bottom surface comprised of
said plurality of microfeatures. The textured bottom surface
may further comprise a plurality of microstructures, wherein
each of the plurality of microstructures are smaller in
dimension than each of the plurality of microfeatures. The
method may further comprise a molding step which com-
prises injection molding or compression molding. The
method may further comprise applying an activating mate-
rial to at least one of the plurality of microfeatures, wherein
the activating material functions to immobilize a biomol-
ecule.

In another embodiment, there is a method of preparing a
substrate having a high surface area for a microarray com-
prising embossing a surface of the substrate to generate a
plurality of microfeatures on the surface to form a textured
surface that provides the high surface area. The substrate
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may comprise a well plate or a micro-well plate and each of
said plurality of microfeatures occupy a bottom surface of at
least one well of said well plate or said micro-well plate.

In another embodiment of the present invention, there is
a method of detecting an analyte comprising applying a
sample to a microarray binding the sample to at least one
biomolecule, wherein the biomolecule is a probe, and detect-
ing the binding, wherein the binding indicates the presence
of the analyte. The probe may be labeled with a fluorescent
molecule, a particle, a chemiluminescent fragment, or a
radioactive molecule. The step of detecting may comprise
detecting a fluorescent signal, light scattering, a radioactive
signal, an optical signal, an electronic signal, or mass
desorption. The method of detecting may comprise a detect-
ing step comprising electronic discrimination. The elec-
tronic discrimination may comprise determining a change in
mass, capacitance, resistance, inductance or a combination
thereof as compared to a control. The analyte may be
selected from the group consisting of a small organic mol-
ecule, a biomolecule, a macromolecule, a particle and a cell.

In another embodiment, there is a bioreactor having an
increased surface area comprising a substrate comprising at
least one reservoir, the reservoir comprising more than one
communicating microfeature, wherein the microfeature
increases the surface area by at least about 100% as com-
pared to a flat surface. Specific embodiments may include
one or more of the following: The reservoir may further
comprises a microstructure, said microstructure is smaller in
dimension than the microfeature. The reservoir may com-
prise a reaction chamber, said reaction comprises surface
catalysis, mixing, filtration, or fractionation.

In another embodiment, there is a substrate having a high
surface area comprising a solid substrate and a layer of a
coating on a surface of the substrate comprising an inorganic
oxide and a plurality of microchannels, wherein said micro-
channels are formed from a removable fibrous template.

Specific embodiments may include one or more of the
following:. The fibrous template may comprise a plurality of
particles having a fiber aspect ratio of at least about 3. The
fibrous template may comprise a peptide, latex, collagen, a
glycol, an amine or an organic acid. The fibrous template
may further comprise a removable non-fibrous template that
forms a void in the coating. In specific embodiment, the
non-fibrous template comprises a peptide, latex, collagen, a
glycol, an amine or an organic acid. The inorganic oxide
comprises tungsten oxide, silica, zirconia, alumina, titania,
tantala, zinc oxide, nickel oxide, magnesium oxide, calcium
oxide, boron oxide, potassium oxide, sodium oxide, chro-
mium oxide, tin oxide, lithium oxide, lead oxide, or phos-
phorous oxide. The layer of coating on the surface of the
substrate may be formed by a sol-gel process.

In another embodiment of the invention there is a sub-
strate for use in a microarray comprising a coating which is
doped with a dopant, wherein the coating is selected from
the group consisting of silica, titania, tantala, zirconia,
tantala, tungsten oxide and alumina, and wherein the dopant
is selected from the group consisting of lithium oxide,
sodium oxide, potassium oxide, zinc oxide, and organic
salts.

Specific embodiments may include one or more of the
following. The coating may be silica and the dopant may be
lithium oxide or zinc oxide. The coating on the substrate
may be porous. The coating on the substrate may be formed
by a wet chemical deposition process. Where wet chemical
deposition processes are used, the wet chemical deposition
process may comprise deposition of a liquid precursor
comprising an organic moiety. Where wet chemical depo-
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sition processes are used with a liquid precursor comprising
an organic moiety, the organic moiety may be ablated.
The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures for carry-
ing out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equiva-
lent constructions do not depart from the spirit and scope of
the invention as set forth in the appended claims. The novel
features which are characteristic of the invention, both as to
its organization and method of operation, together with
further objects and advantages will be better understood
from the following description when considered in connec-
tion with the accompanying figures. It is to be expressly
understood, however, that each of the figures is provided for
the purpose of illustration and description only and is not
intended as a definition of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, reference is now made to the following descriptions
taken in conjunction with the accompanying drawings:

FIGS. 1A to 1C shows substrates having a plurality of
microfeatures that are formed on the substrate;

FIGS. 2A and 2B illustrate high surface area substrates
having nested structural elements of microfeatures and/or
microstructures on a surface;

FIG. 3 illustrates a channel and the disposition of targets
and analytes;

FIG. 4 is a substrate having rods that were grown on its
surface;

FIG. 5 is a mask having a pattern for use in forming a
microfeature 500 and/or a microstructure 501 on a substrate;

FIG. 6 shows the schematic of a substrate 600 having
micro-rods 601 grown as a result of being in contact with a
surface of a reaction solution 602;

FIGS. 7A to 7C shows a high throughput microarray
system that includes a substrate 701 and reaction wells 702
separated by hydrophobic regions 703 (FIG. 7A); the well
comprises microfeatures 7021 and 7023 (FIG. 7B), and
microstructures (FIG. 7C);

FIG. 8 shows a schematic side-view from a section of a
high surface area substrate comprising microfeatures, 801
and microstructures 802, which have physical surface char-
acteristics (represented by a jagged line);

FIG. 9 illustrates two substrates having wells comprising
microfeatures and microstructures that are in direct contact
to form a high-throughput cell;

FIG. 10 shows a surface of a multi-level substrate having
a plurality of microfeatures residing in multiple planes,
labeled “A”, “B” and “C”;

FIG. 11A to 11C shows high surface area substrates
comprised of different types of textured surfaces; and

FIG. 12 is a graph of the signal intensities measured from
an analysis using the high surface area substrate as com-
pared to a flat substrate.

FIG. 13 shows etched patterns formed by ion-etching
using CF4 plasma.

FIG. 14 A shows spots in non-textured and textured glass.

20

25

30

35

40

45

50

55

60

65

10

FIG. 14B demonstrates ion-etching process continued to
a point where the chrome mask is completely etched and the
surface below is etched.

FIGS. 15A to 15B show the pixel intensities for CY5
signals for a microstructured area (FIG. 15A) and a flat area
(FIG. 15B).

FIGS. 16A to 16B show the pixel intensities for CY3
signals for microstructured area (FIG. 16A) and a flat area
(FIG. 16B).

FIGS. 17A to 17C show a non-coated soda lime glass
(B270)(FIG. 17A), a commercial amino silane coated slide
(FIG. 17B), and a substrate coated with a solgel coating
Silica-Li—C (FIG. 17C).

DETAILED DESCRIPTION OF THE
INVENTION

As used in the specification, “a” or “an” may mean one or
more. As used in the claim(s), when used in conjunction with
the word “comprising”, the words “a” or “an” may mean one
or more than one. As used herein “another” may mean at
least a second or more.

The term “activating material,” as used herein, refers to a
substance that functions to immobilize a compound on a
surface of a substrate.

The term “array element,” as used herein, refers to an area
or region on a surface of a substrate that is occupied by a
single material type immobilized on the surface. For
example, the single material type is transferred to the surface
in a discrete volume of a solution, which includes a com-
pound and/or a biomolecule, such as a nucleic acid, a
polynucleotide, a peptide, a polypeptide, a protein, an anti-
body or fragment thereof, an enzyme, a small molecule, a
hapten or the like that is immobilized on the surface.
Alternatively, the single material type is synthesized from
the vapor phase directly or indirectly on the surface, such as
the synthesis regions discussed in U.S. Pat. No. 5,445,934.
In a specific embodiment of the present invention, the single
material type is immobilized on a textured surface of the
substrate to define an array element. If spotting methods are
used, the volume is not critical because dispensing align-
ment restrictions and cross-contamination are alleviated by
the textured surface of the present invention. A size range for
one array element is in the range of about 20 to about 2000
microns, and in a preferred embodiment, the size range for
one array element is between about 50 and about 1000
microns.

The term “aspect ratio,” as used herein, refers to a
cross-sectional width divided by a depth or height. In
specific embodiments, the cross-sectional width is the aver-
age cross-sectional width, such as determining an aspect
ratio of an irregularly shaped structure.

The term “communicating microfeatures,” as used herein,
refers to microfeatures that are connected to at least one of
another microfeature and/or the textured surface. Because
the microfeatures are connected to each other and/or to the
textured surface of the present invention and, thus, are
communicating with each other and/or with the textured
surface.

The term “fiber aspect ratio,” as used herein, refers to a
dimension of a fibrous structure defined by the length
divided by the width. In the present invention, this term is
directed to the removable fibrous template that is employed
to prepare microchannels in a coating.

The term “iso-electric point” or “IEP,” as used herein,
refers to the ionic property of a surface that is exposed to an
aqueous liquid at a specific pH. For example, a surface,
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which is exposed to an aqueous solution having a pH 7, that
exhibits no ionic property possess an IEP of 7. Further, this
surface exhibits a negative charge at a pH greater than 7 and
a positive charge at a pH less than 7. IEP is determined by
measuring the Zeta Potential of a surface that is exposed to
a series of fluids having varying pH. The value of the pH at
which the Zeta potential of the surface is “0”, is the IEP of
the surface. Zeta potential is measured using commercially
available equipment, such as an Electro Kinetic Analyzer
from Anton Paar GmbH, Anton Paar (Graz, Austria).

The terms “microarray” and interchangeably “microarray
device,” as used herein, refer to an analytical device com-
prising an ordered arrangement of compounds and serves as
a medium for matching samples to the compounds based on
complementarity and/or selective reaction and/or selective
interaction. Microarrays generally comprise array elements
in which the matching takes place, and the microarrays of
the present invention comprise textured array elements.

The term “microfeature,” as used herein, refers to a
three-dimensional structure that is generated on a surface of
a substrate. The microfeature increases the surface area of
the surface of the substrate, and is accessible to a compound,
including biomolecules and macromolecules.

The term “microstructure,” as used herein, refers to a
structure that is generated on a surface of a substrate that
occupies a space on the surface, and preferably, within a
microfeature, however, such residence is not necessary. In
preferred embodiments, each microstructure possesses a
characteristic dimension that is smaller than a dimension of
a microfeature on the same substrate and/or in the same
array element. Preferably, the microstructure is at least about
two-fold smaller than the microfeature on the same substrate
and/or in the same array element. For example, FIGS. 2A
and 2B illustrate a plurality of microstructures, illustrated as
dots (i.e., tops of pillars), within a microfeature, the hexagon
cell.

The term “peak-to-valley value,” as used herein, refers to
the unevenness exhibited by the texture on the surface of a
substrate of the present invention.

The terms “polypeptide” and “protein” as used herein are
interchangeable and refer to a gene product encoded by a
nucleic acid sequence.

The term “probe™, as used herein, is defined as a chemical
or biochemical species which may or may not be immobi-
lized and which is complementary, and binds with some
specificity to, a molecule, a nucleic acid, a polypeptide or
compound of natural or synthetic origin that serves as a
target.

A “sample” as used herein refers to a molecule, a protein,
a compound, an extract, a solution, a slurry, an emulsion, a
colloidal dispersion, a cell, and/or organelle that is of interest
to the user and comprises a target. For example in a specific
embodiment, the sample is a nucleic acid obtained from a
cell of an organism in a living or dead state, from an artificial
cell culture or from a natural source in a fresh, boiled or
frozen state. Methods of obtaining a nucleic acid from a cell
are well known in the art.

The term “spatially discrete region,” as used herein, refers
to an area on a surface of a substrate that is distinct and/or
separate from another area on the surface. For example, a
plurality of microfeatures that are arranged in spatially
discrete regions indicates that each of the plurality of
microfeatures occupy a specific area on the surface; the
specific areas are distributed on the surface, if applicable, in
a random or uniform distribution. For brevity, the spatially
discrete region is also referred to herein as “region.”
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The term “substantially similar,” as used herein, refers to
a quantitative and/or qualitative likeness of similarity. The
similarity pertains to any characteristic as compared to a
non-textured surface and/or a non-textured array element. In
a specific embodiment, accessibility of a biomolecule to a
microfeature and/or a microstructure of the textured surfaces
of the present invention is substantially similar to accessi-
bility of the biomolecule to regions of a non-textured
surface. In a specific embodiment, the accessibility may be
measured by the hybridization time required of a microarray
comprising a high surface area substrate of the present
invention. In such embodiments, the hybridization time
required of the microarray is within four times the hybrid-
ization time required by a microarray comprising a substrate
having a flat surface. More preferably, the hybridization time
is within 50% as compared to a flat surface.

The term “substrate,” as used herein, refers to a solid
support that is modified by methods of the present invention
to create a high surface area, textured surface thereon. In
certain embodiments, the substrate comprises an inorganic
material which is crystalline or a glass including modified or
functionalized glass, a plastic (including acrylics, polysty-
rene and copolymers of styrene and other materials, polypro-
pylene, polyethylene, polybutylene, polyurethanes,
Teflon™, and the like), polysaccharides, nylon, nitrocellu-
lose, resins, a variety of other polymers, silica or silica-based
materials including silicon and modified silicon, carbon and
metals. Some examples of inorganic crystalline substrate are
quartz and sapphire, and examples of inorganic glasses are
amorphous silica, soda-lime glass and borosilicate glass. For
example, the substrate is a well plate, a micro-well plate, a
titer plate, an optical fiber (i.e., end of the fiber is textured
to increase surface area) or a bead. Thus, it is contemplated
that the substrate is any shape that is suitable for its desired
end use, and determining appropriate shapes and/or sizes are
within the scope of routine experimentation and the skill of
one of ordinary skill in the art.

The term “target” refers to a molecule, a nucleic acid, a
polypeptide, an antibody, a cell, an organelle, a cellular
structure or a compound and/or small molecule of natural or
synthetic origin. Chemical synthesis of polypeptides is
known in the art and are described further in Merrifield, J.,
J. Am. Chem. Soc., 91:501 (1969); Chaiken, 1. M., CRC Crit.
Rev. Biochem., 11:255 (1981); Kaiser et al., Science, 243:
187 91989); Merrifield, B., Science, 232:342 (1986); Kent,
Ann. Rev. Biochem., 57:957 (1988); and Offord, R. E.,
Semisynthetic Proteins, Wiley Publishing (1980). In addi-
tion, methods for chemical synthesis of peptide, polycar-
bamate and polynucleotide arrays have been reported (see
Foder et al., Science, 251:767-773 (1991); Cho et al.,
Science, 261:1303-1305 (1993)). Functionally, the target is
complementary to a molecule, a nucleic acid, a polypeptide
or compound of natural or synthetic origin that serves as a
probe. The target may or may not be immobilized to a solid
or other support. In a specific embodiment, a target is a
tethered nucleic acid with known sequence and the probe is
a free nucleic acid sample whose identity and/or abundance
is detected by complementary binding of the target. In
another specific embodiment, the target is a polypeptide with
a known or unknown amino acid sequence having a known
biological activity and the probe is an organic molecule,
wherein after binding of the probe to the target, the biologi-
cal activity is detected either by a decrease in the biological
activity or an increase in the biological activity as compared
to the native biological activity of the polypeptide. Non-
limiting examples of a target useful in the present invention
include inorganic compounds such as inorganic metals or
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salts; organic molecules such as dyes, drugs, amino acids,
small ligands, and synthetic organic compounds; bio-mol-
ecules such as DNA, RNA, PNA (protein nucleic acid), a
protein, carbohydrate, amino acids, antibodies, cells, and
organelles. A skilled artisan recognizes that biomolecules
are also correctly considered natural polymers, for example,
DNA and RNA and proteins are natural polymers.

The term “texture,” as used herein, refers to a three-
dimensional characteristic. For example, a surface of a
substrate is textured and, more specifically, a surface of an
array element is textured. In specific embodiments, the
texture comprises a repeating design.

The term “uniform signal intensity,” as used herein, refers
to a detectable analytical output (i.e., measurement) that is
consistent in quantity (i.e., magnitude) and/or quality (i.e.,
degree of output). In a specific embodiment, when local
replications of measurements are obtained from an array
element of the present invention, then their standard devia-
tion is smaller, preferably by at least about 25%, as com-
pared to a non-textured array element. More specifically, the
measurements taken on each of the microfeatures (excluding
the measurements from the microfeatures located at the edge
of the array element) are each within about 50% detectable
intensity of another measurement obtained in the same array
element.

THE PRESENT INVENTION

The present invention provides substrates that offer a
substantial improvement in microarray technology. The
invention relates to a high surface area substrate, methods of
using the substrate and methods of manufacturing the
microarrays prepared therefrom, including processes of
modifying the surface of the substrate.

The substrates of the present invention exhibit several
advantages, including

i) a higher effective surface area by utilizing a third
dimension, which increases the number of potential
binding sites and results in an increased dynamic range
of measurement and increased signal-to-noise ratios,
thereby resulting in smaller, brighter (e.g. higher lumi-
nosity) spots;

ii) an improved access of a molecule to the surface, to
microfeatures, and/or to microstructures providing a
faster and more complete hybridization, spotting,
washing, blocking, or any of the other kinetic process
involved in microarray analysis; the improved access
produ